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Preoperative evaluation is required prior to the administration 
of any anesthetic. Its practice and scope have changed dra-
matically. Initial changes were driven by a rapid transforma-
tion in practice from hospital admission of patients the night 
before surgical procedures to admission on the morning of 
surgery. More recently, preanesthesia evaluation has become 
integral to the Perioperative Surgical Home model that aims 
to develop an integrated model for managing the entire peri-
operative episode of care.1 This evolution in practice has led 
to a new approach to preoperative evaluation, which is a 
vital role of the perioperative physician. Accordingly, many 
anesthesiologists have expanded their responsibilities from 
providers of intraoperative anesthesia care to perioperative 
medical specialists who use their unique knowledge and expe-
rience to manage medical complexities related to surgery.2 
This expanded role entails that anesthesiologists assume the 
leadership role in the assessment and optimization of patients 
who are scheduled for surgery.3 This chapter provides a com-
prehensive discussion of the practice of preoperative evalua-
tion, as well as a review of related concepts, current evidence, 
and consensus-based clinical practice guidelines.

Evolution of Preanesthesia 
Evaluation

All patients requiring anesthesia for surgery must 
undergo a preoperative evaluation by their anesthesia 
provider. The conduct of this evaluation has changed 
substantially. Historically, anesthesiologists assessed 
their patients for the first time either just before the surgi-
cal procedure or on the preceding day, with the remain-
der of preoperative evaluation and preparation being 
the responsibility of the surgeon, primary care provider, 
or other specialist. In some countries, this approach 
remains the usual clinical practice. Nonetheless, in many 
countries, anesthesiologists have increasingly taken on a 
leadership role in preoperative evaluation and prepara-
tion, well in advance of the scheduled procedure. This is 
particularly true for high-risk patients or those undergo-
ing high-risk procedures.

Several factors explain this change. First, considerably 
fewer patients are admitted to the hospital prior to the 

!"!  The anesthesia preoperative evaluation, which is the clinical foundation for guiding periopera-
tive patient management, reduces perioperative morbidity and enhances patient outcome.

!"!  The fundamental purpose of preoperative evaluation is to obtain pertinent information regard-
ing the patient’s medical history, formulate an assessment of the patient’s perioperative risk, 
and develop a plan for any requisite clinical optimization.

!"!  The preanesthesia evaluation should include a focused clinical examination, documentation of 
comorbid illness, reduction of patients’ anxiety through education, assurance that preexisting 
medical conditions are optimally managed, selective referrals to medical specialists, ordering of 
preoperative investigations, initiation of interventions intended to decrease risk, discussion of 
aspects of perioperative care, arrangements for appropriate postoperative care, and recommen-
dations to delay or cancel the surgical procedure, if deemed appropriate.

!"!  Comorbid medical diseases can influence anesthesia and perioperative management, thus 
requiring the anesthesiologist to be knowledgeable in many aspects of internal medicine.

!"!  Patients require appropriate preoperative diagnostic and laboratory studies consistent with 
their medical history and the proposed surgical procedure. Routine preoperative testing cannot 
be justified because it is costly and often clinically inappropriate.

!"!  The anesthesiologist-led preoperative evaluation outpatient clinic can enhance operating room 
efficiency, decrease day-of-surgery cancellations or delays, reduce hospital costs, and enhance 
the quality of patient care.

!"!  New and updated preoperative evaluation consensus and evidence-based guidelines published 
by multiple medical specialties have important influences on the preparation of patients for 
anesthesia and surgery.

!"!  Anesthesiologists must be aware of, and be compliant with, increasing regulatory and reporting 
requirements involving preoperative issues by healthcare agencies.

!"!  The anesthesiologist is the perioperative medical specialist and thus is uniquely positioned to 
evaluate the risks associated with anesthesia or surgery, discuss these risks with the patient, and 
manage them perioperatively in collaboration with the surgical team, referring physician, and 
other medical specialists.
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day of surgery. In many countries, there is little finan-
cial justification for the previous model of admitting 
patients prior to the day of surgery. For example, most 
surgical procedures in the United States are performed 
on an outpatient or same-day admission basis, including 
major neurosurgical, cardiac, and cancer resection pro-
cedures. Second, surgical patients are increasingly likely 
to be older frail individuals with significant burdens of 
medical comorbidity.4 For such patients, sufficient time 
is needed between the preanesthesia evaluation and the 
planned surgery to facilitate testing, interventions, and 
medical optimization. In the case of patients with very 
high-risk medical comorbidity, preoperative consulta-
tion by an anesthesiologist can help inform a shared 
decision-making process for proceeding with surgery 
(see section on “Frailty, Geriatric Conditions, and the 
Older Surgical Patient”). Third, anesthesia care increas-
ingly extends beyond the operating room alone. Pre-
operative evaluation is an integral component of the 
anesthesiologists’ role as perioperative physicians who 
are involved in integrated medical care before, during, 
and after surgery. The specialty is uniquely positioned 
for this role given its expertise in the management of 
medical complexities related to anesthesia and surgery. 
This view of preoperative evaluation as a key component 
of the integrated management of the entire perioperative 
episode of care is essential to the Perioperative Surgical 
Home model.1

Outpatient preoperative assessment clinics have been 
instrumental in facilitating greater involvement of anes-
thesiologists in preoperative evaluation. These clinics 
also impose new clinical and organizational challenges. 
In an institution where most surgical patients are evalu-
ated in the preoperative assessment clinic, anesthesiolo-
gists may have less time to evaluate medically complex 
patients. Consequently, anesthesiologists must achieve a 
high level of efficiency and accuracy in the assessment 
of a patient’s history, physical examination, and differ-
ential diagnosis, as well as in the planning of periopera-
tive management. Conversely, in a hospital where only 
the highest-risk patients are referred for consultation at 
a preoperative assessment clinic, the anesthesia depart-
ment must interact with surgical departments to establish 
general protocols that ensure capture of the information 
needed to perform anesthesia safely, as well as the appro-
priate selection of individuals who require preoperative 
anesthesia consultation. In addition to changes in the 
scope and timing of the preanesthesia evaluation, this 
assessment has increasingly been influenced and gov-
erned by practice guidelines. For example, in the United 
States, The Joint Commission mandates documentation 
of a history and physical examination for any surgical 
patient within 30 days before the planned procedure, as 
well as reassessment within the 48-hour period imme-
diately preceding the surgical procedure. The American 
Society of Anesthesiologists (ASA) and European Society 
of Anaesthesiology (ESA) have published specific guide-
lines for preoperative anesthesia evaluation.5,6 In addi-
tion, several other specialty societies published practice 
guidelines specifically relating to the preoperative man-
agement of medical issues in surgical patients.7-12!

Goals and Benefits of 
Preanesthesia Evaluation

Preoperative evaluations help influence and improve 
perioperative care (Fig. 31.1). Indeed, inadequate pre-
operative evaluation was a contributing factor in 3% of 
perioperative adverse events in the Australian Incident 
Monitoring Study database.13 The overarching goals 
of preanesthesia evaluation are to (1) ensure that the 
patient can safely tolerate anesthesia for the planned sur-
gery; and (2) mitigate perioperative risks such as pulmo-
nary or cardiovascular complications. In pursuit of these 
goals, preanesthesia evaluations offer opportunities to 
perform focused clinical examinations, better document 
comorbid illness, reduce the patient’s (and family’s) 
anxiety through education, optimize preexisting medical 
conditions, make selective referrals to medical specialists 
(e.g., cardiologists), order specialized investigations (e.g., 
cardiac stress tests), initiate interventions intended to 
decrease risk, discuss aspects of perioperative care (e.g., 
anticipated risks, fasting guidelines), and arrange appro-
priate levels of postoperative care (e.g., critical care unit). 
If a patient is deemed to be at very high risk for adverse 
perioperative outcomes, the anesthesiologist may also 
recommend consideration of a nonoperative or less inva-
sive treatment. Such a recommendation helps inform 
shared decision making for surgery (see Clinical Exami-
nation During Preoperative Evaluation section). In some 
cases, preanesthesia evaluation can identify a previously 
unrecognized medical condition (e.g., hypertension) that 
may not significantly affect perioperative risks, but war-
rants longer-term follow-up by appropriate healthcare 
professionals.

Compared to preoperative evaluations performed by sur-
geons or primary care physicians alone, anesthesiologist-
led preoperative evaluation is associated with more selective 
ordering of laboratory tests and referral to specialists, 
thereby leading to reduced healthcare costs.14-17 Within 
the context of an anesthesiologist-led preoperative evalua-
tion clinic, preanesthesia evaluations also associated with 
reduced anxiety,18 improved acceptance of regional anes-
thesia,19 fewer day-of-surgery case cancellations,14,20-22 
shorter hospital length-of-stay,19,21,22 and lower hospital 
costs.21!

Clinical Examination During 
Preoperative Evaluation

The clinical examination, consisting of the history and 
physical examination, is a fundamental component 
of preoperative evaluation by anesthesiologists. This 
information helps identify the underlying basis for the 
planned surgery, clarify the extent of comorbidities with 
specific perioperative relevance, identify opportunities 
for preoperative optimization, and select any appropri-
ate preoperative testing. The consistency and quality of 
preoperative examinations are enhanced through stan-
dardization. Specifically, the baseline clinical examina-
tion of all surgical patients should include a consistent 
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Preoperative
evaluation

Surgery
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Delay
surgery

Changes to Preoperative Care
1. Optimize comorbid diseases
2. Refer to other specialists
3. Refer for specialized testing
4. Initiate interventions intended
    to decrease perioperative risk
5. Identify previously unrecognized
    comorbid conditions

Postoperative Follow-up
1. Specialist follow-up facilitated by
    preanesthesia evaluation
2. Follow-up by anesthesiologist-led
    service (e.g., acute pain service)

Preparation for Surgery
1. Preoperative instructions for
    surgical patient
2. Discuss perioperative care
3. Arrange appropriate level of
    postoperative care
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surgery as planned

Nonoperative or
less-invasive

treatment

Fig. 31.1 Mechanisms by which preoperative evaluation can help influence and improve perioperative care.

set of components,23 with opportunities for more detailed 
examination of one or more of these components (e.g., 
cardiovascular system) based on the findings from the 
standardized initial examination. Computer-based pre-
operative evaluation tools offer a mechanism for improv-
ing the standardization of high-quality preoperative 
assessments,24,25 and are recommended in the 2018 
ESA guidelines on preoperative evaluation.6 The qual-
ity of the preoperative physical examination is further 
enhanced by appropriately considering evidence-based 
implications of different findings.26

COMPONENTS OF THE MEDICAL HISTORY

The important components of the anesthesia history 
are presented in the sample preoperative history form 
in Fig. 31.2. This information can be documented, 
either on paper or an electronic form, by anesthesia staff 
during an in-person or telephone interview with the 
patient. Alternatively, the patient can complete a form 
capturing the required information, either in person or 
remotely through a web-based program. The preanes-
thesia evaluation starts with the planned surgery and its 
indication. The development of the underlying condition 

necessitating surgery (e.g., cancer) and any prior related 
therapies need to be evident. Current known medical 
problems, past medical issues, previous surgeries, anes-
thesia types, and anesthesia-related complications must 
be noted. A simple notation of diseases or symptoms such 
as hypertension, diabetes mellitus, ischemic heart dis-
ease, shortness of breath, or chest pain is not sufficient. 
Rather, their associated severity, stability, associated 
activity limitations, exacerbations (current or recent), 
prior treatments, and planned interventions should be 
clearly documented. All related diagnostic test results, 
interventions, and names of treating physicians should 
be reviewed. The patient’s responses to these initial ques-
tions may elicit further inquiry to establish a complete 
history.

Prescription and over-the-counter medications (includ-
ing supplements and herbal medications) should be 
documented, along with their dosages and schedules. 
This information should include any recently inter-
rupted medications with perioperative implications 
(e.g., recent corticosteroid therapy). The anesthesiolo-
gist should list any allergies to medications and other 
substances (e.g., latex, radiographic dye), with special 
emphasis on the patient’s response to the exposure. 
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Patients often claim an “allergy” to a substance when, 
in reality, the reaction was an expected side effect (e.g., 
nausea or vomiting with narcotics). Tobacco, alcohol, 
or illicit drug use must be documented. Tobacco expo-
sure is best quantified using pack-years (number of 
packs of cigarettes smoked per day, multiplied by the 
number of years of smoking); as an example, an indi-
vidual who smoked two packs of cigarettes daily for the 
prior 10 years is deemed to have a 20 pack-year history 
of tobacco use. A personal or family history of pseudo-
cholinesterase deficiency and malignant hyperthermia 
(including a suggestive history such as hyperthermia or 
rigidity during anesthesia) must be clearly documented 

to facilitate appropriate planning before the day of sur-
gery. Information from previous anesthetic records may 
clarify an uncertain history.

A standardized general review of all organ systems 
should then be performed. For example, patients should 
be asked whether they ever had problems with their 
heart, lungs, kidneys, liver, and nervous system. In addi-
tion, they should be asked about any history of cancer, 
anemia, bleeding problems, or prior hospitalization for 
any reason. The principal emphasis should be on air-
way abnormalities, anesthesia-related adverse events 
(personal or family history), as well as symptoms of car-
diovascular, pulmonary, hepatic, renal, endocrine, or 

Patient’s name_________________________________________________Age__________Sex__________Date of surgery__________
Planned operation ___________________________________________________Surgeon_____________________________________
Primary care doctor/phone #___________________________  Other physicians/phone #s______________________________________

1. Please list all operations (and approximate dates)  
 a. __________________________________________________ d.  __________________________________________________ 
 b. __________________________________________________ e.  __________________________________________________
 c. __________________________________________________ f.  __________________________________________________

2. Please list any allergies to medicines, latex, or other (and your reactions to them) 
 a. __________________________________________________ c. __________________________________________________ 
 b. __________________________________________________ d. __________________________________________________

3. Please list all medications you have taken in the last month (include over-the-counter drugs, inhalers, herbals, dietary supplements, and 
aspirin) 

netfOwoHdnaesoDgurDfoemaNnetfOwoHdnaesoDgurDfoemaN
a. __________________________________________________ f.  __________________________________________________ 
b. __________________________________________________    g. __________________________________________________ 
c. __________________________________________________ h. __________________________________________________ 

 d. __________________________________________________ i.  __________________________________________________ 
 e. __________________________________________________ j.  __________________________________________________

ONSEY)smelborpcificepselcricdnaONroSEYkcehcesaelP(
 4. Have you taken steroids (prednisone or cortisone) in the last year? 
 5. Have you ever smoked? (Quantify in _______ packs/day for _______ years) 
  Do you still smoke? 
  Do you drink alcohol? (If so, how much?) ________________________________
  Do you use or have you ever used any illegal drugs? (we need to know for your safety) 
 6. Can you walk up one flight of stairs without stopping? 
 7. Have you had any problems with your heart? (circle) (chest pain or pressure, heart attack, 
  abnormal ECG, skipped beats, heart murmur, palpitation, heart failure [fluid in the lungs], 
  require antibiotics before routine dental care) 
 8. Do you have high blood pressure? 
 9. Have you had any problems with your lungs or your chest? (circle) (shortness of breath, 
  emphysema, bronchitis, asthma, TB, abnormal chest x-ray) 
 10. Are you ill now or were you recently ill with a cold, fever, chills, flu or productive cough? 
  Describe recent changes ________________________________________________      

A
Fig. 31.2 (A and B) Sample patient preoperative history form. (ECG, Electrocardiogram; TB, tuberculosis; TMJ, temporomandibular joint.)
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ONSEY)smelborpcificepselcricdnaONroSEYkcehcesaelP(
11. Have you or anyone in your family had serious bleeding problems? (circle) (prolonged bleeding 
 from nosebleed, gums, tooth extractions, or surgery) 
12. Have you had any problems with your blood (anemia, leukemia, sickle cell disease, 
 blood clots, transfusions)? 
13. Have you ever had problems with your: (circle)
 Liver (cirrhosis, hepatitis, jaundice)? 
 Kidney (stones, failure, dialysis)? 
 Digestive system (frequent heartburn, hiatus hernia, stomach ulcer)? 
 Back, neck or jaws (TMJ, rheumatoid arthritis)? 
 Thyroid gland (underactive or overactive)? 
14. Have you ever had: (circle)
 Seizures, epilepsy, or fits? 
 Stroke, facial, leg or arm weakness, difficulty speaking? 
 Cramping pain in your legs with walking? 
 Problems with hearing, vision or memory? 
15. Have you ever been treated for cancer with chemotherapy or radiation therapy? (circle)
16. Women: Could you be pregnant? 
 Last menstrual period began: ______________________
17. Have you ever had problems with anesthesia or surgery? (circle) (severe nausea or vomiting, 
 malignant hyperthermia [in blood relatives or self], prolonged drowsiness, anxiety, 
 breathing difficulties, or problems during placement of a breathing tube) 
18. Do you have any chipped or loose teeth, dentures, caps, bridgework, braces, 
 problems opening your mouth, swallowing or choking? (circle)
19. Do your physical abilities limit your daily activities? 
20. Do you snore? 
21. Please list any medical illnesses not noted above: 
 ___________________________________________________________________________
 ___________________________________________________________________________
 ___________________________________________________________________________
 ___________________________________________________________________________
22. Additional comments or questions for nurse or anesthesiologist? 
 ___________________________________________________________________________
 ___________________________________________________________________________

B
Fig. 31.2, cont’d.

neurologic disease. For example, a report of a patient 
who has experienced excessive sore throat, dental inju-
ries, or “the need to have a small tube” with previous 
anesthetic cases may be an indication of previous dif-
ficulty with airway management. A history of snoring 
and daytime somnolence may suggest undiagnosed sleep 
apnea (see later section on “Obstructive Sleep Apnea”). 
Any history of chest discomfort (including its dura-
tion, precipitating factors, associated symptoms, and 
relieving factors) could be important. Similarly, a list 
of previous surgical procedures should be obtained and 
can help complete the medical history. Finally, records 
from primary care physicians, specialists, or inpatient 
admissions may reveal any issues the patient did not  
recall.!

ASSESSMENT OF FUNCTIONAL CAPACITY

The assessment of the patient’s cardiopulmonary fit-
ness or functional capacity is an integral component of 
the preoperative clinical examination. This information 
is typically used to estimate a patient’s risk for major 
postoperative morbidity or mortality, and to determine 
whether further preoperative testing is required.7 Impor-
tantly, suboptimal functional capacity is common in 
many economically advanced countries. For example, 
only one-fifth of American adults meet federal guidelines 
for recommended levels of aerobic and strengthening 
activity.27 Poor exercise capacity and cardiopulmonary 
disease have a bidirectional relationship. Specifically, 
lack of exercise may increase the risk of developing 
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cardiopulmonary disease but preexisting cardiopulmo-
nary disease can also prevent an individual from exercis-
ing. For example, patients with peripheral artery disease 
(PAD) may be limited by intermittent claudication, and 
patients with ischemic heart disease may be limited by 
exertional chest discomfort. There is a reasonable body 
of evidence demonstrating an association between poor 
preoperative functional capacity and increased peri-
operative risk. Most of these studies involved objective 
assessment of preoperative functional capacity using 
either exercise testing or cardiopulmonary exercise test-
ing (CPET).28-31 Several other large studies have demon-
strated association between very significant preoperative 
functional impairment (i.e., difficulty or inability to per-
form activities of daily living) and increased risks of post-
operative mortality,32 cardiovascular complications,33 
and pulmonary complications,34,35

The challenge with assessment of preoperative func-
tional capacity pertains to how best to assess it in usual 
clinical practice. Typically, the anesthesiologist will 
inquire about a patient’s general activity levels during 
the preoperative interview, and on that basis, make a 
subjective assessment of the patient’s functional capac-
ity. Functional capacity is typically quantified in using 
the metabolic equivalent of task (MET), where one MET 
is approximately the rate of energy consumption at rest 
(3.5 mL/kg/min). A proposed scheme for estimating 
METs based on information from the preoperative inter-
view is presented in Table 31.1. There are important 
limitations to the usual clinical approach for this inte-
gral component of the preoperative evaluation. First, 
subjective assessment does not accurately estimate the  
patient’s true exercise capacity. In a multicenter pro-
spective cohort study of 1401 patients undergoing major 
noncardiac surgery, anesthesiologists’ subjective assess-
ment had only 19% sensitivity and 95% specificity for 
identifying patients’ inability to attain 4 or more METs 
during formal exercise testing.36 In addition, subjective 
assessment has poor correlation with standardized ques-
tionnaires that have been validated for measuring func-
tional capacity.37,38 Second, subjective assessment has 
generally shown poor performance in predicting postop-
erative morbidity and mortality. In a single-center cohort 
study of 600 surgical patients, patients’ self-reported 
poor exercise capacity (defined as inability to walk four 
blocks and climb two flights of stairs) was associated 
with increased risk of serious perioperative complica-
tions,39 but the magnitude of the association was rela-
tively weak (positive likelihood ratio of 1.3 and negative 
likelihood ratio of 0.6). For context, positive test results 
should have likelihood ratios greater than 2 to provide 
clinically meaningful information, whereas negative test 
results should have likelihood ratios of less than 0.5.40 
Furthermore, in both a multicenter prospective cohort 
study and single-center retrospective cohort study, sub-
jective assessment was a poor predictor of postoperative 
mortality and morbidity.36,41

To improve preoperative evaluation of functional capacity, 
anesthesiologists should consider instead using structured 
questionnaires, such as the Duke Activity Status Index (DASI) 
(Table 31.2).42 This 12-item self-administered questionnaire 

about activities of daily living has demonstrated correlation 
with gold-standard measures of functional capacity in surgi-
cal patients.36,43 Furthermore, DASI scores have been shown 
to improve prediction of postoperative cardiac complications 
following noncardiac surgery.36 While there is some varying 
opinion as to how DASI scores should be converted to METs, 
the original formula is presented below:

 
Estimated METS = (0.43 ! DASI score) + 9.6

3.5
.

Other alternatives for estimating functional capac-
ity include simple exercise tests (e.g., 6-minute walk test, 
incremental shuttle walk test),44 exercise testing (e.g., elec-
trocardiogram [ECG] exercise testing), or CPET. If using a 
standard exercise test (i.e., not CPET), extrapolation from 
the total treadmill time on a Bruce protocol exercise test 
results in overestimation of true exercise capacity. More 
importantly, resting left ventricular ejection fraction should 
not be used as a proxy measure of functional capacity.45,46!

PHYSICAL EXAMINATION

At a minimum, the preanesthetic examination should 
include vital signs (i.e., arterial blood pressure, heart 
rate, respiratory rate, oxygen saturation), height, and 

TABLE 31.1 Metabolic Equivalents* of Functional 
Capacity

METs Equivalent Level of Exercise

1 Eating, working at computer, or 
dressing

2 Walking down stairs or in your 
house, or cooking

3 Walking 1 or 2 blocks on level 
ground

4 Raking leaves, gardening

5 Climbing 1 flight of stairs, danc-
ing, or bicycling

6 Playing golf, or carrying clubs

7 Playing singles tennis

8 Rapidly climbing stairs, or jogging 
slowly

9 Jumping rope slowly, or moderate 
cycling

10 Swimming quickly, running or 
jogging briskly

11 Skiing cross country, or playing 
full-court basketball

12 Running rapidly for moderate to 
long distances

*One metabolic equivalent of task (MET) is the amount of oxygen consumed 
while sitting at rest, and is equivalent to an oxygen consumption of 3.5 
mL/min/kg body weight.

Modified from Jette M, Sidney K, Blumchen G. Metabolic equivalents (METS) 
in exercise testing, exercise prescription, and evaluation of functional 
capacity. Clin Cardiol. 1990;13:555–565.
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weight. Body mass index (BMI), which is calculated 
based on height and weight, is more informative than 
weight alone in establishing obesity. A scheme for clas-
sifying children and adults based on BMI is presented 
in Table 31.3. Information pertaining to BMI can help 
identify individuals at risk for difficulties with airway 
management, and some chronic diseases (e.g., heart dis-
ease, diabetes mellitus, obstructive sleep apnea [OSA]). 
An ideal body weight should also be calculated,47 using 
available formulae such as the Devine equation.48 Infor-
mation on ideal body weight can better inform dose 
selection for some anesthesia-related medications, and 
settings for positive pressure ventilation. Readily avail-
able online calculators can be used to quickly determine 
both BMI and ideal body weight. Patients often have 
increased arterial blood pressure during the preopera-
tive visit, even without a prior history of hypertension. 
This finding may be caused by anxiety, or patients hav-
ing forgotten to take their usual dose of antihypertensive 

medication. Thus, a single reading during the preopera-
tive evaluation may not reflect the patient’s usual blood 
pressure control. Repeating the blood pressure measure-
ment or obtaining previous readings, either by obtaining 
medical records (including prior ambulatory blood pres-
sure testing) or asking patients about their “usual” blood 
pressure measurements are informative. Ideally, the 
referral documentation from the patient’s primary care 
physician or surgeon should include information on the 
patient’s usual blood pressure readings.49

From an anesthesiologist’s perspective, inspection of 
the airway may be the most important component of the 
physical examination (see Chapter 44). The components 
of the airway examination are presented in Box 31.1.50 

TABLE 31.2 Duke Activity Specific Index questionnaire

Can You Points

 1.  Take care of yourself, that is, eat 
dress, bathe, or use the toilet?

2.75

 2.  Walk indoors, such as around 
your house?

1.75

 3.  Walk 200 yards on level 
ground?

2.75

 4.  Climb a flight of stairs or walk 
up a hill?

5.50

 5.  Run a short distance? 8.00

 6.  Do light work around the 
house like dusting or washing 
dishes?

2.70

 7.  Do moderate work around 
the house like vacuuming, 
sweeping floors, or carrying 
groceries?

3.50

 8.  Do heavy work around the 
house like scrubbing floors 
or lifting or moving heavy 
furniture?

8.00

 9.  Do yard work like raking 
leaves, weeding, or pushing a 
power mower?

4.50

 10.  Have sexual relations? 5.25

 11.  Participate in moderate rec-
reational activities like golf, 
bowling, dancing, doubles 
tennis, or throwing a ball?

6.00

 12.  Participate in strenuous 
sports like swimming, singles 
tennis, football, basketball, 
or skiing?

7.50

Total score:

From Hlatky MA, Boineau RE, Higginbotham MB, et al. A brief self-adminis-
tered questionnaire to determine functional capacity (the Duke Activity 
Status Index). Am J Cardiol. 1989;64:651–654.

TABLE 31.3 Classification Scheme for Body Mass Index

Body Mass Index Weight Status

ADULTS OVER 20 YEARS OLD

BMI < 18.5 Underweight

BMI 18.5–24.9 Normal

BMI 25.0–29.9 Overweight

BMI 30.0 and above Obese

FOR CHILDREN AND TEENS

BMI-for-age < 5th percentile Underweight

BMI-for-age 5th percentile to < 85th  
percentile

Normal

BMI-for-age 85th percentile to < 95th 
percentile

At risk of overweight

BMI-for-age # 95th percentile Overweight

BMI, Body mass index.
From Centers for Disease Control and Prevention. http://www.cdc.gov.

Length of upper incisors (concerning if relatively long)
Condition of the teeth
Relationship of maxillary incisors to mandibular incisors (concern-

ing if there is prominent overbite)
Ability to advance mandibular incisors in front of maxillary incisors 

(concerning if unable to do this)
Interincisor or intergum (if edentulous) distance (concerning if < 

3 cm)
Visibility of the uvula (concerning if Mallampati class is 3 or more)
Shape of uvula (concerning if highly arched or very narrow)
Presence of heavy facial hair
Compliance of the mandibular space (concerning if it is stiff, indu-

rated, occupied by mass, or nonresilient)
Thyromental distance (concerning if < 6 cm)
Length of the neck
Thickness or circumference of the neck
Range of motion of the head and neck (concerning if unable to 

touch tip of chin to chest or cannot extend neck)

BOX 31.1 Components of the Airway 
Examination

From: Apfelbaum JL, Hagberg CA, Caplan RA, et al. Practice guidelines 
for management of the difficult airway: an updated report by the 
American Society of Anesthesiologists Task Force on Management of 
the Difficult Airway. Anesthesiology. 2013;118:251–270.
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Documentation of an airway examination includes the 
Mallampati score (Fig. 31.3),51 status of teeth, degree of 
neck mobility (especially extension), neck circumference 
(increased size predicts difficulty with laryngoscopy), 
thyromental distance, body habitus, and pertinent 
deformities. Because of the potential for dental injuries 
during anesthesia, any preexisting tooth abnormalities 
should be documented (Fig. 31.4). In a French prospec-
tive cohort study of 1501 patients, the following char-
acteristics were identified as independent predictors of 

difficult bag-mask ventilation: age more than 55 years, 
BMI more than 26 kg/m2, absence of teeth, presence of a 
beard, and a history of snoring.52 These risk factors are 
largely consistent with those identified in an American 
retrospective cohort study of 22,660 patients: age 57 
years or more, BMI 30 kg/m2 or greater, presence of a 
beard, Mallampati classification III or IV, severely lim-
ited mandibular protrusion, and a history of snoring.53 
Other possible risk factors for difficult ventilation include 
an increased neck circumference, face and neck defor-
mities (i.e., prior surgery, prior radiation, prior trauma, 
congenital abnormalities), rheumatoid arthritis, Tri-
somy 21 (Down syndrome), scleroderma, cervical spine 
disease, or previous cervical spine surgery. The physical 
examination must be supplemented by examination of 
previous anesthetic records, especially when there are 
indications of a potentially difficult airway. Patients with 
known difficult airways should be encouraged to obtain 
medical alert identification. When challenging airways 
are identified, advance planning ensures that neces-
sary equipment and skilled personnel are available on 
the day of surgery. An evaluation of the heart, lungs, 
and skin is necessary, as well as further focus on organ 
systems involved with diseases reported by the patient. 
This evaluation should include cardiac auscultation, as 
well as inspection of arterial pulses, veins (peripheral 
and central), jugular venous distention, ascites, hepato-
megaly, and peripheral edema. Inspection of peripheral 
veins can also help assess the ease of intravenous access. 
The auscultatory examination should assess for mur-
murs, abnormal heart sounds (e.g., third or fourth heart 
sounds), and pulmonary rales. If intravenous access sites 
are limited, possible central line placement can be dis-
cussed with the patient, or arrangements can be made for 
assistance from interventional radiology. Auscultation 
for carotid bruits is also important, especially in patients 
with a history of stroke, transient ischemic attacks 
(TIAs), or head and neck irradiation. The presence of a 
carotid bruit significantly increases the likelihood of an 
important lesion (i.e., 70%-99% stenosis) in both symp-
tomatic or asymptomatic patients, but the absence of a 
bruit does not rule out carotid stenosis.26 Examination 
of the pulmonary system should include both ausculta-
tion (i.e., wheezing, decreased breath sounds, abnormal 

Class I Class II Class III Class IV

Fig. 31.3 Mallampati classification: class I, soft palate, fauces, entire uvula, pillars; class II, soft palate, fauces, portion of uvula; class III, soft palate, base 
of uvula; class IV, hard palate only. (From Bair AE, Caravelli R, Tyler K, et al. Feasibility of the preoperative Mallampati airway assessment in emergency depart-
ment patients. J Emerg Med. 2010;38:677–680.)
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breath sounds) and inspection (i.e., cyanosis, clubbing, 
accessory muscle use, respiratory effort). A basic screen-
ing neurologic examination should document deficits 
in mental status, speech, gait, cranial nerve function, 
motor nerve function, and sensory nerve function. For 
selected patients (e.g., those with deficits, or scheduled 
to undergo neurosurgery), a more extensive or focused 
neurologic examination should document preexisting 
abnormalities that may aid in diagnosis or interfere with 
positioning. In addition, the definition of a baseline pre-
operative neurologic state helps determine whether any 
postoperative deficits represent new deficits versus pre-
existing abnormalities.!

Frailty, Geriatric Conditions, and 
the Older Surgical Patient

As patients age, the accumulation of comorbid conditions 
puts them at increased risk for adverse outcomes after sur-
gery.54 In addition, geriatric-specific risk factors such as 
functional and cognitive impairment are associated with 
poor postoperative outcomes.54 These clinical conditions, 
which do not fit into discrete disease categories, are often 
overlooked in routine preoperative assessments. In order 
to (1) accurately inform patients of their surgical risk and 
(2) identify targets for preoperative optimization, assess-
ment of geriatric vulnerabilities is essential before surgery. 
The American College of Surgeons (ACS) and the Ameri-
can Geriatrics Society (AGS) have established best practice 
guidelines to guide the preoperative assessment of older sur-
gical patients.55

GERIATRIC-FOCUSED ASSESSMENT IN THE 
OLDER SURGICAL PATIENT
Function and Mobility
Preoperative functional decline is associated with morbid-
ity, mortality, and loss of function after surgery.54 Assess-
ment of function prior to surgery is consequently essential 
for risk stratification and postdischarge planning in older 
surgical patients. Activities-of-daily-living (ADLs) assess 
the ability to perform basic tasks of selfcare, such as dress-
ing, bathing, toileting, movement, continence, and eating. 
Instrumental ADLs determine an individual’s ability to live 
independently by the ability to complete shopping, laundry, 
transportation, finances, medications, food preparation, 
and housekeeping. To determine additional functional vul-
nerabilities, determination of vision deficits, hearing defi-
cits, and swallowing difficulties should be routine. Mobility 
impairment can be efficiently screened by enquiring about 
a history of falls, determining fall risk, and performing 
a Timed-Up-And-Go test.56 The Timed-Up-And-Go test 
involves timing patients while they perform the following 
tasks in sequence:
  

 1.  Stand up from a chair (without using arm rests if pos-
sible)

 2.  Walk 10 feet
 3.  Turn around and walk back to chair
 4.  Sit down in chair
  

In a prospective cohort of older surgical patients, Timed-
Up-And-Go test times were associated with risks of postop-
erative complications and 1-year mortality in a stepwise 
fashion.57!
Cognition
Preoperative cognitive impairment is strongly linked to 
delirium, complications, functional decline, and death after 
surgery.54 The Mini-Cog test (available at https://mini-
cog.com), which consists of a three-item recall test and 
clock draw test, is an efficient tool to screen for preopera-
tive cognitive impairment. Additional information about 
potential cognitive deficits should be elicited from someone 
who knows the patient well. Importantly, mild cognitive 
impairment that is not clinically apparent may have a criti-
cal impact on decision-making capacity. Patients should be 
able to describe, in their own words, the essential elements 
of the consent discussion—including the surgical condi-
tion, indications for surgery, risks, benefits, and alternatives 
to surgery. It is important to note the four legal criteria for 
medical decision-making capacity, namely that the patient 
can (1) clearly indicate his/her treatment choice; (2) under-
stand the relevant information communicated by the physi-
cian; (3) acknowledge his/her medical condition, treatment 
options, and expected outcomes; and (4) engage in a ratio-
nal discussion about treatment options.55!
Nutrition
In general, most surgeons and anesthesiologists are keenly 
aware of the role nutritional status plays in recovery after 
surgery for all surgical patients. The most common adverse 
events related to poor nutritional status are infectious 
complications (i.e., surgical site infections, pneumonia, 
urinary tract infections), wound complications (i.e., dehis-
cence, anastomotic leaks), and increased length of stay. 54 
The ACS National Surgical Quality Improvement Program 
(NSQIP) and AGS Best Practice Guidelines recommend the 
following steps to screen for poor nutritional status (older 
adults with limited material resources are at particular risk 
for food insecurity).55
  
  

 1.  Document height, weight, and BMI
A BMI value less than 18.5 kg/m2 places an individual at 
elevated risk and should prompt referral for nutritional 
assessment.
 2.  Measure baseline serum albumin and prealbumin concen-

trations
Serum albumin concentration less than 30 g/L (in the 
absence of hepatic or renal dysfunction) should prompt 
referral for nutritional assessment.
 3.  Inquire about unintentional weight loss in the last year
Unintentional weight loss exceeding 10% to 15% of base-
line weight within the prior 6 months is associated with 
severe nutritional risk and should prompt referral for nutri-
tional assessment.
  !
Frailty
Frailty, which is defined as a state of increased vulnerability 
to physiologic stressors, is associated with adverse health 
outcomes after medical and surgical interventions and 
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limited life expectancy.58 Numerous validated instruments 
measuring frailty are in current use in research and clini-
cal practice. There are two primary models of frailty—the 
frailty phenotype and the deficit accumulation model. The 
frailty phenotype described by Fried and colleagues is based 
on the identification of traits associated with the occur-
rence of disease, hospitalization, falls, disability, and death 
in a large prospective cohort study.59 This study defined the 
determinants of frailty as weight loss, exhaustion, physical 
activity, walk time, and grip strength. The deficit accumu-
lation model of aging (based on data from the Canadian 
Study of Health and Aging) identified 92 signs, symptoms, 
functional impairments, and laboratory abnormalities that 
are proportionally weighted into a frailty index for predict-
ing mortality.60

While numerous studies have demonstrated the 
association of patient frailty with adverse surgical out-
comes,54,61-64 the incorporation of a patient’s level of 
frailty into routine clinical practice has not been broadly 
implemented. Many frailty instruments require special 
training, input of laboratory values or clinical data, and a 
fair amount of time to complete; hence, they are imprac-
tical in a busy clinical setting. A recent survey of surgi-
cal oncologists reported that although most surgeons 
expressed interest in preoperative optimization for older 
patients, only 6% currently perform geriatric assessments 
in their older patients.65 Factors contributing to the low 
level of adoption include perceptions regarding the amount 
of time required to assess for vulnerabilities, and lack of 
specific programs designed to address them within typical 
clinical practices. To address this gap, several investiga-
tors have validated efficient strategies to measure frailty 
in clinical practice. Robinson and colleagues developed 
two alternative frailty assessment definitions for surgical 
patients,66,67 which were

  
 "  Mini-Cog score of 3 or less, serum albumin concentra-

tion of 30 g/L or less, one or more falls in the prior 6 
months, and hematocrit under 35%.

 "  Timed-Up-And-Go test 15 or more seconds, activity-
of-daily-living dependence, and Charlson comorbidity 
index score 3 or greater.68

  

Frailty identified with the Edmonton Frail Scale (EFS) has 
been shown to be associated with adverse outcomes after 
surgery.61 The EFS can be administered by an individual 
with no formal medical education, and has been validated 
in comparison to the geriatric specialist’s comprehensive 
geriatric assessment.69!
Additional Considerations
Anxiety, depression, substance abuse, and social isolation 
are common underdiagnosed conditions in older adults. 
Careful screening can identify these potential barriers to 
recovery, safe discharge after surgery, and maintenance of 
independence. Up to 11% of the population 71 years of age 
or more in the United States suffer from depression.70 The 
Patient Health Questionnaire-2 is an efficient instrument 
to screen for depression that includes only two questions: 
“In the past 12 months, have you ever had a time when you felt 
sad, blue, depressed, or down for most of the time for at least 
two weeks?” and “In the past 12 months, have you ever had a 
time, lasting at least two weeks, when you didn’t care about the 
things that you usually care about or when you didn’t enjoy the 
things that you usually enjoy?” Among individuals aged 65 
years or more, 13% of males and 8% of females consume at 
least two alcoholic drinks per day.71 Alcohol and substance 
abuse are associated with increased rates of postoperative 
mortality and complications including pneumonia, sepsis, 
wound infection and disruption, and prolonged length of 
stay.72 Consequently, the ACS NSQIP and AGS recommend 
screening for alcohol and substance abuse among older 
individuals with the modified CAGE (acronym of four clini-
cal interview questions: cutting down, annoyance by criti-
cism, guilty feeling, and eye-openers) questionnaire (see 
section on “Patients With a History of Substance Abuse”).!

PREOPERATIVE OPTIMIZATION FOR FRAIL 
GERIATRIC PATIENTS (TABLE 31.4)

One goal of the preoperative assessment of elderly surgical 
patients is to identify potentially modifiable risk factors—
such as malnutrition, poor physical function, anxiety, and 
social isolation—in order to optimize surgical outcomes. 
Several recent geriatric prehabilitation models have emerged 

TABLE 31.4 Preoperative Assessment and Optimization in the Older Surgical Patient

Domain Assessment Preoperative Optimization

Cognition !"! !Mini-Cog Test
!"! !Visual and hearing
!"! !Impairment
!"! !Alcohol abuse
!"! !Medication review

!"! !Formal assessment by geriatrician for patient identified to have cognitive 
impairment on screening

!"! !Remind patient to bring all assistive devices (glasses, hearing aids) to hospital
!"! !Limit use of sedating or psychotropic medications preoperatively

Function !"! !Evaluate ability to perform activities of daily 
living and instrumental activities of daily living

!"! !Obtain history of falls
!"! !Timed up and go test

!"! !Refer patients with functional deficiencies or history of falls for formal evalua-
tion by a physical therapist before surgery

!"! !Exercise education
!"! !Obtain assistive devices
!"! !Plan for in-hospital and postdischarge rehabilitation therapy

Nutrition !"! !Document body mass index
!"! !Measure albumin and prealbumin
!"! !Query unintentional weight loss

!"! !Patients at severe malnutritional deficit should be referred to dietician for 
formal assessment

!"! !Preoperative nutritional supplementation and nutrition education

From Oresanya LB, Lyons WL, Finlayson E. Preoperative assessment of the older patient: a narrative review. JAMA. 2014;311:2110–2120.
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to help meet this need, with some demonstrating promising 
results. One of the first of such programs was the Proactive 
Care of Older People undergoing surgery (POPS) before-
and-after study in United Kingdom.73 The overarching aim 
of this project was to decrease complications and hospital 
length of stay among at-risk older adults undergoing elec-
tive surgery. The authors performed a structured geriatric 
team intervention that identified at-risk patients, and then 
facilitated coordinated multidisciplinary optimization of 
geriatric vulnerabilities. The interventions included preop-
erative home visits by occupational and physical therapists, 
social worker inputs, nutrition education, and relaxation 
techniques. In addition to preoperative optimization, inter-
disciplinary teams participated in daily inpatient rounds, 
weekly multidisciplinary meetings, and bi-weekly ward 
rounds led by a consultant or clinical nurse specialist. Com-
pared to historical controls, surgical patients who received 
the POPS intervention experienced fewer postoperative 
complications (e.g., pneumonia, delirium), improved pain 
control, lower rates of delayed mobilization, lower rates of 
inappropriate urinary catheter use, and shorter hospital 
length of stay.

Similar findings were observed in the more recently 
reported Perioperative Optimization of Senior Health study, 
which was another before-and-after study.74 This preopera-
tive interdisciplinary clinic evaluated at-risk patients (either 
aged age # 80 years, or aged # 65 years with concurrent 
geriatric vulnerability) and designed targeted optimiza-
tion. Compared to historical controls, the combination of 
geriatric prehabilitation and inpatient geriatric comanage-
ment were associated with reduced hospital length of stay, 
reduced readmission rates, and increased rates of discharge 
to home with self-care. Another example of a promising pre-
habilitation program is the Michigan Surgical Home and 
Optimization Program,75 which is a structured home-based 
preoperative training program with physical, nutritional, 
and psychological interventions. The intervention included 
(1) a home-based walking program with daily reminders and 
feedback; (2) incentive spirometry instructions starting 1 
week prior to surgery; (3) education on nutrition, stress man-
agement, and care planning; and (4) resources for smoking 
cessation, when appropriate. Compared to matched histori-
cal controls, patients enrolled in the program experienced 
reductions in both hospital length of stay and healthcare 
costs. While promising, these studies do have methodological 
weakness as before-and-after studies, as opposed to method-
ologically more robust parallel arm randomized trials, cluster 
randomized trials, or stepped-wedge trials (see Chapter 90). 
Nonetheless, the consistency in findings across the studies is 
supportive of the notion that attention to preoperative and 
perioperative assessment in the older population can result in 
improved postoperative outcomes that benefit patients, hos-
pitals, and healthcare systems.!

DECISION MAKING FOR SURGERY IN OLDER 
ADULTS

The critical initial step in surgical decision making for the 
older patient is an assessment of the patient’s decision-
making capacity. Among older adults, only about 3% lack 
medical decision-making capacity. However, among older 
adults with mild cognitive impairment, this proportion is 

as high as 20%.76 A Mini-Cog exam (see section on “Cog-
nition”) is an efficient way to screen for cognitive impair-
ment in the surgical setting. If the patient does not have 
capacity, treatment goals and choices should be discussed 
with the patient’s surrogate, with patient involvement as 
appropriate. Even cognitively intact patients may have 
difficulty grasping the risks and tradeoffs involved in deci-
sions for surgery. The “teach-back” method (i.e., asking 
patients to communicate back information about their 
diagnosis, treatment plan, and potential risks of treatment) 
may be useful to confirm that the risks, expected benefits, 
and alternatives to surgery are fully understood. Vari-
ous resources are available to aid in using the teach-back 
method (e.g., http://www.teachbacktraining.org).

Collaborative decision making is essential in older 
adults with limited life expectancy. Rather than a tra-
ditional conversation that focuses on the process of 
correcting the underlying surgical condition, the con-
versation should be driven by a focus on the older adult’s 
overarching health goals. Using open-ended questions, 
physicians elicit the patient’s global healthcare goals 
that may  prioritize (1) life prolongation; (2) function 
and independence; (3) maintenance of cognition; or (4) 
comfort. Further discussion should be framed by the 
patient’s most important health goal. A frank, realistic, 
and granular conversation about the ability of surgery to 
satisfy  healthcare goals and priorities is essential. Inva-
sive treatments should only be considered if there is a 
realistic possibility that overarching health goals can be 
achieved. These goals, however, are often dynamic and 
must be revisited as conditions change. Often, primary 
physicians who have longitudinal relationships with 
patients can provide important insight into their patient’s 
health goals and should be included in this important 
deliberation. To assist in high-risk surgical decision mak-
ing, preoperative palliative care consultation should be 
considered in individuals with poor prognoses who are 
electing to undergo surgery, particularly if they have a 
life expectancy of less than 6 months.!

Preoperative Evaluation of 
Patients With Coexisting Disease

For some conditions commonly seen in the preanesthetic 
assessment clinic, preoperative optimization, testing, and 
intervention may be important (see also Chapter 32). Iden-
tification of these comorbid conditions might be an oppor-
tunity for the anesthesiologist to intervene to decrease 
perioperative risk. These conditions are best managed 
before the day of surgery, thus allowing ample time for 
thoughtful evaluation, consultation, and planning.

CARDIOVASCULAR DISEASE

Cardiovascular complications are serious perioperative 
adverse events that account for about 45% of all deaths 
within 30 days after major noncardiac surgery.77 These 
events occur relatively frequently. For example, the mul-
ticenter Vascular Events in Noncardiac Surgery Patients 
Cohort Evaluation prospective cohort study found a 4% risk of 
myocardial infarction, 17% risk of prognostically important 
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myocardial injury, and 0.7% risk of acute heart failure during 
the 30 days following major noncardiac surgery.78 Evidence-
based preoperative cardiovascular assessment guidelines 
have now been published in several countries, including the 
2014 American College of Cardiology (ACC) and American 
Heart Association (AHA) guidelines,7 2014 European Soci-
ety of Cardiology (ESC) and ESA guidelines,9 2017 Canadian 
Cardiovascular Society (CCS) guidelines,8 2017 Brazilian 
Society of Cardiology guidelines,79 and 2014 Japanese Circu-
lation Society guidelines.80 While the guidelines provide gen-
erally similar guidance, there are some important differences 
that will be highlighted in the sections below.

Hypertension
Based on revised 2017 ACC/AHA guidelines, hypertension 
is defined as a blood pressure greater than 130/80 based 
on appropriately measured arterial blood pressure.81 About 
45% of adults in the United States have hypertension,82 
with a similar prevalence in other countries. While most 
individuals with hypertension have primary (or essential) 
hypertension, there are several important causes of second-
ary hypertension, including primary renal disease, OSA, 
pheochromocytoma, renovascular hypertension, Cush-
ing syndrome, hyperthyroidism, and coarctation of the 
aorta. Hypertension leads to significantly increased risks 
of left ventricular hypertrophy (LVH), heart failure, isch-
emic heart disease, chronic kidney disease (CKD), ischemic 
stroke, intracerebral hemorrhage, and PAD. The duration 
and severity of hypertension are highly correlated with 
subsequent end-organ damage, morbidity, and mortality. 
These risks appear to increase once blood pressure exceeds 
117/75, with each subsequent 20 mm Hg increase in sys-
tolic blood pressure and 10 mm Hg increase in diastolic 
blood pressure being associated with a two-fold increase in 
the risk of stroke and cardiovascular death.83 In the peri-
operative setting, hypertension is associated with increased 
risks of postoperative death and myocardial infarction, but 
the magnitude of this association is relatively weak (odds 
ratio 1.35; 95% confidence limits, 1.17-1.56).84

In patients with hypertension, the goals of preoperative 
evaluation are to identify any secondary causes of hyper-
tension, presence of other cardiovascular risk factors (e.g., 
smoking, diabetes mellitus), and evidence of end-organ 
damage. For example, paroxysmal hypertension or hyper-
tension in young individuals should prompt a search for 
hyperthyroidism, illicit drug use (e.g., cocaine, anabolic 
steroids), and coarctation of the aorta. Similarly, a his-
tory of paroxysmal hypertension associated with episodic 
tachycardia and palpitations should raise suspicions about 
an underlying pheochromocytoma (see next section). The 
physical examination should focus on vital signs (includ-
ing blood pressure measured in both arms), thyroid gland, 
peripheral pulses, and cardiovascular system (including 
bruits and signs of intravascular volume overload). Addi-
tional specialized testing is directed by the initial clinical 
evaluation. For example, patients with long-standing, 
severe, or poorly controlled hypertension should undergo 
an ECG and blood sampling to measure creatinine con-
centration. Individuals on diuretic antihypertensives (e.g., 
chlorthalidone, hydrochlorothiazide) may require evalua-
tion of electrolytes. Patients with suspected hyperthyroid-
ism will require thyroid function tests.

While preoperative hypertension is associated with an 
increased risk of cardiovascular complication,84 this associ-
ation is generally not evident for systolic blood pressure val-
ues less than 180 mm Hg or diastolic blood pressure values 
less than 110 mm Hg. Additionally, there is no compelling 
data that delaying surgery to optimize blood pressure con-
trol will result in improved outcomes. Accordingly, some 
international practice guidelines support proceeding with 
surgery if the systolic blood pressure is less than 180 mm 
Hg and diastolic blood pressure is less than 110 mm Hg.9,49 
Usual antihypertensive medication treatment should be 
continued in these patients during the perioperative period. 
For patients with severe hypertension (i.e., diastolic blood 
pressure > 110 mm Hg or systolic blood pressure > 180 mm 
Hg), anesthesiologists should weigh the potential benefits of 
delaying surgery to optimize antihypertensive treatment 
against the risks of delaying the procedure. In general, all 
long-term antihypertensive treatment should be contin-
ued up to the day of surgery, with the possible exception 
of angiotensin-converting enzyme inhibitors (ACEIs) and 
angiotensin receptor blockers (ARBs). Administration of 
these medications within 24 hours before surgery is con-
sistently associated with increased risks of intraoperative 
hypotension,85 and possibly associated with elevated risks 
of postoperative myocardial injury.86 Accordingly, it is rea-
sonable to withhold these medications for 24 hours before 
surgery, provided that they are restarted postoperatively 
once patients are hemodynamically stable. Importantly, 
failure to resume ACEI and ARB therapy postoperatively is 
itself associated with adverse outcomes.87,88

Even if surgery is not necessarily delayed to facilitate 
improved blood pressure control, the preanesthesia evalu-
ation should also be viewed as an excellent opportunity to 
alter long-term consequences of diseases. Thus, appropriate 
postsurgery referrals should be made to facilitate improved 
long-term management of hypertension.!
Ischemic Heart Disease
Ischemic heart disease (IHD) afflicts about 16.5 million 
adults in the United States, and 111 million people world-
wide.27 It also accounts for about 13% of all deaths, both 
in the United States and worldwide (http://www.who.int/ 
mediacentre/factsheets/fs317/en/).27 While death rates 
attributable to IHD are declining in many high-income 
countries,89 other regions continue to experience high or 
increasing rates of IHD mortality. IHD mediates adverse 
effects because of its immediate impact (e.g., myocardial 
infarction, sudden cardiac death) and related diseases (e.g., 
heart failure, atrial fibrillation). Therapy for IHD includes 
antiplatelet therapy (e.g., aspirin, adenosine diphosphate 
receptor [P2Y12] inhibitor), renin angiotensin system inhib-
itors (e.g., ACEI, ARB), $-adrenergic blockers, other anti-
anginal therapies (e.g., calcium channel blocker, nitrates), 
lipid reducing agents (e.g., statins), and coronary revas-
cularization with either coronary artery bypass grafting 
(CABG) or percutaneous coronary intervention (PCI). Based 
on recent randomized controlled trials, several newer types 
of medical therapy for IHD may be increasingly used, includ-
ing novel antiinflammatory therapy (e.g., canakinumab),90 
low-dose direct oral anticoagulant (DOAC) therapy,91 and 
antibody-based lipid-lowering agents.92 Coronary revas-
cularization—specifically with CABG—improves survival 
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compared to medical therapy (pooled relative risk 0.80, 
95% limits 0.70-0.91) in several high-risk IHD states,93 
namely left main coronary artery stenosis, triple-vessel 
coronary artery disease, and two-vessel coronary artery 
disease with proximal left anterior descending artery ste-
nosis.94 When PCI is used instead for these high-risk states, 
PCI with a newer generation drug eluting stent (DES) may 
also confer a survival benefit, albeit with marginal statis-
tical significance.93 In patients who meet indications for 
revascularization, CABG improves survival more than PCI 
in multivessel disease that is associated with either diabe-
tes mellitus or higher coronary artery lesion complexity.95 
Notably, aside from these high-risk states (e.g., triple vessel 
coronary artery disease), PCI has not been shown to con-
vincingly improve survival in stable IHD.96

In the perioperative setting, IHD is a risk factor for myocar-
dial infarction and a prognostically important myocardial 
injury after surgery.97,98 It is also associated with elevated 
risks of 30-day postoperative mortality,99 especially if a 
patient had experienced a myocardial infarction, acute cor-
onary syndrome, or severe angina (i.e., occurring at effort 
levels less than walking one to two blocks or climbing one 
flight of stairs) within the 6 months preceding surgery.77,78 
Surgical patients with IHD may also have important comor-
bidities with important perioperative implications, such as 
heart failure and atrial fibrillation (see sections of “Heart 
Failure” and “Atrial Fibrillation”). The goals of preopera-
tive evaluation are to (1) ascertain whether the patient 
has previously undiagnosed significant IHD; (2) charac-
terize any known IHD with respect to severity, functional 
limitations, therapy, and prior investigations; (3) determine 
whether additional preoperative specialized testing or con-
sultations are warranted; and (4) identity opportunities for 
reducing perioperative risk related to IHD. In the case of 
patients without known IHD, evaluation of traditional risk 
factors for IHD (i.e., smoking, hypertension, increased age, 
male sex, hyperlipidemia, family history) is important when 
significance of suspicious symptoms (e.g., chest discomfort, 
dyspnea) or abnormal ECG. In patients with known IHD, 
the anesthesiologist should characterize any history of 
chest discomfort (i.e., pain, pressure, tightness) with respect 
to its duration, precipitating factors, associated symptoms, 
and relieving factors. Exertional dyspnea may represent 
an angina equivalent but is also a nonspecific finding that 
might be related to physical deconditioning, pulmonary 
disease, or heart failure. It is useful to classify any angina 
based on the CCS grading scale:

  
 "  CCS class I: Ordinary physical activity (e.g., walking, 

climbing stairs) does not cause angina. Angina with 
strenuous or rapid or prolonged exertion at work or 
recreation

 "  CCS class II: Slight limitation of ordinary activity. No an-
gina is precipitated by walking more than two blocks on 
level ground or climbing more than one flight of stairs at 
a normal pace and in normal conditions. Angina is only 
precipitated by walking or climbing stairs rapidly, walk-
ing uphill, and walking or stair climbing under challeng-
ing conditions (e.g., after meals, in cold, in wind, under 
emotional stress, during the few hours after awakening).

