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Colleagues in perioperative care,
It is our great pleasure to offer a third edition of The 
Perioperative Medicine Consult Handbook. Every chapter 
has been reviewed and updated where necessary. We have 
added new chapters covering important topics including 
heart failure, care of transgender individuals, hormone ther-
apy, thrombophilias, acute and chronic pain, spinal cord 
injury, post-operative hypoxemia, and post-operative tachy-
cardia. To highlight the most important points and resources, 
we have added key points at the end of each chapter and 
indicated the most salient resources in the reference lists.

As with the previous editions, we aim to provide evidence-
based recommendations to optimize the care of patients 
around the time of surgery. Moreover, we aspire to thought-
fully combine the calculators, pathways, decision tools, and 
algorithms necessary to improve patient care with a human-
istic approach: delivering personalized, thoughtful care to 
every patient – as if they were our own family member. We 
believe that the most critical elements of delivering outstand-
ing perioperative care are taking the time to know our 
patients as individuals, and collaborating effectively with our 
surgery, anesthesiology, primary care, nursing, and other hos-
pital care team colleagues.

This handbook is written by our colleagues at the 
University of Washington Medical Center, Harborview 
Medical Center, the Seattle Veterans Affairs Puget Sound 

Preface
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Health Care System, and many others. We are honored to be 
a part of this larger community, and deeply grateful for the 
collaboration.

With respect,
Molly Blackley Jackson

Elizabeth Kaplan
Ronald Huang

Seattle, WA, USA Somnath Mookherjee
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Chapter
Perioperative Medicine  
Consultation

Ronald Huang, Divya Gollapudi, and Paul B. Cornia

 BACKGROUND
Surgery is commonly performed every day throughout the world. 
There were an estimated 312 million surgeries in the world in 2012, 
an increase of 38% from 2004 [1]. In the USA alone, 17.2 million 
hospital visits (ambulatory or inpatient) included surgery in 2014 [2]. 
Both surgery and anesthesia have inherent risks and the periopera-
tive care of patients can be complex, particularly those with multiple 
medical conditions. Medicine consultants are often asked to help 
evaluate and manage surgical patients perioperatively.

 PERIOPERATIVE MEDICINE 
CONSULTATION
 MODELS OF PERIOPERATIVE MEDICINE CONSULTATION
The perioperative period begins with the decision to perform surgery 
and ends when the patient has fully recovered from surgery. During 
this period, medicine consultants provide care in outpatient preop-
erative clinics, during the inpatient hospitalization, or in postdis-
charge clinics. The relationship between the referring provider, 
typically the operating surgeon, and the medicine consultant can be 
described as either consultative or co-management. In practice, 
medicine consultation of surgical patients varies substantially on the 
healthcare system, surgical service, and even individual providers 
and often combines elements of both models [3, 4].

■■ In a consultative model, the referring provider is primarily 
responsible for the patient. The referring provider requests the 

1
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opinion of the medicine consultant. The clinical question for 
the consultant is usually more specific and the consultant gen-
erally does not assume care of the patient (consultants do not 
place orders or make referrals to other providers). In a consul-
tative model, the consultant sees the patient when asked by the 
referring provider or on an as needed basis.

■■ In a co-management model, there is a shared responsibility for 
the patient by the referring provider and the medical consul-
tant. The scope of the consultant’s role is more general, and the 
consultant often assumes care of the acute and chronic medi-
cal problems and assists with transitions of care. In some 
cases, the consultant may act as the primary service. In a co- 
management model, the consultant follows the patient regu-
larly, often daily if the patient is hospitalized.

In the last two decades, co-management is becoming increasingly 
more common. By 2006, more than a third of patients received co- 
management, defined in one study as a medicine physician claiming 
services on at least 70% of a patient’s days in the hospital [5]. This 
shift in the care of surgical patients is associated with the expanding 
role of hospitalists, which is driven by a growing number of older, 
more medically complex surgical patients, surgeons limiting the 
scope of their practice, and healthcare systems focusing on value and 
safety. Although it has been a widely accepted model, there are limita-
tions and risks to co-management including miscommunication 
between providers, unclear responsibilities, additional cost, and pro-
vider dissatisfaction [6, 7]. The optimal model of medical consulta-
tion for surgical patients is unknown and must be tailored to the 
needs and resources of each healthcare system.

 EVIDENCE FOR PERIOPERATIVE MEDICINE CONSULTATION
Studies show that perioperative medicine consultation has many 
potential benefits. However, most studies are retrospective and small; 
there is significant heterogeneity in the perioperative medicine consul-
tation services studied; and the results so far have been are mixed. In 
the inpatient setting, recent studies have focused on comparing co- 
management and consultative perioperative medicine consultation.

■■ The majority of inpatient studies have focused on the co- 
management of orthopedic patients. In one study, 526 patients 
undergoing elective hip or knee arthroplasty who were at ele-
vated risk of postoperative morbidity were randomized to 
either co-management or consultative care [8]. Patients ran-
domized to co-management had lower rates of complications 
at discharge and lower adjusted length of stay compared to 
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patients randomized to consultative care. In a retrospective 
study of 466 elderly patients admitted with hip fracture, co- 
management was associated with decreased time to surgery 
and the length of stay without adversely affecting 30-day read-
mission rates or mortality [9]. Conversely in another study of 
951 elderly patients admitted with hip fracture, the introduc-
tion of co-management was associated with decreased mortal-
ity, medical complications, and readmissions without a 
difference in length of stay [10].

■■ Studies looking at co-management are not limited to orthopedic 
patients. After implementation of a surgical co- management 
(SCM) hospitalist program, in which hospitalists screened inpa-
tients on orthopedic and neurosurgical services, rounded on 
selected patients, and participated in daily multidisciplinary 
rounds, there was a decrease in the proportion of patients with 
at least one medical complication and patients with extended 
lengths of stay (5 or more days) [11]. SCM was also associated 
with a reduction in 30-day readmissions for a medical cause and 
was estimated to save $2,642 to $4,304 per patient. When the 
same SCM program was applied to a colorectal surgery service, 
there was a reduction in length of stay, but no reduction in 
medical complications or readmissions [12]. In another study of 
all surgeries performed at one hospital over a 2-year period, co-
management of patients who had at least one postoperative 
complication (medical or surgical) was associated with lower 
risk-adjusted mortality. The authors of that study suggest that 
the lower mortality is because co-management of surgical 
patients promotes early identification and treatment of postop-
erative complications [13].

■■ While most studies demonstrate some benefits of co- 
management, in one study of 7,596 neurosurgical patients, 
co- management was associated with no difference in mortal-
ity, readmission, length of stay, or many measures of patient 
satisfaction [14].

In the outpatient setting, studies are available on the effects of 
anesthesiology-led and medicine-led preoperative evaluation clinics. 
More studies have evaluated outpatient preoperative anesthesiology 
evaluations than preoperative medicine evaluations. Given the clinical 
overlap between outpatient anesthesiology and medicine preoperative 
evaluations, data from studies of anesthesiology-led preoperative clin-
ics may also be applicable to medicine-led evaluations [15].