 "  CCS class III: Marked limitation of ordinary physical 
activity. Angina precipitated by walking one or two 

blocks on level ground and climbing one flight of stairs in 
normal conditions and at normal pace.

 "  CCS class IV: Inability to carry on any physical activity 
without discomfort. Angina may be present at rest.
  
Patients with risk factors for IHD or suspicious symptoms 

may require an ECG, especially before intermediate-risk or 
high-risk surgical procedures.9 Routine preoperative ECGs 
are not indicated (Box 31.2), especially in asymptomatic 
patients without known cardiovascular disease or risk fac-
tors.7 While specific preoperative abnormalities are associ-
ated with increased perioperative cardiac risk (e.g., bundle 
branch blocks [BBBs]), these abnormalities do not enable 
clinicians to identify patients with increased perioperative 
cardiac risk more accurately when considered in combi-
nation with known clinical risk factors.100 Establishing 
a baseline for postoperative comparison is often the most 
important reason to obtain a preoperative ECG; however, 
this decision should be based on the patient’s likely risk of 
postoperative cardiovascular complications. Thus, a base-
line ECG is unlikely to be helpful in an individual at very 
low risk for postoperative cardiac events. If a previous ECG 
is available from the previous 3 months and there has been 
no intervening change in clinical status, a repeat ECG is 
likely not needed.7 Other typical preoperative laboratory 
tests that may be considered for patients with known or sus-
pected IHD include creatinine and hemoglobin concentra-
tions. Both chronic renal insufficiency and anemia are risk 
factors for perioperative cardiac complications.97,101,102 
In addition, anemia can modify the effects of $-adrenergic 
blockade in surgical patients, with evidence of increased 
harm when used in patients with perioperative anemia or 
significant bleeding.103,104

Class IIa Recommendation: It Is Reasonable to Perform  
the Procedure

Preoperative resting 12-lead ECG is reasonable for patients with 
known IHD, significant arrhythmia, PAD, CVD, or other significant 
structural heart disease (except if undergoing low-risk surgical 
procedures).!
Class IIb Recommendation: The Procedure May Be Considered

Preoperative resting 12-lead ECG may be considered for asymp-
tomatic patients without known coronary heart disease, except 
for those undergoing low-risk surgical procedures.!
Class III Recommendation: The Procedure Should Not Be  
Performed Because It Is Not Helpful

Routine preoperative resting 12-lead ECG is not useful for asymp-
tomatic patients undergoing low-risk surgical procedures.

BOX 31.2 Recommendations for  
Preoperative Resting 12-Lead 
Electrocardiogram

From Fleisher LA, Fleischmann KE, Auerbach AD, et al. 2014 ACC/AHA 
guideline on perioperative cardiovascular evaluation and manage-
ment of patients undergoing noncardiac surgery: a report of the 
American College of Cardiology/American Heart Association Task 
Force on Practice Guidelines. Circulation. 2014;130:e278–e333.

CVD, Cerebrovascular disease; ECG, electrocardiogram; IHD, ischemic 
heart disease; PAD, peripheral artery disease.
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Preoperative cardiac risk assessment algorithms have 
been proposed by several practice guidelines, including the 
ACC/AHA guidelines (Fig. 31.5)7 and the CCS guidelines 
(Fig. 31.6).8 These algorithms have somewhat differing 
target populations. The ACC/AHA algorithm encompasses 
patients with known IHD or associated risk factors who are 
having noncardiac surgery. The CCS guidelines focus on 
adults (#18 years old) having inpatient surgery who are 
either 45 years or older, or who have significant cardio-
vascular disease (i.e., IHD, cerebrovascular disease [CVD], 
PAD, heart failure, severe pulmonary hypertension, severe 
obstructive cardiac valvular disease). While the algorithms 
have many fundamental similarities, they also have several 
key differences, which will be discussed below. Importantly, 
the algorithms should always be viewed as flexible guidance 
frameworks that should be tailored, as needed, to individual 
patients. The initial step in these risk assessment algorithms 
is consideration of the urgency of the planned surgery. The 
2014 ACC/AHA guidelines define an emergency procedure 

as one where life or limb would be threatened if surgery did 
not proceed within 6 hours or less; an urgent procedure as 
one where life or limb would be threatened if surgery did 
not proceed within 6 to 24 hours; and a time-sensitive pro-
cedure as one where delays exceeding 1 to 6 weeks would 
adversely affect outcomes (e.g., most oncology surgery).7 
Based on this classification scheme, patients should pro-
ceed directly to any required emergency surgery without 
further preoperative cardiac assessment.7,8 For these indi-
viduals, the focus should be on surveillance (e.g., serial 
cardiac enzymes, hemodynamic monitoring, serial ECGs) 
and early treatment of any postoperative cardiovascular 
complications.

In the second step, active cardiac conditions—such as 
acute coronary syndromes, decompensated heart failure, 
severe valvular disease (e.g., critical aortic stenosis), sus-
pected significant pulmonary hypertension, or significant 
arrhythmias (e.g., atrial fibrillation with rapid ventricular 
rate, sustained ventricular tachycardia)—should be ruled 

Step 1: Emergency Surgery

Step 2: Active Cardiac Conditions

•

•

•

•

acute coronary syndrome
decompensated heart failure
significant arrhythmia
severe valvular disease

•

•

Step 3: Estimate risk of perioperative death or MI
ACS-NSQIP risk calculator (determine risk
using www.riskcalculator.facs.org)
Revised Cardiac Risk Index (elevated risk
based on score of 2 or more) 

Step 4: Assess functional capacity

Step 5: Assess whether further testing will impact care

Step 6: Proceed to surgery or consider alternative strategies
• Alternatives included less-invasive or palliative treatment 

Pharmacological stress testing if results would affect
decision making or care. If results are abnormal,
consider guideline-indicated revascularization strategies

Proceed to surgery if functional
capacity is 4 or more metabolic
equivalents

Proceed to surgery if estimated
risk is less than 1%

Postpone planned surgery until
condition is first evaluated and
then treated using guideline-
directed therapy

Proceed to surgery with clinical
risk stratification and
perioperative surveillance

Fig. 31.5 Simplified cardiac evaluation algorithm for noncardiac surgery proposed by the 2014 American Heart Association and American College of 
Cardiology guidelines. ACS-NSQIP, American College of Surgeons National Surgical Quality Improvement Program; MI, myocardial infarction. (From 
Fleisher LA, Fleischmann KE, Auerbach AD, et al. 2014 ACC/AHA guideline on perioperative cardiovascular evaluation and management of patients undergoing 
noncardiac surgery: a report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines. Circulation. 2014;130:e278–
e333.)
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out in patients not requiring emergency surgery.7 If any of 
these conditions are present, they must be initially treated, 
after which the original planned surgery can be reconsidered 
based on its risk-benefit balance. When assessing whether 
a patient has an active cardiac condition, the anesthesi-
ologist should inquire about any recent myocardial infarc-
tion. In a study of about 560,000 patients who underwent 
major noncardiac surgery in the United States,105 the risk 
of 30-day postoperative myocardial infarction or death was 
significantly elevated when surgery was performed within 
60 days after a prior myocardial infarction. Thus, the 2014 
ACC/AHA guidelines recommend deferring nonurgent sur-
gery until 60 days after a recent myocardial infarction.7

In the third step, perioperative cardiac risk should be 
estimated based on readily available clinical information 
that encompasses both patient-level (e.g., comorbidities) 
and surgery-level (e.g., procedure type) characteristics. The 
2014 ACC/AHA guidelines and 2014 ESC/ESA guidelines 
recommend using clinical risk indices, namely the Revised 
Cardiac Risk Index (RCRI) (Table 31.5),97 ACS NSQIP sur-
gical risk calculator (https://riskcalculator.facs.org/RiskC
alculator),32 or NSQIP Myocardial Infarction and Cardiac 
Arrest risk calculator.33 If these indices find the estimated 
risk of postoperative myocardial infarction or death to be 
less than 1% (consistent with RCRI % 1), the ACC/AHA 

guidelines recommend that patients simply proceed directly 
to surgery.7 The 2017 CCS guidelines suggest using the 
RCRI, as opposed to the NSQIP risk calculators, largely 
because the NSQIP-risk models were developed using a 
database without routine postoperative troponin surveil-
lance, implying that the predicted absolute myocardial 
infarction rate might underestimate the true rate by three-
fold,98 and have not been externally validated.8 In addition, 
the NSQIP risk calculators have largely not been externally 
validated. By comparison, the RCRI was derived in a cohort 
study with standardized cardiac biomarker surveillance,97 
and also has undergone extensive external validation.106 
Nonetheless, the RCRI has limitations, especially with 
respect to inadequate consideration of variations in cardiac 
risk across different surgical procedures.107 The CCS guide-
lines recommend that patients proceed directly to surgery if 
they meet all the following criteria: age over 65 years, RCRI 
score of 1 or greater, and no history of significant cardiovas-
cular disease (i.e., coronary artery disease, CVD, PAD, heart 
failure, pulmonary hypertension, or severe obstructive car-
diac valvular disease).

In the fourth and subsequent steps, there are substantial 
differences between the American versus Canadian preop-
erative risk assessment algorithms. The ACC/AHA algo-
rithm recommends that a patient with a functional capacity 

Step 1: Emergency Surgery

Step 4: Measure preoperative BNP or NT pro-BNP

Step 5: Proceed to surgery
Measure troponin daily for 48-72 h
after surgery, and obtain ECG in PACU

Proceed to surgery if BNP <92 ng/L or NT
pro-BNP <300 ng/L. No postoperative
troponin monitoring needed.

Proceed to surgery if age <65 y, Revised Cardiac
Risk Index score is zero, and no history of
significant cardiovascular disease. No
postoperative troponin monitoring needed.

Undertake preoperative cardiac assessment only for
unstable cardiac conditions, suspected severe
pulmonary hypertension, or suspected obstructive
cardiac valvular disease.  Otherwise proceed to surgery
with postoperative troponin monitoring for patients
who are (i) aged 65 y and older, or (ii) aged 18-64 y
with significant cardiovascular disease

Proceed to surgery with postoperative
troponin monitoring for patients who are
(i) aged 65 y and older, or (ii) aged 18-64 y
with significant cardiovascular disease

Step 2: Urgent or semi-urgent surgery
Examples include hip fracture
surgery, acute bowel obstruction
surgery, and cancer surgery

•

Step 3: Estimate perioperative cardiac risk
Age
Revised Cardiac Risk Index score
History of significant cardiovascular disease

•

•

•

Fig. 31.6 Simplified cardiac evaluation algorithm for noncardiac surgery proposed by the 2017 Canadian Cardiovascular Society guidelines. BNP, Brain 
natriuretic peptide; ECG, electrocardiogram; NT pro-BNP, N-terminal-pro-BNP; PACU, postanesthesia care unit. (From Duceppe E, Parlow J, MacDonald P, 
et al. Canadian Cardiovascular Society guidelines on perioperative cardiac risk assessment and management for patients who undergo noncardiac surgery. 
Can J Cardiol. 2017;33:17–32.)
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of 4 or more METs should proceed directly to surgery.7 This 
guidance is largely based on older studies of preoperative 
exercise testing,30,31 and more recent studies of preopera-
tive CPET,108,109 which found an association between poor 
functional capacity and elevated perioperative cardiac 
risk. The major clinical challenge with this recommenda-
tion pertains to how best to estimate patients’ preoperative 
functional capacity in clinical practice (see earlier section 
on “Assessment of Functional Capacity”). Simple subjective 
assessment of functional capacity based on the usual pre-
operative history does not accurately estimate true exercise 
capacity,36 and does not accurately predict postoperative 
cardiovascular complications.36,41 Thus, in clinical prac-
tice, anesthesiologists should generally use a structured 
questionnaire, especially the DASI (see Table 31.2),42 with 

consideration of formal exercise testing if the results would 
alter management. Notably, DASI scores improve the 
accuracy of prediction of cardiac complications following 
noncardiac surgery beyond that achieved with the RCRI 
alone.36

If a patient is deemed to have either low (i.e., < 4 METs) 
or uncertain functional capacity, the AHA/ACC guidelines 
recommend consideration of exercise or pharmacologic 
cardiac stress testing, if the results could plausibly inform 
decision making or clinical care. Patients with high-risk 
abnormal test results can be considered for subsequent cor-
onary angiography, and possibly revascularization (if usual 
nonoperative indications for coronary revascularization 
are met). Importantly, the ACC/AHA guidelines emphasize 
the importance of considering alternative less invasive or 
nonsurgical treatment for the underlying condition, espe-
cially in patients found to be at very high cardiac risk.

As opposed to assessing functional capacity, the CCS 
guidelines recommend preoperative risk assessment with 
cardiac biomarkers,8 specifically brain natriuretic peptide 
(BNP) or N-terminal-pro-BNP (NT pro-BNP). These neuro-
hormones are secreted by the cardiac ventricles in response 
to stretch or ischemia of the atrial and ventricular walls. In 
the nonoperative setting, elevated natriuretic peptide con-
centrations are powerful markers of cardiovascular risk in 
individuals with IHD or associated risk factors, as well as 
in individuals with heart failure.110 Interestingly, there 
is only slight-to-fair correlation between plasma levels of 
these biomarkers and measures of exercise capacity,36 sug-
gesting that natriuretic peptides measure a different patient 
characteristic. An individual patient data meta-analysis 
of 18 studies in noncardiac surgery found that preopera-
tive natriuretic peptide concentrations can differentiate 
patients based on their perioperative cardiac risk (Table 
31.6).111 In general, BNP concentrations less than 100 
ng/L or NT pro-BNP concentrations less than 300 ng/L are 
indicative of a patient at very low perioperative cardiac risk. 
Conversely, BNP concentrations above 300 ng/L or NT 
pro-BNP concentrations above 900 ng/L are indicative of 
a patient at high cardiac risk. Importantly, natriuretic pep-
tides also improve the accuracy of risk estimation beyond 
that achieved with traditional clinical risk factors alone.111 
The CCS guidelines recommend that preoperative BNP or 
NT pro-BNP testing be used to inform the required level of 
postoperative surveillance. Specifically, they recommend 

TABLE 31.5 Components of the Revised Cardiac Risk 
Index and Expected Cardiac Event Risk

Components of Revised Cardiac Risk Index* Points Assigned

High-risk surgery (intraperitoneal, intrathoracic, 
or suprainguinal vascular procedure)

1

Ischemic heart disease (by any diagnostic 
criteria)

1

History of congestive heart failure 1

History of cerebrovascular disease 1

Diabetes mellitus requiring insulin 1

Creatinine > 2.0 mg/dL (176 µmol/L) 1

Revised Cardiac Risk Index Score
Risk of Major Car-
diac Events†,‡

0 0.4%

1 1.0%

2 2.4%

#3 5.4%

*Data from Lee TH, Marcantonio ER, Mangione CM, et al. Derivation and pro-
spective validation of a simple index for prediction of cardiac risk of major 
noncardiac surgery. Circulation. 1999;100:1043–1049.

†Data from Devereaux OJ, Goldman L, Cook DJ, et al. Perioperative cardiac 
events in patients undergoing noncardiac surgery: a review of the magni-
tude of the problem, the pathophysiology of the events and methods to 
estimate and communicate risk. CMAJ. 2005;173:627–634.

‡Defined as cardiac death, nonfatal myocardial infarction, or nonfatal cardiac 
arrest.

TABLE 31.6 Risk of Death or Myocardial Infarction After Noncardiac Surgery Based on Preoperative Brain Natriuretic Peptide or 
N-Terminal-Pro-Brain Natriuretic Peptide Concentrations

Preoperative BNP  
Concentration (ng/L)

Likelihood Ratio* for  
Death or MI

Preoperative NT pro-BNP  
Concentration (ng/L)

Likelihood Ratio*  
for Death or MI

0–99 0.6 0–300 0.4

100–250 1.4 301–900 1.5

>250 3.9 901–3000 2.7

>3000 5.0

*Positive test results should have likelihood ratios > 2 to provide clinically meaningful information, whereas negative test results should have likelihood ratios of < 0.5.
BNP, Brain natriuretic peptide; MI, myocardial infarction; NT pro-BNP, N-terminal-pro-BNP.
From Rodseth RN, Biccard BM, Le Manach Y, et al. The prognostic value of pre-operative and post-operative B-type natriuretic peptides in patients undergoing 

noncardiac surgery. B-type natriuretic peptide and N-terminal fragment of pro-B-type natriuretic peptide: a systematic review and individual patient data 
meta-analysis. J Am Coll Cardiol. 2014;63:170–180.
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routine troponin surveillance for 48 to 72 hours after sur-
gery in patients with elevated preoperative BNP (#92 ng/L) 
or NT pro-BNP (#300 ng/L) concentrations. No other pre-
operative testing or intervention is recommended based on 
the results of preoperative cardiac biomarker testing.

Although current evidence pertaining to risk assessment 
with preoperative natriuretic peptides is promising, there 
are also some important limitations. First, the event rate 
for death or myocardial infarction in this individual patient 
data meta-analysis was about 11%, which is considerably 
higher than would be expected in usual clinical practice. 
This high event rate is explained, in part, by the interme-
diate-to-high risk characteristics of the study sample, and 
by two large included studies that defined cardiovascular 
complications based on elevated troponin concentrations 
alone (as opposed to less frequent myocardial infarction 
events).112,113 Therefore, further research remains needed 
to determine biomarker threshold levels and prognostic 
accuracy in generalizable study samples. Second, while 
elevated natriuretic peptide concentrations are indicative 
of elevated perioperative cardiac risk, they do not indicate 
underlying pathophysiological mechanism. Aside from 
ischemia and heart failure, other prognostically important 
conditions can cause elevated natriuretic peptide concen-
trations, including right ventricular dysfunction, cardiac 
valvular disease, and atrial fibrillation. Thus, further spe-
cialized testing (e.g., echocardiography) may be helpful in 
some patients with high preoperative BNP or NT pro-BNP 
concentrations, if the results might inform clinical care or  
decision making. Third, nonoperative data suggest natri-
uretic peptides have limitations as prognostic biomarkers in 
certain disease states, including obesity and chronic renal 
kidney.

The anesthesiologist has several other avenues for fur-
ther investigating or optimizing known or suspected IHD 
before surgery—including consultations, biomarkers, 
stress testing, coronary angiography, coronary revascular-
ization, and medical therapy. When considering the need 
for additional consultations before surgery, an initial phone 
call to the primary care physician or cardiologist often 
yields important information that obviates the need for 
further consultation. Any specialist consultation (e.g., car-
diologist) initiated by the anesthesiologist should seek spe-
cific advice regarding the diagnosis, treatment, or further 
optimization of the patient’s condition. It is preferable to ask 
specific questions, such as “Does this patient have IHD?” or 
“Is this patient optimized for planned radical nephrectomy?,” to 
avoid unhelpful consultation reports that simply state that 
a patient is “cleared for surgery.”

Aside from BNP and NT pro-BNP, several other preopera-
tive biomarkers have shown promise, with the most compel-
ling data pertaining to high-sensitivity troponin assays. In 
the nonoperative setting, these high-sensitivity assays have 
demonstrated subtle resting elevations in cardiac troponin 
concentrations in an important segment of the population 
without any acute coronary syndrome. These individuals 
have significantly elevated risks of death, as well as progres-
sion to IHD or heart failure.114,115 Perhaps unsurprisingly, 
many otherwise stable surgical patients may have elevated 
troponin concentrations even before surgery. For example, 
in a cohort study of 325 patients undergoing major inpa-
tient noncardiac surgery, about 20% had a preoperative 

high-sensitivity troponin T concentration exceeding the 
99th percentile for the assay.116 Thus, especially in patients 
for whom postoperative troponin surveillance is planned, 
a preoperative troponin measurement is integral to deter-
mining whether any elevated postoperative concentration 
reflects acute injury versus chronic long-term elevation. 
Two large cohort studies have also shown that these pre-
operative troponin elevations may aid in risk stratification 
for noncardiac surgery.117-119 Specifically, a preoperative 
high-sensitivity troponin T concentration above 14 ng/L is 
associated with increased risks of death and cardiovascu-
lar complications after major noncardiac surgery. Further-
more, addition of preoperative high-sensitivity troponin T 
appears to improve the accuracy of risk estimation beyond 
that achieved with traditional clinical risk factors and natri-
uretic peptides.117,118 Further research remains needed 
to confirm these initial results, establish ideal screening 
thresholds, and replicate these analyses using other high-
sensitivity troponin assays. Importantly, prognostically 
important conditions other than myocardial ischemia can 
cause elevated troponin concentrations, including right 
ventricular dysfunction, cardiac valvular disease, and atrial 
fibrillation.

When supplementing preoperative evaluation, cardiac 
stress testing can help diagnose IHD, assess its severity, 
and estimate perioperative cardiac risk. The tests therefore 
address both diagnosis and prognosis. Several stress tests are 
available that differ based on the stress modality (i.e., exer-
cise, pharmacologic) and ischemia monitoring method (i.e., 
ECG, perfusion imaging, echocardiography). An exercise 
stress test is a preferred option for a patient who is capable 
of exercising and likely to achieve an adequate heart rate 
response during exercise. Exercise stress testing also allows 
for an objective measurement of functional capacity. An 
adequate test result is obtained when patients can exercise 
to 85% of their target heart rate (i.e., 220 minus age). Phar-
macologic stress modalities (e.g., dobutamine, dipyridam-
ole, adenosine, regadenoson) are indicated for an individual 
who cannot exercise or is unlikely to achieve an adequate 
heart rate response because of pacemakers, significant bra-
dycardia, or high-dose negative chronotropic drugs (e.g., 
$-adrenergic blockers). The choice of pharmacologic stress 
modality is generally immaterial, but there are some excep-
tions. For example, since dobutamine uncovers ischemia 
by increasing contractility, heart rate, and blood pressure, 
it may not be the best choice in patients with pacemakers, 
significant bradycardia, aortic aneurysms, cerebral aneu-
rysms, or poorly controlled hypertension. While adenosine 
and dipyridamole rely on their vasodilatory properties and 
do not depend on a heart rate response, they may exacerbate 
bronchospasm in patients taking theophylline. In addition, 
these drugs may cause dangerous reductions in preload in 
the presence of severe stenotic valvular heart disease.

An exercise ECG stress test is a reasonable option for a 
patient with a relatively normal baseline ECG who is capa-
ble of exercising with an adequate heart rate response. An 
imaging monitoring method (i.e., echocardiography, myo-
cardial perfusion imaging) can be used instead if a patient 
has significant ECG abnormalities (e.g., left bundle branch 
block [LBBB], LVH with strain pattern) that may interfere 
with electrocardiographic detection of ischemia. Nonethe-
less, exercise myocardial perfusion imaging may still be 
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problematic in patients with LBBB, because of false-positive 
results related to septal perfusion defects.7 Stress echocar-
diography assesses for wall motion abnormalities both at 
rest and under stress conditions (i.e., exercise, dobutamine). 
Resting abnormalities indicate scar tissue from a prior 
infarction, while new abnormalities under stress conditions 
(i.e., inducible wall motion abnormalities) indicate limited 
blood due to stenotic coronary lesions. Nuclear myocardial 
perfusion imaging detects ischemia by comparing radio-
isotope uptake by viable myocardium under resting and 
stress conditions. Perfusion defects at rest are indicative of 
a prior infarction. Since normal coronary arteries vasodi-
late with exercise or specific pharmacologic stressors (i.e., 
adenosine, dipyridamole), normal myocardium maintains 
normal radioisotope uptake in stress conditions. By com-
parison, stenotic vessels are maximally vasodilated at rest, 
and unable to further vasodilate under stress conditions. 
Thus, myocardium with flow-limiting lesions has normal 
radioisotope update at rest, but decreased uptake under 
stress conditions (i.e., reversible perfusion defects). In gen-
eral, the choice of test should be informed by patient factors 
(e.g., ability to exercise) and local expertise in cardiac stress 
testing.

Cardiac stress tests can also help predict whether patients 
are likely to experience perioperative cardiac complications. 
Since these events occur relatively infrequently, the prog-
nostic performance of these tests should not be evaluated 
based on positive or negative predictive values. It is prefer-
able to use positive likelihood ratio and negative likelihood 
ratio values, which can be readily calculated using sensitiv-
ity and specificity values.
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There are relatively few data on the prognostic perfor-
mance of preoperative exercise ECG stress testing. In a meta-
analysis of studies in vascular surgery, exercise ECG stress 
testing had a positive likelihood ratio of 2.4 and negative 
likelihood ratio of 0.4 for predicting postoperative cardiac 
death or myocardial infarction.120 Conversely, ECG stress 
testing had diminished predictive performance (positive 
likelihood ratio 1.8 and negative likelihood ratio 0.8) in a 
cohort study of 200 patients undergoing mixed noncardiac 
surgery.30 Considerably more research has been published 
pertaining to the prognostic accuracy of preoperative stress 
testing based on myocardial perfusion imaging or echocar-
diography. In a meta-analysis in noncardiac surgery, stress 
echocardiography has a positive likelihood ratio of 4.1 and 
a negative likelihood ratio of 0.2 for predicting postopera-
tive death or myocardial infarction. In the case of myocar-
dial perfusion imaging, the positive likelihood ratio was 1.8 
and negative likelihood ratio was 0.4.121 The prognostic 
value of myocardial perfusion imaging might be further 
improved by considering the extent of reversible defects. 
In another meta-analysis in vascular surgery, reversible 
defects on preoperative myocardial perfusion imaging were 
associated with significantly increased cardiac risk only 

when the extent of reversibility exceeded 20% of the myo-
cardium.122 Notably, isolated fixed defects (i.e., no associ-
ated reversible defects) were not associated with elevated 
cardiac risk.122 While available evidence does suggest that 
stress echocardiography has better prognostic accuracy, 
these data should be interpreted cautiously since they are 
older, heterogeneous, and do not account for varying local 
expertise in stress testing modalities. In addition, it remains 
unclear as to whether cardiac stress tests provide incremen-
tal prognostic information in patients who have already 
been assessed using clinical risk factors.

Some patients with high-risk findings on initial cardiac 
stress testing may require subsequent evaluation of coro-
nary anatomy using either noninvasive computed tomog-
raphy coronary angiography (CTCA) or invasive coronary 
angiography. These tests can diagnose IHD, assess its 
severity, and help assess perioperative cardiac risk. Using 
contemporary imaging technology, CTCA has reasonably 
high accuracy for detecting clinically significant coronary 
artery stenosis.123,124 An initial retrospective cohort study 
found CTCA to improve prediction of cardiac complications 
after intermediate-risk noncardiac surgery, as compared to 
using the RCRI alone.125 Conversely, a larger multicenter 
prospective cohort study found that the addition of CTCA 
to the RCRI was five times more likely to overestimate risk 
in low-risk individuals than correctly identify a previously 
misclassified high-risk individual.126 Thus, CTCA does not 
appear to be an appropriate first-line test to supplement 
clinical risk stratification. Nonetheless, it may be a reason-
able follow-up option in patients with high-risk cardiac 
stress test results.

Invasive coronary angiography is the gold standard for 
diagnosing IHD and may also be a follow-up option for 
patients with high-risk cardiac stress test results. Two Ital-
ian randomized trials in vascular surgery patients have 
suggested that routine preoperative invasive coronary 
angiography—followed by revascularization of any critical 
stenosis—reduces risks of postoperative myocardial isch-
emia,127 and long-term mortality.128,129 Although interest-
ing, these findings still do not support a clinical shift to this 
invasive assessment strategy, largely because any patient-
relevant benefits were seen over long-term follow-up, not 
the immediate postoperative period. Any merit for an inva-
sive coronary artery assessment strategy is highly related 
to whether coronary revascularization before noncardiac 
surgery is beneficial. This issue remains controversial. The 
most relevant study is the Coronary Artery Revasculariza-
tion Prophylaxis trial.130 In the multicenter randomized 
controlled trial of 510 vascular surgery patients with known 
significant IHD, preoperative revascularization using CABG 
or PCI with bare metal stents (BMSs) did not reduce the risk 
of postoperative myocardial infarction or long-term mor-
tality. Notably, the trial excluded patients with left main 
coronary artery stenosis, which is the only subgroup where 
revascularization was associated with improved survival in 
a related cohort study.131 At present, both American and 
European guidelines only recommend consideration for 
revascularization in patients who meet usual nonoperative 
indications (e.g., left main coronary artery stenosis, triple-
vessel coronary artery disease),7,9 while the CCS guidelines 
recommend against preoperative revascularization in any 
patient with stable IHD.8
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In general, randomized controlled trials have also not 
shown benefit from de novo medical therapy to decrease 
perioperative cardiac risk, including $-adrenergic block-
ers,132,133 &2-adrenergic agonists,134,135 and low-dose 
aspirin.136 Despite initial promising data on perioperative 
$-adrenergic blockade,137 these benefits were not repli-
cated in larger multicenter randomized trials, such as the 
Perioperative Ischemic Evaluation Study-1 (POISE-1) trial. 
Current randomized trial evidence shows that periopera-
tive $-adrenergic blockade reduces the risk of postoperative 
myocardial infarction, but at the cost of increased risks of 
acute stroke, hypotension, and death.133 Although it is pos-
sible that these risks are mitigated by starting $-adrenergic 
blockers several days before surgery,138,139 and titrating 
therapy to a reasonable target heart rate without precipi-
tating hypotension, there are no compelling data showing 
the efficacy and safety of this approach.140 Caution should 
especially be exercised when using $-adrenergic blockers in 
individuals with known CVD because of the risks of periop-
erative stroke.132,133

Conversely, most long-term cardiovascular medications 
in patients with IHD should be continued up to surgery, 
including $-adrenergic blockers, statins, and most other 
antihypertensive medications. Nonetheless, there are some 
exceptions. Since ACEI and ARB administration within 
24 hours before surgery is associated with increased risks 
of hypotension85 and myocardial injury,86 it is reasonable 
to withhold these medications for 24 hours before surgery, 
provided that they are restarted postoperatively (see section 
on “Hypertension”).87,88 Despite theoretical benefits,141 
randomized controlled trials to date have not shown ben-
efits from routinely continuing aspirin before noncardiac 
surgery. For example, in the POISE-2 trial, continuing low-
dose aspirin (100 mg/day) did not prevent cardiac compli-
cations but increased risks of major bleeding.136 The lack 
of clear benefit may be explained, in part, by acute throm-
bosis being a relatively infrequent contributor to periopera-
tive myocardial infarction.142,143 Nonetheless, since only  
one third of participants in the POISE-2 trial had diagnosed 
vascular disease, it is possible that continuation of aspirin 
benefits some very high-risk subgroups. Consistent with 
this possibility, a relatively small post-hoc subgroup analy-
sis from the POISE-2 trial found that perioperative aspirin 
reduced the risk of death or myocardial infarction in patients 
with prior PCI.144 Based on these data, a reasonable strategy 
is to only continue aspirin selectively in patients where the 
risk of cardiac events is felt to exceed the risk of major bleed-
ing. Other medications that should generally be withdrawn 
before surgery include P2Y12 inhibitors (e.g., clopidogrel, 
ticagrelor, prasugrel) and DOACs (see sections on “Atrial 
Fibrillation” and “Preoperative Antiplatelet Therapy” ).!
Coronary Stents
Following PCI with stent implantation, patients require 
an initial period of dual antiplatelet therapy (DAPT) with 
aspirin and a P2Y12 inhibitor (e.g., clopidogrel, ticagrelor, 
prasugrel), after which they can be transitioned to aspirin 
monotherapy. The purpose of DAPT is to prevent poten-
tially catastrophic stent thrombosis during the vulnerable 
period preceding stent reendothelialization. Temporary pre-
operative discontinuation of DAPT during this vulnerable 
period predisposes patients to cardiovascular complications, 

especially given the prothrombotic state triggered by surgi-
cal stress. Based on emerging evidence and improved DES 
technology, recommendations pertaining to minimum 
duration of DAPT before elective noncardiac surgery con-
tinue to evolve—as reflected in updated 2016 guidelines 
published by the ACC/AHA.145 These guidelines recom-
mend that elective noncardiac surgery should be delayed 
for 30 days or more after BMS implantation. In the case of 
DES, the ideal recommended minimum delay is 6 months, 
which is consistent with several cohort studies showing 
relatively low perioperative cardiac risk when elective non-
cardiac surgery was performed 6 months or more after DES 
implantation.146,147 Based on expert opinion, the guidelines 
also indicate that elective noncardiac surgery can some-
times be performed from 3 to 6 months after DES implan-
tation (particularly with new generation stents), if the risk 
of stent thrombosis is judged to be less than the risk of fur-
ther delaying surgery.145 When DAPT is temporarily inter-
rupted before noncardiac surgery, the guidelines strongly 
recommend that aspirin be continued, and P2Y12 inhibitor 
therapy be restarted as soon as possible after surgery.145

Although not explicitly indicated in the 2016 ACC/AHA 
guidelines, factors other than stent type and time interval 
since PCI should also inform judgments on the safety of per-
forming elective noncardiac surgery in patients with coro-
nary stents. For example, a large retrospective cohort study 
of about 26,600 patients found that the risks of noncardiac 
surgery early after stent implantation were increased when 
PCI had been performed for acute myocardial infarction, 
as opposed to unstable angina or non-acute coronary syn-
drome indications.148 As a consequence, it may be particu-
larly important to delay noncardiac surgery for 6 months 
when the indication for DES was treatment of an acute 
myocardial infarction.

During preoperative evaluation, the anesthesiolo-
gist should determine the presence, type (drug-eluting 
vs. bare-metal), location, and original indication of any 
coronary stent. Given the complex issues related to these 
patients, subsequent management should be performed in 
collaboration with a cardiologist and the responsible sur-
geon, especially for patients receiving DAPT.145 Whenever 
possible, surgical procedures should be performed follow-
ing critical time windows (i.e., 30 days after BMS, or 3-6 
months after DES), aspirin should be continued through-
out the perioperative period, and any P2Y12 inhibitor ther-
apy should be restarted as soon as possible after surgery. 
The importance of continuing aspirin perioperatively is 
supported by the substudy of the POISE-2 randomized 
trial.144 In this subgroup analysis of 470 patients with 
prior PCI, aspirin reduced the risk of death or myocar-
dial infarction (hazard ratio, 0.50; 95% confidence limits, 
0.26-0.95) without any significantly increased bleeding 
risk. Unfractionated heparin and low-molecular-weight 
heparin (LMWH) should not be used to “bridge” patients 
who have been withdrawn from antiplatelet therapy, 
especially since heparin can paradoxically increase plate-
let aggregation.149 Following surgery, close monitoring 
for myocardial injury (i.e., serial troponin measurement) 
should be strongly considered, with any suspected stent 
thrombosis treated using PCI. High-risk patients are thus 
ideally best managed in facilities with immediate access to 
interventional cardiology.!
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Heart Failure
Heart failure has been defined as a clinical syndrome result-
ing from impaired diastolic filling or systolic ejection of the 
cardiac ventricles.150 Its major clinical manifestations are 
dyspnea, fatigue, and fluid retention. Although prevalence 
estimates are affected by differences in diagnostic criteria, 
recent estimates suggest that heart failure afflicts more than 
6.5 million individuals in the United States,27 and more than 
23 million worldwide.151 Heart failure is the sequelae of a 
broad array of underlying pathology, including ischemic 
heart disease (i.e., ischemic cardiomyopathy), hypertension, 
valvular heart disease, myocarditis, infiltrative disorder (e.g., 
sarcoidosis, amyloidosis), and peripartum cardiomyopathy. 
In addition, many affected individuals have no identifiable 
underlying cause (i.e., idiopathic dilated cardiomyopathy). 
Several approaches can be used to classify heart failure, 
including the presence versus absence of associated signs or 
symptoms (i.e., compensated vs. decompensated heart fail-
ure), and the extent of functional limitation. In heart fail-
ure patients, functional status is typically classified based on 
New York Heart Association (NYHA) categories:

  
 "  NYHA class I: no limitation of physical activity; ordinary 

activity not a cause of fatigue, palpitations, or syncope
 "  NYHA class II: slight limitation of physical activity; 

ordinary activity resulting in fatigue, palpitations, or 
syncope

 "  NYHA class III: marked limitation of physical activity; 
less than ordinary activity resulting in fatigue, palpita-
tions, or syncope; comfort at rest

 "  NYHA class IV: inability to do any physical activity with-
out discomfort; symptoms at rest
  
Heart failure can also be classified based on the severity of 

ventricular systolic dysfunction, namely as heart failure with 
reduced ejection fraction (HFrEF) versus heart failure with pre-
served ejection fraction (HFpEF).152 Individuals with HFpEF 
(or diastolic heart failure) have normal left ventricular ejection 
fraction (#50%), normal left ventricular end-diastolic volume, 
and abnormal diastolic function. By comparison, HFrEF (or 
systolic heart failure) is characterized by more significant left 
ventricular systolic dysfunction (i.e., ejection fraction % 40%). 
Individuals with borderline left ventricular systolic function 
(i.e., ejection fraction 41%-49%) are classified as borderline 
HFpEF. They tend to have characteristics and outcomes similar 
to patients with HFpEF.152 Among patients with heart failure, 
about half have HFpEF.153 Although they have a high mortal-
ity risk (10%-20% at 1-year),154,155 patients with HFpEF have 
lower adjusted risks of death (adjusted hazard ratio 0.68) over 
long-term follow-up than patients with HFrEF.155 Most medi-
cal therapy for improving morbidity and mortality in heart 
failure (i.e., ACEI, ARB, aldosterone antagonist, $-adrenergic 
blocker, ivabradine) has only demonstrated efficacy in 
HFrEF.156 In contrast, medical therapy for HFpEF is largely 
aimed at symptoms and underlying conditions (e.g., hyperten-
sion). Other heart failure-related treatments include diuretics 
(for volume overload), anticoagulants (for atrial fibrillation or 
left ventricular thrombus), implantable cardioverter-defibrilla-
tors (ICDs), or cardiac resynchronization therapy (CRT).

In the perioperative setting, heart failure is a recognized 
risk factor for mortality and morbidity after major surgery. 
Symptomatic heart failure has been consistently identified 

as a risk factor for adverse perioperative outcomes in mul-
tiple studies. For example, in a retrospective cohort study of 
about 159,000 Medicare beneficiaries in the United States, 
heart failure was associated with significantly higher risks 
of 30-day mortality (adjusted hazard ratio 1.63) after 
noncardiac surgery.157 Similarly, a more recent matched 
cohort study using the NSQIP registry showed new or wors-
ened heart failure within 30 days before surgery to be asso-
ciated with increased risks of 30-day mortality (adjusted 
relative risk 2.08) or major morbidity (adjusted relative risk 
1.54).158 Symptomatic heart failure is also a component 
of the Revised Cardiac Index, which is commonly used for 
estimating perioperative cardiac risk cardiovascular com-
plications. Among patients with heart failure, perioperative 
risk may be higher in patients with HFrEF versus HFpEF. 
Specifically, in a cohort study of 174 heart failure patients 
undergoing noncardiac surgery, an ejection fraction less 
than 30% was associated with much higher adjusted risks 
(adjusted odds ratio 4.88) of postoperative death, myocar-
dial infarction, or heart failure exacerbation.159 Nonethe-
less, HFpEF may still be prognostically important in the 
perioperative setting, as evidenced by a meta-analysis that 
found diastolic dysfunction to be associated with a doubling 
(pooled adjusted odds ratio 2.03) in the risk of postopera-
tive adverse cardiac events.160 Although symptomatic HF 
is a clear indicator of increased perioperative risk, the prog-
nostic importance of asymptomatic systolic dysfunction is 
less clear. For example, in a cohort study of 339 individuals 
undergoing noncardiac surgery, a reduced ejection fraction 
was associated with increased cardiac morbidity, but this 
information did not improve risk prediction beyond that 
achieved with clinical risk factors.161 Similarly, in another 
cohort study of 570 individuals undergoing noncardiac 
surgery, a reduced ejection only had prognostic importance 
within the subgroup with RCRI scores of 2 or greater.162 
Consistent with these data, the current ACC/AHA guide-
lines discourage routine preoperative assessment of ven-
tricular function (Box 31.3).7

The clinical stability of heart failure symptoms prior to 
surgery is another important determinant of perioperative 
risk, as evidenced by a single-center retrospective cohort 
study from the United States.163 After examination at a hos-
pitalist-run preoperative evaluation clinic, clinically stable 
heart failure patients had relatively low risks of 30-day mor-
tality (1.3%) after noncardiac surgery, albeit with longer 
hospital length of stay and higher readmission rates relative 
to matched controls. Consistent with these data, the ESC/
ESA guidelines recommend that elective intermediate-risk 
and high-risk noncardiac procedures be deferred for at least 
3 months after initiation of medical therapy in patients with 
newly diagnosed heart failure.9

The preoperative history pertaining to heart failure 
should clarify its type, etiology, severity, stability (including 
prior exacerbations), recent investigations (e.g., echocar-
diograms), and current therapy (medical and device-based). 
The anesthesiologist should inquire about recent weight 
gain, fatigue, shortness of breath, orthopnea, paroxysmal 
nocturnal dyspnea, nocturnal cough, peripheral edema, 
hospitalizations, and recent changes in medical manage-
ment. The patient’s functional status should be classified 
according to the NYHA categories. It is especially important 
to determine if the signs and symptoms of heart failure are 
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in their usual stable state (i.e., compensated heart failure) 
or have recently significantly worsened (i.e., decompen-
sated heart failure). Decompensated heart failure is a very 
high-risk condition that warrants postponement of surgery 
for all except lifesaving emergency procedures.7 No con-
sensus exists on how long nonemergent surgery should 
be deferred after resolution of acute decompensated heart 
failure, although a reasonable approach is to delay elective 
procedures (including most time-sensitive procedures) for 1 
month, and urgent procedures for 24 hours.

On physical examination, the findings of heart failure 
may be subtle. Furthermore, they can vary between HFrEF 
versus HFpEF, and between compensated versus decompen-
sated states. More useful signs for determining heart failure 
include a third heart sound, jugular venous distension, pul-
monary rales, and lower extremity edema.26 A chest radio-
graph may provide further diagnostic guidance, especially 
in dyspneic patients, with pulmonary vascular redistribu-
tion and interstitial edema useful findings for supporting 
the presence of heart failure.26 Natriuretic peptide measure-
ment can further clarify whether a patient has heart fail-
ure. Both BNP and NT pro-BNP have excellent diagnostic 
performance, especially for ruling out heart failure, in the 
ambulatory setting (pooled negative likelihood ratio values 
0.29-0.38 at manufacturers’ recommended thresholds)164 
and emergency department setting (pooled negative like-
lihood ratio values 0.08-0.13 at manufacturers’ recom-
mended thresholds).165 Preoperative natriuretic peptide 
concentrations also provide other potentially important 
information. Both BNP and NT pro-BNP concentrations are 
markers of perioperative cardiac risk (see section on “Isch-
emic Heart Disease”). In addition, for heart failure patients 
who have undergone prior natriuretic peptide measure-
ment, preoperative BNP or NT pro-BNP testing provides 
insights into whether patients remained in their usual sta-
ble clinical state. Consistent with these data, the ESC/ESA 

guidelines recommend preoperative natriuretic peptide 
measurement in patients who have established or suspected 
heart failure, and are undergoing noncardiac intermediate 
or high-risk noncardiac surgery.9 While routine preopera-
tive echocardiography (or other noninvasive ventricular 
function measurement) is not useful, such specialized test-
ing is helpful for assessment of dyspnea of unknown origin 
or recent altered clinical status in an individual with known 
heart failure. Furthermore, both American and European 
guidelines are supportive of selective preoperative echocar-
diography in clinically stable patients with known ventric-
ular dysfunction,9 especially in the absence of testing in the 
previous year (see Box 31.3).7 Other tests for patients with 
heart failure include ECGs and blood sampling to measure 
electrolyte and creatinine concentration. Digoxin levels are 
not routinely determined unless toxicity, undertreatment, 
or noncompliance is suspected.

Consideration should be given for collaborative perioper-
ative management with a cardiologist or heart failure spe-
cialist of severely affected heart failure patients (i.e., NYHA 
III or IV; decompensated heart failure) who will undergo 
intermediate-risk or high-risk procedures. Most medical 
therapy, including $-adrenergic blockers, hydralazine, 
nitrates, and digoxin, should be continued preoperatively. 
Loop diuretics (e.g., furosemide) can be continued on the 
day of surgery for most procedures since this strategy does 
not increase risks of intraoperative hypotension or adverse 
cardiac events.166 The exception is lengthy high-risk proce-
dures with projected significant blood loss or fluid require-
ments, in which potent diuretics should be held on the 
morning of surgery. Since ACEI and ARB administration 
within 24 hours before surgery is associated with increased 
risks of intraoperative hypotension,85 and postoperative 
myocardial injury,86 it is reasonable to withhold these med-
ications for 24 hours before surgery, provided that they are 
restarted postoperatively once patients are hemodynami-
cally stable (see section on “Hypertension”).87,88 Patients 
on anticoagulant therapy will likely need these medica-
tions temporarily discontinued before surgery (see later 
section on “Atrial Fibrillation”). In addition, patients with 
pacemakers, ICDs, and CRT devices have their own special 
perioperative considerations (see later section on “Cardio-
vascular Implantable Electronic Devices”).!
Murmurs and Valvular Abnormalities
When a cardiac murmur is identified during preoperative 
assessment, the subsequent goals are to identify any associ-
ated cardiovascular symptoms (e.g., dyspnea, chest discom-
fort, orthopnea, fatigue, syncope), determine the underlying 
cause of the murmur, and distinguish clinically significant 
murmurs from unimportant ones. For example, benign func-
tional murmurs occur with turbulent flow across the aortic 
or pulmonic outflow tracts during high-flow states such as 
hyperthyroidism, pregnancy, or anemia. Murmurs can be 
graded according to loudness (Table 31.7), however, the 
loudness of a murmur does not necessarily indicate the sever-
ity of a lesion. In contrast, the location of the murmur, and 
changes in intensity associated with maneuvers can be infor-
mative (Table 31.8). A Valsalva maneuver decreases right- 
and left-heart filling, thereby reducing the intensity of most 
murmurs except those of mitral valve prolapse and hypertro-
phic cardiomyopathy. Standing also decreases preload, and 

Class IIa (Reasonable to Perform)

!"!  It is reasonable for patients with dyspnea of unknown origin to 
undergo preoperative evaluation of LV function.

!"!  It is reasonable for patients with heart failure with worsening 
dyspnea or other change in clinical status to undergo preopera-
tive evaluation of LV function.!

Class IIb (May Be Considered)

!"!  Reassessment of LV function in clinically stable patients with 
previously documented LV dysfunction may be considered if 
there has been no assessment within a year.!

Class III (Should Not Be Performed Since It Is Not Helpful)

!"!  Routine preoperative evaluation of LV function is not  
recommended.

BOX 31.3 Recommendations for 
Preoperative Noninvasive Evaluation of Left 
Ventricular Function

From Fleisher LA, Fleischmann KE, Auerbach AD, et al. 2014 ACC/AHA 
guideline on perioperative cardiovascular evaluation and manage-
ment of patients undergoing noncardiac surgery: a report of the 
American College of Cardiology/American Heart Association Task 
Force on Practice Guidelines. Circulation. 2014;130:e278–e333.

LV, Left ventricle.
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thereby increases the intensity of murmurs of mitral valve 
prolapse and hypertrophic cardiomyopathy. Conversely, 
squatting increases venous return and afterload, thereby 
increasing most murmurs except those of mitral valve pro-
lapse and hypertrophic cardiomyopathy. Having the patient 
repeatedly perform a hand grip increases heart rate and 
arterial blood pressure, thereby augmenting murmurs of 
mitral regurgitation and aortic insufficiency; conversely, 
this maneuver decreases murmurs of aortic stenosis and 
hypertrophic cardiomyopathy. The likelihood of a murmur 
being pathologic increases in the presence of increased age, 
cardiovascular risk factors, other abnormal heart sounds, 
cardiomegaly, abnormal ECG, evidence of excessive intra-
vascular volume, and a history of rheumatic fever, pulmo-
nary disease, or anorectic drug use. Diastolic or continuous 
murmurs are almost always pathologic and require further 
evaluation. Nonetheless, it is typically not easy to distin-
guish benign from pathologic murmurs based on history and 
physical examination alone. Thus, cardiovascular medicine 
guidelines now recommend transthoracic echocardiography 
for the initial evaluation of any patient with suspected val-
vular heart disease.167 Additionally, perioperative guidelines 
recommend preoperative echocardiography for any patient 
who has clinically suspected moderate or severe valvular 
stenosis or regurgitation, and no echocardiogram within the 
previous year.7,9 For patients with known valvular heart dis-
ease, repeat echocardiography is recommended if there has 
been a significant change in clinical status or physical exami-
nation since the last test.

Aortic Stenosis. Aortic valve stenosis is the leading  
cause of left ventricular outflow obstruction in adults. In 
high-income countries, aortic stenosis principally occurs 
because of the progressive calcific disease of a native trileaf-
let valve or a congenitally bicuspid valve. Stenosis of bicus-
pid valves typically occurs when individuals are in their 
fourth and fifth decades of life, whereas stenosis of native  
trileaflet valves occurs once individuals are age 60 years 
old or older. Aortic stenosis severity is classified based on 
the valve area and mean transvalvular pressure gradient 
(Table 31.9). A limitation of using the pressure gradient 
alone to assess severity is that the gradient may decrease 
if the left ventricle systolic function begins to decrease. In 
patients with known aortic stenosis, serial echocardiog-
raphy is recommended every 6 to 12 months for patients 
with severe disease, every 1 to 2 years for moderate disease, 
and every 3 to 5 years for mild disease. After a prolonged 
asymptomatic phase, symptoms may develop in affected 
patients once stenosis becomes severe. The cardinal symp-
toms of severe aortic stenosis are angina, heart failure, and 
syncope, but patients are much more likely to complain of 
exertional dyspnea and decreased exercise tolerance.

Aortic stenosis causes a systolic ejection murmur (see 
Table 31.8), best heard in the right upper sternal border and 
often radiating to the neck. A similar murmur occurs with 
aortic sclerosis, which is defined as thickening of the aortic 
valve without associated stenosis. Aortic sclerosis is present 
in 25% of individuals age 65 years or older, and 50% of indi-
viduals age 80 years or older. Aortic sclerosis is associated 
with an increased risk of cardiovascular events, and a 2% 
annual risk of progression to aortic stenosis.168 The radiat-
ing pattern of the systolic ejection murmur can help rule 
out aortic stenosis, with the absence of radiation to the right 
clavicle being associated with a negative likelihood ratio of 
0.1 for aortic stenosis.169 In addition to a systolic ejection 
murmur, aortic stenosis is associated with a delayed carotid 
upstroke and paradoxically split second heart sound. Any 
patient with a previously undiagnosed suspicious systolic 
murmur should have an echocardiogram, especially since 
noncardiologists have difficulty in distinguishing murmurs 
of aortic stenosis from those of aortic sclerosis. Typical ECG 
abnormalities associated with aortic stenosis include LVH 
(often with a strain pattern), left axis deviation, and LBBB.

TABLE 31.7 Grading the Intensity of Cardiac Murmurs

Grade Description

I Faintest that can be heard with difficulty

II Faint but easily heard

III Moderately loud without a thrill

IV Loud with a palpable thrill

V Very loud but still need stethoscope (thrill present)

VI Heard without a stethoscope

TABLE 31.8 Descriptions of Murmurs Associated With Cardiac Abnormalities

Lesion Location Timing Description

Aortic Stenosis Second parasternal  
interspace

Midsystolic Crescendo-decrescendo, radiates to the carotids; with or without S3, S4; Val-
salva maneuver and sustained hand grip exercise decrease intensity

Aortic Insufficiency Third and fourth paraster-
nal interspaces

Holodiastolic Decrescendo, blowing, high pitched, radiates to the carotids; Austin-Flint 
rumble at the apex; squatting, hand grip exercise, and leaning forward 
increase intensity

Mitral Stenosis Apex Middiastolic Opening snap; low-pitched rumble radiates to the axilla; squatting and 
hand grip exercise increase intensity

Mitral Regurgitation Apex Holosystolic High pitched, blowing, radiates to the axilla; loud S3; standing decreases 
intensity; squatting and hand grip exercise increase intensity

Mitral Valve Prolapse Apex Late systolic Crescendo, midsystolic click; Valsalva maneuver and standing increase 
intensity; squatting decreases intensity

Hypertrophic  
Cardiomyopathy

Apex, lower left sternal 
border

Midsystolic S4, Single S2; Valsalva maneuver and standing increase intensity; squatting, 
passive leg raising, and hand grip exercise decrease intensity
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Moderate to severe aortic stenosis is associated with 
increased risk of perioperative cardiovascular complica-
tions.170,171 Nonetheless, contemporary studies suggest 
that noncardiac surgery can be performed with acceptable 
mortality risks in individuals with asymptomatic severe 
aortic stenosis171 Thus, guidelines support proceeding with 
major elective noncardiac surgery in patients with asymp-
tomatic severe aortic stenosis, provided that appropriate 
intraoperative and postoperative hemodynamic monitor-
ing is available.7,9 Conversely, for patients with symptom-
atic severe aortic stenosis, aortic valve replacement should 
be considered before their planned noncardiac surgery.7,9 
If a symptomatic patient is deemed high-risk or ineligible 
for surgical aortic valve replacement, alternative interven-
tion options include transcatheter aortic valve replacement 
(TAVR) or percutaneous aortic balloon dilation.7,9 Mul-
tidisciplinary collaboration with a cardiologist is invalu-
able for the perioperative management of these high-risk 
patients.

Patients with moderate to severe aortic stenosis also 
have an increased risk of bleeding from an acquired von Wil-
lebrand syndrome, which occurs in 67% to 92% of patients 
with severe stenosis.172 The underlying pathophysiol-
ogy is mechanical disruption of von Willebrand multim-
ers during turbulent blood flow through the narrowed 
valve. Of note, prophylaxis for infective endocarditis is not 
recommended.173!

Aortic Insufficiency. Aortic valve insufficiency occurs 
with valvular leaflet disease, aortic root dilation, or both. 
Causes of valvular disease include rheumatic heart disease, 
bicuspid valves, collagen vascular disease, and endocar-
ditis. With respect to aortic root dilation, causes include 
ankylosing spondylitis, osteogenesis imperfecta, syphilis, 
hypertension, age-related degeneration, Marfan syndrome, 
and collagen vascular diseases. These causes generally lead 
to progressive chronic aortic insufficiency that remains 
asymptomatic for decades. In contrast, acute aortic insuf-
ficiency can result from trauma, infections, or aortic 
dissection; this is an emergent condition that results in car-
diogenic shock.

On auscultation, aortic insufficiency is associated with a 
diastolic murmur (see Table 31.8), the intensity of which 
does not correlate well with the severity of regurgitation.174 
Patients typically have a widened pulse pressure, which 
manifests as Corrigan or water-hammer pulses (bound-
ing carotid pulse with a rapid downstroke), de Musset sign 
(head bob with each heart beat), Duroziez sign (systolic 
and diastolic bruit heard over the femoral artery when it is 
partially compressed), and Quincke pulses (capillary pulsa-
tions in the fingertips or lips). Although auscultation by a 
cardiologist can help rule in or rule out aortic regurgitation 

(based on the presence or absence of an early diastolic mur-
mur),175 the accuracy of auscultation by noncardiologists 
is uncertain.26 Thus, an echocardiogram is helpful for any 
patient suspected of having a diastolic murmur.

Limited prior research suggests that patients with moder-
ate-to-severe aortic insufficiency experience increased risks 
of perioperative mortality and morbidity, especially in the 
presence of impaired left ventricular function (ejection frac-
tion < 55%) or renal insufficiency.176 Nonetheless, expert 
consensus from current guidelines is supportive of patients 
with asymptomatic severe aortic insufficiency to proceed 
with major noncardiac surgery accompanied by careful 
perioperative management, including hemodynamic moni-
toring, afterload control, and fluid balance.7,9,167 Prophy-
laxis for infective endocarditis is not recommended.173!

Mitral Stenosis. Mitral stenosis is much rarer than aor-
tic stenosis, and almost always related to rheumatic heart 
disease. Other less common causes include mitral annu-
lar calcification and radiation-associated valve disease. 
The normal mitral valve has a cross-sectional area of 4 
to 6 cm2. Mitral stenosis involves progressive reduction 
of this area, with shortness of breath with exertion occur-
ring when the area falls below 2.5 cm2, and symptoms at 
rest occurring once the area falls below 1.5 cm2. Severe 
mitral stenosis is defined by a valve area less than 1 cm2 
and is typically associated with a pulmonary artery systolic 
pressure > 50 mm Hg, and a resting mean transvalvular  
gradient # 10 mm Hg.

When mitral stenosis becomes symptomatic, patients 
experience dyspnea, fatigue, orthopnea, pulmonary edema, 
and hemoptysis because of increased left atrial pressures 
and decreased cardiac output. Atrial fibrillation can also 
develop, in turn causing heart failure in the short term and 
thrombosis in the long term. Patients with atrial fibrillation 
require long-term anticoagulation, with recent guidelines 
recommending vitamin K antagonist therapy (e.g., war-
farin) as opposed to DOACs.173 Pulmonary hypertension 
(see later section on “Pulmonary Hypertension”) and right-
sided heart failure can also occur in patients with signifi-
cant stenosis. The physical examination should evaluate for 
rales and signs of right-sided heart failure such as jugular 
venous distention, peripheral edema, hepatomegaly, right 
ventricular heave, and ascites. On auscultation, mitral ste-
nosis is associated with a diastolic murmur that should be 
evaluated with echocardiography.

Medical management includes $-adrenergic blockers for 
controlling heart rate, antiarrhythmic agents for prevent-
ing or controlling atrial fibrillation, and anticoagulants in 
patients with atrial fibrillation. Both $-adrenergic block-
ers and antiarrhythmic agents should be continued pre-
operatively, while anticoagulation should be managed in 
conjunction with the treating cardiologist and surgeon. Pro-
phylaxis for infective endocarditis is not recommended.173 
If a patient with mitral stenosis meets guideline-based 
indications for valvular intervention (e.g., percutane-
ous mitral balloon commissurotomy),167 consideration 
should be given to performing this intervention before 
major elective noncardiac surgery.7,9 If an asymptomatic 
patient with severe mitral stenosis has valve morphology 
that is not favorable for a percutaneous intervention, it is 
still  reasonable to proceed with major elective noncardiac 

TABLE 31.9 Grading Severity of Aortic Stenosis

Grade
Transvalvular Jet 
Velocity (m/s)

Mean Pressure 
Gradient (mm Hg)

Valve Area 
(cm2)

Mild 2.0–2.9 <20 #1.5

Moderate 3–3.9 20–39 1.0–1.5

Severe #4 #40 <1.0
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surgery provided that appropriate intraoperative and post-
operative hemodynamic monitoring is used.7!

Mitral Regurgitation. Acute mitral regurgitation can 
occur in the setting of myocardial infarction, trauma, or 
infective endocarditis. Chronic mitral regurgitation is typi-
cally associated with degenerative mitral valve disease 
(including mitral valve prolapse), rheumatic heart disease, 
ischemic heart disease, and cardiomyopathies. Chronic 
mitral regurgitation progresses very gradually. Symptoms 
develop relatively late, and typically only after onset of left 
ventricular dysfunction. Associated symptoms are initially 
vague, but progress to fatigue, dyspnea, and atrial fibrilla-
tion with disease progression.

On auscultation, patients with mitral regurgitation usu-
ally have a holosystolic murmur heard best at the cardiac 
apex (see Table 31.8). The murmur grade is somewhat cor-
related with the severity of mitral regurgitation in primary 
mitral valve disease (e.g., degenerative mitral valve disease), 
but not in secondary functional regurgitation (e.g., ischemic 
heart disease, cardiomyopathies). Although auscultation by 
a cardiologist can help determine mitral regurgitation (based 
on the presence or absence of a late systolic or holosystolic 
murmur in the mid-left thorax), the accuracy of auscultation 
by noncardiologists is uncertain.26 Thus, an echocardiogram 
is helpful for any patient with a suspicious systolic murmur. 
Chronic mitral regurgitation is generally well tolerated 
perioperatively, unless other valvular lesions (e.g., mitral 
stenosis) or left ventricular dysfunction coexist. Consistent 
with these observations, limited prior research suggests that 
patients with mitral regurgitation have increased risks of 
cardiovascular complications, but not mortality.177 Current 
guidelines suggest that patients with asymptomatic severe 
mitral regurgitation can proceed to major elective noncardiac 
surgery provided that appropriate intraoperative and postop-
erative hemodynamic monitoring is available.7 Prophylaxis 
for infective endocarditis is no longer recommended.173!

Mitral Valve Prolapse. Mitral valve prolapse is character-
ized by the systolic billowing of an abnormally thickened 
mitral valve leaflet into the left atrium, with or without 
coexistent mitral regurgitation. Diagnostic criteria for  
mitral valve prolapse have evolved to the current definition 
based on echocardiography alone, namely # 2 mm billow-
ing of any portion of the mitral leaflets above the annular 
plane in the long axis view.178 It is the common cause of 
isolated mitral regurgitation requiring surgical repair in 
high-income countries. Nonetheless, only 4% of patients 
with mitral valve prolapse have severe valvular regurgita-
tion, with most affected individuals having mild, trace, or 
no mitral regurgitation.179 The condition may be primary 
(i.e., myxomatous degeneration) or secondary (e.g., associ-
ated with Marfan syndrome, Ehlers-Danlos syndrome, and 
osteogenesis imperfecta). Nonspecific symptoms (e.g., atyp-
ical chest pain, palpitations, dyspnea, exercise intolerance, 
dizziness) have been attributed, albeit unreliably, to mitral 
valve prolapse—in what has been termed as the “mitral 
valve prolapse syndrome.”

On auscultation, these patients may have a systolic click 
and a mid-systolic murmur at the cardiac apex (that inten-
sifies with a Valsalva maneuver). Auscultation by a cardi-
ologist can help diagnose mitral valve prolapse (based on 

the presence or absence of a systolic click and murmur); 
however, the accuracy of auscultation by noncardiologists 
is uncertain.26 From the perioperative perspective, the key 
issue is to differentiate patients with clinically significant 
mitral valve regurgitation from those with an incidental 
finding of prolapse that does not warrant further evalu-
ation. Thus, echocardiography may be helpful to further 
investigate murmurs suspected of representing significant 
mitral regurgitation. Prophylaxis for infective endocarditis 
is no longer recommended.173!

Tricuspid Regurgitation. Tricuspid regurgitation is a 
common valvular abnormality, with 70% of normal adults 
exhibiting a small degree of tricuspid regurgitation on echo-
cardiography. Since it is usually asymptomatic and not 
easily audible on physical examination, tricuspid regurgi-
tation is most commonly noted as an incidental echocar-
diographic finding. Significant tricuspid regurgitation is 
most commonly caused by dilatation of the right ventricle 
and tricuspid annulus (i.e., secondary disease). Causes of 
secondary tricuspid regurgitation include left-sided heart 
failure, mitral valve disease (stenosis or regurgitation), pri-
mary pulmonary disease (e.g., pulmonary hypertension), 
left-to-right intracardiac shunts (e.g., atrial septal defect, 
ventricular septal defect), pulmonary artery stenosis, and 
right ventricle disease (e.g., arrhythmogenic right ventric-
ular dysplasia). Tricuspid regurgitation is less commonly 
caused by processes directly affecting the tricuspid valve 
(i.e., primary disease), such as Ebstein anomaly, infective 
endocarditis (typically in intravenous drug users), rheu-
matic heart disease, carcinoid syndrome, connective tissue 
disorders (e.g., Marfan syndrome), myxomatous degenera-
tion, or direct injury (e.g., permanent pacemaker or ICD 
lead). Certain drugs—namely anorectics (fenfluramine, 
phentermine) and pergolide (dopamine agonist)—have 
also been associated with primary tricuspid regurgitation.

Patients with mild or moderate tricuspid regurgitation 
are generally asymptomatic. Individuals with severe regur-
gitation may report pulsations in the neck (related to dis-
tended jugular veins), as well as symptoms of right-sided 
heart failure (e.g., ascites, peripheral edema) and underly-
ing conditions (e.g., pulmonary hypertension). Relevant 
findings on physical examination include distended jugular 
veins, hepatomegaly, ascites, dependent edema, and a right 
ventricular heave on chest palpation. On auscultation, tri-
cuspid regurgitation causes a holosystolic murmur that 
is heard best at the midsternal border or subxiphoid area. 
Nonetheless, the murmur is often absent or very soft, even 
with severe regurgitation. The intensity of the murmur can 
be increased using maneuvers that increase venous return 
(e.g., inspiration, abdominal pressure). Although auscul-
tation by a cardiologist can help determine moderate-to-
severe tricuspid regurgitation (based on the presence or 
absence of increased murmur intensity with inspiration or 
abdominal pressure), the accuracy of auscultation by non-
cardiologists is uncertain.26 Thus, echocardiography may 
be helpful in a patient with a suspicious murmur, especially 
within the context of signs or symptoms of right-sided heart 
failure. The preoperative management of patients with 
severe tricuspid regurgitation should be guided by the pres-
ence of any underlying conditions, right-sided heart failure, 
and known or suspected pulmonary hypertension. Where 
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indicated, perioperative management should be conducted 
collaboratively with a heart failure cardiologist or pul-
monary hypertension specialist. Prophylaxis for infective 
endocarditis is no longer recommended.173!

Hypertrophic Cardiomyopathy. Hypertrophic cardio-
myopathy is a genetic disorder of the myocardium, which 
can result in dynamic left ventricular outflow tract obstruc-
tion, myocardial ischemia, diastolic dysfunction, and 
mitral regurgitation (related to systolic anterior motion of 
the mitral valve leaflets). Most affected individuals have a 
relatively normal lifespan; however others are at risk for 
progressive heart failure, sudden cardiac death, and atrial 
fibrillation. Most patients with hypertrophic cardiomyopa-
thy are asymptomatic. When symptoms are present, they 
are quite variable, and not well correlated with the extent 
of LVH or outflow tract obstruction. Typical associated 
symptoms include fatigue, exertional dyspnea, atypical or 
angina chest pain, exertional presyncope or syncope, and 
palpitations. Symptomatic patients may be prescribed long-
term medical therapy with negative inotropic agents (i.e., 
$-blockers, verapamil, disopyramide). Other symptom-
atic individuals with severe left ventricular outflow tract 
obstruction may require intervention with either surgical 
myectomy or alcohol septal ablation. Some patients may 
also undergo ICD insertion if they are deemed high-risk for 
sudden cardiac death.

Although the physical examination in a patient with 
hypertrophic cardiomyopathy may be normal, the classic 
finding on auscultation (see Table 31.8) is a mid-systolic 
murmur that increases with maneuvers to decrease ven-
tricular size (e.g., Valsalva maneuver) and decreases with 
maneuvers to increase ventricular size (e.g., passive leg 
raise). Auscultation by a cardiologist can help rule in or 
rule out hypertrophic cardiomyopathy (based on decreased 
murmur intensity with passive leg elevation or increased 
murmur intensity with shifts from a squatting to stand-
ing position), however, the accuracy of auscultation by 
noncardiologists is uncertain.26 Accordingly, an echo-
cardiogram should be obtained if a patient has a personal 
(or family) history of exertional syncope or cardiac arrest; 
a suspicious murmur is found on auscultation; or con-
cerning ECG findings (i.e., LVH, ST-segment abnormali-
ties, T-wave abnormalities) are observed in an otherwise 
healthy nonhypertensive patient. In general, patients with 
hypertrophic cardiomyopathy can safely undergo most 
low-risk and intermediate-risk noncardiac surgical proce-
dures, especially with close hemodynamic monitoring and 
management. Medical therapy (e.g., $-adrenergic block-
ers, verapamil) should be continued perioperatively, but 
prophylaxis for infective endocarditis is no longer recom-
mended.173 Appropriate perioperative management should 
be instituted for any patient who has an associated ICD.!

Prosthetic Heart Valves. In patients with prosthetic 
heart valves, the preoperative evaluation should determine 
the underlying indication that led to valve replacement; 
type, age, and current status of the valve prosthesis; need 
for long-term anticoagulation entailed by the valve pros-
thesis; and planned perioperative anticoagulation manage-
ment plan. The anesthesiologist should review the most 
recent echocardiogram, and order a repeat echocardiogram 

if there are any signs or symptoms suggestive of valve dys-
function (e.g., new onset heart failure).167 In addition, a 
recent complete blood count may be helpful since these 
patients may have a valve-related hemolytic anemia.

Anticoagulation with a vitamin K antagonist (e.g., war-
farin) is required for 3 to 6 months after open surgical bio-
prosthetic valve implantation, after which patients can be 
transitioned to aspirin therapy alone (75-100 mg daily).167 
Life-long aspirin therapy is recommended for patients 
who have undergone TAVR, as well as clopidogrel (75 mg 
daily) for the first 6 months in all patients and vitamin K 
antagonists for the first 3 months in select individuals.173 
Conversely, patients with mechanical prosthetic valves 
require life-long therapy with both aspirin and vitamin K 
antagonists.167 Importantly, DOACs—such as dabigatran, 
rivaroxaban, edoxaban, or apixaban—should not be used 
for anticoagulation therapy in patients with mechani-
cal heart valves.167 In general, decisions about temporary 
preoperative discontinuation of anticoagulants, dura-
tion of anticoagulant discontinuation, need for “bridging” 
therapy with a shorter-acting drug, and type of bridging 
agent (intravenous heparin or LMWH) should be made in 
conjunction with the treating cardiologist and surgeon. 
Current guidelines make recommendations for bridging 
therapy largely based on the location of the mechanical 
heart valve and nature of planned surgery (Box 31.4).173 
Prophylaxis for infective endocarditis is recommended for 

Class I (Recommended)

!"!  Continuation of vitamin K antagonist anticoagulation with a 
therapeutic INR is recommended in patients with mechanical 
heart valves undergoing minor procedures (e.g., dental extrac-
tions, cataract removal) where bleeding is easily controlled.

!"!  Temporary interruption of vitamin K antagonist anticoagula-
tion, without bridging agents while the INR is subtherapeutic, 
is recommended in patients with a bileaflet mechanical AVR 
and no other risk factors* for thrombosis who are undergoing 
invasive or surgical procedures.!

Class IIa (Is Reasonable)

!"!  Bridging anticoagulation therapy during the time interval when 
the INR is subtherapeutic preoperatively is reasonable on an in-
dividualized basis—with the risks of bleeding weighed against 
the benefits of thromboembolism prevention—for patients 
who are undergoing invasive or surgical procedures with a (i) 
mechanical AVR and any thromboembolic risk factor, (ii) older-
generation mechanical AVR, or (iii) mechanical MVR.

BOX 31.4 Recommendations for 
Preoperative Bridging Anticoagulation 
Therapy in Patients With Mechanical Heart 
Valves

From Nishimura RA, Otto CM, Bonow RO, et al. 2017 AHA/ACC Focused  
Update of the 2014 AHA/ACC Guideline for the Management of Pa-
tients With Valvular Heart Disease: A report of the American College of 
Cardiology/American Heart Association Task Force on Clinical Practice 
Guidelines. Circulation. 2017;135:e1159–e1195.

*Risk factors include atrial fibrillation, previous thromboembolism, 
hypercoagulable condition, older-generation ball-cage or tilting 
disc mechanical valve, left ventricular systolic dysfunction, and # 2 
mechanical valves.

AVR, Aortic valve replacement; INR, international normalized ratio;  
MVR, mitral valve replacement.
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specific procedures (see section on “Infective Endocarditis 
Prophylaxis”).173!
Infective Endocarditis Prophylaxis
Patients at risk for infective endocarditis (e.g., valve replace-
ment, complex congenital heart disease, previous endo-
carditis) and scheduled for procedures with the potential 
for transient bacteremia must be identified preoperatively. 
Current guidelines have dramatically scaled back the indi-
cations for prophylaxis. For example, current ACC/AHA 
guidelines recommended prophylaxis only for patients who 
are both at increased risk of developing infective endocardi-
tis and also experiencing adverse outcomes from endocar-
ditis (Box 31.5).173 These target patient subgroups are also 
with those identified in the most recent ESC guidelines.180 
Prophylaxis is required when eligible patients undergo den-
tal procedures that involve manipulation of gingival tissue, 
manipulation of the periapical region of teeth, or perfora-
tion of the oral mucosa. Prophylaxis is not required when 
these same individuals undergo nondental procedures (e.g., 
transesophageal echocardiography, gastroscopy, colonos-
copy, cystoscopy, dermatological procedures), unless there 
is active infection at the procedure site.173!
Rhythm Disturbances on the Preoperative 
Electrocardiogram
Arrhythmias and conduction disturbances are common 
during the perioperative period. Supraventricular and ven-
tricular arrhythmias are associated with increased periop-
erative risk, both because of the arrhythmias themselves 
and because they are markers for cardiopulmonary disease. 
Uncontrolled atrial fibrillation (i.e., causing symptoms 
or hemodynamic compromise) and high-risk ventricular 
tachyarrhythmias (see section on “Ventricular Arrhyth-
mias”) are high-risk conditions that warrant postponement 
of elective surgery until evaluation and stabilization are 
complete. Rapid atrial fibrillation (rates > 100 beats/min), 
symptomatic bradycardia, or high-grade heart block (e.g., 

third-degree heart block) also warrants postponement of 
elective procedures to facilitate evaluation, stabilization, 
and possible cardiology evaluation.

First-degree atrioventricular (AV) block is defined as a PR 
interval exceeding 0.20 ms with an associated heart rate of 
50 to 100 beats/min; it is considered generally benign. Sec-
ond-degree heart block is defined by a PR interval exceed-
ing 0.20 ms and the presence of some blocked atrial beats 
(resulting in a dropped or missing QRS complex after a P 
wave). There are two types of second-degree block. Mob-
itz type I block (also called Wenckebach block) is charac-
terized by progressive lengthening of the PR interval until 
the dropped beat occurs. It is a more benign block that is 
related to AV nodal delay, easily responsive to atropine, and 
unlikely to progress to complete heart block. Mobitz type II 
block is characterized by a fixed and prolonged PR interval 
that does not change before the dropped QRS complex. It 
is related to an infranodal block, capable of progressing to 
complete heart block, and generally treated with a pace-
maker (unless it is due to a reversible cause such as isch-
emia or drugs). Third-degree AV block or complete heart 
block, which is characterized by complete dissociation 
between the atrial and ventricular beats, requires pace-
maker placement unless a reversible source is identified. A 
prolonged QT interval should prompt an evaluation of elec-
trolytes (including magnesium and calcium), and search 
for any potentiating drugs. Syncope, presyncope, or a fam-
ily history of sudden death in a patient with a prolonged QT 
interval mandates a cardiology consultation (see section on 
“Long QT Syndrome”).

Three factors determine the need for permanent pace-
maker treatment for an arrhythmia, namely whether 
the arrhythmia is associated with symptoms, where the 
conduction abnormality is located, and whether a revers-
ible cause can be identified. Indications for perioperative 
pacemaker placement are the same as those in nonsurgi-
cal patients (common indications listed in Box 31.6).181 In 
general, pacemaker placement is required for symptomatic 
bradycardia or conduction delays that lead to syncope or 
presyncope. Conduction disease below the AV node (i.e., 
in the His-Purkinje system) is also generally less stable 
and likely benefits from permanent pacemaker placement. 
The presence of such conduction disease is suggested by a 
normal or minimally prolonged PR interval, Mobitz type 
II block, and QRS complex abnormalities (BBB, fascicular 
block, or both).

BBBs can be classified as complete versus incomplete, 
and right bundle branch block (RBBB) versus LBBB. BBBs 
may be normal variants in some individuals, or the result 
of age-related fibrosis in the conduction system. Nonethe-
less, they can be associated with important underlying 
conditions. For example, LBBB may be related to structural 
heart disease (i.e., hypertensive heart disease, IHD, cardio-
myopathies, valvular heart disease), while RBBB may be 
the result of elevated right ventricular pressures (i.e., pul-
monary hypertension, cor pulmonale, pulmonary embo-
lism), prior radiation exposure, myocarditis, and structural 
heart disease (i.e., IHD, cardiomyopathies, valvular heart 
disease, congenital heart disease). The presence of a BBB is 
not itself an indicator of increased perioperative cardiovas-
cular risk,182 especially after accounting for known clinical 
risk factors.100 Nonetheless, data from the nonoperative 

Previous infective endocarditis
Prosthetic cardiac valves, including transcatheter-implanted  

prostheses, and homografts
Prosthetic material used for cardiac valve repair, such as annulo-

plasty rings and chords
Unrepaired cyanotic congenital heart disease, including palliative 

shunts and conduits
Repaired congenital heart disease, with residual shunts or valvular 

regurgitation at the site of or adjacent to the site of a prosthetic 
patch or prosthetic device

Cardiac transplant with valve regurgitation due to a structurally 
abnormal valve

BOX 31.5 Cardiac Conditions for Which 
Endocarditis Prophylaxis Is Recommended

Prophylaxis is reasonable before dental procedures that involve manipu-
lation of gingival tissue, manipulation of the periapical region of teeth, 
or perforation of the oral mucosa.

From Nishimura RA, Otto CM, Bonow RO, et al. 2017 AHA/ACC Focused 
Update of the 2014 AHA/ACC Guideline for the Management of 
Patients With Valvular Heart Disease: A Report of the American Col-
lege of Cardiology/American Heart Association Task Force on Clinical 
Practice Guidelines. Circulation. 2017;135: e1159–e1195.
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setting suggest that a recent onset or new diagnosis of a 
bundle branch should prompt a more extensive evaluation 
for undiagnosed cardiovascular disease. For example, LBBB 
is associated with increased risks of incident cardiovascular 
disease,183 cardiovascular mortality,183 and mortality in 
the nonoperative setting.184 Additionally, RBBB is associ-
ated with increased risks of mortality in patients with sus-
pected IHD, known IHD, and heart failure.185,186 Based on 
this approach, if preoperative evaluation does not suggest 
significant pulmonary disease, IHD, structural heart dis-
ease, or Brugada syndrome (see section on “Brugada Syn-
drome”), no further preoperative evaluation of an isolated 
asymptomatic RBBB is warranted. Conversely, RBBB in a 
patient with known or suspected pulmonary disease (e.g., 
pulmonary hypertension) may suggest severe respiratory 
or vascular compromise; thus, consideration should be 
given to pulmonary evaluation and echocardiography if 
intermediate- or high-risk surgery is planned.

Atrial Fibrillation. Atrial fibrillation is a common 
arrhythmia characterized by a variable irregular ventricu-
lar response, and an absence of regular or organized atrial 

activity. The arrhythmia is classified as paroxysmal (i.e., 
terminates spontaneously or with intervention within 7 
days of onset), persistent (i.e., fails to self-terminate within 
7 days), long-standing persistent (i.e., lasts more than 12 
months), or permanent (i.e., persistent atrial fibrillation 
where a joint decision has been made by the patient and cli-
nician to no longer pursue a rhythm control strategy).187 
Atrial fibrillation can occur in the absence of any structural 
heart disease (previously termed “lone atrial fibrillation”), or 
in combination with underlying disorders. In high-income 
countries, hypertension and ischemic heart disease are  
the most common underlying disorders, while in low and 
middle-income countries, rheumatic heart disease is a very 
common associated condition. Other associated conditions 
include valvular heart disease, heart failure, hypertrophic 
cardiomyopathy, congenital heart disease, obesity, diabe-
tes mellitus, CKD, and increased age. Potentially reversible 
acute triggers for atrial fibrillation are hyperthyroidism and 
recent surgery (especially cardiac or thoracic surgery).

Affected individuals are at elevated risk for death, heart 
failure, thromboembolic events (i.e., stroke), and hospi-
talization. In the nonoperative setting, treatment involves 
ventricular rate control, consideration of rhythm control to 
restore sinus rhythm, and prevention of systemic emboliza-
tion. In large randomized trials, strategies that focused on 
heart rate control versus rhythm control have shown similar 
effects on the risks of stroke or death.188,189 The CHA2DS2-
VASc score (Table 31.10) can be used to estimate the long-
term systematic embolization risk in patients with atrial 
fibrillation.190 Based on this score, patients can be classified 
as low-risk (0 points: 0.2% annualized stroke rate), interme-
diate-risk (1 point: 0.6% annualized stroke rate), or high-
risk (#2 points: >2.2% annualized stroke rate).191 Based on 
strong randomized controlled trial data,192 current ACC/
AHA guidelines recommend long-term oral anticoagula-
tion for patients with nonvalvular atrial fibrillation (i.e., 

TABLE 31.10 Scoring Scheme for the CHA2DS2-VASc 
Score

Risk Factor Points

Heart Failure
Associated signs and symptoms, or left ventricular 

systolic dysfunction

1

Hypertension 1

Age # 75 years 2

Diabetes mellitus 1

Previous stroke, transient ischemic attack, or thrombo-
embolism

2

Vascular Disease
Myocardial infarction, peripheral artery disease, or 

aortic plaque

1

Age 65–74 years 1

Female sex 1

CHADS2, Congestive heart failure, hypertension, age > 75, diabetes, prior 
stroke/transient ischemic attack schema; CHA2DS2-VASc, Birmingham 
2009 schema.

From Lip GY, Nieuwlaat R, Pisters R, et al. Refining clinical risk stratification for 
predicting stroke and thromboembolism in atrial fibrillation using a novel 
risk factor-based approach: the Euro heart survey on atrial fibrillation. Chest. 
2010;137:263–272.

Class I Indications

!"!  Sinus bradycardia with symptoms due to the bradycardia (typi-
cally seen with heart rates less than 40 bpm or with frequent 
sinus pauses)

!"!  Symptomatic chronotropic incompetence (i.e., impaired heart 
rate response to exercise)

!"!  Third-degree AV block
!"!  Advanced second-degree AV block (block of #2 consecutive P 

waves)
!"!  Symptomatic Mobitz I or II second-degree AV block
!"!  Mobitz II second-degree AV block with a widened QRS or 

chronic bifascicular block, regardless of symptoms
!"!  Exercise-induced second- or third-degree AV block!
Class II Indications

!"!  Sinus bradycardia (heart rate < 40 bpm) with symptoms sugges-
tive (but not definitively so) of bradycardia

!"!  Sinus node dysfunction with a history of unexplained syncope
!"!  Chronic heart rates < 40 bpm in an awake but minimally symp-

tomatic patient
!"!  Asymptomatic Mobitz II second-degree AV block with a narrow 

QRS interval
!"!  Bifascicular or trifascicular block associated with syncope pos-

sibly related to intermittent third-degree heart block
!"!  First-degree AV block with a very long PR interval (which effec-

tively leads to AV dissociation and hemodynamic compromise)

BOX 31.6 Common Indications for a 
Permanent Pacemaker

From Epstein AE, DiMarco JP, Ellenbogen KA, et al. 2012 ACCF/AHA/
HRS focused update incorporated into the ACCF/AHA/HRS 2008 
guidelines for device-based therapy of cardiac rhythm abnormalities: 
a report of the American College of Cardiology Foundation/American 
Heart Association Task Force on Practice Guidelines and the Heart 
Rhythm Society. Circulation. 2013;127:e283–e352.

AV, Atrioventricular; bpm, beats per minute.
Class I Indications: Permanent pacing is definitely beneficial, useful, and 

effective.
Class II Indications: Permanent pacing may be indicated but there is 

conflicting evidence and/or divergence of opinion.
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unrelated to mitral stenosis or prosthetic heart valves) and 
CHA2DS2-VASc scores of 2 or more, and support omitting 
anticoagulation in individuals with CHA2DS2-VASc scores of 
zero.187 There is more uncertainty about the best treatment 
for individuals with CHA2DS2-VASc scores of 1. Consistent 
with this uncertainty, ACC/AHA guidelines indicate that (1) 
oral anticoagulant therapy, (2) aspirin therapy, or (3) omit-
ting anticoagulation are all reasonable approaches in these 
intermediate-risk patients.187 With respect to specific anti-
coagulant therapy, patients can be prescribed either a vita-
min K antagonist (e.g., warfarin) or DOAC (e.g., dabigatran, 
rivaroxaban, edoxaban, apixaban) as reasonable options for 
patients with nonvalvular atrial fibrillation.

Although atrial fibrillation has typically been ignored 
during preoperative cardiac risk assessment, accumulating 
evidence challenges this approach in two main respects. 
Specifically, preexisting atrial fibrillation appears to be 
an indicator of increased perioperative risk. For example, 
in a large international multicenter prospective cohort 
study, preexisting atrial fibrillation was associated with an 
elevated risk of postoperative cardiovascular events (i.e., 
stroke, cardiovascular death, myocardial injury, heart fail-
ure, or cardiac arrest),193 but not death.77 In an American 
population-based retrospective cohort study, chronic atrial 
fibrillation was associated with a significantly higher risk of 
perioperative stroke.194

The preoperative evaluation of patients with atrial fibril-
lation focuses on underlying conditions (e.g., ischemic heart 
disease), complications (e.g., heart failure, stroke), rate or 
rhythm control strategies, and anticoagulation strategies. 
Patients with rapid ventricular rates (>100 beats/min) 
typically require rate control before any elective surgery. 
Patients with both atrial fibrillation and slow ventricular 
rate without rate-controlling medications may have sick 
sinus syndrome. They should be questioned regarding any 
previous episodes of syncope or presyncope. Any long-term 
$-adrenergic blockers, digoxin, calcium channel blockers, 
or antiarrhythmic medications should be continued.

The critical component for preoperative planning for 
most patients with atrial fibrillation is appropriate perioper-
ative management of long-term anticoagulants. This man-
agement should ideally be conducted collaboratively with 
the treating physician and responsible surgeon. There are 
three overarching issues, namely (1) whether temporary 
preoperative discontinuation is needed, (2) when oral anti-
coagulants should be discontinued, and (3) whether bridg-
ing therapy with LMWH is required.195 It is reasonable to 
continue vitamin K antagonist therapy if an individual does 
not have patient-related risk factors for bleeding (e.g., liver 
disease, abnormal renal function, prior bleeding complica-
tions), and is scheduled for a procedure without important 
bleeding risk (e.g., dental extraction, simple cutaneous pro-
cedures, pacemaker insertion). Otherwise, patients should 
have their anticoagulant medications temporarily discon-
tinued before surgery, including all patients who are receiv-
ing DOACs or might need neuraxial anesthesia. If a decision 
to temporarily discontinue oral anticoagulants is made, 
vitamin K antagonists should be stopped 5 days before sur-
gery. A longer discontinuation period may be needed for 
initial international normalized ratio (INR) values greater 
than 3.0. Ideally, the INR should be rechecked within 24 
hours before surgery,195 and a low dose of oral vitamin K 

administered for any INR result above 1.5. The timing of 
preoperative discontinuation of DOACs (Table 31.11) 
should be guided by the specific drug prescribed, expected 
procedural bleeding risk, renal function (based on estimated 
glomerular filtration rate [GFR]), and planned use of neur-
axial anesthesia.195,196 The ongoing multicenter Periopera-
tive Anticoagulant Use for Surgery Evaluation prospective 
cohort study is expected to provide more high-quality data 
on the safety of a further simplified strategy for preoperative 
discontinuation of DOACs (Table 31.12).197

Accumulating evidence indicates that most patients 
with nonvalvular atrial fibrillation do not require bridg-
ing therapy if their anticoagulant therapy is temporarily 
discontinued before surgery. For example, in the multi-
center Bridging Anticoagulation in Patients Who Require 
Temporary Interruption of Warfarin Therapy for an Elec-
tive Invasive Procedure and Surgery (BRIDGE) randomized 
trial, placebo was non-inferior to LMWH bridging therapy 
with respect to risks of arterial thromboembolism follow-
ing perioperative interruption of vitamin K antagonist 
therapy.198 In addition, bridging therapy led to increased 
risks of major bleeding. When interpreting the trial data, 
the challenge pertains to their generalizability to patients 
in clinical practice. For example, about 62% of the 1884 

TABLE 31.11 Expert Consensus Recommendations on 
Preoperative Direct Oral Anticoagulant Discontinuation 
(Recommended Time Interval from Last Preoperative Dose)

Direct Thrombin Inhibitor (i.e., 
Dabigatran)

Direct Factor Xa Inhibitor (i.e., 
Rivaroxaban, Edoxaban, Apixa-
ban)

LOW BLEEDING RISK PROCEDURES (ACC RECOMMENDATIONS)*

eGFR # 80 mL/min: # 24 h
eGFR 50–79 mL/min: # 36 h
eGFR 30–49 mL/min: # 48 h
eGFR 15–29 mL/min: # 72 h
eGFR < 15 mL/min: No data

eGFR # 30 mL/min: # 24 h
eGFR 15–29 mL/min: # 36 h
eGFR < 15 mL/min: No data (con-

sider # 48 h)

UNCERTAIN, INTERMEDIATE, OR HIGH BLEEDING RISK PROCEDURES 
(ACC RECOMMENDATIONS)*

eGFR # 80 mL/min: # 48 h
eGFR 50–79 mL/min: # 72 h
eGFR 30–49 mL/min: # 96 h
eGFR 15–29 mL/min: # 120 h
eGFR < 15 mL/min: No data

eGFR # 30 mL/min: # 48 h
eGFR < 30 mL/min: No data (con-

sider # 72 h)

PLANNED NEURAXIAL ANESTHESIA (ASRA RECOMMENDATIONS)†

Uniform approach: 120 h
Approach based on eGFR
!"! !eGFR # 80 mL/min: # 72 h
!"! !eGFR 50–79 mL/min: # 96 h
!"! !eGFR 30–49 mL/min: # 120 h
!"! !eGFR < 30 mL/min: Not recom-

mended

72 h

ACC, American College of Cardiology; ASRA, American Society of Regional 
Anesthesiologists; eGFR, estimated glomerular filtration rate (Cockcroft-
Gault equation).

*From Doherty JU, Gluckman TJ, Hucker WJ, et al. 2017 ACC Expert Consen-
sus Decision Pathway for Periprocedural Management of Anticoagulation 
in Patients With Nonvalvular Atrial Fibrillation: A Report of the American 
College of Cardiology Clinical Expert Consensus Document Task Force. J 
Am Coll Cardiol. 2017;69:871–898.

†From Horlocker TT, Vandermeuelen E, Kopp SL, et al. Regional anesthesia in 
the patient receiving antithrombotic or thrombolytic therapy: American 
Society of Regional Anesthesia and Pain Medicine Evidence-Based Guide-
lines (Fourth Edition). Reg Anesth Pain Med. 2018;43:263–309.
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participants in the BRIDGE trial had an expected 1-year 
stroke rate less than 5% (i.e., equivalent to CHA2DS2-VASc 
score % 4), while about 14% had an expected 1-year stroke 
rate over 10% (equivalent to CHA2DS2-VASc score # 7). To 
help clinicians better navigate clinical decision making, the 
ACC published a 2017 expert consensus report on periop-
erative anticoagulation management in nonvalvular atrial 
fibrillation.195 In the case of vitamin K antagonist therapy, 
the recommended approach is to omit bridging therapy in 
low-risk patients who have CHA2DS2-VASc scores of 4 or 
less and no prior stroke, TIA, or systemic embolization. Con-
versely, bridging therapy should be considered for high-risk 
patients with CHA2DS2-VASc scores of 7 or more, recent 
(i.e., prior 3 months) stroke, TIA, or systemic embolization. 
For intermediate-risk patients (i.e., those not meeting either 
the low-risk or high-risk criteria), bridging therapy should 
be considered if there is no significant bleeding risk and a 
more remote time (more than 3 months) of stroke, TIA, or 
systemic embolization. Bridging therapy is generally not 
needed after preoperative interruption of DOACs because of 
their relatively short half-lives.!

Supraventricular Arrhythmias. Supraventricular tachy-
cardia can result from rapidly firing ectopic atrial foci with 
rapid conduction through the AV node, or from a reentry 
mechanism. Pathways for a reentry mechanism typically 
involve the AV node-Purkinje system and an accessory reen-
try pathway. In a reentry mechanism, the cycle self-perpet-
uates because conduction occurs down one pathway and 
up the other. Pharmacologic AV blockade (i.e., adenosine, 
verapamil, $-adrenergic blockers) can help slow the ven-
tricular rate in most supraventricular tachycardias, with 
the exception of Wolff-Parkinson-White (WPW) syndrome. 
WPW syndrome is characterized by the presence of an acces-
sory pathway (bundle of Kent) that permits both retrograde 
and antegrade conduction. Antegrade conduction over the 

accessory pathway results in a short PR interval (<0.12 ms) 
and a slurring of the upstroke of the QRS complex (termed 
a delta wave). Individuals with WPW syndrome are predis-
posed to supraventricular tachycardia. Additionally, treat-
ment of supraventricular tachycardia in affected individuals 
with AV nodal blocking drugs can paradoxically increase 
conduction over the accessory pathway, thus potentially 
causing ventricular fibrillation. Thus, acute supraventricular 
tachycardia in these patients should be treated with electrical 
cardioversion (especially if hemodynamically unstable), ibu-
tilide,199 or procainamide. Long-term management of WPW 
syndrome typically involves catheter ablation of the recur-
rent accessory pathway. Long-term antiarrhythmic medica-
tions should be continued perioperatively in patients with 
known supraventricular tachycardia.9!

Ventricular Arrhythmias. Ventricular ectopic beats can 
be differentiated from atrial ectopic beats by a wide QRS 
complex (>0.12 ms) and absence of an associated P-wave. 
To help predict the risk of sudden death, ventricular 
arrhythmias may be classified based on the type of rhythm 
disturbance and presence of underlying heart disease.

  
 "  Benign ventricular arrhythmias include isolated ventric-

ular premature beats (VPBs) without associated heart 
disease. Affected individuals have no increased risk of 
sudden cardiac death, and do not need further cardiol-
ogy evaluation.

 "  Potentially lethal arrhythmias include more than 30 
VPBs per hour, or nonsustained ventricular tachycardia 
in association with underlying heart disease. Affected 
individuals are at moderately high risk of sudden cardiac 
arrest and may benefit from an ICD. They also require 
cardiology evaluation and echocardiography, along 
with the possible need for cardiac stress testing, coronary 
angiography, and electrophysiology testing.

 "  Lethal arrhythmias include sustained ventricular 
tachycardia, ventricular fibrillation, and VPBs associ-
ated with underlying heart disease, depressed cardiac 
function, and hemodynamic compromise. Affected 
individuals are at high risk for sudden cardiac arrest, 
and likely benefit from an ICD. They also require car-
diology evaluation and echocardiography, along with 
possible cardiac stress testing, coronary angiography, 
and electrophysiology testing. In general, reversible 
causes of ventricular arrhythmias (e.g., hypokalemia, 
ischemia, acidosis, hypomagnesemia, drug toxicity, en-
docrine dysfunction) should be sought out and treated. 
Any long-term antiarrhythmic medications should be 
continued perioperatively.9!

Long QT Syndrome. The long QT syndrome (LQTS) is a 
myocardial repolarization disorder associated with a pro-
longed QT interval. The QT interval is measured using a 
12-lead ECG (preferably leads II and V5) from the onset of 
the QRS complex to the end of the T wave. Since the interval 
varies inversely with heart rate, a corrected QT interval (QTc) 
can be calculated, with the most common formula being:

25D � 25 JOUFSWBM
!
33 JOUFSWBM

TABLE 31.12 Simplified Protocol for Preoperative 
Direct Oral Anticoagulant Discontinuation—as Assessed 
in the Perioperative Anticoagulant Use for Surgery 
Evaluation Study

Direct Thrombin Inhibitor  
(i.e., Dabigatran)

Direct Factor Xa Inhibitor  
(i.e., Rivaroxaban, Apixaban)

LOW BLEEDING RISK PROCEDURES (NO PLANNED NEURAXIAL 
ANESTHESIA)

eGFR # 50 mL/min: last dose 2 days 
before surgery

eGFR 30–49 mL/min: last dose 4 days 
before surgery

eGFR # 30 mL/min: last dose 2 
days before surgery

HIGH BLEEDING RISK PROCEDURES (NO PLANNED NEURAXIAL 
ANESTHESIA)

eGFR # 50 mL/min: last dose 3 days 
before surgery

eGFR 30–49 mL/min: last dose 5 days 
before surgery

eGFR # 30 mL/min: last dose 3 
days before surgery

eGFR, Estimated glomerular filtration rate*
*Should be calculated using the Cockcroft-Gault equation.
From Douketis JD, Spyropoulos AC, Anderson JM, et al. The Perioperative 

Anticoagulant Use for Surgery Evaluation (PAUSE) Study for patients on 
a direct oral anticoagulant who need an elective surgery or procedure: 
design and rationale. Thromb Haemost. 2017;117: 2415–2424.
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In adults, an abnormally prolonged QTc is defined as a 
value exceeding the 99th percentile. The QTc is prolonged 
if exceeding 0.48 seconds in women and 0.47 seconds in 
men.200 Individuals with LQTS are predisposed to develop-
ing torsades de pointes, a polymorphic ventricular tachycar-
dia with frequent variations of the QRS axis or morphology. 
Affected patients are generally asymptomatic in the absence 
of arrhythmias. Conversely, after the onset of an arrhyth-
mia, they may develop palpitations, syncope, seizures, and 
sudden cardiac death.

LQTS may be either congenital (i.e., genetic) or acquired. 
Causes of acquired LQTS include antiarrhythmic drugs 
(e.g., quinidine, sotalol, dofetilide, ibutilide), psychotropic 
medications (e.g., haloperidol, methadone), erythromycin, 
cisapride, and metabolic abnormalities (i.e., hypokalemia, 
hypomagnesemia, hypocalcemia). Notably, while amio-
darone does markedly prolong the QT interval, it is rarely 
associated with torsades de pointes except in association with 
hypokalemia. The 2010 ACC/AHA scientific statement on 
the prevention of torsades de pointes suggests that QTc be 
documented before initiation or after an increased dose of 
QT-prolonging drugs, and thereafter at least every 8 to 12 
hours.200 Other components of treatment for LQTS include 
$-adrenergic blockers (congenital LQTS), ICD implantation, 
and correction of underlying metabolic disorders.!

Brugada Syndrome. Brugada syndrome is a rare cause of 
sudden cardiac arrest that occurs in the absence of struc-
tural heart disease. It is an autosomal dominant disorder 
that is more common in men, rarely diagnosed in children, 
and often affects individuals of Asian ethnicity. Patients 
usually have normal findings on echocardiography, stress 
testing, and cardiac magnetic resonance imaging (MRI). 
The most significant clinical manifestations are ventricular 
arrhythmias, syncope, and sudden death. Patients may also 
be at increased risk of atrial arrhythmias, especially atrial 
fibrillation. Brugada syndrome is characterized by an ECG 
with pseudo-RBBB and persistent ST-segment elevation in 
leads V1 to V3 (Fig. 31.7). Unlike usual RBBB, a widened S 

wave in the left lateral leads is usually absent in Brugada 
syndrome. In some patients, these ECG changes are tran-
sient and provoked by medications. Asymptomatic patients 
who have these typical ECG features but no other associ-
ated clinical criteria have been described as having “Bru-
gada pattern.” The website www.brugadadrugs.org lists 
drugs that are associated with adverse events in Brugada 
syndrome. These medications include some commonly 
used anesthetic drugs, such as propofol and bupivacaine. 
The syndrome has no proven pharmacologic treatment; 
indeed, class I antiarrhythmic medications (e.g., flecainide, 
procainamide) and $-adrenergic blockers can worsen the 
risk of lethal arrhythmias. ICD implantation is the standard 
of care for Brugada syndrome.!
Cardiovascular Implantable Electronic Devices
Cardiovascular implantable electronic devices (CIEDs), 
which include both permanent pacemakers and ICDs, are 
very common. For example, in the United States alone, 
about 190,000 permanent pacemakers and 145,000 ICDs 
are implanted every year (see Chapter 38).201,202 The pre-
operative evaluation should characterize the device with 
respect to type, age, manufacturer, model number, cur-
rent settings, and timing of recent interrogation. Patients 
frequently carry a manufacturers’ identification card with 
some of this relevant information. Permanent pacemaker 
capabilities are usually classified using a five-letter code 
(Table 31.13).203 The anesthesiologist should also evaluate 
any coexisting cardiac disease because patients with CIEDs 
invariably have conditions such as heart failure, IHD, val-
vular heart disease, or potentially lethal arrhythmias—all 
of which have perioperative implications. It is especially 
important to note device features (e.g., rate modulation) 
that can malfunction with perioperative electromagnetic 
and other interferences. Sources of electromagnetic interfer-
ence during the perioperative period include electrocautery 
(especially monopolar), radiofrequency ablation, lithotripsy 
devices, and radiation therapy, while direct mechanical 
interference can occur with guidewire movement during 
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Fig. 31.7 Typical 12-lead electrocardiogram in a patient with Brugada syndrome.
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central venous catheter insertion.204 These sources of inter-
ference can result in CIED malfunction, such as inappropri-
ate ICD discharge or inappropriate changes in pacing rates. 
Especially during delicate surgical procedures (e.g., intra-
cranial, spinal, ocular), an unexpected ICD discharge with 
movement of the patient can have catastrophic results.

In general, the anesthesiologist conducting a preopera-
tive evaluation of a patient with a CIED should collabora-
tively plan perioperative management with the relevant 
CIED care team (Box 31.7).7,204 The CIED care team has 
been defined as the physicians and physician extenders 
who monitor the patient’s CIED function. Ideally, patients 
with CIEDs should have these devices interrogated preop-
eratively, with recommendations that this be performed 
within the prior 6 months for an ICD, prior 12 months for 
a permanent pacemaker, and prior 3 to 6 months for any 
CRT device. Key issues for consideration when planning the 
perioperative care of a patient with a CIED include whether 
the patient has an ICD, whether the patient is pacemaker-
dependent, and what happens with magnet placement over 
the CIED. In general, a magnet suspends antitachyarrhyth-
mia therapy in most ICDs, and switch pacemakers (but 
not ICDs) to an asynchronous pacing mode. There is some 
disagreement among guidelines whether to place a mag-
net over the CIED during the intraoperative period,204,205 
versus arrange for temporary device reprogramming (i.e., 
switch pacemaker to asynchronous mode, and disable anti-
tachyarrhythmia ICD).206 Especially given the complex-
ity of newer generation CIEDs, routine magnet use should 
not be viewed as an alternative for appropriate preopera-
tive preparation. Collaboration with the CIED care team is 
the preferred approach for managing these patients in an 
individualized manner. Preoperative recommendations for 
CIEDs are presented in Box 31.8. In addition, these patients 
require a preoperative ECG. A chest radiograph is not man-
datory before surgery but can reveal the device location and 
manufacturer’s code.!
Peripheral Artery Disease
PAD, which is defined as atherosclerosis of the large-sized and 
medium-sized noncardiac arterial vasculature, affects about 
200 million people worldwide.207 PAD is diagnosed based 
on an ankle-brachial index (ABI or ratio of ankle-to-arm sys-
tolic blood pressure) of less than 0.90.208 The disease gener-
ally affects lower extremity vessels more than upper extremity 
vessels. PAD progresses variably across individuals, from an 
initially asymptomatic phase to intermittent claudication (i.e., 

extremity pain with activity) to critical limb ischemia. Risk fac-
tors for PAD include increased age, smoking, hypertension, 
diabetes mellitus, CKD, and known atherosclerosis in other 
sites (e.g., IHD). Conversely, patients with PAD likely have 
atherosclerosis in other sites (e.g., heart, brain). For example, 
a systematic review in the nonoperative setting found a preva-
lence of IHD in individuals with PAD ranged from 60% based 
on cardiac stress testing to 90% based on coronary angiogra-
phy.209 Individuals meeting diagnostic criteria for PAD (i.e., 
ABI < 0.90) have elevated risks for subsequent myocardial 
infarction, acute stroke, or cardiovascular death in the non-
operative setting.210 PAD is also a marker of increased risk in 
surgical patients. An ABI less than 0.90 is independently asso-
ciated with an increased risk of cardiovascular complications 
after noncardiac surgery.211 Known PAD is also associated 
with elevated risks of mortality after major noncardiac sur-
gery.77,78 In addition, claudication related to PAD generally 

TABLE 31.13 Pacemaker Nomenclature

Position I Position II Position III Position IV Position V

Chamber(s) Paced Chamber(s) Sensed Response to Sensing Rate Modulation Multisite Pacing

O = None O = None O = None O = None O = None

A = Atrium A = Atrium I = Inhibited R = Rate modulation A = Atrium

V = Ventricle V = Ventricle T = Triggered V = Ventricle

D = Dual (A + V) D = Dual (A + V) D = Dual (T + I) D = Dual (A + V)

From Bernstein AD, Daubert JC, Fletcher RD, et al. The revised NASPE/BPEG generic code for antibradycardia, adaptive-rate, and multisite pacing. North Ameri-
can Society of Pacing and Electrophysiology/British Pacing and Electrophysiology Group. Pacing Clin Electrophysiol. 2002;25:260–264.

The perioperative management of CIEDs must be individualized 
to the patient, type of CIED, and procedure being performed. A 
single recommendation for all CIED patients is not appropriate.

The CIED care team is defined as the physicians and physician 
extenders who monitor the CIED function of the patient.