■■ One study of VA patients found that restructuring the 
anesthesiology- led preoperative clinic to medicine oversight 
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was associated with a reduction in inpatient mortality and 
length of stay for patients with American Society of Anesthesia 
(ASA) scores of 3 or higher [16].

■■ Other studies of preoperative medicine evaluations have sug-
gested no impact or a negative impact of medicine consulta-
tion, but these studies have limitations. A review of a 
population-based administrative database found that consulta-
tion by a medical provider within 4 months before surgery was 
associated with small increases in mortality and length of stay 
[17]. In another study, perioperative medicine consultation 
was associated with higher cost and length of stay, but periop-
erative medicine consultation was defined as occurring either 
the day before, day of, or day after surgery with the majority of 
consultations occurring postoperatively [18]. In both of these 
studies, consultation included specialist providers who are not 
likely to perform a general preoperative evaluation. Another 
study, a randomized trial comparing outpatient and inpatient 
medicine preoperative evaluations, found that outpatient 
evaluations did not reduce total length of stay, although they 
did reduce the preoperative length of stay and cancellations of 
surgery after admission [19].

■■ Studies of anesthesiology-led preoperative clinics have demon-
strated decreases in same day cancellations, costs, testing, and 
length of stay. In addition, a propensity-matched retrospective 
study found that an assessment in an anesthesiology-led pre-
operative evaluation clinic visit was associated with a reduc-
tion in in-hospital mortality [20].

 DIRECTION OF PERIOPERATIVE MEDICINE CONSULTATION
As the population of older, medically complex surgical patients con-
tinues to grow, there will be an increasing need for perioperative 
medicine consultation. Medicine consultants will be asked to pro-
vide high-value care that is evidence-based, collaborative, and 
patient- centered. Ongoing questions about what the optimal model 
is for perioperative medical consultation and what impact these pro-
grams have on patient care will need to be addressed. As part of this 
process, perioperative medicine consultants will play a key role in 
improving the overall perioperative  care  of patients by helping to 
create, implement, and assess innovative perioperative protocols and 
programs [21].
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KEY CLINICAL PEARLS
 ³ In a co-management model, there is a shared responsibility for the 
patient by the referring provider and the medical consultant.

 ³ Studies show that perioperative medicine consultation has many 
potential benefits including decreased length of stay, mortality, 
complications, readmission, and cost.
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Chapter
Effective Perioperative Consultation

Edie P. Shen and Rachel Thompson

2

 BACKGROUND
Medicine consultants engage in the care of the surgical patient at 
various points along the perioperative timeline. Four primary phases 
have been described in the perioperative continuum (see Table 2.1) 
[1]. The original commandments of effective medical consultations 
were first written by Lee Goldman in 1983, and their wisdom has 
been distilled into various publications since that time [2]. Referring 
physicians comply with consultant recommendations 54–95% of the 
time, varying by setting [3]. Compliance and effective consultation is 
most likely to result when these time-tested principles are applied 
consistently in day-to-day consultative workflow, regardless of when 
the consult occurs within the perioperative continuum.

 EFFECTIVE CONSULTATION
 DEFINE THE CLINICAL QUESTION CLEARLY
On an outpatient basis, the first step is to review the referral. If a refer-
ral is placed in the electronic medical record (EMR) without a specific 
reason, then reviewing the referring physician’s clinic note may help 
elucidate whether the patient is being seen for general preoperative 
risk stratification and optimization or if there is a more focused ques-
tion, or both. If the reason for consultation remains unclear, then a 
direct physician-to-physician conversation may be necessary.

In the inpatient setting, the consultation may be requested either 
prior to surgery or postoperatively. When the consult is requested, take 
the opportunity to clearly define the clinical question during the initial 
conversation. In addition to a preoperative evaluation or consultation 
for a specific question, medicine may be consulted to co-manage the 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_2&domain=pdf
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patient’s medical comorbidities in the inpatient setting. In one study, 
59% of surgeons preferred a general medicine consultation over a 
focused consult [4]. The importance of clearly defining the clinical 
question has been underscored by study findings indicating that 14% 
of requesting physicians and consultants disagree about the primary 
reason for consultation, and that in 12% of consults the requesting 
physician felt that consultants ignored explicit questions [3].

 ESTABLISH URGENCY
In both the outpatient and inpatient settings, mutually agree upon an 
appropriate time frame for evaluating the patient and delivering rec-
ommendations—an accelerated timeline may be necessary depending 
on the reason for consultation (e.g., tachycardia in a patient who may 
be septic) or the timing and urgency of surgery. In the outpatient set-
ting, the timing of the evaluation and recommendations largely 
depends upon the urgency of surgery.

 KNOW YOUR ROLE
The perioperative care of medically complex patients often involves 
many providers from different specialties including surgery, anesthe-
sia, and medicine. To avoid errors and confusion for the patient, it is 
important for each specialty to understand their role, including the 
medicine consultant.

TABLE 2.1 PERIOPERATIVE CONTINUUM

Time period Description

Preoperative From the decision to have surgery to arrival in the 
preoperative area. Risk stratification and optimization 
are often requested in this timeline.

Day of 
surgery

From arrival to the preoperative area through OR, 
recovery, and transition to the inpatient floor.

Postoperative 
inpatient

From arrival to the postoperative floor to hospital 
discharge. Pathways involving protocol-driven early 
interventions (enhanced recovery) may be implemented 
in this period. This is the time period in which medical 
complications may arise and necessitate consultation.

Post-
discharge

From hospital discharge through return to function. The 
patient’s clinical course in this period, often managed 
by the primary care provider and the surgeon, may be 
influenced significantly by the quality of communication 
from the inpatient to outpatient setting and arrangement 
of appropriate post-discharge follow-up.
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■■ The role of the medicine consultant is typically either a consul-
tative or co-management role. In the consultative role, the 
consultant provides only their opinion which can be for a spe-
cific question or can be more general. In the co-management 
role, the consultant typically takes over certain aspects of the 
patient’s care, including placing orders.

■■ Avoid making recommendations to referring providers in areas 
in which the consultant is not an expert or communicating 
specific recommendations to the patient that the referring pro-
vider may not choose to follow. The medicine consultant 
should avoid recommendations on specific types of anesthesia 
or surgical planning, or telling the patient the surgery will be 
delayed or canceled.

 TRUST YET VERIFY
Reviewing the data available in the electronic medical record and 
clinical impressions of the referring provider when the consult is 
received is vitally important for establishing background and context, 
but obtaining an independent history and physical exam remains 
critically important. Personally reviewing and interpreting outside 
records as well as directly communicating with outside providers 
such as the primary care physician or outpatient specialist(s) adds 
value to the consultation. Consultant-specific expertise may allow 
extraction of previously overlooked valuable clinical information [5].

 CLOSE THE LOOP
Communicating and documenting consistently, effectively, and clearly 
is crucial for an effective consultation. The principles of good com-
munication and documentation include:

■■ Initial or time-sensitive recommendations are best delivered 
verbally to a provider caring for the patient.