The surgical or procedural team should communicate with the 
CIED care team to identify the type of procedure and likely risk 
of EMI.

The CIED care team should communicate with the procedure 
team to deliver a prescription for the perioperative manage-
ment of patients with CIEDs.

For most patients, the prescription can be made from a review of 
the records of the CIED clinic. A small percentage of patients 
may require consultation from CIED specialists if the informa-
tion is not available.

It is inappropriate to have industry-employed allied health profes-
sionals independently develop this prescription.

BOX 31.7 Proposed Principles for 
Cardiovascular Implantable Electronic 
Device Management

From Crossley GH, Poole JE, Rozner MA, et al. The Heart Rhythm Society 
(HRS)/American Society of Anesthesiologists (ASA) Expert Consen-
sus Statement on the perioperative management of patients with 
implantable defibrillators, pacemakers and arrhythmia monitors: 
facilities and patient management: executive summary. Heart Rhythm. 
2011;8:e1–e18.

CIED, Cardiovascular implantable electronic devices; EMI, electromag-
netic interference.
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limits functional capacity and thereby masks the symptoms of 
underlying IHD or heart failure.

The preoperative evaluation of PAD should encompass 
related symptoms (e.g., intermittent claudication, rest 
pain), risk factors (e.g., hypertension, diabetes mellitus, 
smoking, CKD), and associated comorbidities (e.g., IHD, 
CVD). Arterial blood pressure should be measured in both 
upper extremities, along with the presence of peripheral 
arterial pulses. Auscultation for bruits over the abdomen 
and femoral arteries, as well as palpation for abdominal 
masses, should be part of the vascular examination. Typical 

preoperative laboratory testing includes an ECG and blood 
sampling for a complete blood count, creatinine concen-
tration, and glucose concentration. These individuals may 
often need further specific workup for IHD with testing such 
as natriuretic peptides and cardiac stress testing (see section 
on “Ischemic Heart Disease”). Depending on concomitant 
risk factors and cardiovascular medications, patients may 
be on long-term therapy with aspirin, P2Y12 inhibitors 
(e.g., clopidogrel), and DOACs. DOACs should be tempo-
rarily discontinued before surgery (see section on “Atrial 
Fibrillation”). In most cases, P2Y12 inhibitor therapy should 
also be interrupted before surgery, with the possible excep-
tion of cases with very recent coronary stent implantation 
(see section on “Coronary Stents”). As a general strategy 
for patients undergoing noncardiac surgery, continuing 
aspirin perioperatively does not prevent cardiovascular 
complications except in those with drug-eluting coronary 
stents,136 but leads to an increased risk of major bleeding 
(which is a risk factor for perioperative stroke).132 Nonethe-
less, selective continuation of aspirin should be considered 
in patients undergoing vascular surgery (to mitigate risks 
of bypass graft occlusion), as well as those with high-risk 
IHD, prior PCI, or recent stroke (i.e., previous 9 months).212!

PULMONARY DISORDERS

See Chapters 13 and 53.

Asthma
The Global Initiative for Asthma (http://ginasthma.org), 
describes asthma as a “heterogeneous disease, usually char-
acterized by chronic airway inflammation. It is defined by the 
history of respiratory symptoms such as wheeze, shortness of 
breath, chest tightness, and cough that vary over time and in 
intensity, together with variable expiratory airflow limitation.” 
These episodes of airflow obstruction within the lung are 
often reversible, either spontaneously or with treatment. 
The airway obstruction can be precipitated by irritants 
(e.g., smoke), allergens, infections, medications, or airway 
instrumentation. Worldwide, it is estimated that asthma 
afflicts more than 300 million people, and is responsible for 
one in every 250 deaths.213 Asthma is classified as inter-
mittent, persistent mild, persistent moderate, and persistent 
severe, based on symptoms, nighttime awakenings, short-
acting bronchodilator requirement, functional impair-
ment, and pulmonary function test (PFT) abnormalities. 
Although spirometry is the preferred diagnostic test for 
asthma, a normal result does not exclude asthma. Typical 
findings on PFTs are a reduction in the ratio of the forced 
expiratory volume in 1 second (FEV1) to forced vital capac-
ity (FVC)—with a ratio below 0.7 being indicative of airflow 
obstruction. Importantly, normal initial PFT results do not 
necessarily exclude asthma. If results are normal but a diag-
nosis of asthma is still strongly suspected, a methacholine 
challenge test or a trial of bronchodilator therapy should be 
performed. Patients with mild well-controlled asthma have 
no greater perioperative risk than do individuals without 
asthma.214 In addition, PFTs, while helping to establish the 
diagnosis of asthma, generally have no perioperative prog-
nostic value in these patients.

In a patient with known asthma, the anesthesiolo-
gist should inquire about dyspnea, chest tightness, cough 

!"!  Inactivation of ICDs is not absolutely necessary for all  
procedures

!"!  Not all pacemakers need to be altered to pace asynchronously 
in all patients or for all procedures

!"!  Pacemakers can be reprogrammed or magnets can be used to 
force pacemakers to pace asynchronously to prevent inhibition

!"!  ICDs can be reprogrammed or magnets can be used to inhibit 
ICD arrhythmia detection and tachyarrhythmia functions

!"!  Magnets can/will not force pacemakers in ICDs to pace asyn-
chronously

!"!  Inactivation of ICDs is recommended for all procedures above the 
umbilicus involving electrocautery or radiofrequency ablation

!"!  It is preferable to change to asynchronous pacing in pacemak-
er-dependent patients for procedures involving electrocautery 
or radiofrequency ablation above the umbilicus

The procedure team provides the following information to the 
CIED team:

!"!  Type of procedure
!"!  Anatomic site of procedure
!"!  Patient position during procedure
!"!  Will electrocautery (and type of cautery) be used?
!"!  Are there other sources of EMI?
!"!  Other issues such as likelihood of damage to leads (e.g., chest 

procedures), anticipated large blood loss, and surgery in close 
proximity to CIED

The CIED care team provides the following information to the 
procedure team:

!"!  Type of device (e.g., pacemaker, ICD)
!"!  Indication for device (e.g., sick sinus syndrome, primary or 

secondary prevention of lethal arrhythmias)
!"!  Programming (e.g., pacing mode, rate, rate responsive, heart 

rates for shock delivery)
!"!  Is the patient pacemaker-dependent, and what is the underly-

ing heart rate/rhythm?
!"!  Magnet response
! "! !Pacing rate
! "! !Is the device responsive to a magnet?
! "! !Will ICD functions resume automatically with magnet removal?
! "! !Does magnet need to be placed off-center?

BOX 31.8 Preoperative Recommendations 
for Cardiovascular Implantable Electronic 
Devices

Modified from Crossley GH, Poole JE, Rozner MA, et al. The Heart Rhythm 
Society (HRS)/American Society of Anesthesiologists (ASA) Expert 
Consensus Statement on the perioperative management of patients 
with implantable defibrillators, pacemakers and implantable monitors: 
facilities and patient management: executive summary. Heart Rhythm. 
2011;8:e1–e18.

CIED, Cardiovascular implantable electronic device; EMI, electromagnetic 
interference; ICD, implantable cardioverter-defibrillator.
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(especially nocturnal), recent exacerbations (with associ-
ated triggers), therapy (especially corticosteroids), prior 
hospitalizations, prior emergency department visits, prior 
critical care unit admissions, prior need for endotracheal 
intubation, and recent upper respiratory tract infections 
(see section on “Upper Respiratory Tract Infections”). It 
is helpful to ask patients to compare their current asthma 
symptoms to their “normal” or “best” status based on 
symptoms, exercise tolerance, and medication require-
ments. The physical examination should assess the qual-
ity of breath sounds, quantity of air movement, degree of 
wheezing, and oxygen saturation by pulse oximetry. The 
degree of wheezing does not always correlate with the 
severity of bronchoconstriction. With severe obstruction, 
airflow is dangerously restricted, and wheezing diminishes. 
Wheezing is common in asthma but it is not specific for the 
disease. For example, wheezing may be present in chronic 
obstructive pulmonary disease (COPD), gastroesophageal 
reflux disease, vocal cord dysfunction, tracheal stenosis, 
bronchial stenosis, cystic fibrosis, allergic bronchopulmo-
nary aspergillosis, and heart failure. Observing the degree 
of accessory muscle use can also help gauge the severity of 
bronchoconstriction.

Arterial blood gases are not necessary unless the patient 
is having a severe acute exacerbation. Patients taking oral 
corticosteroids should have their blood glucose checked. 
Chest radiography is needed only if an infection or pneu-
mothorax is suspected. Bronchodilators, corticosteroids 
(inhaled and oral), and any antibiotics must be continued 
on the day of surgery. $-adrenergic agonists are a useful 
prophylactic intervention to lower the risk of bronchospasm 
after induction of anesthesia. This therapy can be supple-
mented with a short preoperative course of oral corticoste-
roids (prednisone 20 mg-60 mg daily for 3-5 days) in any 
newly diagnosed or poorly controlled asthmatic patient.215 
Importantly, some asthmatics on chronic corticosteroid 
treatment may need perioperative “stress dose steroids” (see 
section on “Hypothalamic-Pituitary-Adrenal Disorders”).!
Chronic Obstructive Pulmonary Disease
COPD is a chronic respiratory disease that affects 175 mil-
lion people worldwide, and causes 3 million deaths every 
year.216 It is characterized by persistent airflow obstruc-
tion that occasionally is partially reversible (see Chapters 
13 and 53). It may be the result of smoking, environmen-
tal pollutants (e.g., air pollution), &1-antitrypsin deficiency, 
chronic infections, and long-standing asthma. The Global 
Initiative for Chronic Obstructive Lung Disease describes 
COPD as a “common, preventable, and treatable disease that is 
characterized by persistent respiratory symptoms and airflow 
limitation that is due to airway and/or alveolar abnormalities 
usually caused by significant exposure to noxious particles or 
gases” (http://www.goldcopd.org). COPD includes subtypes 
such as “chronic bronchitis” and “emphysema.” Chronic 
bronchitis is defined as a chronic productive cough for 3 
months in each of 2 successive years in a patient in whom 
other causes of chronic cough (e.g., bronchiectasis) have 
been excluded. Emphysema refers to pathologic structural 
changes in the lung that can occur with COPD, including 
enlargement of airspaces distal to the terminal bronchioles, 
as well as destruction of these airspace walls. The severity 
of COPD is classified based on both spirometry findings and 

symptoms. Once a patient has evidence of airway obstruc-
tion on spirometry (FEV1/FVC ratio < 0.7), mild FEV1 
airflow limitation is at or greater than 80% of predicted, 
moderate limitation is FEV1 between 50% and 79% of pre-
dicted, severe limitation is FEV1 between 30% and 49% of 
predicted, and very severe limitation is FEV1 is less than 30% 
of predicted. Symptom severity is classified separately using 
validated scales.217 A COPD exacerbation is defined as “an 
acute worsening of respiratory symptoms that result in addi-
tional therapy” (http://www.goldcopd.org).

The preoperative evaluation of patients with COPD 
is similar to that of patients with asthma, with an addi-
tional emphasis on signs of recent infection (e.g., changes 
in sputum amount or color). A barrel chest and pursed-lip 
breathing also suggest advanced disease. COPD is a known 
risk factor for postoperative pulmonary complications (see 
section on “Postoperative Pulmonary Complications”).218 
Nonetheless, there is no established threshold of COPD 
severity indicative of highly prohibitive perioperative risk. 
In general, PFTs are not useful for estimating periopera-
tive risk in patients with COPD, with the exception of indi-
viduals undergoing lung resection surgery (see Chapter 53 
and section on “Patients Scheduled for Lung Resection”). 
In general, preoperative PFTs are indicated when there 
is uncertainty as to whether the patient’s lung function 
is optimized, or uncertainty as to the underlying basis for 
unexplained dyspnea. Patients who are hypoxic, or require 
supplemental oxygen, may benefit from further testing, 
including arterial blood gas measurement, in addition to 
routine measurement of oxygen saturation using pulse 
oximetry. A chest radiograph is useful only if infection or 
bullous disease is suspected. A key goal in the preopera-
tive preparation of a patient with COPD is optimizing pul-
monary function before any elective surgery. Accordingly, 
patients with a recent exacerbation may require more 
intensive bronchodilator treatment, brief courses of antibi-
otics or oral corticosteroids, and possible deferment of elec-
tive surgery. Smoking cessation should be encouraged for 
any ongoing smokers (see section on “Smokers and Second-
Hand Smoke Exposure”). Additionally, consideration can 
be given to preoperative inspiratory muscle training and 
physiotherapy in high-risk patients, and discussion about 
the potential respiratory benefits of neuraxial anesthesia or 
analgesia (see section on “Postoperative Pulmonary Com-
plications”). Inhalers and other long-term medications 
for COPD should be continued on the day of surgery, and 
individuals on chronic corticosteroid treatment may need 
“stress dose steroids” (see section on “Hypothalamic-Pitu-
itary-Adrenal Disorders”).!
Restrictive Pulmonary Disorders
Restrictive lung disease is characterized by a reduced total 
lung capacity and may be related to both pulmonary or 
extrapulmonary conditions. Pulmonary causes include 
idiopathic interstitial pneumonia, prior lung resection, pul-
monary fibrosis, and interstitial lung disease secondary to 
connective tissue disease. Extrapulmonary causes include 
chest wall limitations (e.g., kyphoscoliosis, obesity, anky-
losing spondylitis), muscle dysfunction (e.g., muscular 
dystrophies, myasthenia gravis, diaphragm paralysis), and 
pleural disease (e.g., mesothelioma, effusion, pneumotho-
rax). In a patient with suggestive symptoms or history of 
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associated diseases, a chest radiograph and PFTs can help 
establish the diagnosis. Typically, the FEV1 and the FVC 
are reduced proportionally such that the FEV1/FVC ratio is 
normal (i.e., > 0.7). Preoperative PFTs can also help assess 
for acute or progressive worsening of known restrictive 
lung disease; however, routine testing is not necessary in 
the absence of clinical suspicion. These patients are also at 
risk of pulmonary hypertension that may not be recognized 
because of overlapping symptoms with restrictive lung 
disease. Thus, echocardiography may also be indicated to 
investigate causes of worsening symptoms in a patient with 
known restrictive lung disease.!
Patients Scheduled for Lung Resection
Most patients scheduled for lung resection operations have 
underlying lung disease (this topic is covered in more detail 
in Chapter 53). Spirometry is useful in estimating risk and 
excluding patients who are highly likely to lack adequate 
pulmonary reserve after the planned resection (see Chapter 
53). Current American College of Chest Physicians (ACCP) 
guidelines recommend measurement of both FEV1 and dif-
fusing capacity for carbon monoxide (DLCO) in all patients 
being considered for lung resection surgery.219 The amount 
of residual lung function after resection can be estimated 
by using a combination of spirometry and radionuclide 
quantitative lung scanning. The predicted postoperative 
FEV1 (PPO FEV1) is predicted by multiplying the preopera-
tive FEV1 by the percentage of perfusion to the nonoperative 
lung or lung region:

PPO FEV1 = Preoperative FEV1

! Perfusion to nonresected lung
Total perfusion to lungs

The PPO DLCO is calculated using an analogous equation 
for preoperative DLCO. Patients with both PPO FEV1 and 
PPO DLCO values exceeding 60% of predicted are considered 
low-risk and can generally proceed directly to surgery. If 
either value is within the range of 30% to 60% of predicted, 
simple objective exercise testing with a shuttle walk test or 
symptom limited stair climbing test is recommended. For 
individuals with poor performance on these simple tests 
(i.e., < 400 m on shuttle walk test or < 22 m on stair climb-
ing test), as well as for individuals with either PPO FEV1 or 
PPO DLCO values less than 30% predicted, the ACCP guide-
lines recommend CPET to measure peak oxygen consump-
tion (VO2 peak).219 A preoperative VO2 peak greater than 
20 mL/kg/min is consistent with low perioperative risk, 10 
to 20 mL/kg/min is consistent with moderate risk, and less 
than 10 mL/kg/min is consistent with high risk. Nonsur-
gical options should be considered in high-risk scenarios, 
while shared decision making should be incorporated in 
any intermediate-risk scenarios.!
Obstructive Sleep Apnea
In North America, the prevalence of sleep-disordered 
breathing is 9% among females aged 30 to 60 years of age, 
and 24% among males in the same age group (see Chapter 
10).220 OSA is the most common type of sleep-disordered 
breathing, with varying prevalence across age groups, 
ethnicities, and countries. Recent North American esti-
mates suggest that it afflicts about 9% of females aged 50 
to 70 years, and 17% of males in this same age group.221 

OSA is characterized by recurrent upper airway collapse 
during sleep that leads to reduced or complete cessation of 
airflow, despite ongoing breathing efforts. Affected individ-
uals develop intermittent hypercapnia, intermittent hypox-
emia, and fragmented sleep. Risk factors for OSA include 
increased age, male sex, obesity, smoking, pregnancy, heart 
failure, end-stage renal disease, and craniofacial abnormal-
ities. The diagnosis of OSA is based on the presence of symp-
toms, such as nonrestorative sleep, snoring, hypertension, 
and the frequency of sleep-related respiratory events dur-
ing polysomnography or home sleep apnea testing. Once 
diagnosed, disease severity is typically characterized by 
the apnea-hypopnea index (AHI), which is the number of 
apneic and hypopneic episodes per hour of sleep. Mild OSA 
is defined by 5 to 15 episodes per hour, moderate disease by 
16 to 30 episodes per hour, and severe disease by more than 
30 episodes per hour. OSA is associated with an increased 
prevalence of systemic hypertension, pulmonary hyperten-
sion, IHD, heart failure, cardiac arrhythmias (i.e., atrial 
fibrillation, bradyarrhythmias, ventricular ectopy), stroke, 
type 2 diabetes mellitus, obesity hypoventilation syndrome, 
and nonalcoholic fatty liver disease. The main effective 
treatments for OSA in the nonoperative setting are continu-
ous positive airway pressure (CPAP) and weight loss.222-224

Most cases of OSA in surgical patients remain undiag-
nosed at the time of surgery.225 Screening questionnaires 
can help, in part, address this problem. For example, the 
eight-item STOP-Bang questionnaire is a straightforward 
validated tool to screen for OSA in preoperative evaluation 
clinics (Fig. 31.8).226 Surgical patients with scores of 2 or 
less are at very low risk (negative likelihood ratio 0.24 for 
AHI # 5), and those with scores of 5 or more are at increased 
risk (positive likelihood ratio 1.8 for AHI # 5).226 Since indi-
viduals with scores of 3 to 4 are in an indeterminate zone, 
additional screening criteria have been proposed for this 
subgroup, including serum bicarbonate concentration 
level at 28 mmol/L or greater,227 and differentially weight-
ing responses to the questionnaire.228 There is some uncer-
tainty as to the operational burden of screening all surgical 
patients for OSA, especially since the positive likelihood  
ratio for a higher STOP-Bang score is not particularly 
high. A reasonable option may be to apply screening in 
higher-risk populations, such as individuals with obesity, 
associated comorbidities, and known or suspected difficult 
intubation characteristics.

Patients with OSA are at increased perioperative risk 
because of the sleep disorder itself and associated comorbid-
ities. Mask ventilation, direct laryngoscopy, endotracheal 
intubation, and fiberoptic visualization of the airway are 
more difficult in patients with OSA (see Chapter 44). In addi-
tion, these patients are also more sensitive to the respiratory 
depressant effects of opioids. In general, patients with OSA 
have elevated risks of perioperative airway obstruction, 
hypoxemia, atelectasis, pneumonia, cardiovascular compli-
cations, and prolonged hospitalizations.229 There is uncer-
tainty as to how much of this increased risk is explained 
by OSA itself, versus associated comorbidities (e.g., IHD, 
heart failure, diabetes mellitus, obesity). For example, some 
cohort studies that found that patients with known OSA, 
or patients screened as being high-risk for OSA, were not at 
elevated risk of mortality or postoperative hypoxemia, after 
accounting for coexisting comorbidities.77,230,231
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Preoperative evaluation focuses on characterizing all 
cases of known OSA, and selectively identifying patients at 
risk for undiagnosed OSA. In addition, associated comorbid-
ities should be investigated and optimized as deemed clini-
cally appropriate. For example, echocardiography may be 
indicated if undiagnosed heart failure or pulmonary hyper-
tension is suspected. For patients with known OSA, the 
anesthesiologist should inquire about known disease sever-
ity, document current treatment, and instruct the patient to 
bring their CPAP equipment or oral appliances on the day 
of surgery (so that therapy can be restarted promptly after 
surgery).!
Pulmonary Hypertension
Pulmonary hypertension is defined as a persistent mean 
pulmonary artery pressure of 25 mm Hg or more at rest. 
The condition may occur in isolation or with associated 
medical conditions. Based on the World Health Organiza-
tion, pulmonary hypertension is classified into 5 groups 
(Box 31.9).232 Idiopathic and heritable pulmonary arte-
rial hypertension (formerly called primary pulmonary 
hypertension) are relatively rare. Other more common 
forms occur with a variety of diseases including cardiac, 
pulmonary, liver, thromboembolic, and collagen vascular 
diseases (e.g., scleroderma, systemic lupus erythematosus 

[SLE]). Pulmonary hypertension is also associated with 
human immunodeficiency virus (HIV) infection, anorectic 
drug exposure (e.g., fenfluramine), OSA, and chronic liver 
disease (especially with portal hypertension).

Patients with pulmonary hypertension have a high rate 
of perioperative morbidity and mortality.233-235 Hypoxia, 
hypercarbia, hypothermia, vasoconstrictor use, and 
increased sympathetic tone (even from anxiety) during the 
perioperative period increase pulmonary vascular resis-
tance, with the potential for acute decompensation with 
right-sided heart failure. Occult pulmonary hypertension is 
more problematic than the fully recognized disease because 
symptoms may be attributed to other diseases, and peri-
operative decompensation may occur unexpectedly. Cur-
rent American and European guidelines recommend that 
affected patients be managed collaboratively with a pulmo-
nary hypertension specialist team during the perioperative 
period, and that they undergo surgery at centers with req-
uisite expertise.7,9

It may be challenging to detect pulmonary hypertension 
de novo during preoperative evaluation. The initial symp-
toms of pulmonary hypertension are usually nonspecific 
and insidious. Diagnosis is also typically delayed, with about 
20% of patients having symptoms for more than 2 years 
prior to a formal diagnosis.236 Typical initial symptoms 

Have you been diagnosed with sleep apnea by a sleep study?          Yes          No

Have you received treatment for sleep apnea, such as CPAP or Bi-PAP?       Yes          No

Please answer the following four questions with a yes or no answer:

 1)  Do you snore loudly (louder than talking or loud enough to be heard through closed doors)?
   Yes          No

 2)  Do you often feel tired, fatigued, or sleepy during daytime?
   Yes          No

 3)  Has anyone observed you stop breathing during your sleep?
   Yes          No

 4)  Do you have or are you being treated for high blood pressure?
   Yes          No

FOR STAFF USE ONLY, DO NOT WRITE BELOW THIS LINE

 5)  Is the BMI ≥35 kg/m2?
   Yes          No

 6)  Is the patient ≥50 years of age?
   Yes          No

 7)  Is the neck circumference greater than 15.7 inches (40 cm)?
   Yes          No

 8)  Is the patient male?
   Yes          No

Total number of questions answered YES: _____  Is the patient at high risk for OSA?  Yes          No

High risk of OSA: Yes to >3 items

STOP-Bang
Screening for Sleep Apnea

Fig. 31.8 Stop-Bang questionnaire to screen patients for obstructive sleep apnea. (From Chung F, Yegneswaran B, Liao P, et al. STOP Questionnaire: 
a tool to screen patients for obstructive sleep apnea. Anesthesiology. 2008;108:812–821.)
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are exertional dyspnea, lethargy, and fatigue. With disease 
progression, symptoms related to right ventricular over-
load develop—these symptoms include exertional chest 
pain, exertional syncope or presyncope, upper abdominal 
pain (i.e., liver congestion), and dependent edema. Physical 
examination may reveal a split S2 with a loud second com-
ponent, right ventricular heave, tricuspid regurgitation 
murmur, ascites, hepatomegaly, jugular venous distention, 
and peripheral edema. An ECG and echocardiogram are use-
ful in patients with suspected pulmonary hypertension, and 
those with moderate-to-severe known disease. Typical ECG 
findings include right axis deviation, RBBB, right ventricu-
lar hypertrophy, and tall R waves in leads V1 and V2. Right 
atrial hypertrophy and “P-pulmonale” may be present in 

severe pulmonary hypertension, with peaked P waves, usu-
ally in leads II, III, aVF, and V1. An echocardiogram is the 
initial screening test of choice for pulmonary hypertension. 
It can estimate pulmonary arterial pressures, assess right 
ventricular function, identify left-sided heart failure, and 
detect structural heart disease (e.g., valvular heart disease, 
congenital heart disease). Patients with significant echo-
cardiographic findings may require subsequent right and 
left cardiac catheterizations, especially given the potential 
inaccuracy of estimating right-sided pressures by echocar-
diography alone. Other useful laboratory tests include com-
plete blood count, electrolyte concentrations, creatinine 
concentrations, and liver function tests (i.e., liver conges-
tion or drug-related side effects).

Patients with pulmonary hypertension may be receiv-
ing treatment with diuretics, calcium channel blockers, 
supplemental oxygen, phosphodiesterase type 5 inhibitors 
(e.g., sildenafil, tadalafil), endothelin receptor antagonists 
(e.g., bosentan, ambrisentan), and prostacyclin pathway 
agonists (e.g., iloprost, epoprostenol). Some drugs are given 
by continuous intravenous infusions, and even momentary 
interruption of therapy can be catastrophic. In general, all 
these medications should be continued perioperatively.7,9 
Some patients may be anticoagulated. The timing of any 
preoperative anticoagulant discontinuation, and assess-
ment for bridging therapy, should be made collaboratively 
with a pulmonary hypertension specialist team.!
Smokers and Second-Hand Smoke Exposure
Tobacco exposure, either directly or through “second-
hand” smoke, increases the risk of many perioperative com-
plications, including respiratory, cardiac, and infectious 
events. Current smokers have elevated risks for a range of 
postoperative complications, including mortality, cardiac 
complications, pulmonary complications, acute stroke, and 
surgical site infections.237,238 Overall, about two thirds of 
smokers want to quit.239 The U.S. Public Health Service 
recommends that “all physicians should strongly advise every 
patient who smokes to quit because evidence shows that phy-
sician advice to quit smoking increases abstinence rates.”240 
Even brief advice by a physician to quit smoking increases 
quit rates (relative risk 1.66; 95% CI, 1.42-1.94),241 albeit 
from a very low baseline rate of 2% to 3%. Among inten-
sive smoking cessation interventions, both behavioral 
counselling and medications have demonstrated efficacy, 
with evidence supporting further improvement in efficacy 
with combination therapy.242 The main pharmacologic 
interventions for smoking cessation are nicotine replace-
ment therapy (i.e., nicotine patches, gum, or lozenges), 
varenicline, and bupropion. Both bupropion and vareni-
cline should be started at least 1 week before an attempt at 
quitting. Many hospitals, insurance companies, communi-
ties, and governmental agencies offer smoking cessation 
programs. Excellent advice and guidelines are available 
online (e.g., https://www.cdc.gov/tobacco/quit_smoking/i
ndex.htm and https://smokefree.gov) or via telephone (e.g., 
1-800-QUIT-NOW in the United States).

Being scheduled for surgery is a “teachable moment” 
for promoting smoking cessation, with population-based 
survey data from the United States showing significant 
increases in smoking cessation rates after major surgery.243 
Within this context, interventions in the preoperative 

Pulmonary Arterial Hypertension

 1.  Idiopathic pulmonary arterial hypertension
 2.  Heritable pulmonary arterial hypertension
 3.  Drug-induced or toxin-induced pulmonary arterial hypertension
 4.  Associated with other conditions 
 (a).  Connective tissue disease
 (b).  Congenital heart disease
 (c).  Portal hypertension
 (d).  Human immunodeficiency virus infection
 (e).  Schistosomiasis
 5.  Pulmonary venoocclusive disease and/or pulmonary capillary 

hemangiomatosis
 6.  Persistent pulmonary hypertension of newborn!
Pulmonary Hypertension Related to Left-heart Disease

 1.  Left ventricular systolic dysfunction
 2.  Left ventricular diastolic dysfunction
 3.  Valvular heart disease
 4.  Extrinsic compression of central pulmonary veins
 5.  Congenital or acquired obstruction of the left heart inflow or 

outflow tract, and congenital cardiomyopathies!
Pulmonary Hypertension Related to Lung Disease or  
Hypoxemia

 1.  Chronic obstructive pulmonary disease
 2.  Interstitial lung disease
 3.  Other pulmonary diseases with mixed restrictive and obstruc-

tive pattern
 4.  Sleep disordered breathing
 5.  Alveolar hypoventilation disorders
 6.  Developmental lung disease
 7.  Chronic exposure to high altitude!
Chronic Thromboembolic Pulmonary Hypertension

Pulmonary Hypertension with Unclear Multifactorial Etiology

 1.  Hematologic disorders (chronic hemolytic anemia, myeloprolif-
erative disorders, splenectomy)

 2.  Systemic disorders (sarcoidosis, pulmonary histiocytosis, lym-
phangioleiomyomatosis)

 3.  Metabolic disorders (glycogen storage disease, Gaucher dis-
ease, thyroid disorders)

 4.  Other conditions (tumor obstruction, fibrosing mediastinitis, 
chronic kidney disease, segmental pulmonary hypertension

BOX 31.9 Classification Scheme for 
Pulmonary Hypertension

From: Simonneau G, Gatzoulis M, Adiata I, et al. Updated clinical  
classification of pulmonary hypertension. J Am Coll Cardiol. 2013;62: 
D34–D41.
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evaluation clinic result in higher rates of short-term smok-
ing cessation (i.e., within 3-6 months after surgery).244 
Although there is uncertainty about the robustness of 
smoking cessation rates over the long term,245 random-
ized controlled trials have demonstrated reduced nicotine 
dependence of up to 1 year postoperatively following peri-
operative smoking cessation interventions.246,247

The perioperative benefits of smoking abstinence are 
realized within the first year after cessation.248 Nonethe-
less, there remains uncertainty regarding the minimum 
required period to accrue benefits. In previous systematic 
reviews, clinical benefits of preoperative smoking cessation 
were demonstrated only when it occurred at least 3 to 4 
weeks before surgery.249,250 These benefits include reduced 
risks for respiratory and wound healing complications. 
Despite an early study reporting an increased periopera-
tive risk (this association was not statistically significant) in 
recent quitters,251 a systematic review found no increased 
risk of adverse events with quitting smoking soon before 
surgical procedures (i.e., within 8 weeks).252 Thus, moti-
vated patients should be encouraged to quit smoking at any 
point before surgery. Quitting has many theoretical ben-
efits, even within a few days before operation. Soon after 
a patient quits smoking, carbon monoxide levels decrease, 
thereby improving oxygen delivery and use. Cyanide levels 
decrease, which benefits mitochondrial oxidative metabo-
lism. Other beneficial effects include lower nicotine levels 
(which improves vasodilatation) and clearance of many 
toxic substances that impair wound healing.!
Upper Respiratory Tract Infections
Traditionally, elective surgical procedures were cancelled 
when patients, especially children, presented with current 
or recent upper respiratory tract infections. The concern 
pertains to associated airway hyperreactivity that predis-
poses patients to laryngospasm, bronchospasm, atelecta-
sis, coughing, airway obstruction, hypoxia, stridor, and 
breath-holding.253 Prior evidence suggests that this airway 
hyperreactivity lasts for 2 to 4 weeks after an upper respira-
tory tract infection.253,254 Nonetheless, since most of these 
associated perioperative respiratory events are mild and 
easily managed with modern anesthesia care, cancellation 
is no longer routine. For patients with severe symptoms 
(e.g., high fever), especially in the presence of other health 
conditions (e.g., significant asthma, heart disease, immu-
nosuppression), elective surgery should be postponed until 
4 weeks after resolution of the infection. Conversely for mild 
or uncomplicated infections in otherwise healthy patients, 
it is reasonable to proceed with the planned surgery and 
avoid the inconvenience of a last-minute cancellation. The 
dilemma lies with patients between these two extremes, for 
whom decisions regarding the suitability to proceed should 
be made on an individualized basis.!
Cystic Fibrosis
Cystic fibrosis is an autosomal recessive disease caused by 
altered chloride and water transport across epithelial cells. 
This genetic disorder can result in progressive chronic 
airway disease characterized by airway obstruction, 
destruction, and frequent pulmonary infections. Affected 
individuals can also develop exocrine pancreatic insuffi-
ciency (i.e., malnutrition, diabetes mellitus, pancreatitis), 

bowel obstruction, sinusitis, and liver disease (i.e., biliary 
cirrhosis, portal hypertension). The diagnosis is based on 
compatible clinical findings in at least one organ system 
(e.g., chronic airway disease, exocrine pancreatic insuf-
ficiency, chronic pansinusitis, cystic fibrosis) in a first-
degree relative in combination with either biochemical 
(sweat chloride # 60 mmol/L on two occasions) or genetic 
confirmation (presence of known disease-causing genetic 
mutations).255

The preoperative clinical evaluation should especially 
focus on respiratory, hepatic, and nutritional assessment. 
With respect to preoperative investigations, electrolyte lev-
els, liver function tests, chest radiographs, and PFTs are 
useful. Collaborative perioperative management in con-
junction with a pulmonologist or a cystic fibrosis specialist 
is ideal, with an important goal being optimization of pul-
monary status (i.e., secretions, infections, bronchospasm) 
before surgery. Most medications for cystic fibrosis should 
be continued perioperatively.!
Postoperative Pulmonary Complications
Postoperative pulmonary complications encompass sev-
eral important clinical entities and these have been fur-
ther defined in a recent systematic literature review and 
consensus-based process. Abbott and colleagues identified 
four standard outcome measures that are appropriate for 
widespread use in clinical trials of postoperative pulmo-
nary complications, namely, pneumonia, atelectasis, acute 
respiratory distress syndrome, and aspiration.256 In addi-
tion, the investigators proposed a new definition of post-
operative pulmonary complications that incorporates the 
severity of the complication based on the degree of therapy 
required (e.g., supplemental oxygen, positive pressure ven-
tilation).256 There is considerable variation in how pulmo-
nary outcome complications are defined and this is reflected 
in the inconsistent reporting of outcomes across studies 
and hinders interpretation of research findings. Despite 
the reporting inconsistencies, a reasonable estimate is that 
these complications develop in about 5% of patients under-
going nonthoracic surgery.257,258

Established risk factors for pulmonary complications per-
tain to two general domains: patient-level risk factors and 
procedure-related risk factors (Box 31.10).218 Patient-level 
factors include general health status (e.g., ASA physical 
status [ASA-PS], functional dependency), smoking his-
tory, advanced age, COPD, preexisting pulmonary disease 
(e.g., recent infection, low oxygen saturation) pulmonary 
hypertension, anemia, heart failure, preexisting sepsis, poor 
nutritional status (e.g., albumin concentration), and obe-
sity (BMI > 30 kg/m2).218,257,259,260 Notably absent from 
this list of patient-related factors are asthma, arterial blood 
gas results, or PFT results. The risk of complications is sur-
prisingly low in patients who have well-controlled asthma 
or preoperative corticosteroid treatment.214 The risk is 
higher in asthmatic patients with recent exacerbations, 
prior postoperative pulmonary complications, recent hos-
pitalizations, or endotracheal intubations for asthma. Arte-
rial blood gases are useful in predicting pulmonary function 
after lung resection operations, but do not estimate peri-
operative pulmonary risk. Findings on PFTs, such as the 
degree of FEV1, are generally not predictive of pulmonary 
complications.218 PFTs have clear roles in diagnosis (“Is 
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dyspnea caused by lung disease or heart failure?”) or inform-
ing management (“Can dyspnea or wheezing be improved fur-
ther?”), but should not be used as a risk assessment tool or 
to deny a surgical procedure.10,218 Procedure-related risk 
factors for pulmonary complications include the type of pro-
cedure (head-and-neck, thoracic, upper abdominal, aortic, 
neurosurgical), long-duration procedures, emergency pro-
cedures, general anesthesia, and residual neuromuscular 
blockade.218,257

Several preoperative clinical risk indices have been devel-
oped to estimate pulmonary risk.34,35,257,259,260 Although 
these indices have reasonable predictive accuracy, they 
also have important limitations. Some only predict spe-
cific complication types (i.e., pneumonia vs. respiratory 
failure),34,35,259,260 and others are too complex for easy 
clinical use.34,35 The most straightforward, currently avail-
able index is likely the ARISCAT (Assess Respiratory Risk 
in Surgical Patients in Catalonia) score,257 which has also 
been externally validated (Table 31.14).261 The score clas-
sifies patients as low-risk, intermediate-risk, and high-risk 
strata.257

When high-risk patients are identified before sur-
gery, the anesthesiologist has several available options to 
help decrease their perioperative pulmonary risk. These 
approaches include encouraging smoking cessation (see 

section on “Smokers and Second-Hand Smoke Exposure”), 
treatment of any recent asthma or COPD exacerbation, and 
treatment of any recent lower respiratory tract infection. 
These interventions may require medications (e.g., anti-
biotics, bronchodilators, corticosteroids), specialist refer-
ral (e.g., pulmonologists), or delay in the planned surgical 
procedure. There is accumulating evidence pointing to 
benefits from preoperative inspiratory muscle training and 
physiotherapy in high-risk patients undergoing cardiac or 
abdominal surgery.262,263 The anesthesiologist can also 
use the preanesthesia evaluation to educate patients about 
the potential respiratory benefits of neuraxial anesthesia 
or analgesia,19,264,265 and discuss options for less-invasive 
surgical procedures with the referring surgeon.!

ENDOCRINE DISORDERS

Diabetes Mellitus
Diabetes mellitus afflicts about 420 million people world-
wide.266 The two main disease categories are type 1 dia-
betes (previously called “insulin-dependent diabetes” or 
“juvenile-onset diabetes”) and type 2 diabetes (previously 
called “non–insulin dependent diabetes” or “adult-onset 
diabetes”).267 Type 1 diabetes, which accounts for about 

TABLE 31.14 Scoring Scheme for the ARISCAT* 
Perioperative Pulmonary Risk Index

Components of ARISCAT Score Points Assigned

Age
!"! !%50 years
!"! !51–80 years
!"! !>80 years

0
3
16

Preoperative oxygen saturation
!"! !#96%
!"! !91%–95%
!"! !%91%

0
8
24

Respiratory infection in prior month 17

Preoperative anemia (<100 g/L) 11

Surgical incision location
!"! !Peripheral
!"! !Upper abdominal
!"! !Intrathoracic

0
15
24

Duration of surgery
!"! !%2 h
!"! !>2–3 h
!"! !>3 h

0
16
23

Emergency procedure 8

ARISCAT Score
Risk of Pulmonary  
Complications†

Low-risk: < 26 points 1.6%

Intermediate risk: 26–44 points 13.3%

High-risk: # 45 points 42.1%

*Estimates risk of composite endpoint of respiratory infection, respiratory 
failure, pleural effusion, atelectasis, pneumothorax, bronchospasm, or 
aspiration pneumonitis.

ARISCAT, Assess Respiratory Risk in Surgical Patients in Catalonia group.
†Three patients were excluded because of a missing value in some variable.
From Canet J, Gallart L, Gomar C, et al. Prediction of postoperative pulmo-

nary complications in a population-based surgical cohort. Anesthesiology. 
2010;113:1338–1350.

Potential Patient-related Risk Factor

Advanced age
ASA-PS Class 2 or more
Congestive heart failure
Functionally dependent
Chronic obstructive pulmonary disease
Weight loss
Impaired sensorium
Cigarette use
Alcohol use
Abnormal findings on chest examination!
Potential Procedure-related Risk Factor

Aortic aneurysm repair
Thoracic surgery
Abdominal surgery
Upper abdominal surgery
Neurosurgery
Head-and-neck surgery
Emergency surgery
Vascular surgery
General anesthesia
Perioperative transfusion!
Potential Laboratory Test Risk Factor

Albumin concentration < 35 g/L
Chest radiograph abnormalities
BUN concentration > 7.5 mmol/L (> 21 mg/dL)

BOX 31.10 Selected Risk Factors for 
Postoperative Pulmonary Complications

From Smetana GW, Lawrence VA, Cornell JE, et al. Preoperative pulmo-
nary risk stratification for noncardiothoracic surgery: systematic review 
for the American College of Physicians. Ann Intern Med. 2006;144:581–
595.

ASA-PS, American Society of Anesthesiologists Physical Status; BUN, 
blood urea nitrogen.
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5% to 10% of all cases of the disease, is the result of autoim-
mune destruction of pancreatic $-cells. Affected individuals 
have an absolute deficiency of insulin, but normal sensitiv-
ity to insulin. Since the disease has a typically early onset 
at a young age, and is often difficult to control, adults with 
type 1 diabetes are at risk of premature vascular disease, 
such as IHD, nephropathy, retinopathy, and peripheral 
neuropathy. They are also at risk of diabetic ketoacidosis. 
Type 2 diabetes is characterized by insulin resistance and 
a relative (but not absolute) deficiency in insulin. Most 
affected individuals are obese and seldom prone to keto-
acidosis. Diabetes mellitus is associated with multiorgan 
dysfunction, including IHD, heart failure (independent of 
associated IHD), CVD, CKD, peripheral neuropathy, auto-
nomic neuropathy (e.g., postural hypotension, gastropare-
sis), retinopathy, and reduced joint mobility (e.g., reduced 
cervical mobility affecting airway management). In the 
perioperative setting, diabetes mellitus is a risk factor for 
postoperative complications, including cardiac events,97 
acute kidney injury (AKI),268,269 and surgical site infec-
tions.270 Insulin therapy is the main treatment for type 1 
diabetes mellitus, either as multiple daily injections or a 
continuous subcutaneous insulin infusion. In the case of 
type 2 diabetes, multiple treatment options are available, 
including nonpharmacologic therapy (i.e., diet, weight loss, 
exercise), metformin, sulfonylureas (e.g., glyburide, glipi-
zide), repaglinide, glucagon-like peptide-1 (GLP-1) agonists 
(e.g., liraglutide), sodium-glucose cotransporter 2 (SGLT2) 
inhibitors (e.g., empagliflozin), dipeptidyl peptidase-4 (DPP-
4) inhibitors (e.g., sitagliptin, saxagliptin, linagliptin, alo-
gliptin), and insulin.

During the preoperative evaluation of a patient with dia-
betes mellitus, the anesthesiologist should document the 
disease type (i.e., type 1 vs. type 2), current usual glycemic 
control, history of hypoglycemic episodes, current therapy, 
and the severity of any end-organ complications. Given the 
effects of diabetes mellitus on other organ systems, the his-
tory and physical examination should especially focus on 
the cardiovascular, renal, and neurologic systems. Inqui-
ries about postural dizziness, early satiety, and postprandial 
vomiting can help assess for any autonomic neuropathy. 
The physical examination should include an evaluation of 
pulses, skin breakdown, and joint (especially cervical spine) 
mobility. Informative preoperative laboratory tests include 
an ECG and blood sampling for electrolyte, creatinine, and 
blood glucose concentrations. To help better estimate renal 
function, an estimated GFR should be calculated (see sec-
tion on “Kidney Disease”). Since patients are not typically 
fasting when they are evaluated in a preoperative evalua-
tion clinic, glucose concentrations measured in the clinic 
cannot be used to evaluate general glycemic control. A 
diary of multiple glucose values (preprandial and post-
prandial) at varying times of the day is more informative 
for estimating the adequacy of therapy. Alternatively, a 
glycosylated hemoglobin (HbA1c) concentration can help 
characterize the average plasma glucose concentration 
within the prior 3 months. Among surgical patients, pre-
operative HbA1C is more informative than patients’ self-
reported history, fasting blood glucose concentrations, and 
random blood glucose concentrations in identifying preex-
isting poor glycemic control.271 In the nonoperative setting, 
the American Diabetes Association recommends a target 

HbA1c concentration under 7% for most diabetic patients. 
Although preoperative HbA1c is correlated with postopera-
tive glycemic control,272 its role as a predictor of postopera-
tive complications is largely restricted to diabetic patients 
undergoing orthopedic or vascular surgery.273 Recently 
updated guidelines from the National Institute for Health 
and Care Excellence (NICE) in the United Kingdom274 rec-
ommend offering HbA1c testing to diabetic surgical patients 
who have not been tested in the prior 3 months, and ensur-
ing the recent HbA1c test results be included in referral 
materials from patients’ primary care providers.

In the perioperative setting, the goals of glycemic man-
agement are to avoid hypoglycemia, prevent ketoacidosis, 
and avoid marked hyperglycemia. Tight perioperative glu-
cose control in the immediate perioperative period is con-
troversial. While aggressive management of hyperglycemia 
may theoretically help decrease postoperative complica-
tions, these theoretical clinical benefits of intraoperative 
intensive glucose control have not been observed in ran-
domized trials of surgical patients.275 Ideally, all diabetic 
patients should have their surgery as an early morning 
case to minimize any disruption of their diabetic manage-
ment fasting. Normal treatment regimen for most non-
insulin diabetic medications (metformin, sulfonylureas, 
repaglinide, GLP-1 agonists, DPP-4 inhibitors) should be 
continued until (and inclusive of) the day before surgery 
but held on the morning of surgery. The possible exception 
pertains to SGLT2 inhibitors, which have been associated 
with euglycemic diabetic ketoacidosis in the postopera-
tive setting.276 Thus, some guidelines recommend that the  
medications be discontinued at least 24 hours before elec-
tive surgery.277 Diabetic patients should discontinue short-
acting insulin while fasting. The exception pertains to 
patients with continuous subcutaneous insulin infusion 
pumps. These individuals should continue their infusion at 
the lowest basal rate, which is usually the nighttime fasting 
rate. With respect to management of intermediate-acting or 
long-acting insulin on the day of surgery, there is no uniform 
consensus on optimal perioperative protocols. A reasonable 
approach is for patients with type 1 diabetes mellitus to take 
a small amount (one third to one half) of their usual morn-
ing dose of intermediate-acting or long-acting insulin (e.g., 
lente, isophane) to avoid diabetic ketoacidosis. Patients 
with type 2 diabetes mellitus can either take no insulin or 
up to one half of their usual dose of intermediate-acting, 
long-acting, or combination (e.g., 70/30 preparations) 
insulin on the morning of surgery.!
Thyroid Disease
Thyroid hormones are important for metabolism and its reg-
ulation. Mild to moderate thyroid dysfunction probably has 
minimal perioperative impact.278,279 The major concern 
pertains to significant hyperthyroidism or hypothyroidism, 
which appears to increase perioperative risk. Symptoms 
and signs of hypothyroidism and hyperthyroidism can be 
subtle and nonspecific, especially with milder disease in 
older adults. Hyperthyroid individuals may manifest tachy-
cardia, arrhythmias, palpitations, tremors, weight loss, and 
diarrhea. Patients with hypothyroidism may demonstrate 
hypotension, bradycardia, lethargy, weight gain, depressed 
cardiac function, pericardial effusions, and impaired ven-
tilatory response to hypoxia or hypercarbia. Patients may 
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also have goiters with related symptoms such as dysphagia, 
dyspnea, wheezing, and orthopnea. Individuals with hyper-
thyroidism due to Graves disease may also demonstrate 
proptosis.

The preoperative evaluation should clarify the patient’s 
current medical therapy as well as any recent changes. In 
patients with known thyroid disease, additional preopera-
tive thyroid function testing is not needed if the patient is 
on a stable medication dose and was assessed as being 
euthyroid within the previous 6 months. If additional pre-
operative testing is clinically indicated, thyroid-stimulating 
hormone (TSH) assays are best to evaluate for hypothyroid-
ism, while free triiodothyronine (T3), free thyroxine (T4), 
and TSH levels are useful in hyperthyroid patients. Surgery, 
stress, or illness can precipitate myxedema or thyroid storm 
in patients with untreated or severe thyroid dysfunction. In 
general, if a patient has moderate or worse hypothyroidism 
(i.e., elevated TSH and low free T4—with or without associ-
ated symptoms), elective surgery should be postponed until 
the individual is euthyroid. Similarly, elective non-thyroid 
surgery should also be delayed to facilitate treatment of 
patients with overt hyperthyroidism (i.e., suppressed TSH 
with elevated free T4 or T3 concentrations—with or without 
associated symptoms). Consultation with an endocrinolo-
gist is necessary if surgery is urgent in patients with thyroid 
dysfunction. If surgery is urgent, hyperthyroid patients can 
be treated with $-adrenergic blockers, antithyroid medi-
cations (e.g., methimazole, propylthiouracil, potassium 
iodide), and corticosteroids. Other potentially useful tests 
include chest radiography or computed tomography scans 
to evaluate tracheal or mediastinal involvement by a goi-
ter. All thyroid replacement therapy and antithyroid drugs 
should be continued on the day of surgery.!
Parathyroid Disease
Parathyroid hormone regulates calcium. Most cases of 
hyperparathyroidism are discovered based on an incidental 
elevated calcium level found during diagnostic testing. Pri-
mary hyperparathyroidism is caused by a primary disorder 
of the parathyroid glands (adenomas or hyperplasia). Sec-
ondary hyperparathyroidism is parathyroid gland hyperpla-
sia induced by the hyperphosphatemia and hypocalcemia 
that occur during chronic renal failure. Tertiary hyperpara-
thyroidism occurs when the parathyroid hyperplasia in 
secondary hyperparathyroidism functions autonomously. 
Hypercalcemia from parathyroid disease is associated with 
osteoporosis and bone loss. It is very unlikely that parathy-
roid glands become sufficiently enlarged to compromise the 
airway. Hypoparathyroidism is very uncommon, but it can 
be the consequence of a prior total parathyroidectomy.!
Hypothalamic-Pituitary-Adrenal Disorders
The hypothalamus releases corticotropin-releasing hor-
mone, which regulates adrenocorticotropic hormone 
(ACTH) release from the anterior pituitary gland. ACTH, 
in turn, regulates cortisol release from the adrenal cortex. 
Cortisol secretion varies with the circadian rhythm, with 
the highest release in the morning. Additionally, release 
increases with physical stress, psychological stress, fever, 
and hypoglycemia. Among physical stressors, surgery is 
one of the most potent activators of the hypothalamic-pitu-
itary-adrenal axis. Although ACTH concentrations increase 

with surgical incision and through the surgical procedure, 
the greatest ACTH secretion occurs during termination of 
anesthesia and the immediate postoperative period.280 The 
magnitude and duration of the cortisol response reflects the 
degree of physiological stress imposed by the surgical stress. 
In procedures with minimal associated stress (e.g., inguinal 
hernia repair), increased cortisol secretion lasts for about 
24 hours.280 In more complicated procedures (e.g., major 
abdominal surgery), the response is larger in magnitude 
and lasts for about 5 days after surgery.280,281

Excess adrenal hormones result from endogenous cortisol 
associated with pituitary or adrenal tumors, or exogenous 
glucocorticoids used to treat disorders such as asthma or 
inflammatory diseases. Cushing syndrome refers to the com-
binations and symptoms due to chronic excess glucocorticoid 
exposure (either endogenous or exogenous). Cushing disease 
is the specific situation when the excess glucocorticoids are 
related to an ACTH-producing pituitary tumor. Other causes 
of Cushing syndrome include exogenous corticosteroids, 
adrenal tumors, adrenal hyperplasia, and neoplasms that 
secrete ectopic ACTH. The major manifestations of Cush-
ing syndrome are obesity (with characteristic patterns of fat 
deposition causing “moon facies” and a “buffalo hump”), 
diabetes mellitus, female virilization, OSA, hypertension, 
elevated cardiovascular risk, elevated venous thromboembo-
lism (VTE) risk, osteoporosis, striae, skin atrophy, and easy 
bruising. Airway management can be challenging in affected 
patients due to obesity and OSA. In addition, peripheral 
intravenous access can be difficult because of skin atrophy 
and obesity. These patients may require an ECG and blood 
sampling for electrolytes and glucose. Despite easy bruising, 
they have normal coagulation profiles.

An important issue for patients with chronic corticosteroid 
exposure is whether perioperative “stress-dose steroids” are 
needed. Both endogenous and exogenous glucocorticoids 
exert important negative feedback suppression on the hypo-
thalamic-pituitary-adrenal axis. Thus, chronic exogenous 
corticosteroid exposure suppresses the adrenals and may 
blunt the normal cortisol hypersecretion associated with 
surgery—even if the patient does not demonstrate Cushing 
syndrome. Perioperative corticosteroid supplementation is 
needed only when a patient is likely to have suppression of 
the hypothalamic-pituitary-adrenal axis. Thus, supplemen-
tation is not required for individuals who have received less 
than 5 mg prednisone (or its equivalent) daily,282 or less 
than 3 weeks of corticosteroids (regardless of dose).282 These 
individuals should simply continue their usual long-term 
corticosteroid regimen through the perioperative period. 
Conversely, patients taking prednisone (or its equivalent) in 
daily doses exceeding 20 mg/day for more than 3 weeks, and 
patients with Cushing syndrome should have perioperative 
corticosteroid supplementation. The need for supplementa-
tion is unclear for patients who have taken prednisone (or 
its equivalent) at a daily dose of 5 to 20 mg for more than 
3 weeks. The options are to simply empirically provide peri-
operative corticosteroid supplementation or refer the patient 
to an endocrinologist for formal evaluation of their hypotha-
lamic-pituitary-adrenal axis. There is no clear consensus on 
the optimal perioperative corticosteroid supplementation 
regimen.284 A proposed regimen that accounts for contem-
porary evidence and different stress-response profiles across 
surgical procedures is presented in Table 31.15.284
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Patients with adrenal insufficiency have weakness, weight 
loss, hypotension, orthostasis, hypovolemia, hyperpigmen-
tation, and electrolyte abnormalities. Adrenal insufficiency 
results from destruction of the pituitary gland, destruction 
of the adrenal glands (e.g., autoimmune disease, tuberculo-
sis, HIV infection), or long-term exogenous glucocorticoid 
administration (most common cause). To help establish the 
diagnosis and cause of adrenal insufficiency, patients require 
a morning cortisol concentration measurement, morning 
plasma ACTH concentration measurement, and often an 
ACTH stimulation test.285,286 If the serum cortisol concen-
tration is inappropriately low and a simultaneous plasma 
ACTH concentration is very high, primary adrenal insuffi-
ciency (i.e., primary adrenal disease) is the cause. Secondary 
(i.e., pituitary disease) or tertiary (i.e., hypothalamic disease) 
is the diagnosis if both serum cortisol and plasma ACTH 
concentrations are inappropriately low. Consultation with 
an endocrinologist is required if formal diagnostic testing for 
adrenal insufficiency is required, and to facilitate treatment 
of patients meeting the diagnostic criteria. Patients should 
continue their replacement corticosteroid therapy on the 
day of surgery and may need further supplementation based 
on the expected surgical stress response (see Table 31.15).