■■ Be as specific as possible with recommendations including 
medication names, dosages and duration of therapy, or spe-
cific tests.

■■ Consultations are often densely worded and recommendations 
may be hard to find or confusing. A separate or highlighted 
section (e.g., with bulleted items) for key recommendations is 
a service to the referring provider. Referring providers may 
prefer a written consultative format in which the reason for 
consult, impression, and plan are presented first.

■■ Consultation can be a teachable moment, but whether to edu-
cate a referring provider depends upon the consultant’s tact 
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and timing in delivery, if the referring provider is receptive at 
that time, and if there is need to educate.

■■ Avoid engaging in chart wars. As a consultant, not all of your 
recommendations may be adopted by the primary service. If 
disagreements in care arise, these are best discussed verbally 
rather than documented in the EMR. Using language such as 
“consider” may help avoid disputes.

■■ Consider providing concrete recommendations to address 
clinical scenarios which are likely to arise. Not all contingen-
cies can or should be planned for, however, and providing 
plans for every contingency is unnecessary and may result in 
recommendations that are difficult to follow.

 FOLLOW UP APPROPRIATELY
The frequency of and need for follow-up consultation vary upon the 
patient’s clinical status and comorbidities, recommended testing, and 
whether the consultation was requested for a focused question or a 
co-management relationship. In general, patients who need to be fol-
lowed more closely include the following:

■■ Patients who are not improving with recommended treatment
■■ Patients who are at risk of complications due to their 
comorbidities

■■ Patients who have testing that requires further management
■■ Patients who are being co-managed

The consultant should communicate and document the follow-up 
plan clearly to the referring provider. In the inpatient setting, com-
municate whether the consultant will see the patient daily or not and 
clearly communicate when signing off on a patient including infor-
mation of who to contact should new questions arise.

KEY CLINICAL PEARLS
 ³ Referring providers may prefer a written consultative format in 
which the reason for consult, impression, and plan are highlighted 
or presented first.

 ³ Building trust over time and collaborative relationships with refer-
ring providers increases the ability to advocate for and provide 
high value care.

 ³ Direct communication is vital when referring providers and con-
sultants have discordant perceptions of the key clinical question or 
their respective roles in the patient’s care.
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The Preoperative Evaluation
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3

 BACKGROUND
The “preop eval” consult remains a common and important role for 
the medical consultant. A good preoperative evaluation provides 
baseline information about the patient’s preoperative state, identifies 
perioperative risks for the patient and clinical team, provides specific 
recommendations to help mitigate the perioperative risks, and serves 
as a starting point for postoperative management of the patient’s 
medical conditions.

 ELEMENTS OF THE 
PREOPERATIVE EVALUATION
 HISTORY AND PHYSICAL
A careful medical history and physical examination will help identify 
patients at risk for surgical complications. The examiner should 
evaluate for diagnoses and assess the status of conditions that are 
associated with substantial perioperative risk, including:

■■ Heart failure
■■ Coronary artery disease
■■ Cardiac arrhythmias
■■ Severe valvular heart disease
■■ Poorly controlled hypertension
■■ Severe pulmonary hypertension
■■ Obstructive sleep apnea (OSA)

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_3&domain=pdf
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■■ Severe chronic obstructive pulmonary disease (COPD)
■■ Advanced liver disease
■■ Thromboembolic disease
■■ Poorly controlled diabetes
■■ Adrenal insufficiency
■■ Severe anemia
■■ Chronic kidney disease
■■ Cognitive impairment
■■ Poor functional status and frailty

See Table 3.1 for a summary of key elements of the evaluation, 
Table 3.2 for suggested preoperative review of systems, and Table 3.3 
for components of the extended peroperative physical exam.

 URGENCY OF THE SURGERY
Understanding the urgency of surgery is a critical part of the pre-
operative evaluation. For patients who require emergent or urgent 
surgery, the medical consultant’s role may be limited to providing 
focused anticipatory guidance and postoperative recommenda-
tions. For patients who have a planned surgery that is considered 
“time-sensitive,” the role of the medical consultant should be to 
anticipate and mitigate perioperative complications while avoid-
ing unnecessary testing that may delay surgery and will not 
change perioperative management. Finally, for the patient who is 
being evaluated prior to an elective procedure, the preoperative 

TABLE 3.1 ELEMENTS OF THE PREOPERATIVE EVALUATION

Requesting/referring 
physician

Usually the surgeon, sometimes a primary care 
provider (PCP) or specialist, or anesthesiologist

Reason for consult Specific reason for consultation which may be 
for a general preoperative evaluation

Chief complaint Include the reason for the intended surgical 
procedure

Date of surgery Include the type of surgery

Care team List the PCP and any active or relevant 
specialists

History of present 
illness (HPI)

A brief summary of the history as it pertains to 
the proposed surgery. As the surgical workup 
has already been completed by the surgery 
team, only the most important elements need 
to be repeated in the medical preoperative HPI
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TABLE 3.1 (CONTINUED)

Active and past 
medical problems

Focus on conditions for which advice has been 
requested (e.g., coronary artery disease), but 
be complete, which entails explicitly asking the 
patient about conditions and/or chart review

Past surgical history 
and past surgical 
complications

Especially assess prior complications such 
as bleeding, thrombosis, infection, delirium, 
and any cardiopulmonary events. If any prior 
anesthesia complications have been identified, 
ensure the anesthesiology team is aware

Drug sensitivities Include type of reaction(s) especially for 
medications relevant perioperatively such as 
antibiotics and opiates

Medications Include prescription, over-the-counter, and 
herbal preparations

Family history In addition to medical family history, assess 
family history of problems with anesthesia

Social history Patient’s living situation and care network 
are especially important if there are postop 
complications requiring additional support 
after discharge

Habits Smoking, alcohol, illicit drug use

Review of systems Conduct full review of systems to identify any 
potential health concerns that may need to be 
addressed prior to surgery. See Table 3.2

Functional status and 
exercise tolerance

Classify whether the patient is independent, 
partially dependent, or dependent within 
30 days of surgery
Clarify how many metabolic equivalents 
(METS) a patient can perform without 
significant limiting symptoms

Physical exam See the chapter text and Table 3.3

Studies See the chapter text and Table 3.4

Assessment Problem list describing severity and control of 
medical comorbidities
Full risk assessment, including not only 
cardiopulmonary risks

Recommendations Be specific and concise with preoperative 
testing and medication management
Include recommendations for postoperative 
care and preventative measures (e.g., venous 
thromboembolism (VTE) prophylaxis)
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TABLE 3.2 PREOPERATIVE REVIEW OF SYSTEMS

Constitutional Fevers, weight change (quantify), chills, night 
sweats, unexplained falls, fatigue

Eyes Visual changes or impairment

Ears/Nose/Mouth/
Throat

Recent colds, hearing impairment, frequent nose 
bleeds, tooth pain, loose teeth or dentures

Cardiovascular Chest pain (at rest and/or with exertion), 
orthopnea, paroxysmal nocturnal dyspnea, 
palpitations, edema, syncope or presyncope, 
claudication symptoms

Respiratory Dyspnea (at rest and/or with exertion), cough, 
wheeze, snoring, apnea, excessive daytime 
sleepiness

Gastrointestinal Abdominal pain, difficulty swallowing, nausea/
vomiting, diarrhea, constipation, reflux, black or 
bloody bowel movements

Genitourinary Dysuria, hematuria, hesitancy, urgency, urinary 
retention or incontinence, contraception use if 
relevant, possibility of pregnancy

Musculoskeletal Joint or muscular pain, problems with mobility

Skin Rash, wound healing problems, sensitivities (e.g., 
medical tape), skin color changes (e.g., jaundice)

Neurologic Difficulty with strength, sensation, balance, 
speech, memory, cognition, tremor, neuropathy, 
insomnia

Psychiatric Depression, anxiety, psychosis

Endocrine Hot or cold intolerance, dry skin, orthostasis, 
flushing, polydipsia, polyuria

Hematologic Easy or excessive bruising or bleeding, blood 
transfusion preferences

Allergic/
Immunologic

Recurrent or significant allergic response 
(dyspnea, wheezing, swelling, rash) to an 
exposure

evaluation presents an  opportunity to assess the patient’s overall 
state and readiness to proceed, order diagnostic tests if appropri-
ate, and partner with the patient and the patient’s care team to 
optimize overall health.
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TABLE 3.3 THE EXTENDED PREOPERATIVE PHYSICAL EXAM

Vital signs Include blood pressure, resting heart rate, room air 
oxygen saturation, height and weight

General Describe general appearance

Eyes/Ears/Nose/
Mouth/Throat

Assess pupillary symmetry and response to light. Survey 
for icterus and conjunctival pallor. Survey for difficult 
airway, oropharyngeal lesions, and note dentition

Cardiovascular Evaluate for signs of decompensated heart failure 
and significant valvular disease. Routine inspection, 
and palpation for heaves, thrills, apical impulse. 
Auscultation with special attention for volume of S1/
S2, murmurs, gallops. Assess jugular venous pressure 
(JVP). Assess for peripheral edema

Respiratory Assess work of breathing, and conduct routine 
auscultation for wheezes, rales, and rhonchi. Assess 
for increased expiratory time, especially in patients 
with obstructive lung disease. Assess for Cheyne-
Stokes breathing (associated with decreased cardiac 
ejection fraction), clubbing

Gastrointestinal Routine inspection especially for previous surgical 
scars and distention. Palpation for tenderness or 
organomegaly. Auscultation of bowel sounds

Genitourinary Typically deferred unless indicated by history or 
reason for surgery

Musculoskeletal Assess functional status, such as ability to get up 
from seated position without assistance, and ability 
to ambulate without assistance or labored breathing. 
Assess for muscular bulk, tone, and symmetry

Hematologic/
lymphatic

Skin survey for pallor, ecchymoses, petechiae. 
Consider lymph node survey in select patients

Neurologic Consider basic assessment of orientation. Consider 
special testing in older adults including memory, 
cognition, grip strength. If history of stroke or other 
intracranial lesion, consider cranial nerve testing, 
extremity strength, sensory testing, gait, cerebellar 
examination to help establish baseline

Psychiatric Note affect, pace of speech, thought content

Skin Survey for skin lesions especially wounds. Assess for 
rashes at planned surgical site
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 TIMING OF PREOPERATIVE EVALUATION
For those patients who are planning to have an elective surgery, the 
timing of the preoperative evaluation should be discussed with the 
surgical team. An evaluation too close to the planned surgical date 
may not allow for adequate time to adjust and optimize the patient’s 
medical status; an evaluation too far out from the planned surgical 
date may address the patient’s state of health at that moment, only to 
have the patient’s medical condition change in the interim, altering 
their perioperative risk at the time of surgery. Ideally patients should 
be seen about 3–4 weeks prior to their planned surgery when feasible, 
so that the medical consultant can conduct a thorough evaluation; 
make appropriate interventions to assess and optimize the patient’s 
health and mitigate perioperative risk; and communicate effectively 
with the surgical, anesthesia, and other teams.

 RISK ASSESSMENT
Guidelines from the American College of Cardiology and American 
Heart Association suggest a stepwise approach to assessment of peri-
operative cardiac risk, though these guidelines do not account for all 
types of surgery or medical risk factors [1]. Consultants should use a 
combination of available guidelines, tools, and clinical judgment to 
estimate the overall medical and surgical risk. Some clinical factors 
to take into consideration include:

■■ Duration of surgery and use of general anesthesia [2, 3]
■■ Emergency surgery [4]
■■ Estimated blood loss
■■ Surgical location and type of surgery, including route
■■ Medical comorbidities [5]
■■ Frailty/functional status (see Chap. 44)
■■ Presence of recent illness, or exacerbation of chronic disease

There are several tools and calculators available to estimate the 
risks of surgery. Some estimate specific risks or apply to specific sur-
geries, while others are broader in their scope. These tools have limi-
tations, and judgment must be used to interpret the results to help the 
individual patient and clinical team decide on the best approach. 
Commonly used risk calculator tools include:

■■ The American College of Surgeons (ACS) National Surgical 
Quality Improvement Program (NSQIP) Surgical Risk 
Calculator (https://riskcalculator.facs.org/) incorporates multi-
ple patient variables and the specific surgery to calculate the 
risk of several clinical 30-day outcomes, such as MI or cardiac 
arrest, venous thromboembolism, pneumonia, surgical site 
infection, and readmission [6]. A printable summary report is 

https://riskcalculator.facs.org/
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made available for the patient and surgeon/medical consultant 
to discuss the patient’s risks.

■■ The Myocardial Infarction and Cardiac Arrest (MICA) risk cal-
culator (https://qxmd.com/calculate/calculator_245/gupta-peri-
operative-cardiac-risk) uses five risk factors (surgery site, 
functional status, American Society of Anesthesiologists class 
[see Chap. 4], creatinine, and age) to estimate perioperative 
30-day cardiac arrest or myocardial infarction [7].

■■ The Revised Cardiac Risk Index (RCRI) uses six variables 
(high-risk surgery, ischemic heart disease, congestive heart 
failure (CHF), cerebrovascular disease, diabetes treated with 
insulin, and serum Cr >2 mg/dL) to estimate risk of cardiac 
complications [8]. For further information on estimating car-
diac risk, see Chap. 6.

■■ Other tools and calculators exist including those to estimate 
perioperative pulmonary risk (see Chap. 32), and risk of com-
plications in patients with liver disease (see Chap. 17).

 DIAGNOSTIC STUDIES
Inappropriate preoperative testing may result in additional costs, 
complications, anxiety, and delays to surgery [9–12]. Several profes-
sional societies, some participating in The Choosing Wisely cam-
paign, recommend a thoughtful approach to preoperative diagnostic 
evaluation, avoiding testing that is low-yield and not likely to change 
management [13–17]. In general, the following principles should be 
followed for preoperative testing:

■■ Routine preoperative testing is not recommended, especially 
with low-risk surgery and/or patients without significant sys-
temic disease.