Importantly, aldosterone, although also produced by the 
adrenal cortex, is controlled instead by the renin-angiotensin 
system, not the hypothalamic-pituitary-adrenal axis. Aldoste-
rone regulates volume and electrolytes (absorption of sodium 
and chloride; secretion of potassium and hydrogen ions).!
Multiple Endocrine Neoplasia Syndromes
Multiple endocrine neoplasia (MEN) syndromes are auto-
somal dominant inherited disorders. There are three types, 
namely MEN type 1, MEN type 2A, and MEN type 2B (Box 
31.11). Although rare (2 in 100,000 for MEN type 1, and 
3 in 100,000 for MEN type 2), recognition is important to 
facilitate treatment of the affected patient and evaluation 
of family members. MEN type 1 is characterized by the “3 
Ps,” namely tumors of the parathyroid glands, anterior 

pituitary, and pancreatic islet cells. Hyperparathyroidism 
is the most common manifestation of MEN type 1, with 
90% penetrance by the age of 40 years. Affected individu-
als are also predisposed to other tumors, including gas-
trinomas (usually in the duodenum), carcinoid tumors 
(thymus or bronchi), enterochromaffin cell-like gastric 
tumors, adrenocortical adenomas, and lipomas. Individuals 

TABLE 31.15 Recommendations for Perioperative Corticosteroid Coverage

Surgical Stress
Target Hydrocorti-
sone Equivalent

Preoperative Corticoste-
roid Dose Perioperative Corticosteroid Dose

Superficial procedure (e.g., biopsy, 
dental procedure)

8–10 mg/day Usual daily dose !"! !Then usual daily dose

Minor (e.g., inguinal hernia repair, 
colonoscopy, hand surgery)

50 mg/day Usual daily dose !"! !Hydrocortisone 50 mg IV before incision
!"! !Hydrocortisone 25 mg IV every 8 h for 24 h
!"! !Then usual daily dose

Moderate (e.g., colon resection, total 
joint replacement, lower extremity 
revascularization)

75–150 mg/day Usual daily dose !"! !Hydrocortisone 50 mg IV before incision
!"! !Hydrocortisone 25 mg IV every 8 h for 24 h
!"! !Then usual daily dose

Major (e.g., esophagectomy,  
pancreatoduodenectomy,  
major cardiac, major vascular, 
trauma)

75–150 mg/day Usual daily dose !"! !Hydrocortisone 100 mg IV before incision
!"! !Continuous IV infusion of 200 mg of hydrocortisone 

over 24 h
!"! !Then usual daily dose 

OR
!"! !Hydrocortisone 50 mg IV every 8 h for 24 h
!"! !Taper dose by 50% per day until usual daily dose is 

reached*
!"! !Then usual daily dose

*Administer continuous IV fluids with 5% dextrose and 0.2% to 0.45% sodium chloride (based on degree of hypoglycemia).
IV, Intravenous.
From Liu MM, Reidy AB, Saatee S, et al. Perioperative steroid management: approaches based on current evidence. Anesthesiology. 2017;127:166–172.

Multiple Endocrine Neoplasia Type 1

 1.  Primary hyperparathyroidism
 2.  Entero-pancreatic tumor (e.g., gastrinoma, insulinoma, non-

functioning)
 3.  Anterior pituitary tumor (e.g., prolactinoma)
 4  Others 

 (a).  Foregut carcinoid tumor (e.g., thymus, gastric enterochro-
maffin-like tumor)

 (b).  Adrenal cortical tumor (nonfunctioning)
 (c).  Lipomas
 (d).  Facial angiofibromas
 (e).  Collagenomas!

Multiple Endocrine Neoplasia Type 2A

 1.  MEN2A classical syndrome (i.e., medullary thyroid cancer, 
pheochromocytoma, primary hyperparathyroidism)

 2.  MEN2A with cutaneous lichen amyloidosis
 3.  MEN2A with Hirschsprung disease
 4.  Familial medullary thyroid cancer (no pheochromocytoma or 

parathyroid hyperplasia)!
Multiple Endocrine Neoplasia Type 2B

 1.  Medullary thyroid cancer
 2.  Pheochromocytoma
 3.  Others

 (a).  Mucosal neuromas
 (b).  Intestinal ganglioneuromas
 (c).  Marfanoid habitus

BOX 31.11 Types of Multiple Endocrine 
Neoplasia Syndromes
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with gastrinomas can develop Zollinger-Ellison syndrome, 
which is characterized by multiple peptic ulcers due to 
gastrin hypersecretion. While testing for MEN type 1 gene 
mutations is possible,287 there is little evidence that early 
detection improves the disease prognosis.

Within MEN type 2A, there are four subtypes, namely clas-
sical MEN type 2A, MEN type 2A with cutaneous lichen amy-
loidosis, MEN type 2A with Hirschsprung disease, and familial 
medullary thyroid cancer (see Box 31.11). Hyperparathy-
roidism in MEN type 2A is often mild or asymptomatic. Since 
pheochromocytoma (see section on “Pheochromocytoma”) is 
present in about 50% of MEN type 2 cases, this diagnosis must 
be considered as a possible component of MEN type 2 syndrome. 
Furthermore, if a pheochromocytoma is present, it should 
be removed before any other tumor resections. Extraadrenal 
pheochromocytoma tumors are rare in MEN type 2, but bilat-
eral adrenal disease is common. It is unusual for pheochromo-
cytoma to precede a medullary thyroid carcinoma or be the 
initial manifestation of MEN type 2. In contrast to MEN type 
1, early diagnosis of MEN type 2 through genetic screening is 
very important. This genetic testing predicts the clinical disease 
phenotype (e.g., age of onset, aggressiveness), guides surveil-
lance for associated tumors, and informs timing of prophylactic 
thyroidectomy to prevent medullary thyroid carcinoma.!
Pheochromocytoma
Pheochromocytomas are catecholamine-secreting tumors 
that arise from chromaffin cells of the adrenal medulla. 
Similar tumors arising from sympathetic ganglia are termed 
catecholamine-secreting paragangliomas or extraadrenal 
pheochromocytomas. Nonetheless, the term “pheochromo-
cytoma” is often used to refer to either type of tumor. These 
rare tumors (incidence '1 per 100,000 person-years)288 
occur most commonly between ages 40 and 60 years, with 
equal incidence in males and females. About 40% of cases 
occur as part of a familial disorder (i.e., von Hippel-Lindau 
syndrome, MEN type 2, neurofibromatosis type 1). These 
tumors tend to present at a younger age and are more likely to 
be bilateral adrenal pheochromocytomas or paragangliomas.

Pheochromocytomas are usually discovered when 
patients present with consistent symptoms, suggestive fam-
ily history, or incidental adrenal mass. About half of patients 
have symptoms, which are typically paroxysmal. The classic 
triad of associated symptoms are episodic headaches (90% 
of symptomatic patients), sweating (60%-70% of symptom-
atic patients), and tachycardia. About half of patients have 
paroxysmal hypertension, 5% to 15% have normal blood 
pressure, and the remainder have what appears to be essen-
tial hypertension. Other manifestations include orthostatic 
hypotension, psychiatric disorders (i.e., panic attacks), pal-
lor, blurred vision, weight loss, hyperglycemia, and cardio-
myopathy. A diagnosis of pheochromocytoma should be 
considered if any of the following features is present.289

  
 "  Triad of episodic headaches, sweating, and tachycardia
 "  Hyperadrenergic spells (e.g., nonexertional palpitations, 

diaphoresis, headache, tremor)
 "  Hypertension that is difficult to control, or occurs at a 

young age
 "  Hypertension associated with new-onset or atypical 

diabetes mellitus
 "  Idiopathic dilated cardiomyopathy

 "  Family history of pheochromocytoma or suspicious 
familial syndrome (von Hippel-Lindau syndrome, MEN 
type 2, neurofibromatosis type 1)

 "  A history of gastric stromal tumors or pulmonary chon-
dromas

 "  Incidentally discovered adrenal mass
  
Measurements of fractionated metanephrine and cat-

echolamine concentrations in the urine and plasma gen-
erally establish the diagnosis of pheochromocytoma, with 
recent guidelines focusing on initial testing with either 
plasma-free metanephrines or urinary fractionated meta-
nephrines.290 Nonetheless, since testing algorithms vary 
considerably across hospitals and regions, a referral to 
an appropriate specialist (e.g., endocrinologist) should be 
made to facilitate a formal diagnosis in an individual with 
suspicious findings.

Patients scheduled for pheochromocytoma resection 
should undergo surgery at centers with experienced teams 
of anesthesiologists and surgeons. They also require about 
10 to 14 days of medical preparation before surgery to 
mitigate perioperative risks. The overarching goals of this 
preparation are to control hypertension, control tachycar-
dia, and normalization of intravascular volume status. The 
mainstay of medical therapy is preoperative &-adrenergic 
blockade started 7 to 14 days before surgery.290 The pre-
ferred drug at many centers is phenoxybenzamine, which is 
an irreversible, long-acting, nonspecific &-adrenergic block-
ing drug. The initial dose is 10 mg once or twice daily, and 
the dose is increased by 10 to 20 mg every 2 to 3 days as 
needed. Most patients eventually need doses ranging from 
20 to 100 mg daily. The arterial blood pressure target is 
less than 130/80 mm Hg in the seated position, with sys-
tolic pressure less than 90 mm Hg while standing. Typical 
side effects include orthostatic dizziness, fatigue, and nasal 
congestion. Given these side effects, as well as higher rates 
of postoperative hypotension after preoperative phenoxy-
benzamine treatment, some centers instead use selective 
&1-adrenergic blocking drugs (e.g., prazosin, terazosin, 
doxazosin).291 These agents are also preferable when long-
term pharmacologic treatment is indicated (e.g., meta-
static pheochromocytoma). The disadvantage of selective 
&1-adrenergic blocking drugs is their incomplete degree of 
&-adrenergic blockade, thus resulting in more episodes of 
intraoperative hypertension.291

After adequate &-adrenergic blockade, $-adrenergic 
blockade may be started cautiously with short-acting drugs. 
As an example, 10 mg of propranolol every 6 hours can be 
used. After 24 to 48 hours, a long-acting preparation (e.g., 
metoprolol, atenolol) can be substituted, provided that the 
patient tolerates $-adrenergic blockade. The dose is then 
adjusted to achieve a heart rate between 60 and 80 beats/
min. $-Adrenergic blockade should never be initiated before 
&-adrenergic blockade.290 In the setting of unopposed 
&-adrenergic receptor stimulation, blockade of vasodilatory 
peripheral $-adrenergic receptors worsen hypertension, 
while acute depression of cardiac function can precipitate 
acute heart failure. In addition, initiation of $-adrenergic 
blockade may unmask a catecholamine-induced cardiomy-
opathy, with resulting acute pulmonary edema.

Alternatives to perioperative &-adrenergic blockade 
include calcium channel blockers and metyrosine.290 
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Nicardipine is the most commonly used calcium channel 
blocker for this indication, with a starting oral dose of 30 
mg twice daily (sustained release preparation). The main 
role for calcium channel blockers is likely to supplement &- 
and $-adrenergic blockade when blood pressure control is 
inadequate, or to treat patients with intolerable side effects 
from usual therapy. Monotherapy with calcium channel 
blockers is not recommended.290 Metyrosine, which inhib-
its catecholamine synthesis, has many side effects (e.g., 
sedation, diarrhea). As a consequence, it is also reserved for 
cases where conventional treatment is insufficient or not 
tolerated.

The preoperative evaluation of a patient with known 
pheochromocytoma should focus on the cardiovascular 
system (including orthostatic vital signs) and current medi-
cal treatment for pheochromocytoma (including adequacy 
of treatment). Laboratory testing includes an ECG, as well 
as blood sampling for a CBC, electrolyte concentrations, 
creatinine concentrations, and glucose concentrations. The 
patient may also warrant echocardiography or a cardiology 
consultation.!

KIDNEY DISEASE

During preoperative evaluation, it is important to establish 
the severity, type, and underlying cause of preoperative 
renal impairment. Based on the Kidney Disease Improv-
ing Global Outcomes (KDIGO) guideline group, CKD is 
defined as a GFR less than 60 mL/min/1.73 m2 for at least 
3 months, regardless of the underlying cause.292 Chronic 
kidney failure is defined as a GFR less than 15 mL/min/1.73 
m2 or the need for renal replacement therapy (i.e., dialysis). 
End-stage renal disease generally refers to chronic kidney 
failure that requires either dialysis or transplantation. GFR 
decreases with age; the renal reserve of a normal 80-year-
old person is less than half that of a 40-year-old person. 
Thus, creatinine concentration is often not an accurate 
indicator of renal function, especially in older individu-
als.293 The GFR can be reduced by 50% without a rise in 
creatinine concentration, while creatinine concentration 
does not exceed normal limits until GFR has fallen to less 
than 50 mL/min. Consequently, it is preferable to esti-
mate renal function using an estimated GFR (eGFR) equa-
tion, such as the Cockcroft-Gault,294 Modification of Diet 
in Renal Disease,295 and current CKD-EPI equations.296 
Online calculators to estimate renal function are available 
(e.g., www.kidney.org/professionals/kdoqi/gfr_calculator). 
Calculating an eGFR is especially important in patients who 
are older, have elevated creatinine concentrations, or have 
other risk factors for CKD.293 Given the inaccuracy of these 
equations at lower creatinine concentrations, values of 
eGFR that are greater than 60 mL/kg/min/1.73 m2 should 
simply be reported as “>60 mL/kg/min/1.73 m2.” In the 
United States, the leading causes of end-stage renal disease 
are diabetes mellitus and hypertension.

AKI is a sudden decrease in renal function with the pos-
sible decrease in urine output. Episodes of AKI can occur in 
individuals with or without CKD. Several consensus-based 
criteria for classifying AKI have been developed, including 
the RIFLE classification scheme,297 the Acute Kidney Injury 
Network classification scheme,298 and the current KDIGO 
criteria.299 AKI may be reversible if precipitating factors are 

identified and corrected. Classifying AKI into prerenal, renal, 
and postrenal causes allows for a systematic approach. Pre-
renal causes can often be differentiated by calculating the 
blood urea nitrogen-to-creatinine ratio. A ratio more than 
20 suggests prerenal etiologies, with hypovolemia or hypo-
tension the most common. A fractional excretion of sodium 
(FENa) less than 1% also suggests prerenal disease (in the 
absence of concomitant diuretic administration) and can be 
calculated using the following formula:

'&/B� 1$S�6$S
1/B�6/B

Obstruction, which results in dilated ureters and enlarged 
kidneys, should always be considered in the differential 
diagnosis of AKI. Prompt identification with ultrasound 
should lead to attempts to decompress the outflow tract.

Patients with CKD have many associated comorbidi-
ties, both related to the underlying diseases that led to CKD 
and its resulting end-organ complications. Cardiovascular 
issues include hypertension, IHD, ventricular dysfunction 
(diastolic and systolic), heart failure, CVD, PAD, pericardi-
tis, pericardial effusions, and valvular heart disease (valvu-
lar calcification with resulting regurgitation or stenosis). 
Pulmonary hypertension and increased cardiac output 
occur in patients with arteriovenous fistulas. CKD is also 
associated with chronic anemia due to reduced erythropoi-
etin production by the kidneys. While treatable with eryth-
ropoiesis stimulating agents, complete “normalization” of 
hemoglobin concentration (i.e., 135 g/L vs. 113 g/L) may 
actually increase morbidity and vascular events.300 Hence, 
current KDIGO guidelines recommend using erythropoi-
esis stimulating agents to treat hemoglobin concentrations 
less than 90 g/L, but avoid increasing the concentration 
to above 130 g/L.301 Other hematological abnormalities 
include platelet dysfunction and increased bleeding, despite 
normal platelet counts, prothrombin times, and activated 
partial thromboplastin time (aPTT). Once dialysis is begun, 
patients become more prone to hypercoagulable states. 
Patients with CKD can develop autonomic and peripheral 
(sensory and motor) neuropathies. Unsurprising, CKD is 
associated with many electrolyte disturbances. Chronic 
metabolic acidosis is common, but it is usually mild and 
compensated for by chronic hyperventilation. Hyperkale-
mia is the most serious electrolyte disturbance. Hypocalce-
mia is common in patients undergoing dialysis, although 
with long-term disease, secondary and tertiary hyperpara-
thyroidism eventually develops. Chronically elevated tropo-
nin concentrations are common in end-stage renal disease, 
which does influence interpretation of any postoperative 
troponin elevations.302 Since insulin is metabolized by the 
kidneys, worsening renal function should be suspected in 
diabetic patients with end-stage renal disease who develop 
improved glycemic control or unexpected hypoglycemia.

Preexisting CKD is a risk factor for increased postop-
erative complications, including cardiac complications,97 
AKI,303,304 acute stroke,305 and death.99 Risk factors for 
postoperative AKI have also been identified. In cardiac sur-
gery, several simple preoperative risk indices have been 
developed to predict postoperative AKI requiring dialy-
sis.268,269 Important risk factors in these indices include 
complex surgery, nonelective surgery, CKD, diabetes 
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mellitus, heart failure, female sex, and COPD. In noncardiac 
surgery, identified risk factors for AKI include increased 
age, male sex, symptomatic heart failure, hypertension, 
liver disease (including ascites), CKD, PAD, COPD, non-
elective surgery, and intraperitoneal surgery.303,304 Preop-
erative identification of at-risk patients can facilitate care, 
such as preoperative hydration and avoidance of hypovo-
lemia. Nonsteroidal antiinflammatory drugs (NSAIDs) and 
cyclooxygenase-2 (COX-2) inhibitors interfere with renal 
perfusion autoregulation and should be avoided or discon-
tinued in patients with CKD. In contrast, these drugs do not 
increase the risk of postoperative AKI in patients with nor-
mal renal function.306 Many drugs are also metabolized or 
cleared by the kidneys. Drugs with particular perioperative 
implications are the LMWHs since there is no easy method 
to monitor their anticoagulation effects. LMWHs are cleared 
by the kidneys and are not removed during dialysis; thus, 
they have a prolonged duration of action in patients with 
CKD. Similarly, dosing of DOACs have to be adjusted in CKD 
(see Table 31.11).

The preoperative evaluation of patients with CKD should 
emphasize the cardiovascular system, cerebrovascular sys-
tem, intravascular volume status, and electrolyte status. 
The early stages of CKD typically cause no symptoms. The 
anesthesiologist should inquire about the cardiovascular 
systems (i.e., chest pain, orthopnea, paroxysmal nocturnal 
dyspnea), urine output, associated comorbidities, medica-
tions, dialysis schedules, and any hemodialysis catheter 
problems (e.g., infection, thrombosis). Information on the 
patient’s target and current weight may be helpful for 
assessing volume status. Patients with CKD need an ECG 
and blood sampling to measure electrolyte, calcium, glu-
cose, albumin, and creatinine concentrations. Further 
evaluation is needed if the ECG shows LVH (hypertension), 
peaked T waves (hyperkalemia), flattened T waves, a pro-
longed PR interval, or a prolonged QT interval (hypoka-
lemia). A chest radiograph (infection, volume overload), 
echocardiogram (murmurs, heart failure), and cardiology 
evaluation may be necessary in some cases. Venous access 
sites or blood draws from the brachial, cephalic (antecubi-
tal), and central veins in the nondominant upper extremity 
should be avoided in patients who may eventually need fis-
tulas in those locations for dialysis.

Preoperative renal replacement therapy (dialysis) sched-
ules should be coordinated with the timing of the planned 
surgery. Dialysis is important for correct volume overload, 
hyperkalemia, and acidosis before planned surgery. Ide-
ally, elective surgery should be performed about 24 hours 
after dialysis. Performance of surgery shortly after dialysis 
should be avoided, because of the risks of acute volume 
depletion and electrolyte alterations. Specifically, dialysis 
leads to fluid shifts and electrolyte (i.e., sodium, potassium, 
magnesium, phosphate) imbalance, especially related to 
shifting of electrolytes between intracellular and extracel-
lular compartments.

Contrast-Induced Nephropathy
Contrast-induced nephropathy is defined as AKI that 
occurs after radiocontrast administration. Typically, the 
creatinine concentration increases within 24 to 48 hours 
after contrast exposure, after which it typically declines 
to baseline levels within 3 to 7 days. Recent (<24 hours) 

preoperative contrast exposure is also a risk factor for 
AKI following cardiac surgery.307 Even when renal func-
tion returns to normal, patients with contrast-induced 
nephropathy experience elevated risks of short-term and 
long-term mortality.308 Risk factors for contrast-induced 
nephropathy are CKD (especially diabetic nephropathy), 
heart failure, hypovolemia, and certain contrast exposure 
characteristics (i.e., high volume, ionic agents, hyperos-
molal agents). Preventative strategies include avoiding vol-
ume depletion, discontinuing NSAIDs for 24 to 48 hours, 
using a low-risk contrast administration protocol (i.e., low 
volume of a low-osmolal or iso-osmolal agent), and peripro-
cedure intravenous volume administration with normal 
saline. Despite initial promising results for N-acetylcysteine 
and sodium bicarbonate in relatively small randomized tri-
als, a large trial with more than 5000 high-risk participants 
found that neither approach prevented contrast-induced 
nephropathy.309!

HEPATIC DISORDERS

Liver disease can affect the hepatocytes and/or biliary sys-
tem, thereby impacting protein synthesis (e.g., coagula-
tion factors, albumin), bile regulation, and metabolism of 
drugs or toxins. Hepatocellular diseases, such as hepatitis 
(viral, alcoholic, autoimmune hepatitis) and hepatocellular 
carcinoma, affect hepatocytes and liver synthetic function. 
Obstructive disorders, including choledocholithiasis, bile 
duct tumors (extrahepatic), primary biliary cirrhosis (intra-
hepatic), and primary sclerosing cholangitis (extrahepatic 
and intrahepatic), cause bile stasis. Most drug-induced liver 
disease, as well as some forms of viral hepatitis, affect both 
hepatocytes and the biliary system.

The preoperative history typically reveals the underly-
ing disease etiology, disease severity, therapies, and asso-
ciated complications. Some patients with liver disease 
may be asymptomatic, whereas others may complain of 
fatigue, weight loss, dark urine, pale stools, pruritus, right 
upper quadrant pain, bloating, and jaundice. The physical 
examination should assess for weight, vital signs (includ-
ing oxygen saturation), jaundice, bruising, ascites, pleural 
effusions, peripheral edema, hepatomegaly, splenomegaly, 
and altered mental status. The presence of encephalopa-
thy, coagulopathy, ascites, volume overload, and infection 
should be determined before surgery. The bilirubin con-
centration generally must exceed 25 g/L before icterus is 
evident in mucous membranes and sclerae. If new-onset or 
worsening encephalopathy is identified, precipitating fac-
tors should be sought, such as infection, drug effects, bleed-
ing, or electrolyte disturbances.

Baseline testing includes an ECG and blood sampling 
for CBC, electrolyte concentration, creatinine concentra-
tion, liver function tests, albumin concentration, and INR. 
Patients suspected of having hepatitis may require screening 
for the hepatitis A immunoglobulin M (IgM) antibody, the 
hepatitis B surface and core antigens, the hepatitis B surface 
antibody, and the hepatitis C antibody. A chest radiograph 
can help identify any suspected effusions. Coagulopathy can 
be a result of vitamin K deficiency (from cholestasis), factor 
deficiency (from loss of synthetic function), or thrombocyto-
penia (from splenomegaly and portal hypertension). Thus, 
therapy to correct coagulopathy should be directed at the 
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cause. Vitamin K, fresh frozen plasma, or platelets may cor-
rect deficiencies. Vitamin K, taken at 1 to 5 mg orally or sub-
cutaneously daily for 1 to 3 days, may correct a prolonged PT 
and carries minimal risk. The coagulopathy in patients with 
synthetic failure is not likely to correct, thus necessitating 
fresh frozen plasma transfusion aiming for an INR less than 
1.5. Limited evidence suggests that lactulose (30 mL orally 
every 6 hours for 3 days preoperatively) with the last dose 
within 12 hours of surgery, or oral bile salts with intravenous 
hydration beginning the night before the operation, may 
reduce perioperative AKI in patients at risk.310 Reduction of 
ascites preoperatively may decrease the risk of wound dehis-
cence and improve pulmonary function. Sodium restriction 
(in diet and intravenous solutions), diuretics (especially spi-
ronolactone), and paracentesis are useful for reducing asci-
tes. If ascites fluid is aspirated, it should also be analyzed for 
infection. Encephalopathy is frequently precipitated by an 
additional acute insult such as infection, gastrointestinal 
bleeding, hypovolemia, or sedatives. It is therefore important 
to determine reversible factors and treat them accordingly. 
Lactulose (30 mL every 6 hours orally) is first-line therapy. 
Addressing nutritional deficiencies with enteral or parenteral 
supplementation may have benefits, especially in alcoholic 
patients. Patients who abuse alcohol may be at risk for neu-
rologic deterioration (i.e., Wernicke-Korsakoff syndrome) if 
thiamine, folate, and vitamin B12 supplements are not pro-
vided, especially when these patients are given nutrition or 
glucose. These same patients are also at risk of alcohol with-
drawal syndromes.

The perioperative risk of patients with chronic hepatitis 
or cirrhosis is predicted by histologic severity, portal hyper-
tension, and impairment of liver function. Patients with 
severe liver disease have increased perioperative morbidity 
and mortality; common adverse events are bleeding, infec-
tion, liver failure, and hepatorenal syndrome. Predictors of 
poor perioperative outcome in patients with liver disease 
include the following:

  
 "  Child-Turcotte-Pugh class C cirrhosis, which is calcu-

lated using bilirubin concentration, albumin concentra-
tion, PT, ascites severity, and encephalopathy severity 
(Table 31.16)

 "  Model for end-stage liver disease (MELD)311 score of 15 
or more (the MELD score is calculated using serum bili-
rubin concentration, INR, and serum creatinine concen-
trations)

 "  Acute hepatitis (viral or alcoholic)
 "  Chronic active hepatitis with jaundice, encephalopathy, 

coagulopathy, or elevated liver enzymes
 "  Abdominal surgical procedures
 "  PT prolongation of 3 seconds or more that is refractive to 

vitamin K therapy
  
The MELD score can be calculated as shown below (where 

creatinine and bilirubin concentrations are expressed in 
mg/dL):

 

MELD = 6.43 + [3.78 ! loge (bilirubin)]
+ [11.2 ! loge (INR)] + [9.57 ! loge (creatinine)]

Online calculators are also available to calculate MELD 
scores readily (e.g., www.unos.org). In some cases, it may be 
appropriate to delay elective surgery until an acute episode of 
hepatitis (or exacerbation of chronic disease) has resolved, or 
until a diagnosis is established for newly discovered hepatic 
dysfunction. Elective surgery is contraindicated in patients 
with acute or fulminant liver disease. High-risk patients are 
best managed collaboratively with a liver specialist.

Hepatitis
Hepatitis, which is defined as hepatocyte inflammation, 
can be caused by drugs, alcohol, viruses (hepatitis A, B, 
C, D, and E), and autoimmune diseases (see also Chapter 
16). These disorders generally have an initial acute phase, 
as well as a subsequent chronic phase that can progress to 
cirrhosis. Risk factors for hepatitis are alcohol use, sexual 
activity (i.e., multiple partners, sex industry workers, sex 
with sex industry workers, men who have sex with men), 
intravenous drug use, blood transfusions before 1992, 
obesity (i.e., nonalcoholic steatohepatitis [NASH]), tattoos, 
body piercing, and travel to developing countries. Hepatitis 
A is caused by contaminated food, contaminated water, or 
contact with an infected person. Since it rarely progresses 
beyond the acute illness, a remote history of hepatitis A 
has no perioperative significance. Hepatitis B is transmit-
ted by sexual activity or contact with blood (rarely after 
implementation of screening in 1986). It varies in severity 
and can advance to cirrhosis; this has become much less 
common due to widespread hepatitis B vaccination. Addi-
tionally, antiviral therapy can treat the infection, albeit 
with variable efficacy. Hepatitis C is transmitted primarily 
through blood exposure (all blood has been screened since 
1992), especially among intravenous drug users. Many 
patients are unaware of infection because the acute phase 
is often asymptomatic. While hepatitis C infection can 
advance to cirrhosis, currently available antiviral therapy 
can now eliminate infection in almost all patients. Hepati-
tis D occurs only in conjunction with hepatitis B infection, 
whereas hepatitis E is less common in high-income coun-
tries. Hepatitis D can progress to cirrhosis, while hepatitis E 
rarely progresses beyond the acute illness. Alcoholic hepa-
titis generally occurs after at least 20 years of moderate to 
heavy daily alcohol intake (>100 g/day) and may progress 
to cirrhosis. Autoimmune hepatitis primarily affects young 
females and has an as yet unknown etiology. Many differ-
ent drugs (including herbal and over-the-counter prepara-
tions) can also cause hepatitis, with examples being statins, 
isoniazid, and acetaminophen.!

TABLE 31.16 Child-Turcotte-Pugh Classification

Parameter 1 point 2 points 3 points

Ascites Absent Slight Moderate

Bilirubin (mg/dL) <2 2–3 >3

Albumin (g/dL) >3.5 2.8–2.5 <2.8

Prothrombin time 
(seconds over 
control)

<4 4–6 >6

Encephalopathy None Grade 1–2 Grade 3–4

Class A: <7 points.
Class B: 7-9 points.
Class C: >9 points.
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Obstructive Jaundice
Extrahepatic bile duct obstruction may be caused by gall-
stones, tumors (e.g., pancreatic, gallbladder, bile duct, 
ampulla of Vater), or scarring. Patients can present with 
jaundice, pruritus, and abdominal pain. Risk factors for post-
operative mortality in these patients include a hemoglobin 
concentration less than 100 g/L, serum bilirubin exceeding 
20 mg/dL, and serum albumin lower than 25 g/L.312 These 
patients are at elevated risk for postoperative AKI, which 
may be prevented using bile salts or lactulose.310!
Miscellaneous Liver Diseases
Wilson disease, hemochromatosis, and &1-antitrypsin 
deficiency are uncommon hereditary causes of liver dis-
ease. All three conditions can eventually lead to end-stage 
liver disease. In contrast, another hereditary liver disease, 
Gilbert disease, is characterized by a mildly elevated bili-
rubin level and no perioperative significance. NASH, also 
known as “fatty liver,” progresses to liver fibrosis, cirrho-
sis, and end-stage liver disease (sometimes necessitating 
liver transplantation). The condition is associated with 
obesity, hypertension, dyslipidemia, and diabetes melli-
tus. Following a more than doubling in disease prevalence 
over the past two decades in the United States,313 NASH is 
now the most common cause of chronic liver disease and 
the second most common indication for liver transplanta-
tion.314,315 Primary biliary cirrhosis (or primary biliary 
cholangitis) is an autoimmune disorder characterized by 
intrahepatic biliary obstruction and antimitochondrial 
antibodies. Affected patients are predominantly female 
(>90%), may have other autoimmune disorders (e.g., 
Sjögren syndrome, autoimmune thyroid disease, limited 
cutaneous scleroderma, rheumatoid arthritis), and can 
progress to end-stage liver disease. Primary sclerosing 
cholangitis is characterized by bile duct destruction that 
can progress to cirrhosis and end-stage liver disease. The 
disease mainly affects males and may be idiopathic or 
associated with inflammatory bowel disease (i.e., ulcer-
ative colitis, Crohn disease).!
Unexpected Elevated Liver Function Tests
Elevated alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST) concentration reflect hepatocyte 
damage. Bilirubin concentration measures the liver’s abil-
ity to conjugate and excrete bile salts. Alkaline phospha-
tase (ALP) rises with impaired hepatic excretion, whereas 
albumin and INR measure the synthetic function of the 
liver. Routine preoperative laboratory screening may iden-
tify about 1 in 700 surgical patients as having unexpected 
liver diseases, most of which are not severe.316 Nonethe-
less, if abnormal liver function test values are unexpectedly 
found, further testing or referral may be necessary in some 
cases. Elevated AST or ALT concentrations should prompt 
hepatitis screening with hepatitis A IgM antibody, hepatitis 
B antigens (surface and core), hepatitis B surface antibody, 
and hepatitis C antibody. Elevated concentrations of ALP 
or bilirubin, especially in association with normal or mild 
to moderate increased transaminase levels, may indicate 
obstruction in the biliary system. In these cases, abdominal 
ultrasound, computed tomography scans, or endoscopic 
retrograde cholangiopancreatography may establish a 
diagnosis.!

Cirrhosis
Cirrhosis is defined as irreversible liver fibrosis and is the end 
result of most hepatotoxic conditions. This fibrosis leads to 
portal hypertension, impaired synthetic function (i.e., syn-
thesis of proteins such as clotting factors), and impaired 
metabolic functions (i.e., clearance of toxins and drugs). 
Portal hypertension can lead to splenomegaly, esophageal 
varices, ascites, dependent edema, and pleural effusions. 
Patients with ascites may also develop spontaneous bac-
terial peritonitis, which is associated with increased peri-
operative mortality. Other complications include hepatic 
encephalopathy, bleeding, thrombocytopenia, low albu-
min concentrations, and prolonged INR. Hepatopulmo-
nary syndrome may develop, resulting in hypoxemia and 
pulmonary hypertension because of pulmonary shunts. 
Jaundiced patients in particular are at risk for developing 
hepatorenal syndrome, which is renal insufficiency associ-
ated with hepatic disease but without any primary renal 
disease. The condition may be related to renal hypoperfu-
sion. Patients with end-stage liver disease also develop a 
high–cardiac output state, characterized by decreased sys-
temic vascular resistance. The Child-Turcotte-Pugh classi-
fication can predict perioperative morbidity and mortality, 
with especially high risks in patients assigned to class C (see 
Table 31.16). The MELD score also predicts perioperative 
risks, perhaps better than the Child-Turcotte-Pugh classifi-
cation,317 with scores exceeding 14 indicative of increased 
perioperative risk.!

HEMATOLOGIC DISORDERS

Anemia
Anemia is a very common preoperative hematologic dis-
order with multifactorial etiology. It is strictly defined as 
a reduced number of circulating red blood cells (RBCs), 
however, more commonly it is defined based on the 
value of reduced hemoglobin concentration or reduced 
hematocrit. For example, the World Health Organization 
defines anemia as a hemoglobin level less than 130 g/L in 
adult men and less than 120 g/L in adult women. Anemia 
can be classified based on the underlying mechanisms as 
being related to decreased RBC production (e.g., bone 
marrow disorders, nutritional deficiencies), increased 
RBC destruction (e.g., hemolytic anemia, intravascular 
hemolysis), and blood loss (e.g., gastrointestinal blood 
loss). Anemia may also be classified morphologically 
based on the associated RBC size, which is itself charac-
terized by the mean corpuscular volume (MCV). Based 
on this approach, anemia can be classified as microcytic 
(MCV < 80 femtoliter [fL]), macrocytic (MCV > 100 fL), 
or normocytic (MCV between 80 and 100 fL). Common 
causes of microcytic anemia are iron deficiency (includ-
ing chronic blood loss), thalassemia minor, and anemia 
associated with inflammatory disease. Common causes 
of macrocytic anemia include alcoholism, liver disease, 
hypothyroidism, and vitamin B12 deficiency. Common 
causes of normocytic anemia are CKD, heart failure, and 
cancer.

Preexisting anemia is a consistently recognized risk fac-
tor for postoperative death and complications, including 
AKI, stroke, and infections.318 Furthermore, this risk is 
proportional to the degree of anemia and independent of 
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the patient’s other comorbidities.101,102,319 Nonetheless, 
there are some important caveats for consideration. First, 
it remains unclear whether anemia is the causal mecha-
nism for these complications, or instead simply a marker of 
a high-risk patient. The limited available perioperative data 
generally suggest that anemia treatment strategies (e.g., 
erythropoiesis-stimulating agents) can improve hemoglo-
bin concentrations and reduce transfusion requirements, 
but without convincing evidence for the prevention of 
death or complications.320-322 These perioperative data 
are also generally consistent with findings in nonsurgi-
cal populations, such as patients with heart failure.323-327 
Second, there is no consistent hemoglobin concentration 
threshold that defines elevated perioperative risk. While 
data from noncardiac surgery performed in Jehovah’s Wit-
ness patients suggest that risk increases substantially once 
preoperative hemoglobin concentrations fall below 100 g/L 
(especially in the presence of concomitant IHD),328 simply 
increasing hemoglobin concentrations to this threshold 
with RBC transfusion is not consistently beneficial. Impor-
tantly, transfusion itself has also been associated with poor 
outcomes in observational studies.329 In a multicenter 
randomized trial of 2016 patients undergoing hip fracture 
surgery, a strategy of transfusing in response to a 100 g/L 
threshold in hemoglobin concentration was not superior to 
a strategy of transfusing in response to a 80 g/L threshold 
or symptoms of anemia.330 Similarly, in a multicenter ran-
domized trial of 5243 patients undergoing cardiac surgery, 
a strategy of transfusing in response to a 75 g/L threshold 
was noninferior to a strategy of transfusing in response to 
a 95 g/L threshold.331 These data suggest that the optimal 
perioperative hemoglobin concentration threshold varies 
between 75 g/L and 100 g/L across individuals, with inter-
individual differences largely explained by comorbid condi-
tions (e.g., cardiopulmonary disease).

During the preoperative evaluation of known or sus-
pected anemia, the overarching goals are to determine its 
etiology, duration, stability, related symptoms, and ther-
apy. Thus, it is important to inquire about any history of 
anemia (including family history of anemia), colon cancer, 
gastrointestinal bleeding, genitourinary bleeding, menor-
rhagia, chronic infections, inflammatory diseases, nutri-
tional deficiencies, and prior weight reduction procedures 
(e.g., bariatric surgery). The anesthesiologist should also 
consider the type of surgical procedure, anticipated blood 
loss, and comorbid conditions that may either affect oxygen 
delivery or be affected by decreased oxygen delivery (i.e., 
pulmonary, renal, hepatic, cerebrovascular, cardiovascu-
lar disease). In addition, an accurate determination of the 
patient’s medications is helpful, especially because anemia 
has implications for the risk-to-benefit profile of some peri-
operative medications, such as $-adrenergic blockers.103,104

Patients with anemia or suspected anemia must have a 
CBC. In general, collaboration with a primary care physi-
cian or hematologist is helpful for further evaluation of 
newly diagnosed anemia. Usual initial studies include 
peripheral smear and MCV; subsequent studies, such as 
iron studies (i.e., ferritin, transferrin saturation), vitamin 
B12, or folate levels, are guided by findings on the smear 
and the MCV.332 The MCV is high and the vitamin B12 or 
folate levels are low in macrocytic anemia associated with 
these deficiencies. Low values in MCV, ferritin (<30 g/µL), 

and transferrin saturation (<20%) are indicative of iron 
deficiency anemia. In some cases of iron deficiency anemia, 
transferrin saturation may still be low (<20%) but ferritin 
concentrations are in an indeterminate zone (i.e., 30-100 
g/µL). Conversely, ferritin and transferrin saturation are 
normal or high in anemia associated with chronic disease.

Blood type and screening may be necessary based on the 
level of preoperative anemia and anticipated degree of sur-
gical blood loss. Elective procedures should be postponed in 
patients with significant anemia, regardless of the antici-
pated surgical blood loss. This delay allows for evaluation 
of the underlying cause, such as occult blood loss, vitamin 
deficiency, or undiagnosed chronic conditions (e.g., CKD). 
When delay in elective surgery is possible, updated 2015 
guidelines from the ASA suggest preoperative treatment 
with an erythropoiesis-stimulating agent and iron in some 
patient subgroups (e.g., CKD, anemia of chronic disease, 
patient’s refusal to receive blood transfusions), especially 
for anemic individuals scheduled for procedures with sig-
nificant expected blood loss.333 Similarly, preoperative iron 
therapy may be considered in patients with known iron 
deficiency anemia, when time permits.333!
Sickle Cell Disease
Sickle cell disease is a hereditary hemoglobinopathy with 
associated vasoocclusive episodes that are responsible for 
most associated complications. Patients homozygous for 
hemoglobin S (HbS) have symptomatic disease; they are at 
risk for major morbidity and have a shortened life expec-
tancy. Patients with SC disease, who have both HbS and 
HbC, have a much less severe clinical course with moder-
ate anemia. Heterozygous patients (HbS and HbA) have 
sickle cell trait and rarely have any related consequences. 
Preoperative assessment should focus on evidence of organ 
dysfunction and recent patterns of acute exacerbations.334 
Patients may have CKD, loss of renal concentration ability 
(and therefore are prone to dehydration), splenomegaly, 
pulmonary hypertension, pulmonary infarctions, CVD, 
and heart failure. They are at risk for infections because of 
splenic infarctions. Predictors of perioperative vasoocclu-
sive complications include recent increases in hospitaliza-
tions, advanced age, preexisting infections, and pulmonary 
disease.334

The preoperative examination focuses on the frequency, 
severity, and pattern of vasoocclusive crises. In addition, 
the anesthesiologist should evaluate the degree of pulmo-
nary, cardiac, renal, and central nervous system damage. 
Useful tests include an ECG, chest radiograph, and blood 
sampling for CBC and creatinine concentration. Addi-
tional testing (e.g., echocardiogram, arterial blood gases) 
may be needed. Preoperative prophylactic transfusion is 
increasingly used in patients with sickle cell anemia who 
are undergoing any surgical procedure—other than short 
minor procedures (e.g., biopsy, myringotomy).335 The 
objective of any red cell transfusion is to reduce the pro-
portion of abnormal hemoglobin in the affected patient. 
A prior randomized trial found that prophylactic transfu-
sion to a hemoglobin concentration greater than 100 g/L 
resulted in fewer adverse events following intermediate-risk 
surgery.336 This simpler approach of transfusing to a hemo-
globin concentration threshold (>100 g/L) is as effective 
as a more aggressive approach of transfusing to decrease 
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HbS concentration to under 30% (while also increasing 
hemoglobin concentration to # 100 g/L)337 in the setting 
of intermediate-risk surgery. It is likely that a more aggres-
sive strategy (i.e., decreasing HbS concentration to < 30%) 
is preferable for high-risk surgery such as major cardiovas-
cular or intracranial procedures. In general, the decision 
to transfuse preoperatively should be made only in concert 
with a hematologist familiar with the disease. Addition-
ally, if the person with sickle cell is managed by a specialist 
sickle cell service, it is best to liaise with this team before sur-
gery. The patient’s surgical admission should be planned to 
minimize preoperative dehydration (e.g., minimize fasting 
period, schedule procedure as an early morning case).!
Glucose-6-Phosphate Dehydrogenase Deficiency
Glucose-6-phosphate dehydrogenase deficiency is a heredi-
tary Coombs-positive hemolytic anemia. Since it is an 
X-linked hereditary condition, affected individuals are 
typically males. Hemolysis may be triggered by drugs (e.g., 
antipyretics, nitrates, sulfonamides), food (e.g., fava beans), 
infection, hypoxia, hypothermia, or blood products. Lists of 
potentially triggering medications are available online (e.g., 
www.g6pd.org, www.g6pddeficiency.org). The severity of 
the hemolysis varies across individuals and the underly-
ing genetic defects. Treatment involves avoidance of trig-
gers, folic acid supplementation, and management of acute 
hemolytic episodes (i.e., hydration, red cell transfusion for 
severe anemia). The preoperative evaluation should focus 
on previous hemolysis episodes, predisposing factors, and 
current hematocrit.!
Coagulopathies
Hypocoagulable states may be either inherited (e.g., hemo-
philia) or acquired (e.g., liver disease, malnutrition, drug 
exposure). To determine the diagnosis and associated 
bleeding risk, the anesthesiologist should inquire about 
known diagnoses, tests, treatments, previous bleeding 
episodes, and family history. A history of excessive bruis-
ing, prolonged bleeding after cuts, heavy menstrual cycles, 
and bleeding gums is sensitive but not specific. A change in 
these symptoms is likely more meaningful than a long-term 
history (because what one individual considers excessive 
may actually be normal). Excessive bleeding after previ-
ous procedures or childbirth (especially if transfusions were 
unexpectedly required) is more definitive but not diagnos-
tic. Petechiae, multiple bruises, hematomas, jaundice, and 
frank bleeding are important findings. Diagnostic testing 
may include a CBC (including platelet count), INR, and 
aPTT; however, routine preoperative screening for coagu-
lopathies is not indicated. Clinical indications include a 
known bleeding disorder, hepatic disease, and anticoagu-
lant use.5 National guidelines in the United Kingdom also 
recommend coagulation testing only in patients who are 
(1) ASA physical status class III or IV; (2) undergoing inter-
mediate, major, or complex surgical procedures; and (3) 
known to take anticoagulant medications or have chronic 
liver disease.274 If a specific cause of bleeding is suspected 
or known (e.g., liver disease, malnutrition), then additional 
targeted testing (e.g., liver function tests, protein, albumin) 
may be needed.

Patients may occasionally have abnormal INR or aPTT 
results on preoperative screening bloodwork. In patients 

without a history of vitamin K antagonist use, the most 
common causes of a prolonged INR are laboratory error, 
liver disease, and malnutrition. Consequently, the test 
should initially be repeated. If the repeat test result 
remains abnormal, both liver function tests and a hepati-
tis panel are warranted, with possible referral to a hema-
tologist. A trial of oral vitamin K (1-5 mg daily for 3 days) 
can also be implemented. A prolonged aPTT can result 
from both hypocoagulable and hypercoagulable (e.g., fac-
tor V Leiden, anticardiolipin antibody, lupus anticoagu-
lant, antiphospholipid antibody syndrome) conditions. 
The first steps are to repeat the test and ascertain possi-
ble exposure to heparin. Even small amounts of heparin 
in indwelling catheters can prolong the aPTT, especially 
if the blood is drawn from that site. Other than heparin 
exposure, other causes of a prolonged aPTT include von 
Willebrand disease (vWD; see section on von Willebrand 
Disease) and hemophilias (see section on “Hemophilias”). 
Mixing studies (in which normal blood is mixed with the 
subject’s blood) allows for differentiation between factor 
deficiencies (aPTT will be corrected) versus inhibitors (no 
correction). Elective surgical procedures should be post-
poned until the etiology of abnormal tests is determined 
and corrections are made.

Hemophilias. Hemophilia A (factor VIII deficiency) and 
hemophilia B (factor IX deficiency) are X-linked recessive 
inherited disorders that almost exclusively manifest in 
males. Hemophilia B is also referred to as “Christmas dis-
ease.” Hemophilia C is an autosomal recessive deficiency 
of factor XI (also called Rosenthal syndrome) that tends to 
affect individuals of Ashkenazi Jewish descent. Hemophilia 
A has a six-fold higher incidence than Hemophilia B (1 in 
5000 male births vs. 1 in 30,000 male births). The severity 
of bleeding varies across individuals but is similar among 
relatives (who have the same underlying genetic mutation) 
and is directly related to the degree of factor deficiency. 
Severe hemophilia is characterized by less than 1% factor 
activity, moderate hemophilia by 1% to 5% activity, and 
mild hemophilia by more than 5% to under 40% activity. 
Increased disease severity is characterized by an early onset 
of bleeding episodes, as well as higher risks of both severe 
and spontaneous bleeding. About two thirds of hemophilia 
A cases are severe, while the proportion is 50% for hemo-
philia B. Patients with hemophilia have a prolonged aPTT, 
but a normal INR and platelet count.

A hematologist must be involved in the perioperative 
care of patients with hemophilia. A detailed plan to both 
measure and replace deficient factors is paramount. Cur-
rent guidelines recommend that, in the setting of major 
surgery, factor replacement be used to increase preopera-
tive levels to 80% to 100% for hemophilia A and 60% to 
80% for hemophilia B.338 After surgery, the target factor 
level is 50%, until the surgical wound is healed. The specific 
required dose of recombinant factor is informed by the tar-
geted increase in factor levels, clinical expertise of the con-
sulting hematologist, individual patient-level factors (e.g., 
history of previous bleeding episodes), and hospital proto-
cols. The dose required to increase factor VIII levels is:

 

Factor VIII dose = weight (kg)! 0.5
! (desired absolute % increase in factor levels)
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The typical required dose for factor IX replacement is:

 

Factor IX dose = weight (kg)
! (desired absolute % increase in factor levels)

To rapidly increase factor levels to close to 100%, the 
usual dose required is 50 units/kg for factor VIII and 100 to 
120 units/kg for factor IX.339 Intramuscular injections are 
to be avoided in these patients.!

von Willebrand Disease. vWD is an inherited disorder 
of von Willebrand factor (vWF) that affects both sexes. It is 
the most common congenital coagulopathy, occurring in 
approximately 1% of individuals.340 Several types (1, 2A, 
2B, 2M, 2N) are autosomal dominant, while type 3 is auto-
somal recessive (Table 31.17). vWD can result from both 
quantitative and qualitative vWF deficiencies. Most affected 
patients have a normal INR and platelet count (although 
type 2B can have a mild thrombocytopenia), but typically 
elevated aPTT (although patients with mild disease may 
have normal aPTT). Indeed, vWD is the most common 
cause of a prolonged aPTT in patients not taking heparin. 
The condition is diagnosed by measuring plasma vWF func-
tional activity (ristocetin cofactor, which causes platelet 
aggregation), plasma vWF antigen levels, and factor VIII 
levels. Most patients with vWD have a history of bleeding, 
but some do not receive a diagnosis until a challenge to 
coagulation occurs with major surgery or antiplatelet drug 
exposure (e.g., aspirin, NSAIDs).

A hematologist should be involved in the care of 
patients with vWD. Treatment options for vWD include 
desmopressin acetate (1-desamino-8-d-arginine vaso-
pressin [DDAVP]) and vWF replacement therapy. DDAVP 
increases the release of factor VIII, vWF, and plasminogen 
activator from endothelial cells. It is contraindicated in 
patients with type 2B disease because it increases abnor-
mal vWF release and may cause thrombocytopenia. In 
addition, it is not recommended in patients with type 3 
disease (since there is minimal to no vWF available to be 
released from endothelial cells). In other cases, an intrave-
nous dose of 0.3 µg/kg (given over 15-30 minutes to mini-
mize hypotension, flushing, and tachycardia) typically 
raises vWF concentrations by three- to four-fold. None-
theless, considerable variation in response exists among 
individuals. Hence, an initial test of DDAVP should be con-
ducted prior to any bleeding episodes (e.g., surgery), while 
monitoring changes in vWF and factor VIII concentra-
tions over the 4 hours after drug administration. DDAVP 

is also available as a nasal spray (150 µg for individuals 
under 50 kg, and 300 µg for individuals weighing 50 kg or 
more). For individuals who cannot be treated adequately 
with DDAVP, vWF preparations should be used instead. 
A variety of preparations are available, including vWF-
containing factor VIII concentrates, purified vWF con-
centrates, and recombinant vWF products. These options, 
if available, are preferable to cryoprecipitate (which can 
be used nonetheless, but is associated with higher risks of 
viral transmission).!

Thrombocytopenia. Thrombocytopenia is defined as 
a platelet count less than 150,000/mm3. It may be the 
result of decreased production, increased destruction, or 
sequestration. Causes include malignant diseases, primary 
immune thrombocytopenia (ITP), drug-induced thrombo-
cytopenia (e.g., quinine, sulfonamides, ampicillin), rheu-
matological autoimmune disorders (e.g., SLE, rheumatoid 
arthritis), pregnancy (i.e., gestational thrombocytopenia, 
preeclampsia), chronic liver disease (i.e., hypersplenism), 
alcohol, nutritional deficiencies, infection (e.g., hepatitis C, 
sepsis), hereditary disease, and disseminated intravascular 
coagulation. If a patient has an unexpectedly low platelet 
count, the initial steps are to repeat the test, examine the 
peripheral smear, and collect blood for the platelet count 
in a tube without ethylenediaminetetraacetic acid. This 
chemical is a chelating agent often used to prevent clotting 
in tubes used for determining CBC, but it can also cause 
clumping of platelets (termed pseudothrombocytopenia). 
ITP is a chronic autoimmune disorder characterized by 
autoantibodies that cause platelet destruction. Usual treat-
ment includes corticosteroids, splenectomy (eliminates the 
major site of platelet removal), and intravenous immuno-
globulin. Patients with ITP often have less bleeding than 
expected, even at very low platelet levels, likely because of 
increased platelet turnover with a resulting predominance 
of young platelets. A patient with newly discovered throm-
bocytopenia may require a hematology consultation before 
elective surgery.