■■ A selective approach based on the type of surgery and a careful 
history and physical is preferred.

■■ Good communication between the medical consultant, patient, 
surgeon, and anesthesia team is essential when considering 
preoperative testing that may affect the timing of surgery.

Table 3.4 provides general guidance on diagnostic tests that are 
appropriate for preoperative risk assessment and management.

 DOCUMENTATION AND COMMUNICATION
The perioperative care of medically complex patients involves multiple 
providers in multiple settings. How the preoperative evaluation is docu-
mented and communicated is just as important as the evaluation itself.

■■ The patient should be informed of their risk and your recom-
mendations. Discuss with the patient their perception of 

https://qxmd.com/calculate/calculator_245/gupta-perioperative-cardiac-risk
https://qxmd.com/calculate/calculator_245/gupta-perioperative-cardiac-risk
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TABLE 3.4 PREOPERATIVE TESTING

PT/INR, 
PTT

Obtain PT/INR in patients taking warfarin, known liver 
disease and severe malnutrition
Consider obtaining coagulation studies in patients with 
personal or family history of abnormal bleeding

CBC Consider white blood cell count if history or exam 
suggests infection, or myeloproliferative disorder
Consider hematocrit in patients with history of anemia 
or who are at risk for anemia, or any patient undergoing 
surgery in which major blood loss expected
Consider platelet count in patients with personal history 
of abnormal bleeding

Basic 
metabolic 
panel

Consider if history or exam suggests risk of an 
abnormality (e.g., medications that affect electrolytes or 
renal function)
Consider creatinine in patients with known kidney 
disease, if required to manage medication perioperatively 
(e.g., anticoagulation), in any patient for whom 
nephrotoxins will be used, or if large fluid shifts or 
hypotension are likely

Liver 
function 
tests

Consider only if history or exam suggests an abnormality
Consider albumin to assess nutritional status in patients 
who are at risk

Urinalysis Consider only if history or exam suggests urinary tract 
infection. Surgeons may request for specific surgeries, 
e.g., joint replacements or genitourinary procedures

Pregnancy 
testing

Offer to all women of reproductive age for whom there is 
a possibility of being pregnant

ECG Reasonable to perform for patients with coronary artery 
disease, significant cardiac arrhythmia, heart failure 
or significant structural heart disease, severe valvular 
disease, peripheral arterial disease, history of stroke or 
TIA if one has not been performed in the last 12 months
Do not perform for those patients undergoing low-risk 
surgery

Chest X-ray Consider only if active pulmonary disease indicated by 
history or exam

Pulmonary 
function 
tests (PFTs)

Obtain only if needed to diagnose and treat previously 
unknown pulmonary disease prior to elective surgery
Used in some surgery specific protocols (e.g., thoracic 
surgery)

Arterial 
blood gas 
(ABG)

Obtain only if suspicion for hypoxemia or CO
2 retention 

that would affect postop management
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what a “successful” surgery outcome would look like, and 
communicate back with the surgical team if the patient’s 
expected outcome appears to be discordant from the descrip-
tion provided by the surgical team.

■■ The preoperative evaluation and recommendations should be 
summarized in a concise but thorough note, which should 
indicate if the patient’s state of health is optimized to proceed 
with surgery. If not, summarize the recommendations to 
improve the state of readiness to proceed with surgery and 
specify who is going to be responsible for following the 
recommendations.

■■ Avoid the term “cleared for surgery.” This term may be per-
ceived as implying that nothing will go wrong; there may be 
complications with any surgical procedure. The key assess-
ment is whether the anticipated benefits from proceeding with 
surgery outweigh the potential risks.

■■ Describe the estimated risks. Consider using risk calculators 
for specific areas when available, e.g., cardiac complications. 
If quoting a specific percent risk of a complication, it is impor-
tant to provide context of whether the risk is higher than aver-
age and whether the risk is modifiable or unavoidable.

■■ See Table 3.5 for an example of a statement that may be appro-
priate in documenting specific recommendations.

■■ If specific recommendations require early attention, or the 
case is particularly challenging (e.g., surgery must be delayed 
or canceled), the referring surgeon should be contacted 
directly.

■■ The preoperative evaluation note should be copied to the sur-
geon, the primary care provider, and specialists as 
appropriate.

■■ The consult note should clearly state how you (or partners 
when appropriate) may be reached with questions.

■■ Find out who in your institution will be seeing the patient 
postoperatively—it may be the surgery team, a hospitalist, or 
someone else—and contact that provider if there is something 
in particular that needs attention postoperatively.
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TABLE 3.5 CONSULT NOTE DOCUMENTATION EXAMPLE

Example of a summary statement of the evaluation:
Mr. ____ presents for elective total hip arthroplasty. He is an 
acceptable candidate for this surgery. He is at increased risk for 
cardiovascular complications due to diabetes and a prior stroke. 
However, his exercise tolerance is excellent, thus I do not recommend 
further cardiac testing prior to this intermediate risk procedure. He 
is at increased risk for pulmonary complications due to emphysema 
and obstructive sleep apnea. His pulmonary disease remains 
stable, and his sleep apnea is well treated. Finally, he is at risk for 
postoperative delirium due to his age.

Example of specific recommendations on the patient’s condition, 
medication, or anticipatory guidance:
Recommendations:
 1. Proceed with surgery without further cardiac testing.
 2.  Hold warfarin starting 5 days prior to surgery without the need 

for bridging therapy for his atrial fibrillation, as he is considered 
low risk for perioperative stroke while off his warfarin.

 3.  The morning of surgery, I instructed him to take his metoprolol 
with a small sip of water, and his tiotropium inhaler.

 4.  Continue beta-blocker without interruption postoperatively. 
He is anticipated to be taking oral medications immediately 
postop, so he may be given metoprolol tartrate 50 mg PO 
q12 hours (home dose), holding if SBP <110 or HR <60; if 
unable to take oral medications, this can be dosed IV (e.g., 
metoprolol 5 mg IV q6 hours).

 5.  Restart home dose of warfarin postoperatively when surgically 
acceptable without the need for bridging therapy. Typically 
warfarin can be restarted within 24–48 hours of surgery if 
hemostasis has been achieved.

 6.  Continue usual tiotropium inhaler postop without interruption, 
with albuterol nebulizers as needed.

 7.  Given OSA, we instructed him to bring his CPAP machine to the 
hospital, and it should be used postoperatively while sleeping/
napping.

 8.  Pulmonary prophylaxis per routine including attention to 
pulmonary hygiene and incentive spirometry every hour while 
awake.

 9. VTE prophylaxis per routine.
10. Follow up with PCP 2–4 weeks postop.
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KEY CLINICAL PEARLS
 ³ The American College of Surgeons (ACS) National Surgical 
Quality Improvement Program NSQIP) Surgical Risk Calculator 
(https://riskcalculator.facs.org/) is a useful tool to calculate the risk 
of specific 30 day outcomes measures.