Thrombocytopenia within the context of recent hepa-
rin exposure should raise a concern regarding potential 
heparin-induced thrombocytopenia (HIT), which gener-
ally occurs within 5 to 10 days after heparin exposure.341 
HIT is an immune-mediated disorder characterized by 
antibodies directed against platelet factor 4 complexed 
with heparin. While HIT is characterized by thrombocyto-
penia, affected patients are at risk for arterial thromboses, 

TABLE 31.17 Classification of von Willebrand Disease

Type Characteristics Initial Treatment

1 80% of cases; quantitative defect Desmopressin*

2A Quantitative and qualitative defect Desmopressin*

2B** Rare; quantitative and qualitative defect, autosomal dominant Cryoprecipitate or factor VIII concentrates with vWF

2M Qualitative defect Desmopressin*

2N Qualitative defect; vWF levels normal; factor VIII reduced Desmopressin* effect may be too short-lived

3 Rare; low to undetectable levels of vWF Desmopressin* usually not effective

*Desmopressin acetate (DDAVP).
**With type 2B desmopressin acetate may cause thrombocytopenia. If desmopressin is not effective, factor VIII concentrates containing vWF may be used.
vWF, von Willebrand factor.
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venous thromboses, stroke, skin necrosis, limb gangrene, 
and organ infarction. Since the results of definitive labo-
ratory testing for HIT antibodies (i.e., immunoassay and/
or functional assay for HIT antibodies) typically takes 
several days, the initial presumptive diagnosis is based on 
clinical presentation and available laboratory tests (e.g., 
decreasing platelet counts). This initial diagnosis can 
be aided with validated clinical prediction tools, such as 
the “4 Ts” score.342 While waiting for the results of anti-
body testing in patients with suspected HIT, any heparin 
therapy (including LMWH) should be immediately discon-
tinued and alternative anticoagulation therapy (e.g., dan-
aparoid, argatroban, bivalirudin, fondaparinux, DOACs) 
instituted.

In otherwise healthy individuals (i.e., no other basis for 
elevated bleeding risks) neuraxial anesthesia is generally 
considered safe once the platelet count exceeds 50,000 to 
80,000 per mm3.343-346 Surgery can be safely performed 
in patients with platelet counts higher than 50,000/
mm3.346 The risk of bleeding increases progressively as the 
count falls further, to less than 50,000/mm3. When plate-
let transfusions are used to treat thrombocytopenia, the 
platelet count generally rises by 10,000/mm3 for every 
unit transfused.!

Thrombocytosis. Thrombocytosis is a platelet count 
more than 450,000/mm3. It may be physiologic (i.e., 
exercise, pregnancy), primary (e.g., myeloproliferative 
disorder), or secondary (e.g., iron deficiency, neoplasm, 
surgery, chronic inflammation). Increasing levels of 
thrombocytosis can increase risks for thrombotic events, 
such as strokes, myocardial infarction, pulmonary 
emboli, mesenteric emboli, and venous clots. Conversely, 
patients with primary thrombocytosis (also known 
as essential thrombocythemia) also have a tendency 
toward increased bleeding, which may be due to quali-
tative alterations in platelet function and an acquired 
von Willebrand syndrome associated with very high 
platelet counts (>1,000,000/mm3). Treatments include 
medications (e.g., hydroxyurea, anagrelide, pegylated 
interferon) that decrease platelet production and thereby 
reduce platelet counts over 7 to 10 days. Plasmapheresis, 
which removes platelets from the circulation, can be used 
if an immediate lowering in platelet count is required. 
In cases of secondary thrombocytosis, treatment of the 
underlying disorder usually results in normalization of 
the platelet count.!

Polycythemia. Polycythemia is characterized by an 
increased number of circulating RBCs and increased 
hemoglobin concentration. It can be defined based on 
hematocrit (>48% in females and >49% in males) and 
hemoglobin concentration (>160 g/L in females and > 
165 g/L in males). Polycythemia can be a primary dis-
order (i.e., polycythemia vera) or secondary to condi-
tions typically associated with chronic hypoxia (e.g., 
COPD, high altitude, cyanotic congenital heart dis-
ease). A steep increase in blood viscosity occurs once 
the hematocrit increases to more than 50%, resulting in 
an increased thrombogenic risk. High hematocrits are 
associated with increased atherosclerosis (e.g., carotid 

stenosis, stroke) and cardiac disease (e.g., heart failure, 
myocardial infarction). Reports on whether polycythe-
mia increases perioperative risk are contradictory. For 
example, a hematocrit more than 51% was associated 
with increased postoperative mortality in a retrospective 
cohort study of more than 310,000 patients.102 Con-
versely, a previous smaller study of 200 patients did not 
find an increased rate of perioperative complications in 
individuals with secondary polycythemia.347

The preoperative evaluation should focus on the pul-
monary and cardiovascular systems. On physical exami-
nation, the anesthesiologist should examine for cyanosis, 
clubbing, wheezing, murmurs, and oxygen saturation (via 
pulse oximetry). Useful laboratory tests include an ECG, 
arterial blood gases, and chest radiograph. An unexpected 
finding of polycythemia should prompt an investigation for 
possible causes, which if not readily apparent, should raise 
the possibility of polycythemia vera. In such cases, elective 
surgery should be postponed pending a consultation by a 
hematologist.!

Venous Thromboembolic Disorders. VTE is an impor-
tant potential risk in hospitalized patients, including 
surgical patients.348 Primary VTE prophylaxis is beyond 
the scope of this chapter and is covered extensively in 
specialty society practice guidelines.11,12 Nonetheless, 
patients should be stratified preoperatively for their risks 
of perioperative VTE to inform the appropriate selection of 
prophylactic measures. The expected risk of postoperative 
VTE depends on both patient-related (e.g., inflammatory 
bowel disease, acute illness, smoking, malignant disease, 
obesity, increased age, prior VTE, estrogen use, hyper-
coagulable state, inherited thrombophilia) and proce-
dure-related (e.g., invasiveness, trauma, immobilization) 
factors. A reasonable approach for estimating periopera-
tive VTE risk is to use a validated clinical prediction index, 
a widely used example being the Modified Caprini Risk 
Assessment Model (Box 31.12).11,349 A Caprini score of 
zero indicates very low VTE risk (0.5% risk in the absence 
of thromboprophylaxis), scores of 1 to 2 indicate low VTE 
risk (1.5% risk in the absence of thromboprophylaxis), 
scores of 3 to 4 indicate moderate VTE risk (3.0% risk in 
the absence of thromboprophylaxis), and scores of 5 or 
more indicate high VTE risk (6.0% risk in the absence of 
thromboprophylaxis).

Some subgroups of patients are at considerably higher 
risk for perioperative VTE, namely those with very recent 
VTE (i.e., within prior 3 months) and those with a history of 
VTE associated with a high-risk inherited thrombophilia.350 
For individuals with a very recent VTE episode, elective sur-
gery should be delayed until 3 or more months have elapsed 
since the episode (during which time they should be anti-
coagulated).351 Specifically, the risk of recurrent VTE is 
highest during the first 3 to 4 weeks after the initial episode; 
this risk then decreases over the next 2 months. Hereditary 
high-risk thrombophilias include Factor V Leiden, anti-
thrombin III deficiency, protein C deficiency, protein S defi-
ciency, prothrombin gene mutation, and antiphospholipid 
antibodies. Factor V Leiden and prothrombin gene muta-
tions are the most common causes, together comprising up 
to 60% of cases.352
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Patients having minor procedures such as dental, endo-
scopic, cataract, or superficial operations usually do not 
require interruption of anticoagulant therapy. In other 
individuals, withholding warfarin for 5 days typically 
allows the INR to decrease to normal if the baseline INR 
is in the usual therapeutic target (2.0 and 3.0). A lon-
ger interval may be needed if the baseline INR is higher 
(see section on “Preoperative Anticoagulant Therapy”). 
During the time without warfarin, patients may be at 
risk for recurrent thromboembolism; however, the risk 
is relatively small in all but the highest-risk patients (i.e., 
VTE in prior 3 months, or VTE with high-risk inherited 
thrombophilia). The decision to bridge with intravenous 
unfractionated heparin or with LMWH subcutaneously in 
high-risk patients must be made collaboratively with the 
treating physician.!

Preoperative Anticoagulant Therapy. Outpatient oral 
anticoagulant therapy includes vitamin K antagonists (e.g., 
warfarin) and DOACs. These agents increase perioperative 
bleeding, except in the case of very minor procedures. Thus, 
they should only be continued perioperatively if an individ-
ual does not have patient-related risk factors for bleeding 
(e.g., liver disease, abnormal renal function, prior bleeding 
complications), is scheduled for procedures without impor-
tant bleeding risk (e.g., dental extraction, simple cutaneous 
procedures, cataract surgery without bulbar blocks), and is 

not being considered for neuraxial anesthesia. Otherwise, 
anticoagulant therapy must be temporarily discontinued 
before surgery.

Typically, vitamin K antagonists should be stopped 5 
days before surgery, with consideration for a longer dis-
continuation period if the initial INR value is more than 
3.0. Ideally, the INR should be rechecked within 24 hours 
before surgery,195 and a low dose of oral vitamin K (1 to 
5 mg administrated orally or subcutaneously) adminis-
tered for any INR result greater than 1.5. Vitamin K has 
an effect within 6 to 10 hours after oral or subcutaneous 
administration (more predictable with oral administra-
tion), and it peaks within 24 hours to 48 hours.353 Admin-
istration of higher doses may lead to warfarin resistance 
when therapy is initiated again. Some patients undergo-
ing elective lower extremity joint replacement surgery 
may also receive an initial dose of warfarin before surgery 
for perioperative thromboprophylaxis. The 2018 Ameri-
can Society of Regional Anesthesiologists (ASRA) guide-
lines state that neuraxial anesthesia can still be performed 
in these patients when only a single dose of warfarin has 
been administered within a period of 24 hours or less 
before surgery.196

Patients are increasingly receiving DOACs for long-term 
anticoagulation, typically for nonvalvular atrial fibrilla-
tion, although some individuals may be prescribed low-
dose DOAC therapy for IHD.91 The timing of preoperative 

1 Point Each

Age 41–60 years
Minor surgery
BMI > 25 kg/m2
Swollen legs
Varicose veins
Pregnancy or postpartum
History of unexplained or recurrent spontaneous abortion
Oral contraceptives or hormone replacement
Sepsis (<1 month)
Serious lung disease, including pneumonia (<1 month)
Abnormal pulmonary function
Acute myocardial infarction
Heart failure (<1 month)
History of inflammatory bowel disease
Medical patient at bed rest

2 Points Each

Age 61–74 years
Arthroscopic surgery
Major open surgery (>45 min)
Laparoscopic surgery (>45 min)
Malignancy
Confined to bed (>72 h)
Immobilizing plaster cast
Central venous access

3 Points Each

Age t 75 years
History of VTE
Family history of VTE
Factor V Leiden mutation
Prothrombin 20210A mutation
Lupus anticoagulant
Anticardiolipin antibodies
Elevated serum homocysteine
Heparin-induced thrombocytopenia
Other congenital or acquired thrombophilia

5 Points Each

Stroke (<1 month)
Elective arthroplasty
Hip, pelvis, or leg fracture
Acute spinal cord injury (<1 month)

BOX 31.12 Modified Caprini Risk Assessment Model for Venous Thromboembolism

From Gould MK, Garcia DA, Wren SM, et al. Prevention of VTE in nonorthopedic surgical patients: antithrombotic therapy and prevention of thrombo-
sis, 9th ed: American College of Chest Physicians evidence-based clinical practical guidelines. Chest. 2012; 141: e227S–e277S.

BMI, Body mass index; VTE, venous thromboembolism.
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discontinuation of DOACs should be guided by the specific 
drug prescribed, expected procedural bleeding risk, renal 
function (based on estimated GFR), and planned use of 
neuraxial anesthesia. Some proposed approaches for preop-
erative DOAC discontinuation are outlined in Tables 31.11  
and 31.12.195-197

Patients may require temporary bridging therapy dur-
ing the intervening period between discontinuation of 
vitamin K antagonist therapy and the date of surgery. 
Such bridging therapy is generally not needed after inter-
ruption of DOACs because of their relatively short half-
lives. Most patients with nonvalvular atrial fibrillation 
do not require bridging therapy if their anticoagulant 
therapy is temporarily discontinued before surgery (see 
section on “Atrial Fibrillation”).195,198 Conversely, many 
patients with mechanical heart valves will require bridg-
ing therapy, with the decision based on the location of 
the mechanical heart valve and nature of planned sur-
gery (see Box 31.4).173 Additionally, some patients who 
are at very high risk for recurrent VTE (e.g., VTE episode 
within prior 3 months) may also require bridging therapy. 
In general, decisions to use bridging therapy with intra-
venous unfractionated heparin or LMWH must be indi-
vidualized, account for patients’ risks of bleeding while 
on bridge therapy, and be made collaboratively with the 
treating physician.

If bridging is planned, either LMWH or intravenous 
unfractionated heparin can be started 2 or more days 
after the last administrated dose of vitamin K antagonist 
(e.g., warfarin). Bridging therapy should be started once 
the INR drops to under 2.0.195 There are several avail-
able options for LMWH (e.g., enoxaparin, dalteparin). 
The specific choice and dose should be selected based on 
consultation with a hematologist or the patient’s treat-
ing physician. For patients with impaired renal function 
(eGFR < 30 mL/min), intravenous heparin bridging is 
preferable, although some LMWH dosing adjustments 
remain possible if eGFR is in the range between 15 and 
30 mL/min.195 Intravenous unfractionated heparin is 
usually discontinued approximately 6 hours before the 
surgery to allow for normal intraoperative coagulation. 
The last dose of bridging dose LMWH should be given 24 
hours preoperatively to allow normalization of coagula-
tion by the time of surgery (based on an assumption of 
normal renal function). Both unfractionated heparin and 
LMWH are contraindicated in patients with an allergy to 
heparin or a history of HIT. Options for bridging therapy 
in such patients include argatroban (intravenous infu-
sion), bivalirudin (intravenous infusion), fondaparinux 
(subcutaneous), or oral DOACs. The specific manage-
ment strategy should be selected following consultation 
with a hematologist.

Based on the 2018 ASRA guidelines,196 recommen-
dations for management of preoperative anticoagulant 
therapy are more conservative if perioperative neuraxial 
techniques are being considered. These guidelines rec-
ommend that warfarin should be discontinued 5 or more 
days before surgery, and a repeat preoperative INR should 
confirm a normalized value before neuraxial blocks are 
performed.196 The recommended intervals for timing 
of neuraxial blocks after discontinuing DOAC therapy 
are outlined in Table 31.11. The last prophylactic dose of 

LMWH should be 12 or more hours before any planned 
neuraxial block, whereas the last therapeutic dose (includ-
ing bridging therapy) of LMWH should be 24 or more 
hours beforehand. Preoperative unfractionated intrave-
nous heparin should be stopped 6 or more hours before 
planned spinal or epidural anesthesia.196 In addition, 
return to normal coagulation can be monitored using 
aPTT or anti-factor Xa activity. Though the safety of per-
forming neuraxial techniques in the presence of low-dose 
subcutaneous unfractionated heparin (i.e., 5000 units 
twice daily) has been described,354 the 2018 ASRA guide-
lines include a Grade 2C recommendation for waiting 4 
to 6 hours after subcutaneous injection before perform-
ing neuraxial blocks in patients receiving subcutane-
ous unfractionated heparin (i.e., 5000 units 2 or 3 times 
daily).196 This Grade 2C rating indicates that the recom-
mendation was relatively weaker (“conflicting evidence 
or opinion on the usefulness”) and based entirely on case 
reports or expert opinion.196 Any patients receiving fibri-
nolytic and thrombolytic drugs should not receive neur-
axial anesthesia.!

Preoperative Antiplatelet Therapy. Traditionally, aspi-
rin has been discontinued before surgery (often 7-10 days 
before surgery) because of concern about increased bleed-
ing. A withdrawal period of 7 to 10 days is likely exces-
sive, especially because new platelets formed after aspirin 
discontinuation (half-life (15 minutes) are not inhibited. 
Since 10% of platelets are turned over every 24 hours, and 
about 50,000/mm3 of normal functioning platelets are 
needed to control surgical bleeding, it is likely that aspi-
rin need only be stopped 3 days before surgery to mitigate 
risks of increased bleeding. Continuation of aspirin until 
the time of surgery leads to increased bleeding during 
major noncardiac surgery,136 but not during cardiac sur-
gery.355 Withdrawing aspirin itself has important theoreti-
cal risks with respect to a rebound hypercoagulable state 
and increased cardiac risk,141,356 however, these theoreti-
cal risks have not been supported by data from large ran-
domized trials.136,355 Therefore, a reasonable standard 
approach for most surgical patients is to discontinue aspi-
rin temporarily 3 days before surgery, with some notable 
exceptions. Specifically, aspirin should be continued in any 
patient with a prior PCI,144 high-grade IHD, or high-risk 
CVD (e.g., stroke within prior 9 months).212 Continuation 
of aspirin is not a contraindication to performance of neur-
axial blocks.196

P2Y12 inhibitors are the other relatively common 
type of antiplatelet medications that might be encoun-
tered during preoperative evaluation, especially among 
patients with known IHD or CVD. These medications 
include oral medications (clopidogrel, ticagrelor, prasu-
grel, ticlopidine) and an intravenous formulation (can-
grelor). Aside from the case of patients with a recent 
PCI (see section on “Coronary Stents”), P2Y12 inhibitor 
therapy should be temporarily discontinued before elec-
tive surgery. The usual recommended time interval for 
discontinuing these medications before surgery (includ-
ing cases where neuraxial blocks are planned) is 5 to 7 
days for clopidogrel, 5 to 7 days for ticagrelor, 7 to 10 
days for prasugrel, 10 days for ticlopidine, and 3 hours 
for cangrelor.196
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Some patients with either PAD or CVD may be on long-
term therapy with dipyridamole, which causes vasodilation 
and impairment of platelet function. The drug is available as 
an immediate-release formulation, as well as an extended-
release formulation combined with aspirin (i.e., Aggrenox). 
There are minimal data on the safety of continuing dipyri-
damole in patients undergoing surgery; current ASRA 
guidelines recommend discontinuing extended-release 
dipyridamole 24 hours before performing any neuraxial 
block.196 Information on the perioperative safety of other 
antiplatelet therapies (e.g., glycoprotein IIb/IIIa inhibitors) 
is also limited. Platelet glycoprotein IIb/IIIa inhibitors (e.g., 
abciximab, eptifibatide, tirofiban) exert profound effects on 
platelet aggregation. Following administration, the time to 
restoration of normal platelet aggregation is 24 to 48 hours 
for abciximab, and 4 to 8 hours for eptifibatide and tirofi-
ban. Neuraxial techniques should be avoided until platelet 
function has recovered after platelet glycoprotein IIb/IIIa 
inhibitor administration.196!

NEUROLOGIC DISEASE

The preoperative history in a patient with neurologic dis-
ease should focus on recent exacerbations, prior investi-
gations, and therapy (both current and prior). The basic 
neurologic examination should evaluate mental status, 
speech, cranial nerves, gait, motor function, and sensory 
function. This baseline determination also allows for com-
parison of any new postoperative deficits.

Cerebrovascular Disease
The major clinical manifestation of CVD is acute stroke with 
more than 10 million new strokes per year worldwide. In 
addition, about 6.5 million individuals die annually from 
stroke, making it the second leading cause of death glob-
ally.357 The two main categories of stroke are hemorrhagic 
stroke and ischemic stroke. Hemorrhagic stroke is largely 
related to either intracerebral hemorrhage or subarachnoid 
hemorrhage. Common causes of intracerebral hemorrhage 
include hypertension, trauma, coagulopathies, illicit drug 
use (i.e., amphetamines, cocaine), and arteriovenous mal-
formations (AVMs). Causes of subarachnoid hemorrhage 
are bleeding from aneurysms and AVMs (see section on 
“Aneurysms and Arteriovenous Malformations”). Ischemic 
stroke may be related to thrombosis of an artery through 
several different mechanisms (e.g., atherosclerosis, arte-
rial dissection), embolism (e.g., related to atrial fibrillation), 
or systemic hypoperfusion (e.g., cardiac arrest). The other 
major manifestation of CVD is a TIA, which is a transient 
episode of neurologic dysfunction caused by focal ischemia 
in the brain, spinal cord, or retina, but without infarction.358

CVD has important perioperative implications. It is a risk 
factor for postoperative complications, including cardiac 
events,97 stroke,132,359,360 and death.77 Furthermore, the 
risks of postoperative cardiac complications and recurrent 
stroke are particularly increased when elective noncardiac 
surgery is performed within 9 months after a prior stroke212 
or when surgical aortic valve replacement is performed 
within 3 months after a prior stroke.212 Importantly, if 
emergency surgery needs to be performed after a stroke, it 
may be preferable to not delay surgery. Specifically, while 
the risks of postoperative cardiovascular complications 

are very high when emergency surgery is performed 
within 2 weeks after an ischemic stroke, these risks were 
reduced when surgery proceeded within 72 hours after the 
stroke.361 This temporal pattern may be explained by pro-
gressively worsening cerebral autoregulation during the 
first 5 days after an ischemic stroke (which then recovers 
over the next 3 months).362

The preoperative evaluation should focus on the timing, 
presentation, etiology, and treatment of prior strokes or 
TIAs. It is important to document the etiology in order to dis-
tinguish carotid stenosis (i.e., atherosclerosis) from cardio-
embolic disease. Causes of cardiac emboli include stasis (i.e., 
atrial fibrillation, severe cardiomyopathy, ventricular aneu-
rysm), thrombogenic (i.e., valvular heart disease, prosthetic 
heart valve), and paradoxical venous source (e.g., patent 
foramen ovale). The physical examination should include 
a brief neurologic exam to identify any preexisting deficits, 
auscultation for carotid bruits, and a precordial assess-
ment to assess for murmurs or extra heart sounds. Depend-
ing on the underlying basis for CVD (i.e., atherosclerosis, 
atrial fibrillation), patients may be on long-term therapy 
with aspirin, P2Y12 inhibitors (e.g., clopidogrel), vitamin K 
antagonists, and DOACs. Both vitamin K antagonists and 
DOACs should be temporarily discontinued before surgery 
(see section on “Atrial Fibrillation”). Similarly, P2Y12 inhib-
itor therapy should be interrupted before surgery, with the 
possible exception of cases with very recent coronary stent 
implantation (see section on “Coronary Stents”). Continu-
ing aspirin perioperatively does not prevent cardiovascular 
complications,136 but leads to an increased risk of major 
bleeding (a risk factor for perioperative stroke).132 Nonethe-
less, selective continuation of aspirin can be considered in 
patients with high-risk atherosclerotic CVD or recent stroke 
(i.e., previous 9 months).212 In other cases, aspirin should 
be temporarily held 72 hours before surgery.136 In addition, 
concomitant CVD should be carefully considered in any 
decision to initiate new $-adrenergic blocker therapy in a 
patient awaiting noncardiac surgery. Although $-blockade 
does decrease perioperative cardiac risk, it also significantly 
increases the risk for acute postoperative stroke.132,133!
Asymptomatic Carotid Bruit
The presence of a carotid bruit significantly increases the 
likelihood of a significant lesion (i.e., 70%-99% stenosis) 
in both symptomatic or asymptomatic patients.26 Thus, 
a newly discovered carotid bruit should prompt a careful 
search for any evidence of prior strokes or TIA, especially 
if the planned surgical procedure involves neck manipula-
tion. At-risk individuals include those with risk factors for 
CVD (e.g., hypertension, smoker, diabetes mellitus, hyper-
lipidemia, IHD, PAD), as well as patients with prior head 
and neck radiation exposure. Patients may not volunteer 
pertinent symptoms until they are specifically probed, 
especially if the symptoms were transient. The anesthesi-
ologist should specifically inquire about amaurosis fugax, 
dysphagia, dysarthria, and other symptoms of cerebrovas-
cular insufficiency. Carotid Doppler ultrasound studies are 
simple, effective tools to evaluate suspicious carotid bruits. 
Significant abnormalities on Doppler studies may entail a 
referral to a neurologist or vascular surgeon. The risk of 
stroke in patients who have truly asymptomatic bruits is 
1% to 2% per year, with most strokes preceded by transient 
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symptoms.363 No evidence indicates that truly asymptom-
atic bruits increase the risk of perioperative stroke.364!
Seizure Disorder
The seizure type (e.g., grand mal, absence) and specific symp-
toms (e.g., staring, focal findings) are important to docu-
ment in the preoperative evaluation. For example, absence 
(previously petit mal) seizures may be particularly difficult to 
recognize after surgery because they lack generalized motor 
signs. Hence, typical symptoms, such as staring and obtun-
dation, may be misinterpreted as residual anesthetic effects 
in the postoperative period. It is important to determine the 
etiology of the seizure disorder because of possible associ-
ated morbidities, which include brain tumors, aneurysms, 
AVMs, classic epilepsy, drug toxicity, electrolyte disorders, 
infections, CVD, sickle cell disease, and SLE.

The anesthesiologist should document the anticonvul-
sant dosing regimen and adequacy of seizure control. Rou-
tine measurement of serum drug levels of anticonvulsants 
is not indicated unless there are concerns about drug tox-
icity or ongoing breakthrough seizures. Indeed, patients 
with good control of seizures may have levels outside the 
therapeutic range. Drug levels are highly influenced by 
when the blood draw occurs relative to the timing of drug 
administration. In general, trough levels should be mea-
sured. Anti-seizure medications have multiple side effects 
(e.g., bone marrow suppression, macrocytic anemia, leuco-
penia, hyponatremia), and testing may be needed based on 
suspected abnormalities. The most commonly ordered tests 
are CBC and electrolyte concentrations. All anticonvulsant 
therapy should be continued perioperatively. A patient with 
poorly controlled or new-onset seizures should be evaluated 
by a neurologist before any non-emergent surgery.!
Multiple Sclerosis
Multiple sclerosis is believed to be an inflammatory immune 
disorder with two general clinical patterns: exacerbating-
remitting and chronic progressive. Symptoms can include 
ataxia, motor weakness, sensory deficits, autonomic dys-
function, emotional lability, bladder or bowel dysfunction, 
and visual disturbances. Exacerbations of multiple sclero-
sis can be triggered by stress, infections, pregnancy, and 
elevated temperatures. Various treatments have been tried, 
including corticosteroids, immunosuppressants, monoclonal 
antibodies, plasmapheresis, benzodiazepines, and baclofen. 
The preoperative evaluation should document the history 
and pattern of disease, especially symptoms and physical 
deficits affecting the respiratory system (including oxygen 
saturation). Medications, previous triggers, and preexisting 
neurologic deficits should be documented. Testing is gener-
ally directed toward associated disturbances (e.g., chest radi-
ography and CBC if pulmonary infection is suspected) and 
any medication side effects. For example, azathioprine can 
suppress bone marrow or affect liver function, cyclophos-
phamide may cause electrolyte abnormalities, and cortico-
steroids can cause hyperglycemia. Patients with stable minor 
disease require no special testing. Related medications should 
be continued on the day of surgery. No clear association has 
been shown between the type of anesthetic or a specific anes-
thetic drug and disease exacerbations. Nonetheless, regional 
anesthesia may offer theoretical advantages for patients with 
respiratory compromise or cognitive dysfunction.!

Aneurysms and Arteriovenous Malformations
Aneurysms and AVMs can occur in the cerebral and spinal 
vascular beds. These lesions may be intact, ruptured, symp-
tomatic, or incidental asymptomatic findings. Associated 
risk factors include polycystic kidney disease, fibromuscu-
lar dysplasia, type IV Ehlers-Danlos syndrome, and a family 
history. Some AVMs become large enough to exert a mass 
effect. The risk of aneurysmal bleeding, and possibly AVM 
bleeding, increases during pregnancy. Most patients have 
minimal symptoms before a rupture. A rupture can result 
in altered mental status, syncope, increased intracranial 
pressure, inappropriate antidiuretic hormone (ADH) secre-
tion, and hemodynamic changes (i.e., bradycardia, tachy-
cardia, ectopic beats). Typical testing includes an ECG and 
blood sampling to measure electrolyte, glucose, and cre-
atinine concentrations. Chest radiography, echocardiogra-
phy, and neurologic imaging (e.g., computed tomography 
scan) are also often needed. Importantly, the ECG changes 
seen following a rupture, which often include ST-segment 
and T-wave changes, mimic those seen with myocardial 
ischemia. In addition, troponin concentrations are often 
elevated, while echocardiography may reveal significant 
cardiac dysfunction with depressed contractility and wall 
motion abnormalities. Although the bleeding may be pri-
marily responsible for these cardiovascular changes, con-
comitant IHD or preexisting cardiomyopathy should also be 
considered. Measures aimed at controlling increased intra-
cranial pressure, arterial blood pressure, and blood glucose 
are important.!
Parkinson Disease
Parkinson disease is a degenerative disorder of the basal 
ganglia characterized by failure of dopamine secretion and 
diminished inhibition of the extrapyramidal motor system. 
Patients typically have diminution of spontaneous move-
ments, rigidity (cogwheel rigidity is classic), resting tremor, 
masked facies, difficulty speaking, difficulty walking, 
depression, and dementia. Autonomic dysfunction (includ-
ing orthostatic hypotension), excessive salivation, and 
impaired thermoregulation may also occur. Patients are at 
risk of pulmonary complications resulting from difficulty 
swallowing, altered mental status, increased aspiration 
risk, and ventilatory muscle dysfunction. Pharmacologic 
treatments include levodopa, dopamine agonists (e.g., 
bromocriptine, pramipexole, ropinirole, rotigotine), mono-
amine oxidase type B inhibitors (e.g., selegiline, rasagiline, 
safinamide), anticholinergic agents (e.g., trihexyphenidyl, 
benztropine), amantadine, and catechol-O-methyl trans-
ferase inhibitors (tolcapone, entacapone). Levodopa can 
cause dyskinesias (i.e., dystonic and myoclonic involuntary 
movements). Some individuals also undergo implantation 
of deep brain stimulators to manage their symptoms.

Preoperative evaluation should assess the pulmonary 
system, signs of dysphagia, and degree of disability. Evi-
dence of significant pulmonary symptoms or possible infec-
tion requires chest radiography, pulmonary consultation, 
and possible delay of the procedure for improvement. All 
associated medications should be continued. Abrupt with-
drawal of levodopa may exacerbate symptoms (especially 
dysphagia and chest wall rigidity) or precipitate neuroleptic 
malignant syndrome. The latter disorder is characterized by 
autonomic instability, altered mental status, rigidity, and 
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fever. Some medications encountered in the perioperative 
setting, such as metoclopramide and phenothiazines, may 
exacerbate symptoms of Parkinson disease by interfering 
with dopamine. Individuals with deep brain stimulators 
require deactivation of the devices before any procedures in 
which electrocautery will be used. The specific device should 
be identified, along with the severity of disease symptoms 
when the device is turned off. Perioperative management of 
the device ideally should be coordinated with the surgeon 
and the clinician managing the device.!
Neuromuscular Junction Disorders
Myasthenia gravis is an autoimmune disorder of skeletal 
muscle neuromuscular junctions that is caused by antibod-
ies against nicotinic acetylcholine receptors. The disease 
is characterized by skeletal muscle weakness that worsens 
with activity and improves with rest. Cardiac and smooth 
muscle function is unaffected. Weakness is exacerbated by 
stress, infections, hypokalemia, medications (e.g., amino-
glycosides, propranolol, ciprofloxacin, clindamycin), and 
surgery. A classification system for severity of myasthenia 
gravis is presented in Box 31.13. Patients with myasthenia 
gravis commonly have other autoimmune diseases, such as 
rheumatoid arthritis, polymyositis, and thyroid disorders.

Ocular symptoms (i.e., diplopia, ptosis) are almost 
always present; often, they are the presenting complaint 
or sole complaint. Cranial nerve and bulbar involvement 
are common, with an associated aspiration risk related to 
pharyngeal and laryngeal muscle weakness. Affected indi-
viduals may have thymic hyperplasia and tumors. Since 
the thymus is located in the anterior mediastinum, thymic 
enlargement has potential implications for anesthesia care 
(see section on “Mediastinal Masses”). Patients are usually 
treated with thymectomy, acetylcholinesterase inhibitors 
(e.g., pyridostigmine, neostigmine), immunosuppressants 
(corticosteroids, azathioprine, mycophenolate, cyclospo-
rine), plasmapheresis, and intravenous immunoglobulins. 
Worsening symptoms may reflect worsening disease (i.e., 
myasthenic crisis) or excessive acetylcholinesterase inhibi-
tor treatment (i.e., cholinergic crisis). A short-acting anti-
cholinesterase (edrophonium) can help distinguish the 
two states, since only a myasthenic crisis improves with 
more anticholinesterase. Plasmapheresis and intravenous 

immunoglobulins have been used to treat myasthenic cri-
ses and prepare patients for surgery, but still require several 
days to weeks to produce improvement.

All medications (with associated doses) should be docu-
mented and continued perioperatively. These drugs may 
also have implications themselves. For example, patients 
taking azathioprine require a CBC and liver function tests 
because of drug-induced bone marrow suppression and 
liver dysfunction. Patients treated with corticosteroids need 
measurement of blood glucose concentration, as well as pos-
sible perioperative corticosteroid supplementation. Since 
ventilatory function can be compromised, preoperative 
PFTs may also be indicated for selected patients, particu-
larly those suspected of having severely affected ventilatory 
function. PFTs may be particularly helpful if patients are 
being considered for ambulatory surgery, especially in free-
standing surgical centers. Drugs that can exacerbate myas-
thenic symptoms should also be avoided.

Lambert-Eaton syndrome is similar to myasthenia gra-
vis, with muscle weakness including oculobulbar involve-
ment and dysautonomia. It is caused by antibodies against 
voltage-gated calcium channels that result in decreased 
acetylcholine release. It is not associated with thymic 
abnormalities, but commonly occurs with malignant dis-
eases, especially small cell lung cancer and gastrointestinal 
tumors. The other distinguishing feature of this disorder is 
that the muscle weakness classically improves with activity 
and is worse after inactivity. In addition to acetylcholines-
terase inhibitors, typical treatments include 3,4-diamino-
pyridine, which is a selective potassium channel blocker. 
Preoperative evaluation and management are similar to 
those for myasthenia gravis. All related medications should 
be continued perioperatively.!
Muscular Dystrophies and Myopathies
Muscular dystrophies and myopathies are inherited disor-
ders that affect the neuromuscular junction. They share 
many similarities but do have a few differences. The hall-
mark of these disorders is progressive skeletal muscle weak-
ness that commonly leads to respiratory failure. No effective 
therapy is available. Many individuals have associated car-
diomyopathies and possible association with malignant 
hyperthermia.

Duchenne and Becker muscular dystrophies are X-linked 
recessive disorders that occur primarily in males. Affected 
individuals have elevated creatine phosphokinase levels, 
often preceding the onset of symptoms. Male patients with a 
family history of either Duchenne or Becker muscular dys-
trophy should be considered at risk (even when they have 
not been formally tested), and they require precautions sim-
ilar to those in patients with diagnosed disease. Cardiomy-
opathy and respiratory failure are the usual causes of death. 
Female carriers of the abnormal gene may have dilated 
cardiomyopathy despite having no other manifestations of 
the disease. The preoperative evaluation should focus on 
the cardiovascular (e.g., palpitations, dyspnea, chest pain, 
syncope, orthopnea, dependent edema) and pulmonary 
(e.g., aspiration, pneumonia) systems. Potentially helpful 
additional preoperative tests include ECGs, PFTs, and echo-
cardiography. Facioscapulohumeral muscular dystrophy 
(also known as faciohumeroscapular or Landouzy-Dejerine 
muscular dystrophy) is an autosomal dominant disorder 

Class I: Ocular myasthenia
Class IIA: Mild generalized myasthenia with slow progression: no 

crises, responsive to drugs
Class IIB: Moderately severe generalized myasthenia: severe 

skeletal and bulbar involvement but no crises; drug response 
less than satisfactory

Class III: Acute fulminating myasthenia: rapid progression of  
severe symptoms, with respiratory crises and poor drug response

Class IV: Late severe myasthenia, same as III but progression over 
2 years from class I to II

BOX 31.13 Osserman Classification System 
for Myasthenia Gravis Clinical Classification 
System

Data from Osserman KE, Genkins G. Studies in myasthenia gravis: review 
of a twenty-year experience in over 1200 patients. Mt Sinai J Med. 
1971;38:497–537.
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that affects both sexes and causes a slow, progressive weak-
ness of muscles in the shoulders and face. Cardiomyopathy 
occurs much less frequently than in other dystrophies, but 
arrhythmias have been reported. Limb-girdle dystrophies 
have a variable genetic inheritance pattern and primar-
ily affect the muscles of the shoulders and pelvis. Conduc-
tion abnormalities are present in some patients, although 
frank cardiomyopathies are less frequent. The preoperative 
evaluation is largely similar to that described previously for 
Duchenne muscular dystrophy.

Myotonic Dystrophies. Myotonia is characterized by pro-
longed contraction and delayed relaxation of muscles. It is 
a common symptom of several dystrophies, including clas-
sic myotonic dystrophy, congenital myotonic dystrophy, 
myotonia congenital, and central core disease. Myotonic 
dystrophy, which is the most common of these conditions, 
is an autosomal dominant inherited disorder affecting both 
sexes. Congenital myotonic dystrophy is a severe form of 
this disease that manifests in infancy, often in the children 
of affected mothers. The classic findings are severe muscle 
wasting, typically involving the diaphragm, face, hands, 
pharynx, and larynx. Cold temperatures can often trigger 
myotonia. The disease severity is variable, with symptoms 
often not apparent until the second or third decade of life; 
hence, a family history is important. Cardiomyopathies, 
arrhythmias, and conduction abnormalities are common, 
while some patients also have cardiac valvular abnormali-
ties. Cardiac involvement may not correlate with the degree 
of atrophy or weakness in skeletal muscle. Once an affected 
individual shows any evidence of second- or third-degree AV 
block, a pacemaker should be implanted (even if the patient 
is asymptomatic) because an unpredictably rapid progres-
sion of conduction disease may occur. Given this potential 
for rapid disease progression, pacemaker placement may be 
considered in patients with first-degree AV block, regardless 
of symptoms. Affected individuals are also at risk for aspi-
ration, pneumonia, respiratory failure, and postoperative 
pulmonary complications. Central core disease is a rare dis-
order caused by deficiency of mitochondrial enzymes. The 
name derives from findings of muscle biopsies, which reveal 
“cores” of abnormalities. Affected individuals have proxi-
mal muscle weakness, scoliosis, and sometimes cardiomy-
opathies. As with myotonic dystrophy, patients are at risk 
for respiratory failure and aspiration. Myotonia congenita 
is a hereditary disorder that involves only skeletal muscles, 
causes less severe symptoms, and does not cause cardiac 
abnormalities.

Myotonia was historically thought to predispose patients 
to malignant hyperthermia, however, current evidence 
indicates that they are not at increased risk.365 Nonetheless, 
succinylcholine should still be avoided in these patients 
because it may cause diffuse muscle contraction. Symp-
tomatic treatments for myotonic contractions include cor-
ticosteroids, quinine, and procainamide; otherwise, these 
diseases have no cure. These treatments should be contin-
ued perioperatively. The preoperative evaluation focuses 
on the cardiopulmonary system, with special emphasis 
on evaluating for pulmonary infection, heart failure, syn-
cope, conduction abnormalities, and valvular abnormali-
ties. Preoperative testing includes an ECG, echocardiogram 
(except for myotonia congenita), and chest radiograph (if 

symptoms of pulmonary disease are present). Evidence of 
a conduction abnormality on ECG should trigger a cardi-
ology consultation. Myotonia is not inhibited by regional 
anesthesia, but local anesthetic infiltration into muscle may 
provide symptomatic relief.!
Central Nervous System Tumors
Pituitary tumors are classified as functioning (associated 
with endocrine abnormalities) versus nonfunctioning, as 
well as benign (adenomas are the most common pituitary 
lesion) versus malignant. The tumor can have mass effects 
that lead to associated symptoms, such as headaches, 
visual field defects, and increased intracranial pressure 
(with resulting gait disturbances, vomiting, cranial nerve 
deficits, bladder incontinence, bowel incontinence). Other 
symptoms may be related to pituitary insufficiency (e.g., 
hypoadrenalism, hypothyroidism, infertility) or overactiv-
ity. Manifestations of pituitary overactivity include Cush-
ing syndrome from ACTH-secreting tumors; acromegaly 
from growth hormone secretion; hyperthyroidism from 
TSH production; and gynecomastia, lactation, and sex 
hormone-related changes from prolactin and gonadotropin 
(follicle stimulating and luteinizing hormones) secretion. 
These hormones are all produced by the anterior lobe of 
the pituitary and are controlled by a feedback loop from the 
hypothalamus. The posterior pituitary stores and secretes 
vasopressin and oxytocin, which are synthesized in the 
hypothalamus.

Acromegaly results in enlargement of connective tis-
sue, bone, and visceral organs. Affected individuals have 
an enlarged jaw (i.e., macrognathia), nose, feet, hands, 
pharyngeal tissue, and laryngeal tissue (including macro-
glossia and enlarged epiglottis). Affected individuals have 
increased risks of sleep apnea (both central and obstruc-
tive), neuropathies (from nerve entrapment), hypertension, 
diastolic dysfunction, and cardiac valvular abnormali-
ties. IHD, heart failure, diabetes mellitus, hypothyroidism, 
and difficult airway management (i.e., mask ventilation, 
laryngoscopy, intubation) may also occur. The preopera-
tive evaluation should document any chest pain, dyspnea, 
snoring, numbness, polydipsia, headaches, and visual 
disturbances. The physical examination focuses on blood 
pressure, airway examination, murmurs, neurologic find-
ings, and peripheral edema. It is important to plan for pos-
sible difficult airway management and inform the patient 
about the possible use of awake fiberoptic intubation. Pre-
operative testing may include an ECG and blood sampling 
for electrolyte concentration, glucose concentration, and 
thyroid function tests. TSH increases production of thyroid 
hormones (T3 and T4) by the thyroid gland (see section on 
“Thyroid Disease”). Prolactin- and gonadotropin-secreting 
tumors have little impact on anesthetic management, but 
their symptoms may alert clinicians to an undiagnosed 
pituitary tumor.

Posterior pituitary tumors result in failure to secrete 
vasopressin or ADH, which regulates renal water excretion. 
A deficiency results in diabetes insipidus, which is charac-
terized by excessive urine output from a failure to reabsorb 
water. Unless treated with DDAVP, these patients may 
develop hypernatremia and volume depletion. The anesthe-
siologist should therefore carefully evaluate patients’ intra-
vascular volume status and conduct blood sampling for 
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electrolyte concentrations and creatinine concentrations. 
Patients with pituitary tumors, pituitary apoplexy (hem-
orrhage into pituitary, which is associated with hyperten-
sion, trauma, or pregnancy), or previous pituitary tumor 
resection may require hormone replacement therapy (i.e., 
corticosteroids, thyroid replacement, DDAVP). These medi-
cations must not be interrupted during the perioperative 
period. The adequacy of replacement therapy can be deter-
mined based on the clinical evaluation, as well as blood 
sampling for electrolyte concentrations, creatinine concen-
trations, and thyroid function tests.

Other intracranial tumors include gliomas (45% of 
tumors), astrocytomas, ependymomas, medulloblastomas, 
oligodendrocytomas (malignant and highly lethal), benign 
meningiomas (15% of tumors), schwannomas, craniopha-
ryngiomas, and dermoid tumors. Metastatic lesions (6% 
of intracranial tumors) can also occur with virtually all 
types of primary malignant diseases. Common sources of 
metastatic intracranial lesions include breast, colorectal, 
and lung cancers. Most intracranial tumors are detected 
either incidentally, or when patients develop seizures or 
symptoms related to mass effect. Symptoms of mass effect 
include headaches, strokelike symptoms, vomiting, visual 
disturbances, altered cognitive function, and ataxia. If the 
intracranial pressure becomes elevated, hypertension, bra-
dycardia, arrhythmias, ECG abnormalities, and brainstem 
herniation may occur. Careful assessment of neurologic 
deficits is important. For patients with metastatic lesions, 
issues pertaining to the primary malignant disease and 
previous treatment (e.g., chemotherapy, radiation, cortico-
steroids, anticonvulsants) must be clarified. Continuation 
of preexisting corticosteroids (to treat cerebral edema) and 
anticonvulsant medications is important.!

MUSCULOSKELETAL AND CONNECTIVE TISSUE 
DISEASES

These disorders are characterized by musculoskeletal defor-
mities and chronic inflammation. Assessment of deformi-
ties is important because of their potential implications for 
airway management and regional anesthesia technique. 
Chronic inflammation—which occurs with rheumatoid 
arthritis, SLE, and systemic sclerosis—can cause vasculop-
athy and multiorgan dysfunction. Affected organ systems 
may include cardiovascular, pulmonary, renal, hemato-
logic, integumentary, gastrointestinal, central nervous, 
and peripheral nervous systems.

Rheumatoid Arthritis
Rheumatoid arthritis is a chronic autoimmune disorder 
that primarily affects joints, but it often also affects multiple 
organ systems. The disease affects approximately 1% of the 
population, and women are 2 to 3 times more likely to be 
affected as are men.366 Distal joints are involved more often 
than proximal, often in a symmetric pattern. Joint involve-
ment is characterized by inflammation that can progress 
to severe deformity, although the disease course can vary 
dramatically. The temporomandibular joints and cricoary-
tenoid cartilage can be involved, resulting in limited mouth 
opening, hoarseness, and possible difficulties with airway 
management. Atlantodens subluxation and instability of 
the cervical spine can also occur. Subluxation, which is 

caused by ligamentous laxity, as opposed to joint disease, 
may also occur, although the prevalence appears to be 
decreasing with the advent of improved disease modifying 
agents. Cervical spine disease can be asymptomatic. IHD, 
pericardial effusions, aortic regurgitation, and conduction 
abnormalities may be present in affected individuals. Symp-
toms of myocardial ischemia may be masked in patients 
with rheumatoid arthritis because of impairment of func-
tional status by concomitant joint disease. In addition, exer-
tional dyspnea because of heart failure may be confused 
with pulmonary involvement. Pulmonary manifestations 
include restrictive lung disease secondary to decreased tho-
racic mobility, pulmonary fibrosis, and pleural effusions. 
Patients have an increased risk of renal dysfunction second-
ary to both vasculitis and long-term NSAID use. Peripheral 
neuropathy can result from vasculitis or entrapment. Ane-
mia, leukocytosis, thrombocytosis (from chronic inflamma-
tion), and thrombocytopenia (from splenomegaly) may be 
present. Patients may also have rheumatoid nodules that 
occur subcutaneously (usually over extensor joints) or in 
the lungs.

The preoperative examination must document symptoms 
related to the many organ systems affected by rheumatoid 
arthritis. Special detail is directed to the neurologic, airway, 
pulmonary, and cardiovascular systems. Documentation of 
deformities and neurologic deficits is important to establish 
a baseline level of function. Significant hoarseness should 
prompt an evaluation by an otolaryngologist to assess the 
mobility of the vocal cords and the presence of cricoaryte-
noid arthritis. A careful history may elicit neurologic defi-
cits, neck pain, upper extremity pain, or crunching sound 
with neck movement. Indications for preoperative cervical 
spine radiographs include neurologic findings, long-stand-
ing severely deforming disease, or procedures requiring 
prone positioning or manipulation of the cervical spine. The 
specific radiographs required are anteroposterior and lat-
eral cervical spine films with flexion, extension, and open-
mouth odontoid views.367 Significant abnormalities (i.e., 
anterior atlas-dens interval >9 mm or posterior interval 
<14 mm) require consultation with a neurologist or neu-
rosurgeon. Notably, disease duration, severity, and symp-
toms do not correlate with cervical spine subluxation. New 
or worsening pulmonary symptoms should prompt further 
evaluation with pulse oximetry, chest radiographs, PFTs, or 
possibly a pulmonary consultation. Muffled heart sounds, 
pericardial rubs, and low voltage on an ECG suggest a peri-
cardial effusion, which necessitates an echocardiogram. 
Any suspicious murmur merits an echocardiogram in these 
patients. Because rheumatoid arthritis is associated with a 
very high prevalence of IHD, patients may require ECGs and 
possible cardiac stress testing (with subsequent cardiology 
referral as indicated). Other preoperative tests include blood 
sampling for CBC and creatinine concentrations.

Advanced planning for management of potential diffi-
cult airways is important, including discussion of regional 
anesthetic options and possible awake fiberoptic intuba-
tion. When possible, corticosteroids, analgesics, and non-
biological disease modifying agents (e.g., methotrexate, 
leflunomide, hydroxychloroquine, sulfasalazine) should be 
continued, although consideration can be given to stopping 
NSAIDs 2 to 3 days before surgery. There are more concerns 
regarding whether biological disease modifying agents (i.e., 

Downloaded for alex arman davidson (arman@amazingstudy.tk) at Florida International University from ClinicalKey.com by Elsevier on October 21, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.



31 • Preoperative Evaluation 975

tumor necrosis factor alpha antagonists) should be stopped 
before surgery, especially since continued treatment may 
predispose patients to postoperative infections. Several 
guidelines recommend holding these agents before sur-
gery,368,369 although there is uncertainty regarding when 
treatment should be stopped relative to surgery. Especially 
since these drugs have different dosing cycles, patients with 
complex immunosuppressant therapy are best managed col-
laboratively with their rheumatologist, primary care physi-
cian, and surgeon. Stress-associated adrenal insufficiency 
may occur in patients taking preoperative corticosteroid 
therapy. Details on which patients warrant perioperative 
stress dose corticosteroids, as well as a suggested dosing 
regimen, are presented in the section on “Hypothalamic-
Pituitary-Adrenal Disorders” and Table 31.15.!
Ankylosing Spondylitis
Ankylosing spondylitis is a progressive inflammatory 
arthropathy that primarily affects the spine and sacroiliac 
joints, although peripheral joints may also be involved. It 
usually occurs in males. Ankylosing spondylitis can have 
important extraarticular manifestations, including uve-
itis, vasculitis, aortitis, and aortic insufficiency. Affected 
individuals may develop restrictive lung disease related 
to pulmonary fibrosis or chest wall movement restriction 
(joint fixation and kyphosis). Kyphosis can be so extreme 
that patients are unable to face forward, thereby making 
mask ventilation, direct laryngoscopy, and intubation 
very difficult. The patient’s preoperative evaluation should 
focus on the cardiovascular, pulmonary, and musculo-
skeletal systems, with the physical examination including 
measurement of oxygen saturation on room air. The pres-
ence of a murmur on physical examination warrants an 
echocardiogram. If ventilatory compromise is suspected or 
present, a chest radiograph and PFTs are necessary. Most 
analgesic medications and non-biological disease modify-
ing agents (e.g., sulfasalazine) can be continued preopera-
tively, although consideration can be given to stopping 
NSAIDs 2 to 3 days before surgery. Several guidelines 
recommend holding biological disease modifying agents 
(i.e., tumor necrosis factor alpha antagonists) before 
surgery,368,369 although there is uncertainty regarding 
when treatment should be stopped relative to surgery. 
Especially since these drugs have different dosing cycles, 
patients with complex immunosuppressant therapy are 
best managed collaboratively with their rheumatologist, 
primary care physician, and surgeon. It is important to 
plan for perioperative airway management and inform the 
patient about the possibility of awake fiberoptic intuba-
tion. Peripheral nerve blocks are an option, but neuraxial 
anesthesia is often unsuccessful in the presence of severe 
spinal involvement.!
Systemic Lupus Erythematosus
SLE is a systemic autoimmune disease that is predomi-
nantly caused by vasculitis. It has a variable course with 
flares and remission periods. SLE is more likely to affect 
females (i.e., seven-fold higher prevalence in adults), as 
well as individuals with East Asian or African-American 
ethnic backgrounds.370 The multiorgan disease has mus-
culoskeletal, cardiovascular, pulmonary, renal, neurologi-
cal, dermatological, hematological, gastrointestinal, and 

constitutional manifestations. Common constitutional 
symptoms are fever and chronic fatigue. The fevers may be 
explained by disease activity itself, as well as frequent infec-
tions related to disease-induced immune dysfunction and 
immunosuppressant treatment. The musculoskeletal find-
ings are typically a migratory arthritis of the small joints 
in the hands and feet. Many patients have dermatologic 
conditions including alopecia, photosensitivity, and a typi-
cal “butterfly rash” across the cheeks and nose. Vasospasm 
of the digits (i.e., Raynaud phenomenon), often associated 
with atrophy of nails and fingernails, can make it difficult to 
obtain pulse oximetry readings. Pulmonary manifestations 
include interstitial lung disease, pleural effusions, frequent 
respiratory infections, and pulmonary hypertension. Pul-
monary hypertension, which can result from recurrent pul-
monary emboli, pulmonary vasculopathy, and interstitial 
lung disease, carries a high risk of perioperative complica-
tions.371 Cardiovascular involvement includes hyperten-
sion (often difficult to control), premature IHD, pericarditis, 
myocarditis, coronary artery vasculitis, cardiomyopathy, 
aseptic endocarditis, and pleural effusions. Neurologic dis-
ease includes cerebral vasculitis, stroke, CVD, cognitive 
dysfunction, seizures, peripheral neuropathy, headache, 
neuropsychiatric manifestations, and affective disorders. 
Lupus nephritis is a common end-organ complication that 
carries a poor prognosis and often results in ESRD. Patients 
with SLE may have anemia, leukopenia, thrombocyto-
penia, and antiphospholipid antibodies. Individuals with 
these antibodies typically have a prolonged aPTT, but are 
predisposed to pulmonary emboli, stroke, and recurrent 
venous or arterial thromboses.