 ³ Several professional organizations have recommended against 
ordering routine tests prior to surgery.
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Chapter
Anesthesia Fundamentals

Wendy Suhre

4

 BACKGROUND
The anesthesiologist fulfills several critical roles in the perioperative 
period apart from the actual administration of the anesthetic. The 
anesthesiologist assesses and manages patients prior to administra-
tion of anesthesia and functions as a “primary care” physician for the 
patient’s medical conditions in the operating room and the immedi-
ate postoperative period. Anesthesiologists have a wide range of core 
medical knowledge as well as broad experience in managing coexist-
ing disease perioperatively. They have specialty knowledge in cardio-
vascular and respiratory physiology, and critical event management. 
Many issues of interest to the anesthesiologist in the perioperative 
period overlap with concerns of the medicine consultant.

 PREOPERATIVE ANESTHESIA 
EVALUATION
Evaluation of complex patients well in advance of surgery can 
decrease day of surgery cancellations and delays [1, 2]. Comprehensive 
preoperative evaluation by the anesthesiologist involves obtaining 
pertinent information from the surgical patient, clinical optimiza-
tion, and assessment of perioperative risk [3]. The preoperative evalu-
ation is entered into the medical record and serves as the centralized 
location for patient information required by the anesthesia team to 
ensure safe patient care perioperatively. The preoperative anesthesia 
assessment should include the following:

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_4&domain=pdf
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■■ American Society of Anesthesiologists (ASA) Physical Status 
Classification (see Table 4.1). This classification system has 
been shown to be predictive of perioperative complications 
and mortality. One study showed mortality rates of 0.1%, 0.7%, 
3.5%, and 18.3% for ASA class I, II, III, and IV, respectively [5].

■■ Basic airway exam including mouth opening, Mallampati 
Class (see Table 4.2) [6], head extension, jaw protrusion, thyro-
mental distance, and assessment of dentition to detect proba-
ble indicators of a difficult intubation or ventilation with a 
mask.

■■ History of surgical or anesthetic complications including post-
operative nausea or vomiting, difficult intubation, or adverse 
reaction to anesthesia.

■■ Patient education regarding types of anesthesia that may be 
used and the plan for postoperative pain management (see 
Chap. 56) may alleviate some of the patient’s fears and anxiety 
in the perioperative period.

TABLE 4.1 AMERICAN SOCIETY OF ANESTHESIOLOGISTS (ASA) PHYSICAL 
STATUS CLASSIFICATION [4]

ASA PS 
classification Definition

ASA I Normal healthy patient

ASA II Mild systemic disease without substantive functional 
limitations

ASA III Severe systemic disease with substantive functional 
limitations

ASA IV Severe systemic disease that is a constant threat to life

ASA V Moribund who is not expected to survive without the 
operation

Examples of each ASA class are available at https://www.asahq.org/stan-
dards-and-guidelines/asa-physical-status-classification-system

TABLE 4.2 MALLAMPATI CLASSIFICATION [6]

Mallampati class Visible

Class I Pillars, fauces, soft palate, uvula

Class II Fauces, soft palate visible, uvula

Class III Soft palate, base of uvula

Class IV Soft palate not visible

https://www.asahq.org/standards-and-guidelines/asa-physical-status-classification-system
https://www.asahq.org/standards-and-guidelines/asa-physical-status-classification-system
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■■ Discharge planning particularly for outpatient procedures and 
surgeries.

■■ Preparation for transfusions. Although the responsibility for 
obtaining consent and lab testing for transfusion is typically 
initiated by the surgical team, the anesthesia providers may 
initiate such action themselves or ensure that the appropriate 
blood testing has been performed prior to surgery to avoid 
delays on the day of surgery.

The remainder of the preoperative anesthesia assessment overlaps 
with the medical preoperative evaluation (see Chap. 3) and includes 
current medical comorbidities and whether they have been opti-
mized; current list of  medications and instructions as to which drugs 
should be continued or discontinued prior to surgery (Chap. 5); his-
tory and physical exam to assess for any undiagnosed medical condi-
tions that could affect anesthesia and surgery; and functional status 
assessment in metabolic equivalents (METS) (see Chap. 6).

 PERIOPERATIVE ANESTHETIC 
MANAGEMENT
 TYPES OF ANESTHESIA
The anesthetic plan is determined by the anesthesiologist and 
depends upon surgical and patient factors. The anesthetic plan 
includes the type of anesthesia, opioids and adjunctive medications 
for pain control, as well as various other medications used to treat 
medical comorbidities and to prevent anesthetic complications such 
as postoperative nausea and vomiting. Anesthetic options include 
several broad categories.

 General Anesthesia
General anesthesia produces a state of unconsciousness, amnesia, 
immobility, and attenuation of the responses to noxious stimuli [7]. 
There are three phases of general anesthesia: Induction, mainte-
nance, and emergence.

■■ Induction involves preoxygenation, administration of inhala-
tional or IV anesthetics, and sometimes opioid and paralytic 
medications depending on airway management. Following 
induction, an endotracheal tube (ETT) or laryngeal mask airway 
(LMA) is placed. The patient’s native airway may be used for 
some procedures. The type of surgery, surgeon requirements, 
and patient factors determine which airway device is chosen.
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■■ Maintenance of general anesthesia is required for the duration 
of the surgery and is typically achieved using inhalational or IV 
anesthetics such as sevoflurane or propofol. Opioid adminis-
tration is often used as it decreases other anesthetic agent 
requirements and provides some initial postoperative analge-
sia. Patients are monitored closely ensuring adequate oxygen-
ation, ventilation, and hemodynamic stability. Underlying 
comorbidities, such as diabetes, are also managed throughout 
the procedure.

■■ Emergence from general anesthesia is a continuum that 
occurs after the anesthesia has been discontinued, muscle 
relaxants have been reversed, and the patient begins to arouse 
and respond to verbal stimulation and continues through extu-
bation and arousal in the recovery room. Breathing devices are 
typically removed once the patient has demonstrated the abil-
ity to adequately oxygenate, ventilate, and maintain an open 
airway on their own.

 Regional Anesthesia
Regional anesthesia refers to the use of local anesthetic drugs in 
peripheral nerve blocks (PNB) and neuraxial anesthesia (NA)(spinal, 
epidural). Blocks may be performed as a single shot injection (spinal, 
PNB) or as a continuous infusion through a catheter (epidural, PNB). 
Regional techniques may be used as the sole anesthetic for a proce-
dure, or in conjunction with general anesthesia or sedation.

 Monitored Anesthesia Care (MAC)
Monitored anesthesia care refers to “instances in which the anesthe-
siologist has been requested to provide specific anesthesia services in 
connection with which a patient receives local anesthesia or, in some 
cases, no anesthesia at all” [8]. MAC may simply consist of the anes-
thesiologist monitoring the patient and providing medical care as 
appropriate, but often MAC includes the administration of sedative 
and pain medications. Hypervigilance is required, as the patient may 
progress to a level of deep sedation making them at risk for airway 
obstruction, oxygen desaturation, or aspiration.

 Moderate Sedation
Many procedures are performed without the specialized care of an 
anesthesiologist if only light or moderate sedation is needed. In these 
instances, an RN with specific training in moderate sedation, under 
the supervision of the proceduralist, can administer the appropriate 
medications. Care is taken to avoid deep sedation and need for airway 
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management. Oxygen is generally administered via nasal cannula or 
facemask during these procedures.

 ANESTHESIA CONSIDERATIONS
No one type of anesthetic is appropriate for all patients, so an anes-
thetic plan must be formulated and individualized for each patient. 
Important considerations for the anesthesiologist are as follows:

■■ Premedications. A wide variety of medications, in addition to 
what the patient may already be taking, may be given to the 
patient in the preoperative holding area. The use of premedica-
tions depends on the patient’s medical history and may be used 
to manage their comorbidities or may be administered to pre-
vent perioperative complications.

■■ Type of anesthesia. When choosing which anesthetic to use for 
the procedure, the anesthesiologist considers patient factors 
(airway assessment, comorbidities, patient preference), type 
and duration of surgery, patient positioning, and surgeon 
preference.

■■ Monitoring. Standard monitoring used on virtually all patients 
include EKG, pulse oximetry, blood pressure (noninvasive vs. 
intra- arterial), end-tidal CO2, and temperature (if changes in 
temperature are expected) [9]. Special circumstances may 
require neuromuscular monitoring, EEG, central venous cath-
eters, pulmonary artery catheters, or transesophageal 
echocardiography.

■■ Intravenous (IV) access. Depending on type of surgery, esti-
mated blood loss, and preoperative lab values, the number and 
size of IV or central venous catheters should be determined 
and obtained prior to the commencement of the procedure.

■■ Positioning. Proper positioning of the patient is extremely 
important and requires a team effort in the operating room, 
including the anesthesiologist. Certain positions may result in 
significant cardiovascular or respiratory changes such as with 
steep Trendelenburg, steep reverse Trendelenburg, and sitting/
beach chair. It is important to consider whether or not the 
patient can tolerate the positioning required.

■■ Pain control. Although opioid medications are still an impor-
tant mainstay of pain control, many other drugs and regimens 
are available and being used more commonly. These include 
acetaminophen, gabapentin, celecoxib, ketamine, dexmedeto-
midine, local anesthetics, and regional anesthesia. Surgical 
and patient factors affect which medications are chosen and 
which may be continued throughout the postoperative period.
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■■ Cardiac device management. All cardiac implantable elec-
tronic devices (CIEDs) should be interrogated to determine if 
they are functioning normally, that the battery has adequate 
remaining life, and a determination made as to whether the 
device needs specific programming for surgery or if magnet 
placement is all that might be required for intraoperative man-
agement. Depending on the institution, this may be done in a 
pre-anesthesia clinic or in the preoperative holding area typi-
cally by a cardiologist or anesthesiologist trained to manage 
CIEDs perioperatively (see Chap. 11).

■■ Deep brain/peripheral nerve stimulators. These nerve stimula-
tors can be damaged during surgery and are usually turned off 
prior to surgery. The patients should always bring their pro-
grammer with them to surgery so the device may be turned off 
if needed.

■■ Postoperative management. Anesthetic plans also include car-
ing for the patient in the post-anesthesia care unit (PACU). 
Pain management, antiemetics, use of CPAP/BiPAP, blood 
pressure control, adequate monitoring, and appropriate dis-
charge of the patient from the PACU are managed by the anes-
thesiologist [10].

 ANESTHETIC COMPLICATIONS
The administration of anesthesia (medications, positioning, airway 
management) can result in various complications. Any provider who 
manages patients postoperatively should be aware of the more likely 
or serious complications and how to manage them.

■■ Hypotension. All anesthetics, both general and regional, can 
lower blood pressure. Generally, these aberrations are easily 
treated with fluids or vasopressors. Patients taking ACE/ARBs 
are at an increased risk of more profound hypotension follow-
ing induction of anesthesia [11].

■■ Nerve injury/neuropathy. Unless caused by the surgery or by 
tissue edema, most postoperative nerve injury is caused by 
compression from malpositioning. Ulnar neuropathies are the 
most common but the sciatic, common peroneal, radial, and 
median nerves can also be damaged. Patients may require 
evaluation if neuropathy persists. The best way to avoid nerve 
injuries is with proper positioning.

■■ Dental/lip/tongue injuries. One of the most common complica-
tions with anesthesia. Injuries can occur during bag mask 
ventilation, intubation/LMA placement, or upon emergence/



31CHAPTER 4: ANESTHESIA FUNdAMENTALS

extubation. Assessing a patient’s dentition prior to surgery can 
help avoid dental injury.

■■ Awareness. Anesthesia awareness refers to patients having 
explicit recall of events that occurred while under a general 
anesthetic. To decrease risk of awareness, the depth of anesthe-
sia is monitored during general anesthesia. Risk factors 
include emergent surgery, hemodynamic instability (severe 
hypotension), and issues with anesthesia delivery (e.g., infil-
trated IV with total intravenous anesthesia) [8].

■■ Vision loss/eye injury. Postoperative vision loss is a rare com-
plication, but devastating. Risk factors include steep 
Trendelenburg position, blood loss, anemia, and hypotension 
in the prone position. The most common eye injury related to 
anesthesia is corneal abrasion. Care should be taken to protect 
the eyes during and after the administration of anesthesia.

■■ Allergic reactions/malignant hyperthermia. Allergic reactions 
to antibiotics are the most common. Other adverse reactions to 
drugs can occur including malignant hyperthermia (MH). MH 
is a syndrome triggered by succinylcholine and volatile anes-
thetics (e.g., sevoflurane) in genetically susceptible patients. 
The initial presentation is characterized by hypercarbia, tachy-
cardia, muscle rigidity while hyperthermia is typically a late 
sign. The treatment of malignant hyperthermia includes dan-
trolene, hyperventilation, active cooling, and the treatment of 
complications of MH including hyperkalemia, metabolic aci-
dosis, and rhabdomyolysis/renal injury.

■■ Postoperative delirium and postoperative cognitive dysfunc-
tion (POCD). These problems are more common in older 
patients and have been receiving significant attention. 
Treatments and preventive  measures are being studied for both 
postoperative delirium and POCD, but no effective treatments 
have been established [12, 13]. See Chap. 53 for more details 
on postoperative delirium.