The preoperative evaluation should assess all major organ 
systems and relevant medications. Patients with severe dis-
ease, infections, or exacerbations are best managed collab-
oratively with their rheumatologist or primary physician. 
The history should cover details on typical disease flairs 
(manifestations, timing, treatment), fevers, cardiovascular 
symptoms (e.g., dyspnea, chest pain, orthopnea), neuro-
logic symptoms (e.g., stroke, seizures), renal disease, prior 
thromboembolic events, and fevers. Given the prevalence 
of IHD and CVD in these patients, the evaluation should 
include reviewing results of any previous relevant diagnos-
tic studies (e.g., cardiac stress testing, echocardiography, 
computed tomography, MRI). The preoperative physi-
cal examination concentrates on the pulmonary (rales, 
decreased breath sounds), cardiac (pericardial rubs, mur-
murs, arrhythmias, jugular venous distention, peripheral 
edema), and nervous (motor deficits, sensory deficits, visual 
disturbances) systems. Helpful preoperative tests include 
an ECG and blood sampling for CBC, electrolyte concentra-
tions, glucose concentrations, creatinine concentrations, 
and aPTT (unless the patient has a known antiphospholipid 
syndrome). Significant ECG abnormalities (e.g., conduction 
delays, arrhythmias, Q waves, low voltage) should prompt 
consideration for further testing, cardiology consultation, 
or pulmonology consultation. Other tests that may be con-
sidered include an INR (patients receiving warfarin), echo-
cardiogram (murmurs, suspected heart failure, suspected 
effusion), chest radiograph (pulmonary symptoms or sus-
pected heart failure), and PFTs (worsening or undiagnosed 
dyspnea). Patients with advanced cardiomyopathy, decom-
pensated heart failure, pulmonary hypertension, systemic 
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vasculitis, and recent or recurrent thromboembolism are 
considered to be at high risk, and they are best managed 
in concert with the appropriate specialists. Most medica-
tions, including corticosteroids and non-biological disease-
modifying agents (e.g., hydroxychloroquine, cyclosporine, 
azathioprine, tacrolimus) should be continued. Patients on 
long-term corticosteroid therapy may need perioperative 
stress dose corticosteroids. Details on patient selection for 
such therapy, as well as a suggested dosing regimen, are 
presented in the section on “Hypothalamic-Pituitary-Adrenal 
Disorders” and Table 31.15. Medications that require tem-
porary preoperative discontinuation include anticoagulant 
therapy; consultation with a hematologist may be neces-
sary to plan perioperative anticoagulation management, 
including the possible need for bridging therapy. Similarly, 
patients with complex biological immunosuppressant ther-
apy for SLE (e.g., belimumab) are best managed collabora-
tively with their rheumatologist.!
Systemic Sclerosis
Systemic sclerosis (previously known as scleroderma) is an 
autoimmune multisystem disease that is characterized by 
excessive fibrosis. It occurs more commonly in females.372 
Aside from skin thickening, the most common skin mani-
festation is Raynaud phenomenon. Scleroderma has sev-
eral variants, which are differentiated based on the extent of 
skin and internal organ involvement. Localized scleroderma 
involves just the skin, and no other organs. Limited systemic 
sclerosis has cutaneous manifestations “limited” to face and 
upper extremities, as well as systemic involvement in the 
gastrointestinal tract (e.g., dysphagia, reflux) and lungs 
(e.g., interstitial lung disease, pulmonary hypertension). 
Diffuse systemic sclerosis is characterized by generalized skin 
involvement and multiple end-organ damage. Manifesta-
tions include myocardial fibrosis, pericarditis, heart failure 
(right-sided and left-sided), coronary artery fibrosis, severe 
hypertension, ESRD, dysphagia, fatigue, weight loss, and 
gastroesophageal reflux. Pulmonary hypertension, which 
may result from interstitial lung disease or vasculopathy, is 
a leading cause of death in systemic sclerosis and is associ-
ated with increased perioperative risk.371

The preoperative evaluation focuses on the organ sys-
tems in the manner outlined previously in the section on 
SLE, with special attention to evidence of pulmonary hyper-
tension (see section on “Pulmonary Hypertension”). The 
history should evaluate for any evidence of pulmonary dis-
ease (e.g., cough, dyspnea) or cardiac disease (e.g., dyspnea, 
orthopnea, chest pain). Patients may develop limited mouth 
opening, limited neck mobility, poor dentition, and oropha-
ryngeal lesions secondary to skin involvement. Careful air-
way evaluation and planning for airway management are 
essential in such individuals, especially because they may 
also be at high risk for aspiration secondary to gastroesoph-
ageal reflux. Dermal involvement, edema, and contractures 
may also make venous access and regional anesthesia 
technically challenging. Thus, it is helpful to discuss cen-
tral venous access and possible awake fiberoptic intubation 
during the preoperative assessment; in some cases, con-
sideration should be given to arranging for interventional 
radiology to place intravenous lines.

Patients with systemic sclerosis usually need an ECG, 
and blood sampling for CBC (especially if receiving 

immunosuppressant therapy) and creatinine concentra-
tion. A chest radiograph and PFTs can be useful if inter-
stitial lung disease or pulmonary fibrosis is suspected. 
Echocardiography (i.e., right ventricular size, right ventric-
ular function, estimated right ventricular systolic pressure) 
may be useful to screen patients with suspected pulmonary 
hypertension. Antihypertensive agents (including calcium 
channel blockers for Raynaud phenomenon) and immuno-
suppressant therapy should be continued.!
Raynaud Phenomenon
Raynaud phenomenon is an exaggerated vascular response 
to cold or emotional stress that results in color changes of the 
digits (typical sequence is pallor to cyanosis to rubor).373 It 
is classified as primary (termed Raynaud disease) or second-
ary (termed Raynaud phenomenon). Raynaud phenomenon 
is associated with connective tissue diseases, autoimmune 
disorders, drugs, and use of vibrating tools. Connective tis-
sue diseases associated with Raynaud phenomenon include 
systemic sclerosis, Sjögren disease, SLE, and possibly rheu-
matoid arthritis. Raynaud phenomenon most often affects 
the hands, typically resulting in a sudden onset of cold 
digits with sharply demarcated pallor or cyanosis. Cutane-
ous vasospasm is also common in other sites, such as the 
face and ears, where it causes pain and numbness. Crite-
ria for the diagnosis of Raynaud disease include symmetric 
episodic attacks, absence of PAD, absence of tissue injury 
(or gangrene), normal nail fold capillary examination, 
normal erythrocyte sedimentation rate, and negative anti-
nuclear antibody test. Raynaud disease requires no special 
additional preoperative evaluation. Secondary Raynaud 
phenomenon should prompt an assessment for associated 
disease states. It is also important to distinguish Raynaud 
phenomenon from PAD, especially given the difference in 
associated comorbidities. Calcium channel blockers are 
useful treatments in many patients and should be contin-
ued in the perioperative period.!
Inherited Connective Tissue Disorders
Ehlers-Danlos syndrome is a disorder of collagen synthesis. 
It consists of several subtypes that have various manifes-
tations but are almost all characterized by joint hypermo-
bility. Type IV disease is more serious because affected 
individuals may have vascular fragility and skin fragility, as 
well as predisposition to vascular rupture, visceral rupture, 
and pneumothorax. Patients with type VI Ehlers-Danlos 
syndrome have muscle weakness, scoliosis, ocular fragility, 
skin fragility, and osteopenia.

Marfan syndrome is characterized by tall stature, arach-
nodactyly (i.e., long digits), scoliosis, pectus excavatum, 
valvular disease (e.g., aortic insufficiency, mitral valve pro-
lapse, mitral regurgitation), arrhythmias, and ascending 
aortic dilatation. These patients are at risk for aortic dissec-
tion. Ocular (e.g., ectopia lentis, strabismus, glaucoma) and 
pulmonary (e.g., spontaneous pneumothorax) complica-
tions can also occur.374 Other manifestations include ret-
rognathia and high arched palates. Careful auscultation for 
the diastolic murmur of aortic insufficiency is important (see 
Table 31.8). If such a murmur is detected, subsequent tests 
should include an echocardiogram and chest radiograph. 
The most distinguishing feature of osteogenesis imperfecta 
is the propensity for fractures from extremely fragile bones. 
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These patients may have blue sclerae, short stature, sco-
liosis, joint hypermobility, hearing loss, muscle weakness, 
mitral valve prolapse, aortic insufficiency, and platelet 
dysfunction. An ECG and echocardiogram are necessary 
if physical examination reveals a murmur. Epidermolysis 
bullosa is distinguished by blistering, skin fragility, and 
scarring caused by abnormal epidermal-dermal anchoring. 
Even noninvasive blood pressure measurement may cause 
skin blistering and breakdown in an affected individual.!
Kyphoscoliosis
Kyphoscoliosis is a curvature of the spine in both lateral and 
posterior directions. It can involve the thoracic region, the 
lumbar region, or both. Kyphoscoliosis may occur alone or 
as a manifestation of other diseases (e.g., collagen vascular 
disorders, Marfan syndrome, neurofibromatosis, muscular 
dystrophies, cerebral palsy). Therefore, the preoperative 
evaluation should also focus on identifying any coexisting 
abnormalities. Severe thoracic deformity may cause car-
diopulmonary compromise as a consequence of restrictive 
lung disease, pulmonary hypertension, heart failure, tra-
cheobronchial compression, or cardiac compression. The 
history should focus on assessing cardiopulmonary symp-
toms. The ability of the patient to lie supine (to facilitate air-
way access and management) must also be determined. The 
physical examination should evaluate vital signs (including 
oxygen saturation), pulmonary system (rales, decreased air 
entry), and cardiovascular system (murmurs, additional 
heart sounds, edema, jugular venous distention). A CBC, as 
well as a blood type and screen, is required in any patient 
scheduled to undergo spine correction surgery for kypho-
scoliosis. Additionally, an ECG and chest radiograph may be 
useful. If heart failure is suspected based on clinical evalu-
ation, a preoperative echocardiogram should be performed. 
Any reversible lung disease or heart failure must be opti-
mized preoperatively.!

CANCERS AND TUMORS IN PREOPERATIVE 
PATIENTS
Patients With Cancer
Patients with cancer may have complications related to 
both the disease itself and its treatment (e.g., chemotherapy, 
radiation therapy). Typically, patients are aware of the side 
effects of their cancer treatments. It is helpful to ask them 
whether any unexpected complications occurred during 
treatment, or whether chemotherapy or radiation therapy 
had to be interrupted because of adverse effects. A hyper-
coagulable state is also common in cancer, particularly 
advanced disease, primary brain tumors, ovarian adeno-
carcinoma, pancreatic cancer, colon cancer, gastric cancer, 
lung cancer, prostate cancer, and kidney tumors. The risk 
of thromboembolic events is increased six-fold in patients 
with cancer, with active cancer accounting for 20% of new 
cases of thromboembolism.

The preoperative evaluation focuses on cardiac, pulmo-
nary, neurologic, and hematologic systems. Previous head 
and neck irradiation may cause carotid artery disease, 
hypothyroidism, or difficulty with airway management. 
Auscultation for bruits, thyroid function tests, and carotid 
Doppler studies are therefore recommended. Mediastinal, 
chest wall, or left breast irradiation can cause pericarditis, 

conduction abnormalities, cardiomyopathy, valvular 
heart disease, and premature IHD (even in the absence of 
traditional cardiovascular risk factors).375 Thus, younger 
patients with a history of radiation therapy should be 
assessed for cardiac symptoms and undergo an ECG—even 
if they may not otherwise be at risk for heart disease. Based 
on these initial results, stress testing and echocardiography 
may be indicated. Previous irradiation to the lungs, breast, 
or mediastinum may also cause radiation pneumonitis. In 
such individuals, an oxygen saturation measurement and 
chest radiograph may be required, with consideration for 
PFTs if appropriate.

Other important chemotherapy-associated side effects 
include cardiomyopathy with trastuzumab and anthracy-
clines (e.g., doxorubicin); pulmonary toxicity with bleo-
mycin; nephrotoxicity with cisplatin; hemorrhagic cystitis 
with cyclophosphamide; and peripheral neuropathy with 
vincristine or cisplatin. Many chemotherapeutic agents are 
toxic to the bone marrow, and patients commonly exhibit 
preoperative anemia. Patients who received corticosteroids 
as part of their cancer treatment may be at risk for adrenal 
insufficiency. These individuals may require supplemental 
perioperative corticosteroids; details on patient selection 
for such therapy, as well as a suggested dosing regimen, 
are presented in the section on “Hypothalamic-Pituitary-
Adrenal Disorders” and Table 31.15. Other chemotherapy 
drugs result in impaired postsurgical wound healing, espe-
cially antiangiogenic agents (e.g., bevacizumab, sunitinib, 
sorafenib, pazopanib, vandetanib, cabozantinib, axitinib). 
Consequently, elective major surgery should be scheduled 
after temporary discontinuation of these agents, whenever 
feasible. The time interval for preoperative discontinuation 
varies across these agents from 28 days (bevacizumab) to 
1 week (sunitinib, sorafenib, pazopanib, vandetanib, cabo-
zantinib) to 48 hours (axitinib). Based on the type of chemo-
therapy, an ECG, chest radiograph, and blood sampling for 
CBC, electrolyte concentrations, creatinine concentration, 
and liver function tests may be needed. In some cases, con-
sideration may be given to delaying the surgical procedure 
to allow resolution of neutropenia and thrombocytopenia. 
In general, advance planning of blood component replace-
ment (including type and screening in the preoperative 
clinic) can avoid delays on the day of surgery.

The direct effects of cancers depend on the specific organ 
systems involved. Issues pertaining to intracranial tumors 
are discussed in the section on “Central Nervous System 
Tumors”. Bone and liver involvement with metastases 
can commonly occur in patients with breast, colorectal, 
lung, and head and neck tumors. These bony lesions can 
in turn cause hypercalcemia or pancytopenia. Head and 
neck tumors, and their associated therapy (e.g., surgery, 
radiation), may cause thyroid dysfunction and difficulty 
with airway management. Lung cancer can cause airway 
problems, compromised pulmonary function, or mediasti-
nal masses (see section on “Mediastinal Masses”). In these 
cases, computed tomography scans of the head, neck, or 
chest may be indicated. Paraneoplastic syndromes can 
complicate almost any type of malignant disease but are 
most commonly seen with lung cancer. Typical manifesta-
tions of these syndromes include hypercalcemia, inappro-
priate ADH secretion, Lambert-Eaton syndrome, Cushing 
syndrome, and neuropathies.
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Patients who are receiving opioids on a long-term basis 
for cancer pain are likely to require larger than usual 
doses of medication for postoperative pain control (see the 
later section on “Planning for Postoperative Pain Man-
agement”). On the day of surgery, these patients typically 
take their usual analgesic medications, with the exception 
of NSAIDs (which, if possible, should be stopped 2-3 days 
before surgery).!
Mediastinal Masses
Tumors that may occur in the anterior mediastinal space 
include lymphomas, thymomas, teratomas, thyroid goiters, 
and metastatic tumors. Anterior mediastinal masses can 
obstruct the great vessels (i.e., aorta, pulmonary arteries, 
pulmonary vein, superior vena cava), heart, trachea, and 
bronchi. Patients may complain of dyspnea, dysphagia, 
stridor, wheezing, coughing (especially when recumbent), 
and orthopnea. Compression of the superior vena cava can 
result in superior vena cava syndrome, which is character-
ized by jugular venous distention as well as edema in the 
face, neck, chest, and upper extremities. Affected individu-
als may also develop increased intracranial pressure and 
airway compromise. Imaging of the chest (with computed 
tomography or MRI) and echocardiography are needed 
if airway, cardiac, or vascular compression is suspected. 
Flow-volume loops may also be useful to assess the loca-
tion (extrathoracic vs. intrathoracic) and degree of airway 
obstruction. Patients with tracheobronchial, cardiac, or 
major vessel compression require special anesthetic precau-
tions, including possible awake fiberoptic intubation.!
Von Hippel–Lindau disease
von Hippel–Lindau disease is an autosomal dominant 
inherited disorder characterized by a variety of benign and 
malignant tumors. Associated tumors include hemangio-
blastomas, retinal angiomas, clear cell renal cell carcino-
mas, pheochromocytomas, and neuroendocrine tumors of 
the pancreas. During preoperative evaluation, the anesthe-
siologist should assess for symptoms suggestive of a pheo-
chromocytoma or neuroendocrine tumor (see relevant 
sections of this Chapter), as well as evaluate the patient’s 
renal function. Any further testing (e.g., electrolytes, ECG, 
creatinine, glucose) should be guided by findings from the 
initial clinical evaluation.!
Carcinoid Tumors
Carcinoid tumors are rare neuroendocrine tumors that 
release mediators. They are associated with MEN type 1. 
These tumors typically occur in the gastrointestinal tract 
and are the most common neoplasms of the appendix; in 
addition, they can also occur in the pancreas and bronchi. 
Carcinoid syndrome is caused by vasoactive amines (e.g., 
serotonin, norepinephrine, histamine, dopamine), poly-
peptides (e.g., bradykinin, somatostatin, vasoactive intesti-
nal peptide, glucagon), and prostaglandins released by the 
tumors. Typical manifestations include flushing, tachycar-
dia, arrhythmias, diarrhea, malnutrition, bronchospasm, 
and carcinoid heart disease. Nonetheless, most patients are 
asymptomatic because the liver inactivates the bioactive 
products of carcinoid tumors. Consequently, patients with 
gastrointestinal carcinoid tumors have manifestations of 
carcinoid syndrome only if they have hepatic metastases. 

Carcinoid heart disease is characterized by endocardial 
fibrosis of pulmonic and tricuspid valves. Affected indi-
viduals may then develop tricuspid regurgitation, pul-
monic stenosis, pulmonic regurgitation, right-sided heart 
failure, peripheral edema, and hepatomegaly. They may 
also develop carcinoid crisis, which is associated with pro-
found flushing, bronchospasm, tachycardia, and hemody-
namic instability. These life-threatening episodes can occur 
with induction of anesthesia, intraoperative handling of a 
tumor, or other invasive procedure on a tumor (e.g., tumor 
embolization).376

The preoperative clinical evaluation should focus on 
dyspnea, orthopnea, wheezing, edema, arrhythmias, and 
murmurs; subsequent diagnostic tests are guided by the 
initial assessment. Patients with chronic diarrhea need 
measurement of electrolyte and creatinine concentrations. 
Patients with cardiac involvement must have an ECG and 
echocardiogram. Malnourished patients need an ECG, as 
well as measurement of electrolyte and albumin concen-
trations. Predictors of perioperative adverse events in these 
patients are carcinoid heart disease and elevated urinary 
5-hydroxyindoleacetic acid concentrations.377 The main-
stay of pharmacologic treatment of carcinoid syndrome are 
somatostatin analogues, namely octreotide and lanreotide. 
Preoperative treatment with octreotide (300-500 µg intra-
venous or subcutaneously) helps mitigate the risks of intra-
operative carcinoid crises.378 An alternative approach for 
high-risk major procedures is to start a continuous intra-
venous 50 µg /hour infusion of octreotide 12 hours before 
surgery and continue it for at least 24 to 48 hours after 
surgery.376!

Special Issues in Preoperative 
Evaluation

PSEUDOCHOLINESTERASE DEFICIENCY

A personal or family history of pseudocholinesterase, or 
butyrylcholinesterase, deficiency should be identified pre-
operatively (see Chapter 35). Pseudocholinesterase, which 
is found in the plasma, liver, pancreas, heart, and brain, 
is distinct from acetylcholinesterase, which is found in 
erythrocytes. Patients with an “allergy to succinylcho-
line” should be suspected of having either this disorder or 
malignant hyperthermia. Previous anesthetic records may 
help clarify an uncertain history. Additionally, inquiring 
whether the patient was intubated postoperatively, gravely 
ill, or in need of intensive care may be helpful.

Pseudocholinesterase activity may be permanently 
reduced because of abnormal genotypes, or transiently 
altered because of disease, drugs, pregnancy, or infancy. In 
patients with a history suggestive of pseudocholinesterase 
deficiency, recommended testing includes plasma cholin-
esterase activity, dibucaine number, and fluoride number. 
Plasma cholinesterase activity is a quantitative measure of 
enzyme activity, whereas the dibucaine number and fluo-
ride number are qualitative measures. Plasma cholinesterase 
activity should not be confused with acetylcholinesterase 
activity, which is an assessment of erythrocyte cholinester-
ase. The dibucaine number represents the percentage inhibi-
tion of the enzyme by the local anesthetic dibucaine, and 
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the fluoride number represents the percentage inhibition 
by fluoride. Normal individuals—who are homozygous 
for the wild-type gene—have a dibucaine number of 80 
because their plasma cholinesterase is 80% inhibited by 
dibucaine. Individuals who are homozygous for the atypi-
cal genes have a dibucaine number of 20 (corresponding 
to 20% inhibition) and can be paralyzed for 4 to 8 hours 
after receiving succinylcholine. In heterozygous individu-
als who have a dibucaine number of 60 (corresponding to 
60% inhibition), the duration of action of succinylcholine is 
prolonged by 50% to 100%. The combination of dibucaine 
number and plasma cholinesterase activity therefore differ-
entiates genetic from acquired causes of prolonged apnea 
after succinylcholine administration. Patients with known 
or suspected pseudocholinesterase deficiency should be 
encouraged to obtain proper medical alert identification. 
Additionally, they should be educated that the enzyme also 
metabolizes ester-linked local anesthetics.!

MALIGNANT HYPERTHERMIA

A known history or suggestive history (e.g., hyperthermia 
or rigidity during anesthesia) of malignant hyperthermia in 
a patient or family member must be clearly documented in 
the preoperative assessment. This information must also be 
communicated to the surgeon and eventual anesthesia pro-
vider—especially to ensure that appropriate arrangements 
are made preoperatively (see Chapter 35). Individuals who 
are genetically predisposed to malignant hyperthermia are 
asymptomatic until they are exposed to triggering agents. 
Certain neuromuscular diseases are also associated with 
elevated risks of malignant hyperthermia, including some 
muscular dystrophies (i.e., Duchenne, Becker, myotonic), 
King-Denborough syndrome, central core disease, periodic 
paralysis, osteogenesis imperfecta, myelomeningocele, and 
strabismus.!

MORBIDLY OBESE PATIENTS

The morbidly obese patient presents special preoperative 
risks. Obesity is associated with several important comor-
bidities, including diabetes mellitus, hypertension, cardio-
vascular disease, CVD, cancer, OSA (see the earlier section 
on “Obstructive Sleep Apnea”), and poor functional capac-
ity. Obese individuals are also at risk for NASH, which 
can result in abnormal liver function tests, liver fibro-
sis, and end-stage liver disease. In addition, patients with 
extreme obesity are at risk for right-sided heart failure 
and pulmonary hypertension. Such individuals can have 
obesity-hypoventilation syndrome (OHS), also known as 
Pickwickian syndrome. OHS is characterized by impaired 
central ventilatory drive and is distinct from OSA. It is asso-
ciated with awake, chronic hypoxemia (PaO2 < 65 mm Hg) 
without a diagnosis of COPD or primary lung disease. In 
the perioperative setting, obese patients experience higher 
rates of difficult bag-mask ventilation and difficult tracheal 
intubation.

The preoperative evaluation focuses on relevant coexist-
ing diseases, airway, cardiopulmonary system, and vital 
signs (including pulse oximetry). When measuring blood 
pressure, the cuff should have a width that is approximately 
two thirds of the arm and a length that can adequately 

encircle the extremity. Assessment of neck circumference 
can also identify individuals at risk for difficulty with endo-
tracheal intubation. It is also helpful to determine both 
actual body weight and ideal body weight. Determination 
of ideal body weight may be helpful in dose selection for 
certain medications (e.g., neuromuscular blockers),379 and 
for determining optimal intraoperative mechanical venti-
lation settings. Treatments for obesity can have important 
perioperative implications. For example, drugs or other 
weight reduction methods (e.g., purging, diuretics, laxa-
tives, gastric bypass procedures) may result in electrolyte 
abnormalities, vitamin deficiencies, malnutrition, anemia, 
and cardiopulmonary disorders. Two previously available 
antiobesity medications, fenfluramine and dexfenfluramine 
(both were withdrawn from the market in 1997), had sig-
nificant cardiac side effects, including regurgitant valvular 
lesions and pulmonary hypertension. Any individual who 
was ever exposed to these drugs should undergo a cardio-
vascular evaluation, including an echocardiogram.!

PATIENTS WITH TRANSPLANTED ORGANS

The number of patients with transplanted organs who 
require nontransplant surgical procedures increases 
yearly. During preoperative evaluation, these patients pres-
ent special issues relating to transplant function, allograft 
denervation, immunosuppression, and other posttrans-
plant physiologic and pharmacologic issues. Close interac-
tion with the transplant team is one of the most important 
steps in the perioperative care of these patients. Clinicians 
performing the preoperative assessment should ensure 
that the transplant care providers are made aware of the 
upcoming procedure and are given an opportunity to make 
recommendations.

Some general preoperative considerations apply to all 
transplant recipients, as well as additional concerns based 
on the specific organ transplanted. In all transplant recipi-
ents, the level of function of the transplanted organ and the 
presence of any rejection should be evaluated. The dosage 
regimen of all immunosuppressant medications should be 
noted, and patients should be instructed to continue these 
medications perioperatively. However, these drugs can mod-
ify the pharmacology of many other agents administered 
during the perioperative period, as has been extensively 
summarized in the literature.380,381 Patients should also 
be assessed for complications related to immunosuppres-
sant therapy. These complications include the following: 
hyperglycemia and adrenal suppression (corticosteroids); 
increased risks of infection, hypertension, and renal insuf-
ficiency (corticosteroids, cyclosporine, tacrolimus); and 
myelosuppression causing anemia, thrombocytopenia, and 
leukopenia (azathioprine, sirolimus). Although transplant 
recipients are at increased risk for postoperative infections, 
no evidence indicates that higher doses of antibiotic pro-
phylaxis provide added benefit. Instead, usual preoperative 
recommendations for antibiotic prophylaxis should be fol-
lowed. Stress-associated adrenal insufficiency may occur in 
patients taking long-term corticosteroid therapy. Details on 
which patients warrant perioperative stress dose corticoste-
roids, as well as a suggested dosing regimen, are presented 
in the section on “Hypothalamic-Pituitary-Adrenal Disor-
ders” and Table 31.15.
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Cardiac evaluation is important in all transplant recipi-
ents because they are at increased risk for cardiovascu-
lar disease. The basis for this increased risk includes the 
underlying diseases that led to organ failure (e.g., diabetes 
mellitus, hypertension) and the potential for drug regi-
mens, transplantation, and rejection episodes to create or 
worsen traditional cardiovascular risk factors. Preoperative 
renal function should also be assessed because long-term 
immunosuppressive regimens often lead to CKD. Although 
the effects of transplantation and immunosuppressive 
regimens on intravascular coagulation are controversial, 
thromboprophylaxis should be considered in all transplant 
recipients.

Kidney transplant recipients present some specific issues 
for preoperative evaluation. Despite the presence of a nor-
mal creatinine concentration, GFR in these individuals 
is generally decreased. This impairment in renal function 
predisposes these patients to electrolyte abnormalities 
and altered drug metabolism. Nephrotoxic drugs, such 
as NSAIDs and COX-2 inhibitors, should be avoided in all 
renal transplant recipients. In addition, their risk for cardio-
vascular disease is increased to approximately twice that of 
the general population. Careful preoperative cardiovascu-
lar evaluation is essential.

Successful liver transplantation usually resolves the 
hepatic and other end-organ effects of end-stage liver dis-
ease. Nonetheless, some pretransplant pulmonary problems 
may not resolve after transplantation, thus necessitating 
careful evaluation of pulmonary function. These distur-
bances can include hepatopulmonary syndrome, which 
involves hypoxemia from intrapulmonary vascular shunt-
ing. Other patients may continue to demonstrate ventila-
tion-perfusion mismatch related to pulmonary effusions, 
ascites, or diaphragmatic dysfunction, as well as diffusion 
abnormalities resulting from interstitial pneumonitis or 
impaired hypoxic pulmonary vasoconstriction.

Following successful lung transplantation, recipients 
may require months to achieve peak pulmonary function. 
Compared with all other allografts, the transplanted lung 
is especially susceptible to infection and rejection as a result 
of its exposure to the external environment. Careful preop-
erative evaluation with PFTs should be considered in all 
lung transplant recipients, with postponement of elective 
surgery when allograft rejection or infection is suspected. 
Other perioperative considerations include airway hyper-
responsiveness, loss of the cough reflex, and potential for 
injury to the airway anastomosis with intubation. These 
patients are also at increased risk for pulmonary edema, 
which has been attributed to disrupted lymphatic drainage 
in the transplanted lung.

Most issues relating to heart transplant recipients 
relate to the absence of autonomic innervation in the 
transplanted heart. This denervation has multiple physi-
ologic effects, such as a higher than normal resting 
heart rate (from absence of vagal tone); the absence of 
cardiac baroreflexes; and the lack of response to carotid 
sinus massage, Valsalva maneuver, laryngoscopy, or 
tracheal intubation. Denervation also affects responses 
to medications; the allograft demonstrates a normal or 
augmented response to direct-acting drugs (e.g., epi-
nephrine), a blunted response to indirect-acting agents 
(e.g., ephedrine), and no response to vagolytic agents. 

Chronic allograft rejection can manifest as accelerated 
IHD, and ventricular dysfunction (both systolic and 
diastolic). Because allograft denervation causes any 
myocardial ischemia to be silent, typical clinical mani-
festations include fatigue, ventricular dysrhythmias, 
heart failure, and ECG evidence of a silent myocardial 
infarction. Should preoperative evaluation raise clinical 
suspicions of worsening rejection, recent cardiac testing 
must be reviewed. Heart transplant recipients undergo 
routine periodic evaluation for IHD (cardiac stress test-
ing or coronary angiography) and ventricular function 
(e.g., echocardiogram). The ECGs of these patients may 
reveal conduction abnormalities, and two P waves (a 
small nonconducted P wave from the native atria and 
a normal-sized conducted P wave from the donor atria). 
Many heart transplant recipients also require permanent 
pacemakers, and pacemaker function should be con-
firmed during the preoperative evaluation.!

PATIENTS WITH ALLERGIES

The patient’s preoperative evaluation record should care-
fully document any history of allergies and adverse drug 
reactions. True anaphylactic reactions should be distin-
guished from adverse side effects (e.g., nausea with opioid 
use), especially because a patient’s definition of an allergy 
may differ significantly from the true clinical definition. 
In some cases, patients may incorrectly attribute previ-
ous perioperative difficulties to “allergies” to anesthetic 
or analgesic medications. The reported incidence of peri-
operative anaphylaxis is about 1 in 10,000 to procedures 
in large countrywide epidemiological studies, with con-
sistent estimates based on studies from 2 different coun-
tries (France vs. United Kingdom) and time periods (2004 
vs. 2016).382,383 The overall incidence appears similar in 
these two epidemiological studies; however the common 
precipitating agents differ. In the older French study, the 
most common causes were neuromuscular blocking agents 
(58%), latex (20%), and antibiotics (13%).383 Conversely, in 
the more recent United Kingdom study, the most common 
precipitating agents were antibiotics (53%), neuromuscu-
lar blocking agents (33%), and chlorhexidine (9%).382 The 
mortality associated with an individual episode of anaphy-
laxis is about 4%,384 but anaphylaxis accounts for up to 3% 
of perioperative deaths that are totally or partially related 
to anesthesia.385 A careful history (including a review of 
records of prior allergic events and any associated labora-
tory tests) generally allows for avoidance of precipitating 
agents. In selected cases in which the clear diagnosis of a 
specific allergy is required to guide perioperative manage-
ment, referral to an allergy specialist and possible skin test-
ing (if the allergic reaction is believed to be immunoglobin E 
[IgE]-mediated) may be considered.

Allergic reactions to neuromuscular blocking drugs 
(NMBDs) are relatively more frequent in Europe as com-
pared to North America. These differences have been attrib-
uted, in part, to the use of cough suppressants containing 
pholcodine in many European countries. Exposure to phol-
codine is associated with development of IgE antibodies to 
NMBDs.386 Confirmatory testing for an allergy to NMBDs 
can involve both skin testing and in-vitro assays for NMBD-
specific IgE.
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Although the rate of latex sensitization continues to 
increase, the development of better ways to identify at-risk 
patients has led to a decreased incidence of latex-induced 
anaphylaxis,387 as evidenced by the absence of any latex-
associated episodes in the recent epidemiological study 
from the United Kingdom.382 The diagnosis of a latex 
allergy during preoperative evaluation is based on a care-
ful history. Risk factors for latex allergy include a history 
of multiple surgeries, occupational exposure to latex (e.g., 
healthcare workers, food handlers), and an atopic history. 
This history may be supplemented with skin testing and 
latex-specific IgE antibody serology. When latex allergy is 
identified during the preoperative evaluation, the operative 
team should be notified in advance to ensure that all appro-
priate equipment is available. The ASA Task Force outlines 
detailed intraoperative considerations for these patients.388 
Among antibiotics, penicillins and cephalosporins are the 
most common causes of anaphylaxis. A small risk of cross-
reactivity exists between penicillins and cephalosporins, 
but most of these reported reactions involve rashes, not 
anaphylaxis. Reported allergies to vancomycin should be 
distinguished from “red man syndrome.” This histamine-
induced side effect, which is associated with rapid injection 
of vancomycin, consists of flushing, pruritus, erythematous 
rash, and hypotension. With respect to other medications 
commonly encountered in the perioperative setting, ana-
phylactic reactions to amide local anesthetics are extremely 
rare. Most true anaphylactic reactions following exposure 
to ester local anesthetics do not involve an allergy to the 
local anesthetic, but rather to associated preservatives (e.g., 
para-aminobenzoic acid). Patients may incorrectly interpret 
adverse side effects from epinephrine in local anesthetic 
solutions as allergies, especially with dental procedures. 
Such reports should be carefully distinguished from true 
allergies. Similarly, true allergies to opioids are rare, with 
most reports of such “allergies” being simply opioid-related 
side effects, such as nausea and vomiting.

The scientific status of idiopathic environmental intoler-
ance syndrome (formerly called multiple chemical sensitiv-
ity disorder) is very controversial. These individuals report 
chronic, diffuse, nonspecific symptoms with low levels of 
multiple chemical substances. Symptoms involve multiple 
organ systems and include fatigue, headache, memory loss, 
palpitations, and gastrointestinal symptoms. The symp-
toms are not generally accompanied by biologic test abnor-
malities or changes on physical examination, but they are 
frequently associated with psychiatric symptoms, notably 
depression and anxiety.389 Preoperative evaluation of these 
patients can be extremely challenging because they have 
significant concerns about the multiple exposures involved 
during the perioperative period and the potential impact on 
their symptoms. No current recommendations are avail-
able on the perioperative care of these patients.!

HUMAN IMMUNODEFICIENCY VIRUS INFECTION

Acute infection with HIV causes a mononucleosis-like ill-
ness, which then progresses to chronic lymphadenopathy 
(lasting 3-5 years). Infection can culminate in cell-medi-
ated immune deficiency characterized by opportunistic 
infections, malignant diseases (e.g., Kaposi sarcoma, non-
Hodgkin lymphoma), and death (usually secondary from 

infections, wasting, or cancer). The prognosis of untreated 
HIV infection and acquired immunodeficiency syndrome 
(AIDS) is very poor.390 Nonetheless, outcomes have now 
improved substantially in individuals compliant with 
highly active antiretroviral therapy.391 Risk factors for 
HIV infection include sexual contact with an infected indi-
vidual, bloodborne contamination, men who have sex 
with men, sexual workers, and those having contact with 
sexual workers. Most infection transmitted by blood expo-
sure occurs in intravenous drug users, whereas infection 
through blood product transfusion in the United States is 
very rare (1 per 1.5-2 million blood transfusions). Mothers 
can transmit the disease to infants, which occurs usually 
during breastfeeding or delivery.392 Many patients infected 
with HIV are unaware of their status.

HIV infection is a multisystem disease.393 Cardiac com-
plications include myocarditis, dilated cardiomyopathy, 
valvular disease, pulmonary hypertension, pericardial effu-
sions, and cardiac tamponade. Pulmonary effects include 
lymphoid interstitial pneumonitis, as well as drug-resistant 
infections with Pneumocystis jiroveci, Mycobacterium avium, 
or Mycobacterium tuberculosis, cytomegalovirus, and Cryp-
tococcus. Nervous system manifestations include central 
nervous system tumors, infections, aseptic meningitis, and 
AIDS-related dementia. Malignant diseases can occur, such 
as lymphomas, Kaposi sarcoma, and cervical cancer. These 
tumors can also have direct consequences for anesthetic 
management. For example, supraglottic or intraoral Kaposi 
sarcoma may interfere with ventilation and intubation, 
whereas non-Hodgkin lymphoma can cause mediastinal 
masses. Gastrointestinal manifestations include dysphagia, 
diarrhea, and esophagitis, which can in turn cause mal-
nutrition, dehydration, and electrolyte imbalance. Renal 
complications include acute tubular necrosis, glomerulone-
phritis, renovascular disease, and HIV-associated nephrop-
athy with nephritic syndrome. Antiretroviral medications 
used to treat HIV infection also have important side effects. 
The major classes of antiretroviral medications include 
nucleoside reverse transcriptase inhibitors (e.g., lami-
vudine, zidovudine, tenofovir, abacavir), nonnucleoside 
reverse transcriptase inhibitors (e.g., nevirapine, efavirenz, 
rilpivirine), protease inhibitors (e.g., atazanavir, daruna-
vir, lopinavir, fosamprenavir, saquinavir), attachment 
inhibitors (e.g., maraviroc), and integrase strand transfer 
inhibitors (e.g., raltegravir).394 Side effects of relevance to 
anesthesiologists include lactic acidosis (nucleoside reverse 
transcriptase inhibitors), hepatotoxicity (nucleoside reverse 
transcriptase inhibitors, nonnucleoside reverse transcrip-
tase inhibitors, protease inhibitors), hyperlipidemia (pro-
tease inhibitors), insulin resistance (protease inhibitors), 
premature IHD (protease inhibitors),395 cardiac conduction 
abnormalities (protease inhibitors), and bone marrow sup-
pression (all classes).

If the preoperative evaluation of a relatively young, oth-
erwise healthy individual elicits a history of thrush, fever 
of unknown origin, chronic diarrhea, lymphadenopathy, or 
herpes zoster in more than one dermatome, these findings 
should raise concern of undiagnosed HIV infection. In these 
cases, the enzyme-linked immunosorbent assay (ELISA) is 
the primary initial screening test. It demonstrates very high 
sensitivity exceeding 99% but yields a high number of false-
positive results. The Western blot technique is used as the 
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confirmatory test following an initial positive ELISA result. 
Patients with known HIV infection frequently require fur-
ther evaluation, including an ECG, a chest radiograph, and 
blood sampling for CBC, electrolyte concentration, creati-
nine concentration, and liver function tests. If the patient 
shows evidence of malnourishment or nephrotic syndrome, 
further blood tests for albumin, total protein, and magne-
sium concentrations may be beneficial. The patient’s peri-
operative prognosis may be estimated based on the CD4 
lymphocyte count and viral load, which reflect the patient’s 
immunologic status during the previous 3 months. In gen-
eral, rates of postoperative complications and mortality 
are higher among patients with CD4 counts lower than 
200 cells/mm3 and viral loads greater than 10,000 copies/
mL.396,397 Patients’ antiretroviral therapy must be contin-
ued through the perioperative period.!

PATIENTS WITH A HISTORY OF SUBSTANCE 
ABUSE

A patient with a history of current or previous alcohol or 
drug addiction presents special challenges for the periop-
erative team. The lifetime prevalence of these addictions 
is significant; for example, about 14% of the United States 
population suffers from alcohol addiction.398 In a sug-
gested classification system, abused drugs can be catego-
rized as central nervous system depressants (e.g., opioids, 
alcohol, sedatives, hypnotics), stimulants (e.g., cocaine, 
amphetamines), and other psychotropic substances (e.g., 
cannabis).399 Importantly, many addicts are polysubstance 
abusers. Thresholds for defining high-risk alcohol consump-
tion are 5 or more standard drinks in a day (>14 drinks per 
week on average) for males under 65 years of age, and 4 
or more standard drinks in a day (>7 drinks per week on 
average) for all females and males 65 or more years of age. 
Addictive disease should be considered permanent even in 
patients who have had long periods of abstinence. Some 
patients in the process of recovery from addiction may be 
receiving specific medications to maintain recovery. For 
example, previous opioid abusers may be receiving metha-
done (long-acting opioid agonist), buprenorphine (partial 
µ-agonist), or naltrexone (opioid antagonist).

Substance abuse disorders are risk factors for poor out-
comes in the perioperative setting. For example, individu-
als with histories of alcohol misuse experience elevated 
rates of postoperative complications.72,400-402 In addi-
tion, they are at risk for postoperative withdrawal, acute 
intoxication, and altered tolerance of anesthetic or opioid 
medications. Consequently, it is worthwhile to incorpo-
rate screening for substance abuse disorders into the pre-
operative evaluation. Several simple validated screening 
questionnaires for alcohol abuse disorders are available, 
including the four-item CAGE questionnaire,403 the three-
item AUDIT-C questionnaire,404 and the U.S. National 
Institute on Alcohol Abuse and Alcoholism 2- and 4-ques-
tion tests (NIAAA-2Q/4Q).405 These screening tools appear 
to be more sensitive when administered through a com-
puter-based self-assessment questionnaire than during an 
in-person interview with a nurse or anesthesiologist.406 
The accuracy of these questionnaires can be further aug-
mented with additional screening laboratory tests, namely 
gamma gluteryl transferase and carbohydrate-deficient 

transferrin.6,407 The preoperative evaluation is also an 
opportunity to obtain a detailed history of known addiction 
(drug type, routes of administration) and recovery (periods 
of abstinence, pharmacotherapy for addiction). The dosage 
of any pharmacotherapy should be documented and veri-
fied. Patients in recovery may also have heightened anxi-
ety regarding upcoming surgical procedures because of 
concerns about relapse into addiction, and inadequate pain 
treatment (given their history of addiction). Such concerns 
may be appropriate. Patients receiving opioid substitution 
therapy do experience normal pain responses to nociceptive 
stimuli but require additional analgesia for control of post-
procedural pain.408 These patients should therefore be reas-
sured that anxiety and pain will be adequately treated. The 
clinicians performing preoperative evaluation may have 
prejudicial attitudes and lack the educational background 
to formulate appropriate perioperative pain management 
plans. For example, pain medication may be under dosed 
and inappropriately restricted because of concerns about 
provoking relapses. Early involvement of the acute pain ser-
vice and addiction specialists to assist in the management of 
these at-risk patients may be helpful.

The preoperative period should be used to develop appro-
priate management plans based on the types of abused 
drugs. All pertinent preoperative information and man-
agement plans should be transmitted to members of the 
perioperative team. Individuals addicted to alcohol, seda-
tives, or hypnotics may require stabilization with benzodi-
azepines, whereas heroin addicts may require substitution 
with methadone. It is important to document the dosage 
of opioids consumed by individuals abusing these drugs, 
especially to help guide postoperative pain management. 
To avoid inadequate analgesia (which could potentially 
activate addiction) in these patients, the preoperative eval-
uation should be used to discuss and plan the optimal use 
of nonopioid analgesics and regional techniques. Patients 
actively abusing cocaine and amphetamines are at espe-
cially high risk during anesthesia because of the potential for 
intraoperative hemodynamic instability. Urine testing may 
be helpful to rule out abused substances in such patients, 
but the results should be interpreted based on drug phar-
macokinetics. For example, the half-life of cocaine is about 
1.5 hours but its inactive metabolites may still be detectable 
in the urine for 14 days after consumption.409 A history of 
intravenous drug use should prompt an evaluation for car-
diovascular, pulmonary, neurologic, and infectious com-
plications such as endocarditis, abscesses, osteomyelitis, 
hepatitis, and HIV infection. Opioid (including heroin) users 
have a tolerance to narcotics. Patients with alcoholism are 
at risk for delirium tremens, a potentially life-threatening 
form of withdrawal characterized by autonomic instabil-
ity and hyperpyrexia. These patients may also have liver 
disease (alcoholic hepatitis, cirrhosis, portal hypertension, 
end-stage liver disease), alcohol-induced cardiomyopathy, 
arrhythmias, seizures, neuropathies, dementia, Wernicke-
Korsakoff syndrome (ataxia and cognitive dysfunction sec-
ondary to thiamine deficiency), macrocytic anemia, and 
coagulopathies (from hepatic dysfunction or vitamin K 
deficiency). Cocaine and amphetamine addicts can develop 
cerebrovascular accidents, cardiomyopathy, and arrhyth-
mias. Additionally, cocaine and amphetamines inhibit the 
uptake of sympathomimetic neurotransmitters, thereby 
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increasing risks for hypertension, tachycardia, paranoia, 
anxiety, seizures, and myocardial ischemia. Long-term use 
can result in ventricular hypertrophy, myocardial infarc-
tion, and nasal septal perforation. Solvents can cause car-
diac dysrhythmias, pulmonary edema, cerebral edema, 
diffuse cortical atrophy, and hepatic failure. Hallucinogens, 
such as lysergic acid diethylamide, can cause autonomic 
dysregulation and paranoia. Ecstasy, or more specifically 
3,4-methylenedioxymethamphetamine, can cause exces-
sive thirst that results in hyponatremia, pulmonary edema, 
or cerebral edema. Acute marijuana use can cause tachy-
cardia, vasodilatation, and increased cardiac output. The 
risk of pulmonary complications in patients who smoke 
marijuana is similar to that of individuals who smoke 
tobacco.410

During the preoperative evaluation interview, patients 
who abuse alcohol or drugs may not give a reliable history. 
The subsequent physical examination should include care-
ful measurement of vital signs, including temperature. For 
example, cocaine and amphetamines may cause hyperten-
sion and tachycardia, whereas acute opioid use may result 
in a slow respiratory rate. Acute opioid use may also mani-
fest as lethargy and pinpoint pupils, and recent alcohol 
consumption can often be detected by smell. Especially in 
individuals suspected of being intravenous drug abusers, 
it is important to examine venous access sites for signs of 
abscesses and infections. In addition, careful auscultation 
for murmurs is essential because of the risk of bacterial 
endocarditis. Cocaine or alcohol abusers can also exhibit 
findings in their cardiovascular examination consistent 
with heart failure or arrhythmias. Long-term alcohol abuse 
may manifest with physical findings of chronic liver disease. 
In addition to identifying the presence of substance abuse 
and its related complications, clinicians should ascertain 
whether, and for how long, patients can stop consuming 
alcohol or addictive drugs. If patients do stop consumption 
occasionally, it is especially important to determine what 
complications, if any, occur. When an alcoholic patient 
reports previously interrupting drinking for several days, 
the interviewer should inquire whether agitation, seizures, 
delirium tremens, or other signs of withdrawal developed. 
Any testing is largely informed by findings on the preop-
erative clinical evaluation, as well as the specific drug being 
abused. For example, an ECG may be warranted to assess 
for previous myocardial infarction in an individual with a 
history of cocaine abuse or in an individual receiving meth-
adone (which prolongs the QT interval).

Ideally, patients with drug or alcohol dependence should 
be drug free well before elective surgical procedures. The 
availability of randomized trial data is limited and suggest 
that preoperative alcohol cessation programs can help 
prevent postoperative complications.411 Preanesthesia 
clinic staff should therefore be prepared to refer patients to 
addiction specialists or to prescribe medications to prevent 
withdrawal in the preoperative period if patients agree to 
abstinence. For example, benzodiazepines can be useful in 
preventing or treating alcohol withdrawal symptoms.

Some medications used to manage withdrawal or facili-
tate recovery have specific perioperative considerations.412 
Patients taking methadone should continue maintenance 
doses in the perioperative period. Patients who are tak-
ing disulfiram because of a history of alcohol abuse may 

have an altered response to sympathomimetic drugs; some 
authors therefore suggest that disulfiram be discontinued 
10 days before the surgical procedure.412 If disulfiram is 
continued, users can experience flushing, nausea, and 
tachycardia in response to small amounts of alcohol, such 
as amounts encountered in skin preparations or medica-
tions. For patients taking naltrexone for a history of alco-
hol abuse, consideration should be given to discontinuing 
it 3 days preoperatively.412 Naltrexone alters responses to 
opioid analgesics and may make postoperative pain man-
agement very challenging. Buprenorphine-containing 
medications (i.e., Suboxone), which are used to treat opi-
oid addiction (as well as chronic pain), also alter responses 
to opioid analgesics. In the case of relatively minor surgery 
with minimal levels of anticipated postoperative pain, it is 
reasonable to continue buprenorphine perioperatively and 
maximize the use of nonopioid analgesic approaches (e.g., 
regional anesthesia, NSAIDs). In other cases, the periopera-
tive management of buprenorphine should be coordinated 
with the patient’s addiction specialist.!

BREASTFEEDING PATIENTS

There are limited data to help guide recommendations 
for the safety of anesthetics and medications in babies 
of breastfeeding mothers who receive these agents. For 
elective surgery, women should be advised to pump and 
store milk preoperatively; this milk can be used in the 
first 24 hours after anesthesia administration, or for the 
duration of breast milk exposure to potentially harmful 
agents. The mother should discard milk produced within 
the first 24 hours after anesthesia, and then generally 
resume breastfeeding after this period. Very young or 
premature babies, especially those susceptible to apnea, 
may be at risk if the mothers continue to take opioid or 
sedating drugs. Mothers should be advised to discuss the 
safety of breastfeeding while taking medications with 
their child’s pediatrician.!

PATIENTS WITH DO NOT RESUSCITATE ORDERS

Some patients scheduled for procedures have advance 
directives or a do-not-resuscitate (DNR) status.413 The 
ASA adopted guidelines for the care of these patients and 
updated them in 2013 (Box 31.14).414 Frequently, in cir-
cumstances with DNR orders, care providers are focused on 
a procedure-directed approach (i.e., do not intubate, do not 
administer resuscitative drugs). This approach is problem-
atic in the perioperative period because much of anesthesia 
care involves such procedures. Within the context of anes-
thesia care, a better approach is to discuss DNR status in 
a goal-directed approach (i.e., from the perspective of the 
patient’s values and objectives, such as quality-of-life con-
cerns).415 The ideal time to have this emotional and com-
plex discussion is during the preoperative evaluation. Short 
discussions in the preoperative clinic have been shown to 
foster dialogue among patients, their proxies, and physi-
cians regarding advance directives concerning end-of-life 
care, as demonstrated by a randomized trial of patients at 
a preoperative evaluation clinic.416 In this trial, individu-
als who received the information session were significantly 
more likely to complete a durable power-of-attorney (27% 
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vs. 10%) and discuss end-of-life care with their proxy deci-
sion makers (87% vs. 66%).!

Preoperative Laboratory and 
Diagnostic Studies

The value of preoperative diagnostic testing is a central issue 
in delivering cost-effective health care to surgical patients. 
The role of preoperative testing to screen for disease and 
evaluate patients’ fitness for surgery has been extensively 
studied. This research has largely concluded that routine 
preoperative testing in all surgical patients (i.e., without 
consideration for their demographics or comorbidities) 
cannot be justified. Routine preoperative testing in asymp-
tomatic healthy patients has very poor diagnostic yield, 
provides little to no additional prognostic information, and 
has not shown any beneficial effect on outcomes.274,417-420 
Unnecessary testing is also expensive, and may lead to 
costly evaluation of borderline or false-positive test abnor-
malities. Aside from potentially causing operating room 
delays or cancellations, these unnecessary follow-up tests 

may pose risks to patients that are attributable to follow-
up tests and any associated interventions. Therefore, the 
targeting of testing in appropriate patients has both clinical 
and economic benefits. At some hospitals where surgeons 
and primary care physicians order all preoperative tests, 
the common practice has been to order tests without any 
diagnostic focus, other than speculation that the anesthesi-
ologist may “require them” for surgery to proceed without 
delay or cancellation. Other justifications offered for nonse-
lective ordering of tests include routine screening for disease 
states, establishment of a diagnostic baseline, personal habit 
(e.g., “standard” testing checklist for all patients), physician 
reassurance, and a perceived medicolegal necessity “not to 
miss anything.” This pattern of practice has led to a pleth-
ora of preoperative testing practices that are costly, highly 
variable across hospitals, and largely unrelated to patients’ 
perioperative risk profiles.421-423 For example, in 2011, 
almost half of Medicare beneficiaries (aged # 65 years) in 
the United States underwent preoperative laboratory test-
ing before cataract surgery, which is considered a very low-
risk procedure.423

Preoperative diagnostic tests should be selectively 
ordered based on the patient’s medical history, planned sur-
gery, and expected degree of intraoperative blood loss. Test-
ing should be for the detection of specific clinical indications 
that may increase perioperative risk. Randomized trials 
have demonstrated that such a shift in strategy from non-
selective to selective preoperative testing in low-risk surgi-
cal procedures can reduce costs while preserving patients’ 
safety.418,419 As experts in perioperative medicine, anes-
thesiologists are in a unique position to appropriately select 
the preoperative laboratory tests needed to guide periopera-
tive care. Indeed, anesthesiologist-led preoperative evalua-
tion has been shown to result in more selective ordering of 
laboratory tests than evaluation led by surgeons or primary 
care physicians.14-17 Thus, by educating and providing spe-
cific guidance to surgeons and other physician specialists 
on the appropriate ordering of preoperative tests, anesthesi-
ologists can expedite patient care, reduce healthcare costs, 
and improve the delivery of perioperative medicine.

A framework for ordering preoperative diagnostic tests 
based on patients’ medical history is presented in Table 
31.18. These disease-specific recommendations are not 
intended as absolute, especially since many hospitals and 
regional jurisdictions (e.g., Ontario Pre-Operative Test-
ing Grid)424 have developed their own preoperative test-
ing recommendations. In addition, the NICE in the United 
Kingdom published updated 2016 guidelines for preopera-
tive testing following an extensive systematic review of the 
literature.274 The NICE guidelines consider both patients’ 
preoperative medical status and the extensiveness of the 
planned surgery to determine when preoperative testing 
is warranted. In these guidelines, surgical procedures are 
graded as minor (e.g., skin lesion excision), intermedi-
ate (e.g., inguinal hernia repair, varicose vein excision, 
tonsillectomy, knee arthroscopy), and major (e.g., total 
abdominal hysterectomy, transurethral prostate resec-
tion, lumbar spine discectomy, thyroidectomy, total joint 
replacement, lung operations, colon resection, radical 
neck dissection). Although the most recent 2012 ASA 
“Practice Advisory for Preanesthesia Evaluation” does 
recommend against routine preoperative testing,5 it does 

Policies automatically suspending DNR orders or other directives 
that limit treatment before procedures involving anesthetic care 
may not sufficiently address a patient’s rights to self-determina-
tion in a responsible and ethical manner. Such policies, if they 
exist, should be reviewed and revised, as necessary, to reflect the 
content of these guidelines.
 1.  Full Attempt at Resuscitation: The patient or designated sur-

rogate may request the full suspension of existing directives 
during the anesthetic and immediate postoperative period, 
thereby consenting to the use of any resuscitation procedures 
that may be appropriate to treat clinical events that occur dur-
ing this time.

 2.  Limited Attempt at Resuscitation Defined With Regard to Specific 
Procedures: The patient or designated surrogate may elect to 
continue to refuse certain specific resuscitation procedures 
(for example, chest compressions, defibrillation or tracheal 
intubation). The anesthesiologist should inform the patient 
or designated surrogate about which procedures are (1) 
essential to the success of the anesthesia and the proposed 
procedure, and (2) which procedures are not essential and 
may be refused.

 3.  Limited Attempt at Resuscitation Defined With Regard to the 
Patient’s Goals and Values: The patient or designated surrogate 
may allow the anesthesiologist and surgical team to use clinical 
judgment in determining which resuscitation procedures are 
appropriate in the context of the situation and the patient’s 
stated goals and values. For example, some patients may want 
full resuscitation procedures to be used to manage adverse 
clinical events that are believed to be quickly and easily revers-
ible, but to refrain from treatment for conditions that are likely 
to result in permanent sequelae, such as neurologic impairment 
or unwanted dependence upon life-sustaining technology.

BOX 31.14 Do-Not-Resuscitate Orders  
in the Perioperative Period

Modified from Committee on Ethics, American Society of Anesthesi-
ologists: Ethical guidelines for the anesthesia care of patients with 
do-not-resuscitate orders or other directives that limit treatment, 
2013. Available at http://www.asahq.org/For-Members/Standards-
Guidelines-and-Statements.aspx.

DNR, Do-not-resuscitate.
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TABLE 31.18 Framework for Preoperative Diagnostic Testing Based on Patients’ Medical History

Preoperative Diagnosis ECG CXR CBC Electrolytes Creatinine Glucose Coagulation LFTs Drug Levels Ca

Cardiac disease

IHD X X ±

HF X ±

HTN X ± X* X

Chronic atrial fibrillation X X†

PAD X

Valvular heart disease X ±

Pulmonary disease

COPD X ± X X‡

Asthma§

Diabetes mellitus X ± X X

Liver disease

Infectious hepatitis X X

Alcohol/drug induced X X

Tumor infiltration X X

Renal disease X X X

Hematologic disorders X

Coagulopathies X X

CNS Disorders

Stroke X X X X X

Seizures X X X X X

Tumor X X

Vascular/aneurysms X X

Malignancy X

Hyperthyroidism X X X X

Hypothyroidism X X X

Cushing disease X X X

Addison disease X X X

Hyperparathyroidism X X X X

Hypoparathyroidism X X X

Morbid obesity X ± X

Malabsorption/poor 
nutrition

X X X X X

Select Drug Therapies

Digoxin X ± X

Anticoagulants X X

Phenytoin X

Phenobarbital X

Diuretics X X

Corticosteroids X X

Chemotherapy X ±

Aspirin/NSAID

Theophylline X

*If the patient is taking diuretics.
†If the patient is taking digoxin.
‡If the patient is taking theophylline.
§Only test for consideration is pulmonary function testing if clinically indicated.
X, obtain; ±, consider.
Ca, Calcium; CBC, complete blood count; HF, heart failure; CXR, chest x-ray; ECG, electrocardiogram; HTN, hypertension; IHD, ischemic heart disease; LFTs, liver 

function tests; NSAID, nonsteroidal antiinflammatory drug; PAD, peripheral artery disease.
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not make explicit recommendations about which tests 
should be ordered for specific clinical conditions. The prac-
tice advisory states that the indications for testing should 
be “based on information obtained from medical records, 
patient interview, physical examination, and type and inva-
siveness of the planned procedure.” In addition, it describes 
patient-related and surgery-related factors that anesthe-
siologists should consider when deciding whether to order 
a specific laboratory test.5 Conversely, the updated 2018 
ESA guidelines on preoperative evaluation do make some 
specific recommendations for when preoperative labora-
tory testing should be performed.6

The following subsections discuss specific preopera-
tive laboratory tests. In general, testing does not have 
to be repeated during the preoperative evaluation of 
healthy patients (i.e., ASA-PS class 1 or 2) if similar test-
ing has already been performed within the 2 months 
preceding surgery and there has been no major inter-
val change in the patient’s medical status (e.g., recent 
chemotherapy).425

COMPLETE BLOOD COUNT, HEMOGLOBIN, AND 
HEMATOCRIT

The proposed surgery, associated potential blood loss, and 
individualized patient-level clinical indications should 
determine the requirement for a preoperative CBC. Typi-
cal clinical indications include a history of increased bleed-
ing, hematologic disorders, CKD, chronic liver disease, 
recent chemotherapy or radiation treatment, corticosteroid 
therapy, anticoagulant therapy, and poor nutritional sta-
tus. The NICE guidelines recommend routine CBC testing 
only in ASA-PS class 3 or 4 patients undergoing interme-
diate grade procedures, and all patients undergoing major 
procedures.274!

RENAL FUNCTION TESTING

Renal function tests assess renal tubular function and 
glomerular filtration. Primary clinical indications 
include diabetes mellitus, hypertension, cardiac dis-
ease, potential dehydration (e.g., vomiting, diarrhea), 
anorexia, bulimia, fluid overload states (e.g., heart rate, 
ascites), known renal disease, liver disease, relevant 
recent chemotherapy (e.g., cisplatin, carboplatin), and 
renal transplantation. The NICE guidelines recom-
mend routine renal function testing in ASA-PS class 3 
or 4 patients undergoing intermediate procedures, and 
ASA-PS class 2, 3, or 4 patients undergoing major pro-
cedures.274 If patients are deemed to be at risk for peri-
operative AKI, testing may also be considered in ASA-PS 
class 3 or 4 patients undergoing minor procedures, 
and ASA-PS class 2 patients undergoing intermediate 
procedures.274!

LIVER FUNCTION TESTING

The ordering of liver function tests should be based on a 
history of liver injury and physical examination findings. 
Primary clinical indications include a history of hepati-
tis (viral, alcohol, drug-induced, autoimmune), jaundice, 

cirrhosis, portal hypertension, biliary disease, gallbladder 
disease, hepatotoxic drug exposure, tumor involvement of 
the liver, and bleeding disorders.!

COAGULATION TESTING

Routine preoperative coagulation testing is not indicated 
(even in patients undergoing regional procedures) unless 
a known or suspected coagulopathy is identified on preop-
erative evaluation. Primary clinical indications for testing 
include a known bleeding disorder, hepatic disease, and 
anticoagulant use.5 The 2016 NICE guidelines state that 
coagulation testing should only be considered in patients 
who are (1) ASA-PS class 3 or 4; (2) undergoing intermedi-
ate, major, or complex surgical procedures; and (3) known 
to take anticoagulant medications or have chronic liver 
disease.274!

URINALYSIS

There is no indication for routine preoperative urinaly-
sis.274 Primary clinical indications include a suspected uri-
nary tract infection and unexplained fever or chills.!

PREGNANCY TEST

Pregnancy testing is often determined by hospital-specific 
protocols. It can also be based on clinical indications such 
as sexual activity, birth control use, and date of the last 
menstrual period. Another important factor that should 
be considered is the potential for the planned surgical pro-
cedure harming a fetus, based on direct injury (e.g., uter-
ine surgery), reduction in blood flow (e.g., major cardiac 
or vascular surgery), and exposure to teratogenic agents 
(e.g., x-rays). The 2012 ASA “Practice Advisory for Pre-
anesthesia Evaluation” suggests offering pregnancy test-
ing to female patients of childbearing age when the result 
would alter the patient’s management. It also recom-
mends that informed consent be obtained for such testing, 
or that there be a full discussion of the risks, benefits, and 
alternatives related to preoperative pregnancy testing. 
The NICE guidelines recommend that all women of child-
bearing potential be asked whether there is any possibility 
they could be pregnant, and that any women who could 
possibly be pregnant be made aware of the risks of anes-
thesia and surgery to a fetus. The guidelines also recom-
mend documenting all discussions about whether or not 
to carry out pregnancy testing, and to conduct pregnancy 
testing with patient consent if there is any doubt about 
pregnancy status.274!

SICKLE CELL TEST

Individuals at risk for sickle cell disease include those of 
African, Caribbean, Eastern Mediterranean, and Middle 
Eastern origin. Even in at-risk populations, routine preoper-
ative screening for sickle cell disease has a very low yield,426 
especially in regions with newborn screening programs 
for sickle cell disease.427 Consistent with this evidence, 
2016 NICE guidelines recommend against routine preop-
erative testing for sickle cell disease or sickle cell trait.274 
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A reasonable approach is to consider testing in previously 
untested patients who have at-risk ethnic backgrounds 
and clinical indicators. These indicators include patient-
related (e.g., family history of sickle cell disease, sickle cell 
symptoms) and surgery-related (e.g., deliberate hypother-
mia, cardiopulmonary bypass, intrathoracic procedures, 
intraabdominal procedures, orthopedic procedures with 
tourniquet use) factors.!

ELECTROCARDIOGRAM

The ECG can help detect a prior myocardial infarction, car-
diac rhythm disturbances, ischemia, chamber hypertrophy, 
and electrolyte disorders. Nonetheless, when combined 
with usual clinical examination, the preoperative ECG 
may not provide additional prognostic information to iden-
tify individuals at risk for postoperative cardiac complica-
tions.100 Primary clinical indications for preoperative ECGs 
include a history of IHD, hypertension, diabetes mellitus, 
heart failure, chest pain, palpitations, abnormal valvular 
murmurs, peripheral edema, syncope, dizziness, dyspnea 
on exertion, orthopnea, paroxysmal nocturnal dyspnea, 
and CVD. The 2014 ESC/ESA guidelines suggest preopera-
tive ECGs in patients with risk factors for IHD or suspicious 
symptoms, especially if they are undergoing intermediate-
risk or high-risk surgery.9 The 2014 ACC/AHA guide-
lines are fairly consistent in that they support preoperative 
ECGs for patients who are undergoing intermediate-risk 
or high-risk surgery, and who have known IHD, signifi-
cant arrhythmia, PAD, CVD, or other significant structural 
heart disease.7 The guidelines also recommend against rou-
tine preoperative ECGs (see Box 31.2), especially in asymp-
tomatic patients without known cardiovascular disease or 
risk factors.7 The NICE guidelines recommend routine pre-
operative ECGs in ASA-PS class 3 or 4 patients undergoing 
intermediate grade procedures, and ASA-PS class 2, 3, or 4 
patients undergoing major procedures.274 If patients have 
cardiovascular disease, CKD, or diabetes mellitus, testing 
may also be considered in ASA-PS class 2 patients undergo-
ing intermediate procedures.274!

CHEST RADIOGRAPH

Routine preoperative chest radiographs do not provide 
prognostically important information for assessing peri-
operative risk.428 Preoperative chest radiographs should 
therefore not be ordered routinely,274 but rather selec-
tively based on abnormalities identified by preoperative 
evaluation. These indications include advanced COPD, bul-
lous lung disease, suspected pulmonary edema, suspected 
pneumonia, suspected mediastinal masses, and suspicious 
findings on physical examination (e.g., rales, tracheal 
deviation).!

Preoperative Risk Assessment

A critical component of the preanesthesia evaluation is 
assessment of a patient’s risk for undergoing anesthesia 
and surgery. This assessment improves patients’ under-
standing of the inherent perioperative risks and better 
informs healthcare providers’ clinical decision making. 

For example, these risk assessments might help identify 
individuals who warrant enhanced levels of postoperative 
monitoring, consideration for alternative nonoperative or 
less invasive treatment options for their underlying con-
dition, or initiation of interventions intended to decrease 
perioperative risk. An anesthesiologist’s designation of 
a surgical patient as being high-risk is clinically impor-
tant. Specifically, when the initial preanesthesia evalua-
tion deems that a patient is at unacceptably high risk for 
anesthesia and surgery, adherence to the anesthesiolo-
gist’s recommendations for further perioperative manage-
ment is associated with lower postoperative complication 
rates.429 In addition, accurate risk assessments facilitate 
fairer comparisons of perioperative outcomes; specifically, 
estimates of patients’ risks are required by statistical meth-
ods that adjust for case-mix differences across providers 
and hospitals.

The most commonly used method by anesthesiologists 
to assess overall perioperative risk is the ASA-PS classi-
fication system (Table 31.19). This classification system, 
which was developed in 1941, was originally intended 
to facilitate collection and comparison of statistical data 
in anesthesia.430 The ASA-PS classification system seeks 
to describe a patient’s preoperative medical status, but it 
does not consider risks inherent to the planned surgical 
procedure. Although not intended to guide estimation of 
patients’ risks for anesthesia and surgery, the ASA-PS is 
often used for this purpose, especially given its simplic-
ity of use. Indeed, several studies have shown a correla-
tion of ASA-PS scores with postoperative mortality and 
major complications.97,218,431-433 An important limita-
tion to the classification system is its inherent subjectiv-
ity; consequently, previous research has shown only fair 
to modest interrater agreement when different individu-
als attempt to assign an ASA-PS category to the same 
patient.432,434-436

In addition to patients’ preoperative medical status, which 
is described by the ASA-PS system, the operative procedure 
is an important determinant of perioperative risk.437-439 
Overall perioperative risk is necessarily a function of both 
the risk associated with the specific operative procedure and 
the risk associated with a patient’s underlying medical sta-
tus. For example, ambulatory surgical procedures are very 

TABLE 31.19 American Society of Anesthesiologists 
Physical Status Classification

Category* Definition

ASA-PS 1 A normal, healthy patient

ASA-PS 2 A patient with mild systemic disease

ASA-PS 3 A patient with severe systemic disease

ASA-PS 4 A patient with severe systemic disease that is a 
constant threat to life

ASA-PS 5 A moribund patient who is not expected to 
survive without the operation

ASA-PS 6 A declared brain-dead patient whose organs are 
being removed for donor purposes

*The addition of “E” to the classification category indicates emergency 
surgery.

ASA-PS, American Society of Anesthesiologists physical status.
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safe with respect to risks of postoperative mortality and 
major adverse events,440-442 as evidenced by a 7-day post-
operative mortality rate of only 41 per 100,000 procedures 
in a large cohort of Medicare beneficiaries 65 years old or 
older.440 Thus, although older patients with an increased 
burden of comorbidity do have increased relative risks of 
mortality and morbidity following ambulatory surgery, 
their absolute risks remain very low. Classification schemes 
have been proposed for assessing operative risk, such as 
the Johns Hopkins risk classification system (Table 31.20), 
elevated surgical risk category in the RCRI (see Table 31.5), 
and the strata employed by the ESA/ESC cardiovascular 
evaluation guidelines.9,439 Importantly, individual opera-
tive procedures within broad categories (e.g., intraabdomi-
nal surgery) vary with respect to their perioperative risk.107 
As a consequence, there is a need to balance the desire to 
ensure that clinical prediction tools sufficiently capture 
the variability in operative risk across different procedures, 
against the need to ensure that these tools are sufficiently 
simple for straightforward clinical use.

Several commonly used and methodologically sound 
clinical indices can predict mortality and major morbidity 
after cardiac surgery with reasonable accuracy, such as 
the EuroSCORE,443 Society of Thoracic Surgeons risk mod-
els,444 and Cleveland Clinic AKI risk score.269 A variety of 
prediction tools have also been developed for use in non-
cardiac surgery.445 For example, the ACS NSQIP risk cal-
culator is available on the Internet (http://riskcalculator.f
acs.org) and provides an estimate of risk based on patients’ 
comorbidities and proposed surgical procedures.32 High-
quality validated indices have been developed for predicting 
specific major complications of noncardiac surgery, such 
as cardiovascular events (e.g., RCRI)97,106 and respira-
tory complications (e.g., ARISCAT).257,261 Other examples 
including the Surgical Risk Scale,446 the Preoperative Score 
to Predict Postoperative Mortality (POSPOM),99 and large 

multinational prospective epidemiologic studies of surgical 
patients (which included accurate capture of perioperative 
characteristics and outcomes),77,78 will likely help lead to 
the development of other high-quality predictive indices.

ROLE OF SPECIALIZED TESTING IN 
PREOPERATIVE RISK ASSESSMENT

Based on an initial preoperative clinical evaluation, anes-
thesiologists may order subsequent specialized tests to 
help address diagnostic questions (e.g., “Does this patient 
have aortic stenosis?”) or determine perioperative risk more 
accurately. Examples of such tests include noninvasive car-
diac stress tests (see section on “Ischemic Heart Disease”), 
coronary angiography (see section on “Ischemic Heart Dis-
ease”), echocardiography, CPET, and PFTs (see section on 
“Pulmonary Disorders”).

Resting echocardiography can provide information related 
to valvular lesions, pulmonary hypertension, fixed wall motion 
abnormalities, and ventricular function. Especially in cases of 
a suspicious murmur or other clinical indication, a preopera-
tive echocardiogram can help diagnose prognostically impor-
tant valvular or other cardiac lesions, such as aortic stenosis or 
pulmonary hypertension.447,448 An echocardiogram can also 
identify fixed wall motion abnormalities consistent with a pre-
vious myocardial infarction. Although these findings can help 
support a diagnosis of IHD, fixed wall motion abnormalities are 
not themselves indicative of increased perioperative cardiac 
risk.122 Similarly, while systolic ventricular dysfunction identi-
fied on echocardiography is associated with increased cardiac 
risk161,162 this finding may not provide additional prognostic 
information when it is combined with routine preoperative 
clinical evaluation.161 Thus, the overall role of echocardiog-
raphy is to address focused diagnostic questions identified in 
usual clinical preoperative evaluation (e.g., suspicious systolic 
murmurs), not to provide important prognostic information 
pertaining to perioperative risk. Current guidelines therefore 
largely recommend preoperative echocardiography to assess 
dyspnea of unknown origin or recent altered clinical status 
in an individual with known heart failure (see Box 31.3).7 In 
addition, repeat echocardiography is reasonable in clinically 
stable patients with known ventricular dysfunction who have 
not been tested in the previous year.7 Conversely, routine pre-
operative echocardiography is discouraged.7,8

CPET is a noninvasive global assessment of exercise 
capacity; it involves a patient exercising on a bicycle or 
treadmill for 8 to 12 minutes while undergoing continu-
ous measurement of respiratory gas exchange (i.e., oxygen 
uptake and carbon dioxide production).449 Poor exercise 
capacity during CPET, based on either a low peak oxygen 
consumption or a low anaerobic threshold, is associated 
with increased risks of postoperative morbidity.29,36,450 
Thus, the test can help improve the accuracy of preopera-
tive risk stratification. In some geographic settings,451 CPET 
is a commonly used preoperative test. In these settings, it is 
used to aid preoperative risk assessment for major surgery, 
and to inform decisions on the appropriateness of planned 
major surgical procedures.

The role of PFTs for guiding preoperative assessment in 
the setting of specific comorbidities was discussed earlier in 
this chapter. These tests have an established and important 
role for assessing perioperative risk in lung resection surgery 

TABLE 31.20 Johns Hopkins Surgery Risk Classification 
System

Category Description

1 Minimal risk to the patient independent of anesthesia. 
Minimally invasive procedure with little or no blood 
loss. Procedures are often done in an office setting, 
with the operating room used principally for anesthe-
sia and monitoring.

2 Minimal to moderately invasive procedure, with 
expected blood loss not exceeding 500 mL. Mild risk 
to patient independent of anesthesia.

3 Moderately to significantly invasive procedure, with 
expected blood loss of 500-1500 mL. Moderate risk 
to patient independent of anesthesia.

4 Highly invasive procedure, with expected blood loss 
exceeding 1500 mL.

Major risk to patient independent of anesthesia.

5 Highly invasive procedure, with expected blood loss 
exceeding 1500 mL.

Critical risk to patient independent of anesthesia. Usu-
ally requires postoperative critical care unit stay with 
invasive monitoring.

From Paternak LR, Johns A. Ambulatory gynaecological surgery: risk and 
assessment. Best Pract Res Clin Obstet Gynaecol. 2005;19:663–679.
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(see section on “Patients Scheduled for Lung Resection” and 
Chapter 53).219 PFTs also play an important diagnostic role. 
For example, they help differentiate between pulmonary and 
cardiac causes of dyspnea of unknown origin. Aside from these 
specific circumstances, the prognostic value of preoperative 
PFTs is limited. Practice guidelines from the American Col-
lege of Physicians recommend against routine preoperative 
spirometry for estimating risks for pulmonary complications 
after noncardiothoracic surgery.10 Research has not found a 
consistent link between poor PFT results and increased risks 
for perioperative pulmonary complications, with older studies 
being generally limited by important methodologic flaws.218 
Furthermore, there does not seem to be a critical PFT thresh-
old below which patients should not be offered surgery. For 
example, in a previous cohort study, individuals with severe 
obstructive findings (i.e., FEV1 < 50% of predicted and FEV1/
FVC ratio < 0.7) had reasonably acceptable risks of postopera-
tive death (5.6%) and respiratory failure (5.6%).452!

Preoperative Medication 
Management

The patient’s comorbidities and planned procedure must 
inform medication management during the perioperative 

period. Some medications have beneficial effects during surgi-
cal procedures, whereas others may be detrimental. In some 
cases, abrupt withdrawal of medications can have a negative 
effect. Management of specific preoperative medications has 
been discussed in the previous sections of this chapter. These 
recommendations are outlined again in Box 31.15. Although 
issues pertaining to many drugs are covered in other sections 
of this chapter, several issues merit special mention.

NSAIDs have reversible antiplatelet effects; hence, once 
the drugs have been eliminated, platelet function returns 
to normal. Concomitant NSAID use does not appear to 
increase the risk of spinal hematoma with neuraxial anes-
thesia.196 Preoperative discontinuation of NSAIDs may 
be of value in patients at risk for perioperative AKI. Typi-
cally, NSAIDs are discontinued 24 to 72 hours preopera-
tively. Earlier discontinuation does not increase safety, and 
it may be burdensome to many patients with significant 
arthritis or chronic pain. COX-2 inhibitors (e.g., celecoxib) 
have minimal effect on platelet function and can usually be 
continued in the perioperative period. However, the long-
term COX-2 inhibitor use in the nonoperative setting does 
increase the risk of cardiac events, in comparison with pla-
cebo or naproxen.453 Conversely, COX-2 inhibitors have 
a cardiac risk profile similar to that of ibuprofen or diclof-
enac.453 In general, no clear evidence indicates increased 

Instruct patients to take these medications with a small sip of water, 
even if fasting.
 1.  Antihypertensive medications  

Continue on the day of surgery, except for ACEIs and ARBs
 2.  Cardiac medications (e.g., !-blockers, digoxin)  

Continue on the day of surgery.
 3.  Antidepressants, anxiolytics, and other psychiatric medications  

Continue on the day of surgery.
 4.  Thyroid medications  

Continue on the day of surgery.
 5.  Oral contraceptive pills  

Continue on the day of surgery.
 6.  Eye drops  

Continue on the day of surgery.
 7.  Heartburn or reflux medications  

Continue on the day of surgery.
 8.  Opioid medications  

Continue on the day of surgery.
 9.  Anticonvulsant medications  

Continue on the day of surgery.
 10.  Asthma medications  

Continue on the day of surgery.
 11.  Corticosteroids (oral and inhaled)  

Continue on the day of surgery.
 12.  Statins  

Continue on the day of surgery.
 13.  Aspirin  

Continue aspirin in patients with prior percutaneous coronary 
intervention, high-grade IHD, and significant CVD. Otherwise, 
discontinue aspirin 3 days before surgery.

 14.  P2Y12 inhibitors (e.g., clopidogrel, ticagrelor, prasugrel, 
ticlopidine)  
Patients having cataract surgery with topical or general anes-
thesia do not need to stop taking thienopyridines. If reversal of 
platelet inhibition is necessary, the time interval for discontinu-
ing these medications before surgery is 5–7 days for clopi-
dogrel, 5–7 days for ticagrelor, 7–10 days for prasugrel, and 10 

days for ticlopidine. Do not discontinue P2Y12 inhibitors in pa-
tients who have drug-eluting stents until they have completed 
6 mo of dual antiplatelet therapy, unless patients, surgeons, 
and cardiologists have discussed the risks of discontinuation. 
The same applies to patients with bare metal stents until they 
have completed 1 month of dual antiplatelet therapy.

 15.  Insulin  
For all patients, discontinue all short-acting (e.g., regular) insulin on 
the day of surgery (unless insulin is administered by continuous 
pump). Patients with type 2 diabetes should take none, or up to 
one half of their dose of long-acting or combination (e.g., 70/30 
preparations) insulin, on the day of surgery. Patients with type 1 
diabetes should take a small amount (usually one third) of their 
usual morning long-acting insulin dose on the day of surgery. Pa-
tients with an insulin pump should continue their basal rate only.

 16.  Topical medications (e.g., creams and ointments)  
Discontinue on the day of surgery.

 17.  Non-insulin antidiabetic medications  
Discontinue on the day of surgery (exception: SGLT2 inhibitors 
should be discontinued 24 hours before elective surgery)

 18.  Diuretics  
Discontinue on the day of surgery (exception: thiazide diuretics 
taken for hypertension, which should be continued on the day 
of surgery).

 19.  Sildenafil (Viagra) or similar drugs  
Discontinue 24 h before surgery.

 20.  COX-2 inhibitors  
Continue on the day of surgery unless the surgeon is concerned 
about bone healing.

 21.  Nonsteroidal antiinflammatory drugs  
Discontinue 48 hours before the day of surgery.

 22.  Warfarin (Coumadin)  
Discontinue 5 days before surgery, except for patients having 
cataract surgery without a bulbar block.

 23.  Monoamine oxidase inhibitors  
Continue these medications and adjust the anesthesia plan 
accordingly.

BOX 31.15 Preoperative Management of Medications

ACEI, Angiotensin converting enzyme inhibitors; ARB, angiotensin receptor blocker; COX-2, cyclooxygenase-2; CVD, cerebrovascular disease; IHD, 
ischemic heart disease; P2Y12, adenosine diphosphate receptor; SGLT2, sodium-glucose cotransporter 2 inhibitors.
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cardiac risk from short-term perioperative administration of 
COX-2 inhibitors. The exception is valdecoxib (now with-
drawn from the market), which caused an excess of cardiac 
events in patients undergoing cardiac surgery,454

Postmenopausal hormone replacement therapies that 
contain estrogen increase the risk of thromboembolic 
events.455 It may therefore be reasonable to discontinue 
these medications before operations. Estrogens must be 
stopped approximately 4 weeks preoperatively for coagu-
lation function to return to baseline. Most modern oral 
contraceptives contain low doses of estrogen. Nonetheless, 
these medications are still associated with some elevation in 
thrombotic risk.456 Since the risk of unanticipated pregnancy 
may outweigh the benefits of discontinuing oral contracep-
tives preoperatively, it is reasonable to continue oral contra-
ceptives in most patients during the perioperative period. In 
patients who are deemed to be a high risk for postoperative 
VTE (see section on “Venous Thromboembolic Disorders”), 
consideration may be given to stopping oral contraceptives 
4 weeks before surgery (and temporarily switching to other 
forms of contraception). This decision should be made col-
laboratively with the patient and must balance the risk of 
VTE versus the risk of unwanted pregnancy.

Most medications for psychiatric and psychological prob-
lems should be continued into the preoperative period. 
Thus, most antidepressants, antipsychotics, and benzo-
diazepines are best maintained to avoid exacerbations 
of symptoms. Historically, monoamine oxidase inhibitor 
(MAOI) antidepressants were discontinued preoperatively; 
however, elimination of the risks associated with many of 
these drugs required drug discontinuation at least 3 weeks 
before surgery. This long withdrawal period is specifically 
applied to MAOIs that cause irreversible inhibition of MAO. 
Some newer agents, such as moclobemide, cause revers-
ible enzyme inhibition and have effects lasting less than 24 
hours. Preoperative withdrawal of these drugs has poten-
tial risks. Specifically, case reports of suicides or severe 
depression following discontinuation of MAOIs have been 
reported. Thus, the safest approach may be to continue 
these drugs and adjust the anesthetic plan accordingly (e.g., 
avoid meperidine and indirect-acting vasopressors such as 
ephedrine). If this approach is taken, it is critical that details 
of a patient’s MAOI use must be clearly communicated to 
healthcare providers on the day of surgery. Patients receiv-
ing tricyclic antidepressants require a preoperative ECG, 
given the potential for a prolonged QT interval. Because tri-
cyclic antidepressants block the reuptake of norepinephrine 
and serotonin, high doses may also result in augmented 
responses to vasopressor drugs, with the potential for exag-
gerated hemodynamic changes. Patients taking lithium 
require evaluation of electrolyte and creatinine concen-
trations. Discontinuation of lithium has also been associ-
ated with suicide. Continued perioperative use of selective 
serotonin reuptake inhibitors (SSRIs) are associated with 
increased surgical bleeding,457,458 whereas abrupt discon-
tinuation of SSRIs can also cause dizziness, chills, muscle 
aches, and anxiety. Overall, it is still reasonable to continue 
SSRI perioperatively in most patients, aside from those 
undergoing procedures where bleeding could have signifi-
cant postoperative sequalae (e.g., intracranial surgery).

Complementary and alternative medications may inter-
act with anesthetic drugs, alter effects of prescription 

medications, and increase bleeding. In addition, many 
patients do not consider these drugs “medications,” and 
may not list them among their medications unless specifi-
cally asked. The perioperative management of complemen-
tary and alternative medications is discussed in further 
detail in Chapter 33.!

Planning for Anesthesia

PREOPERATIVE FASTING STATUS

The overarching goal of preoperative fasting recommenda-
tions has been to reduce the risk of pulmonary aspiration. 
The ASA published practice guidelines pertaining to pre-
operative fasting in nonlaboring individuals undergoing 
elective procedures.459 The recommended fasting period 
following clear fluids for all patients is 2 hours. In general, 
the volume of liquid ingested is less important than the type 
of liquid ingested. For neonates and infants, the recom-
mended fasting period is 4 hours following breast milk, and 
6 hours following formula, non-human milk, and solids. 
For patients other than infants, a fasting period of 6 hours 
after a light meal is recommended; this period may have to 
be increased to 8 or more hours if the meal includes fried 
or fatty foods. In addition to implementing these fasting 
intervals, the guidelines recommend that the preoperative 
evaluation include assessment of the potential for difficult 
airway management, as well as factors that may increase 
the risk for aspiration (e.g., gastrointestinal motility disor-
ders, diabetes).!

PLANNING FOR POSTOPERATIVE PAIN 
MANAGEMENT

A preoperative evaluation should always include baseline 
pain assessment. Standardization of pain measurement is 
difficult because of the subjective nature of the variable. It is 
therefore helpful to incorporate standardized pain measure-
ment scales into the preoperative evaluation process. The 
scales may either be single-dimension scales, such as visual 
analog and numeric rating scales, or multidimensional scales 
such as the McGill pain questionnaire,460 and Modified Brief 
Pain Inventory—Short Form.461 Although multidimensional 
scales are longer, they capture a broader range of important 
details. For example, the 9-item Modified Brief Pain Inven-
tory—Short Form captures details on the pain intensity, pain 
location, adequacy of analgesic treatment, and pain-related 
interference in activities. Consistent use of the same scale 
during the perioperative episode of care allows comparison 
when reassessments are performed after surgery.

The preoperative evaluation provides an important 
opportunity to discuss and plan for the management of 
acute postoperative pain, for several reasons. First, ade-
quacy of perioperative pain control is a frequent concern 
for patients during preoperative evaluation.462,463 Second, 
intensive preoperative pain instructions may help improve 
postoperative pain control in surgical patients.464 Third, 
preoperative anesthesia consultation is associated with 
improved patient acceptance of perioperative regional 
techniques,19 which can help improve the quality of post-
operative analgesia.465 Fourth, preoperative evaluation 
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facilitates planning the perioperative care of patients with 
chronic pain conditions, who often present significant 
challenges with respect to managing postoperative anal-
gesia. Specific issues include their tolerance to usual doses 
of opioid analgesics and the potential for acute withdrawal 
reactions if they receive insufficient doses of opioids postop-
eratively. The preoperative consultation should therefore 
be used to carefully document their usual baseline opioid 
requirements (to ensure adequate postoperative dosing), 
facilitate early involvement of an acute pain service or tran-
sitional pain specialist,466 encourage regional analgesic 
techniques, and plan adjunct analgesic medications (e.g., 
NSAIDs, gabapentin, pregabalin, clonidine). Patients with 
preexisting chronic pain should be encouraged to develop 
reasonable goals for adequacy of postoperative pain con-
trol. They should be informed that although care providers 
will do everything possible to maintain comfort postopera-
tively, patients should not expect to have no pain at all.

In general, patients should not be weaned from pain 
medications before surgery. If instructed by their surgeons 
to temporarily discontinue NSAIDs or COX-2 analgesics, 
they may have to be transitioned to alternative analgesics 
before surgery. Patients should be instructed to take their 
usual morning dose of pain medication, including contin-
ued use of any transdermal medications.!

Regulatory Issues

Providers must be aware of various governmental regula-
tory requirements, which often differ by individual munici-
palities and countries. These requirements may be driven 
by quality regulations, such as those developed by The Joint 
Commission or by payment requirements as set by the Cen-
ters for Medicare and Medicaid Services (CMS) in the United 
States. For example, the CMS has determined that a com-
prehensive anesthesia evaluation can be done within 30 
days, and a focused update is required within 48 hours of 
a procedure requiring anesthesia services. The evaluation 
should be performed by a practitioner qualified to provide 
anesthesia. At a minimum, the preanesthesia evaluation 
must include the following:

  
 "  Notation of anesthesia risk (e.g., ASA-PS classification)
 "  Review of the medical, anesthesia, drug, and allergy his-

tory
 "  Interview and examination of the patient
 "  Potential anesthesia problems (e.g., difficult airway, 

limited intravascular access)
 "  Additional evaluation, if deemed necessary (e.g., stress 

tests, specialist consultation)
 "  Development of a plan for anesthesia, including the type 

of medications for induction, maintenance, and postop-
erative care

 "  Discussion of the risks and benefits of anesthesia with the 
patient or the patient’s representative!

Preoperative Evaluation Clinic

Many anesthesiology groups and medical centers have 
developed preoperative evaluation programs and outpatient 

clinics, with the objectives of improving patient care and 
operating room efficiency.14,22,467 Although these pro-
grams may differ with respect to staffing, structure, finan-
cial support, and daily operations, they all share a common 
goal of preventing delays, last-minute cancellations, and 
adverse patient outcomes that could have been addressed 
before the day of surgery.

The decision to develop a preoperative evaluation clinic 
depends on several key factors. They include the anticipated 
daily volume of surgical patients, the predominant level of 
medical acuity among these patients, the availability of 
clinic facilities, relevant patient demographics (e.g., aver-
age travel distances from patients’ homes to the clinic), and 
requisite support from the anesthesia department, periop-
erative staff, and hospital administration. If the decision 
to implement a preoperative evaluation program is made, 
anesthesiologists must play a key role in its leadership and 
management. When this role is instead undertaken by 
other specialties, such as internal medicine, anesthesiolo-
gists’ expertise in perioperative patient management often 
becomes secondary. This shift to a secondary role can result 
in interdepartmental conflicts concerning patients’ preop-
erative evaluation, risk stratification, and fitness to proceed 
with anesthesia and surgery. These conflicts can, in turn, 
result in unplanned delays or cancellations of planned sur-
gical procedures, despite the completion of an assessment in 
an outpatient preoperative evaluation clinic.

Such conflicts often relate to surgeons’ interpretation 
of a nonanesthesia specialist’s judgment that a patient is 
“cleared for surgery” as evidence that the patient is fit for 
anesthesia. Unfortunately, this “clearance” is frequently 
made with limited knowledge of factors critical to the 
responsible anesthesiologist in the operating room, such 
as current anesthesia practice and intraoperative patient 
management. Indeed, previous research has shown that 
preoperative histories, physical examinations, and assess-
ments performed by medical specialists often fail to address 
specific anesthesia-related concerns.468 As the specialist 
who makes the final determination of whether a patient is 
fit to proceed with anesthesia and surgery, the responsible 
anesthesiologist is a critical “end-user” of any assessment 
performed in a preoperative evaluation clinic. Conse-
quently, a reliance on nonanesthesia specialists can result 
in preoperative assessments that are deemed inadequate by 
the responsible anesthesia providers and that lead to poten-
tial last-minute surgical delays and cancellations, with 
associated significant frustration among both patients and 
surgeons. Conversely, preoperative-to-intraoperative com-
munication is likely significantly improved when anesthe-
siologists are responsible for most outpatient preanesthesia 
evaluations, as confirmed by previous studies showing fewer 
last-minute case cancellations,14,20,22,469 shorter durations 
of hospitalization,22,469,470 lower hospital costs,469 and pos-
sibly reduced postoperative mortality,471 with institution of 
anesthesia-led preoperative evaluation programs.

Awareness of the local hospital context is critical if a pre-
operative evaluation program is to have good outcomes. In 
a hospital with limited resources that has mostly healthy 
outpatient and same-day-admission surgical patients, the 
anesthesia group may be unable to evaluate all patients 
preoperatively in a clinic before the day of surgery. In this 
situation, the preoperative program must develop a means 
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for accurate screening and triage of patients based on their 
current health status. An accurate triage process helps tar-
get the use of preoperative clinic visits only among selected 
higher-risk patients without compromising patients’ qual-
ity of care and outcomes.24 An example of such a triage 
process may involve having patients initially complete 
an anesthesia screening questionnaire in their surgeons’ 
office. This questionnaire can be a Web-based online docu-
ment or even a paper version that would then be faxed to 
the anesthesia group before the date of surgery. The anes-
thesia group can develop local context-specific screening 
questionnaires, or adopt published instruments developed 
for this purpose.472,473 In the case of a patient with a ques-
tionable medical history, a telephone call by the anesthesi-
ologist could clarify any issues of concern. This opportunity 
to review a patient’s medical history before the day of sur-
gery helps reduce unresolved or unexpected medical con-
cerns on the day of surgery. It also helps determine whether 
a patient requires formal preoperative consultation in 
advance of the surgical procedure, as opposed to evaluation 
on the day of surgery itself.

Conversely, anesthesia departments at hospitals with 
many medically complex surgical patients may benefit from 
the establishment of a formal preoperative evaluation facil-
ity with multiple examination rooms, dedicated staffing, 
and a full-time operational system. The establishment of a 
successful preoperative evaluation clinic requires commit-
ment, collaboration, and support from several hospital dis-
ciplines.14 At a minimum, the departments of anesthesia, 
surgery, nursing, and hospital administration must agree 
that such a clinic has value for the hospital, and they must 
commit to support its operational goals.

COLLABORATION, COMMITMENT,  
AND TEAMWORK

The preoperative evaluation clinic is a partnership among 
the departments of anesthesia, surgery, nursing, and hospi-
tal administration to achieve common goals. This collabo-
ration conveys the important theme that the new clinical 
program is an integrated enterprise that requires shared 
obligation, endeavor, and financial responsibility. Although 
these clinics are best led by anesthesiologists,14,20,22,469 col-
laborative engagement with medical specialists (e.g., cardi-
ologists, geriatricians) and hospitalists remains important 
to the success of any preoperative program. These nonanes-
thesia specialties provide unique expertise in the preopera-
tive management of selected medically complex patients; 
furthermore, they can facilitate enhanced postoperative 
monitoring of high-risk patients through, for example, 
the comanagement model of postoperative care (see sec-
tion on “Role of the Medical Consultant in Preoperative 
Evaluation”).

Surgeons may be initially reluctant to send their patients to 
a newly established anesthesia-led preoperative evaluation 
clinic. This reluctance often stems from an unclear under-
standing of the benefits of outpatient preoperative anesthe-
sia evaluation. Consequently, the surgeons’ hesitation can 
be reduced by clearly identifying the specific advantages of 
an integrated anesthesia-led preoperative evaluation pro-
gram. First, the proven benefits of anesthesiology-led pre-
operative evaluation should be highlighted.14,20,22,469-471 

Second, anesthesiologists should emphasize the important 
practical advantages of an integrated assessment of medi-
cally complex surgical patients. Specifically, when relevant 
medical concerns are identified before the surgical proce-
dure, the preoperative program can acquire all relevant 
prior medical data, coordinate any additional workup or 
consultation, prearrange any required specialized postoper-
ative monitoring, and discuss the case beforehand with the 
surgeon and responsible anesthesiologist. This approach 
ensures that when such a patient presents for the operation, 
the responsible anesthesia provider is satisfied to proceed 
with the surgical procedure, and the perioperative team 
has all required medical information to manage the patient 
optimally during the hospitalization. This integration of the 
preoperative evaluation with the entire perioperative epi-
sode of care is an integral component of the Perioperative 
Surgical Home model.1

Third, informal assurances should be made to the surgi-
cal services that, if a patient is managed by the preoperative 
evaluation program, surgery will proceed without can-
cellation or delay by the assigned anesthesiologist unless 
an intervening illness or adverse medical event occurs 
between the outpatient evaluation and the scheduled oper-
ation. Because cancellations and delays on the day of sur-
gery can be a prominent source of aggravation for surgeons 
and patients, these informal assurances would be viewed 
as a key strength of the newly developed preoperative pro-
gram. Such assurances depend heavily on the anesthesia 
department’s addressing relevant clinical practice varia-
tions. Specifically, issues that are subject to important inter-
practitioner differences, such as what fasting blood glucose 
level or degree of preoperative hypertension would merit 
cancelling a surgical case, must be discussed to achieve a 
departmental consensus standard. The absence of consen-
sus standards can lead to situations in which half the anes-
thesia providers may proceed with a higher-risk surgical 
case, whereas the other half would cancel it instead. Wide 
inconsistency in practice will foster a lack of support among 
surgeons and will lead to reluctance to have their patients 
evaluated. Such a preoperative evaluation program is 
unlikely to be successful.!

ROLE OF THE MEDICAL CONSULTANT  
IN PREOPERATIVE EVALUATION

Use of preoperative medical consultation varies across hos-
pitals, likely depending on the expertise in perioperative 
medicine among the clinicians performing preanesthesia 
assessments. Since exposure to preoperative evaluation is 
inadequate at many anesthesia residency programs,474 
some anesthesia departments may prefer that medical spe-
cialists take primary responsibility for preoperative evalu-
ations at their centers. Conversely, when anesthesiologists 
involved with preoperative evaluation develop improved 
comfort with interpreting ECGs, cardiac stress tests, or 
other specialized tests, rates of medical consultations can be 
substantially reduced.17

Medical consultants have a clear role in the preoperative 
care of selected surgical patients. For example, these con-
sultations can help manage unstable medical conditions 
(e.g., unstable angina), optimize poorly controlled medical 
diseases (e.g., asthma exacerbation), or facilitate clinically 
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indicated diagnostic workups (e.g., coronary angiography 
following high-risk cardiac stress test results).

Preoperative consultation by medical specialists or hospi-
talists can also help facilitate postoperative comanagement 
by these same individuals.475 The comanagement model 
for postoperative care of surgical patients is increasingly 
common,476 although its benefits with respect to clinical 
outcomes and healthcare costs remain uncertain.477-482 
Multidisciplinary collaboration with medical consultants 
can be especially helpful for perioperative management of 
complex or uncommon medical disorders. Indeed, some 
clinical practice guidelines recommend such multidisci-
plinary team management for patients with known car-
diac disease undergoing high-risk noncardiac surgery,9 as 
well as patients with significant pulmonary hypertension 
or adult congenital heart disease undergoing noncardiac 
surgery.7

Despite these theoretical benefits, preoperative medical 
consultation has shown a variable effect on postoperative 
outcomes. A randomized trial of outpatient preoperative 
evaluation demonstrated fewer last-minute surgical can-
cellations but no difference in hospital length of stay, as 
well as an increase in consultations.483 In other nonran-
domized studies, medical consultation was associated with 
increases in specialized testing, costs, hospital length of 
stay, and mortality.484,485 Conversely, a transition from 
an anesthesiologist-led to a hospitalist-led preoperative 
assessment clinic was associated with reduced hospital 
length of stay in high-risk patients,486 while preoperative 
geriatric consultation was associated with improved post-
operative 90-day outcomes (i.e., survival, hospital length of 
stay, need for supported discharge, hospital readmission) in 
elderly patients (#65 years) undergoing major elective non-
cardiac surgery.487 Potential reasons for this variable effect 
may be the absence of recommendations or new interven-
tions resulting from many medical consultations,488,489 as 
well as disagreements among medical specialists, anesthesi-
ologists, and surgeons on the intended purpose of these con-
sultations.468 In addition, increased burden of comorbidity 
is a very small determinant of whether patients are referred 
for preoperative medical consultations,490-492 a finding 
suggesting poor patient selection during referral to medi-
cal specialists. Thus, during preoperative evaluation, the 
anesthesiologist should ensure that any referrals to medical 
specialists before surgery involve appropriate matching of 
patient profiles to specialist expertise. For example, patients 
with high-risk IHD should be referred to a cardiologist, while 
frail elderly patients should be referred to a geriatrician.!

STRUCTURES AND ACTIVITIES OF THE 
PREOPERATIVE EVALUATION CLINIC

The daily operations of a preoperative evaluation clinic 
vary based on the patient volume, the general level of medi-
cal complexity among surgical patients, the type of avail-
able clinic facilities, and staffing resources. Nonetheless, 
a general operational structure can be proposed based on 
examination of several preoperative clinic models currently 
in practice.

Centers with large surgical case volumes should have 
their patients formally scheduled in the clinic before the 
day of evaluation, to allow for medical records and relevant 

outside information to be acquired and collated. The sur-
geon’s office should schedule this clinic appointment at the 
same time that it books the operating room case. To ensure 
timely patient access and flow through the facility, these 
appointments should be booked using an efficient clinic 
scheduling system. Ideally, appointments should be sched-
uled to allow sufficient time between the clinic visit and the 
scheduled surgical procedure, to facilitate any additional 
preoperative testing, consultations, or interventions. Some 
degree of flexibility in the clinic schedule is also needed, 
especially to accommodate patients who have urgent 
indications for surgery. One approach for incorporating 
some flexibility is to include a few open appointment slots 
in the daily clinic schedule that can be used as needed for 
last-minute patient referrals. Such flexibility is required for 
individuals residing in rural and remote areas, who have 
been reported to have reduced rates of access to preopera-
tive evaluation clinic facilities.493 Anesthesiologists at some 
centers have also adopted telemedicine technology (defined 
as healthcare delivery and sharing of medical knowledge 
over a distance using telecommunications systems)494 so 
that patients residing at remote locations can undergo pre-
anesthesia consultations without traveling long distances 
to the clinic.495

At the clinic, a clinician interviews and examines the 
patient, obtains historical medical information and outside 
records, and determines whether (and which) additional 
laboratory tests, ECGs, radiographs, or other diagnostic 
tests are required. Phlebotomy, ECG, and hospital admit-
ting and insurance registration services are typically avail-
able in the preoperative clinic facility. The ECGs are assessed 
during the clinic visit itself, whereas laboratory test results 
are evaluated at the end of each clinic day, with follow-up 
of abnormal findings as needed. In this manner, signifi-
cant abnormalities can be addressed immediately; thus, 
any required delays or cancellations of surgical cases can 
occur well in advance of the scheduled day of surgery. This 
centralization of multiple services is also a significant con-
venience for patients, who no longer have to visit multiple 
hospital locations to complete their preoperative require-
ments. This arrangement should also centralize all medi-
cal data relevant to the scheduled hospital admission into a 
single chart, which remains in the preoperative evaluation 
clinic area until the date of surgery. In addition to address-
ing medical aspects relevant to the scheduled surgery, the 
preoperative evaluation program plays an important role 
in educating surgical patients. Typically, both the clinician 
performing the preoperative assessment and a specifically 
trained nurse educator discuss the forthcoming periop-
erative process with each patient and family members. By 
increasing patients’ awareness of important components 
pertaining to their scheduled hospital admission (e.g., anal-
gesic options, risks of anesthesia), this education process 
can decrease patients’ anxiety,18 as well as increase their 
willingness to receive regional analgesia.19 The types of cli-
nicians who perform the preanesthesia assessment include 
anesthesiologists and specially trained nurse practitioners. 
Some authors have questioned whether the responsible 
anesthesiologist in the operating room would be satisfied 
with preanesthesia assessments performed by another indi-
vidual.496 Patients themselves often report a preference for 
having the same anesthesiologist in both the preoperative 
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clinic and the operating room.497 Nonetheless, it is simply 
not feasible for all patients in the preoperative clinic to be 
evaluated by their eventual anesthesia providers. Further-
more, a large Dutch cohort study of about 21,000 surgical 
patients demonstrated that responsible anesthesia provid-
ers were satisfied with 95% of outpatient preanesthesia 
assessments performed by other anesthesiologists or trained 
nurses.498

Preoperative programs must adopt several strate-
gies to ensure that anesthesia providers in the operating 
room will be satisfied with the quality of outpatient pre-
operative assessments. First, the anesthesia department 
must develop consensus standards for determining when 
patients should have scheduled surgery cancelled for 
medical reasons. Second, the documentation required for 
all preanesthesia assessments in the clinic should be stan-
dardized. This standardization helps prevent situations 
in which an assessment does not contain information 
needed by the anesthesia provider in the operating room 
to determine a patient’s fitness for surgery or to develop an 
anesthetic management plan. Some national anesthesiol-
ogy groups have initiated work on consensus-based docu-
mentation standards for all preanesthesia assessments.23 
Strategies for improving the consistency of documenta-
tion across preanesthesia assessments include the use of 
checklists, as well as structured electronic or paper-based 
forms for documenting preanesthesia assessments. Third, 
all nurse practitioners or other nonanesthesia clinicians 
assessing patients in the clinic should undergo an inten-
sive and ongoing education in preoperative assessment. 
Anesthesiologists with strong interest and expertise in 
preoperative evaluation should lead this education pro-
gram. Previous research has shown that well-trained 
nurses do perform effectively in both screening and evalu-
ating patients in preoperative clinics.499-501!

IMPACT ON OPERATING ROOM EFFICIENCY  
AND OUTCOMES

Anesthesia-led preoperative assessment clinics have had 
positive impact on operating room efficiency and outcomes 
(see the earlier section “Goals and Benefits of Preanes-
thesia Evaluation”). The demonstrated benefits of these 
clinics include fewer case cancellations on the day of sur-
gery,14,20,22,469 shorter duration of hospitalization,22,469,470 
and a possible reduction in postoperative mortality.471 
Other mechanisms whereby preoperative evaluation clinics 
reduce healthcare costs include more selective ordering of 
preoperative laboratory tests and specialist referrals.14,16,17 
Thus, although preoperative evaluation programs do incur 
costs (e.g., facility development costs, staff salaries), they 
can still lead to an overall reduction in hospital costs as a 
result of these associated cost savings.469!

PATIENT SATISFACTION WITH PREOPERATIVE 
EVALUATION CLINICS

In addition to addressing perioperative efficiencies and clini-
cal outcomes, preoperative programs should also consider the 
experience and satisfaction of patients attending their clinics. 
During development of strategies to improve patient satisfac-
tion, the underlying determinants of improved satisfaction 

should be considered. They include being assessed by the same 
anesthesiologist who will administer anesthesia in the oper-
ating room, shorter wait times in the clinic, and good quality 
of communication from the clinic staff.497,502,503 Because it 
is simply not feasible to have all patients in the clinic seen by 
their eventual anesthesia providers, the major focus should 
be on improving wait times and the quality of communica-
tion. Changes in appointment booking systems,504 process 
flows, and clinic operations can decrease wait times,499 which 
in turn can substantially improve patients’ satisfaction.499 
In addition, preoperative programs can ensure that patients 
receive an accurate estimate of average waiting times before 
their scheduled clinic visit, and use any encountered wait 
times to conduct other clinic-related activities (e.g., physical 
therapy instructions, video-based preoperative education).!

Conclusion

The practice of anesthesiology has changed. The expand-
ing role of the anesthesiologist outside the operating room 
will redefine the specialty’s contribution to high-quality 
patient care in the healthcare system. Within the context of 
preoperative evaluation, anesthesiologists must be knowl-
edgeable and adept at assessing patients of highly varying 
medical complexity, whether in an outpatient preoperative 
evaluation clinic before the day of the surgical procedure 
or at the bedside immediately before induction of anesthe-
sia. Anesthesiologists must be familiar with the impact 
of a broad range of chronic and acute medical conditions 
on patients’ risks for anesthesia and surgery. In addition, 
this role entails awareness of multiple practice guidelines, 
regulatory requirements, and approaches for efficient man-
agement of outpatient clinics. Despite this evolving and 
expanding role of anesthesiologists in preoperative care, 
the primary purpose of preoperative evaluation will never 
change. It is the clinical foundation for guiding periopera-
tive patient management, and it has the potential to reduce 
perioperative morbidity and enhance patient outcome.
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