■■ Postoperative nausea and vomiting (PONV). PONV is one of the 
most common complications and most bothersome to patients 
after anesthesia. Risk factors include female gender, age 
<50 years old, nonsmoker, history of PONV or motion sickness, 
undergoing gynecologic or laparoscopic procedure, postopera-
tive opioids, and inhalational anesthetic use. Total intravenous 
anesthesia with propofol, regional anesthesia, opioid sparing 
techniques, and preoperative/intraoperative antiemetics are 
strategies used to decrease the risk of PONV [14].
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■■ Postoperative urinary retention (POUR). Risk factors for 
POUR include history of benign prostatic hypertrophy, prior 
POUR, advanced age, type of surgery (urologic, inguinal, geni-
tal), neuraxial anesthesia, and perioperative opioids. A bladder 
ultrasound is obtained if a patient has been unable to void 
after 4 hours postoperatively. If greater than 600 mL is mea-
sured, then catheterization is performed. For ambulatory 
patients, a single catheterization may be enough. Ambulatory 
patients should be instructed to seek medical care if they are 
unable to void for 8 hours after discharge. For patients who are 
admitted, the catheter may be left in place and a voiding trial 
should be performed prior to discharge.

KEY CLINICAL PEARLS
 ³ Evaluation of complex patients well in advance of surgery can 
decrease day of surgery cancellations and delays.

 ³ The anesthesiologist determines the type of anesthetic, airway 
management, and perioperative pain plan.

 ³ Many anesthetic complications can be mitigated or prevented with 
proper planning.
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 BACKGROUND
The management of a patient’s home medication regimen around a 
surgical procedure is an important component of perioperative 
medicine. Clinicians must weigh the risk for a patient’s routine 
medications to cause perioperative harm versus the risk of stopping 
the medication with regard to the underlying medical condition. 
This chapter provides guidance for clinicians in this risk–benefit 
assessment while acknowledging that there is a general lack of out-
come data about routine medication management in the periopera-
tive setting.

 PREOPERATIVE EVALUATION
It is essential to obtain a comprehensive medication list prior to 
surgery, including over the counter medications, supplements, inhal-
ers, eye drops, and oral contraceptives, as well as usage, dose, and 
route (e.g., oral, transdermal, and subcutaneous) for all medications. 
Clinicians should also consider the type of surgery and expected 
postoperative course and how these may impact perioperative medi-
cation management, including prolonged postoperative nil-per-os 
(NPO) state, potential to affect liver or kidney function and hence 
drug clearance, etc. Likewise, the underlying medical condition that 
is being treated (e.g., organ transplant, severe inflammatory bowel 
disease) must also be considered in the decision to continue or hold 
specific medications.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_5&domain=pdf
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 PERIOPERATIVE MANAGEMENT
 PREOPERATIVE
Recommendations for preoperative medication management are 
shown in Table 5.1. If time permits, it is ideal to stop any medication 
that may prove harmful perioperatively (e.g., anticoagulants, oral 
hypoglycemics) while continuing essential medications (e.g., long-
term corticosteroids, beta blockers, and organ transplant medica-
tions) without interruption. Consider using parenteral or topical 
forms of essential medications if a patient is NPO for a prolonged 
period (e.g., esophageal surgery or major head and neck surgery).

TABLE 5.1 PREOPERATIVE MEDICATION MANAGEMENT

Antiarrhythmic 
medications

Continue on morning of surgery, including 
digoxin

Anticoagulants
Warfarin
Direct oral anticoagulants 
(DOAC)

In general, warfarin is held 5–7 days 
prior to surgery and DOACs are held 
24–48 hours prior to surgery (depending 
on renal function)
Dabigatran may need to be held for up to 
72–120 hours prior to surgery
See Chap. 26 for additional 
recommendations

Antihypertensives 
(nondiuretic)
Calcium channel blockers
Nitrates (long and short- 
acting)
Alpha blockers
Combined alpha/beta 
blockers
Alpha antagonists 
(clonidine)

In general, continue these antihypertensive 
medications on morning of surgery
Abrupt discontinuation of clonidine can 
cause rebound hypertension, see Chap. 10

Antihypertensives
ACE-inhibitors, ARBs
Loop diuretics
Thiazide diuretics
Potassium sparing 
diuretics
Direct vasodilators 
(hydralazine, minoxidil)

In general, hold ACE-Is, ARBs, and 
loop diuretics 12–24 hours prior to 
surgery, unless patient has uncontrolled 
hypertension or advanced CHF
Perioperative management of thiazide 
diuretics, potassium sparing diuretics and 
direct vasodilators should be individualized 
based on patient factors or at clinician’s 
discretion
See Chaps. 8 and 10 for detailed discussion 
and recommendations
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TABLE 5.1 (CONTINUED)

Antiplatelet medications In general, aspirin and clopidogrel are 
discontinued 5–7 days preoperatively.
See Chap. 7 for further recommendations

Asthma and COPD 
medications
Inhaled steroids 
or inhaled steroid 
combinations
Inhaled anticholinergics
Inhaled beta-agonists
Oral medications 
(Montelukast)

In general, continue all inhaled and oral 
medications for asthma and COPD.
Consider holding theophylline 
perioperatively, see Chap. 33 for further 
recommendations

Bladder and prostate 
medications
Alpha-1 adrenergic 
antagonists
5-alpha reductase 
inhibitors

In general, continue on morning of surgery
Notify eye surgeon if patient is taking 
one of these medications prior to cataract 
surgery, given risk of floppy iris syndrome

Cholesterol lowering 
medications

In general, continue statins on morning of 
surgery
Hold nonstatin medications (niacin, 
gemfibrozil, fenofibrate, cholestyramine, 
colestipol, ezetimibe) on morning of surgery

Diabetes medications
Oral and noninsulin 
injectable medications
Insulin

In general, hold oral hypoglycemic agents 
and noninsulin injectable mediations on 
morning of surgery
Hold SGLT2 inhibitors (canagliflozin, 
dapagliflozin, empagliflozin) 3 days 
prior to surgery due to potential risk of 
euglycemic ketoacidosis
In general, hold prandial insulin on 
morning of surgery and continue basal 
insulin, with dose adjustments on night 
before and morning of surgery. See Chap. 
13 for detailed recommendations on 
insulin management

Gastrointestinal 
medications
PPIs, H2 blockers, anti- 
emetics

Continue most gastrointestinal 
medications perioperatively with the 
exception of particulate antacids (e.g., 
calcium carbonate, tums)

Gout medications In general, continue preventative 
medications preoperatively. See Chap. 42 
for further recommendations

(continued)
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TABLE 5.1 (CONTINUED)

Hormones
Estrogen
Progesterone
Testosterone

OCPs and HRT management should 
be individualized based on patient and 
surgical risk factors
Continue testosterone perioperatively
See Chaps. 15 and 45 for further details 
on perioperative management of hormone 
therapies

Hormonal medications
SERMs (tamoxifen)
Aromatase inhibitors 
(anastrozole)

Recommend stopping SERMs 2–4 weeks 
when patient or surgery factors confer high 
risk for VTE
Aromatase inhibitors can usually be 
continued perioperatively. See Chap 15 for 
detailed recommendations

Immunosuppressant for 
organ transplant
Mycophenolate mofetil, 
tacrolimus, cyclosporine

Continue perioperatively, in consultation 
with transplant specialists

Neurologic medications
Antiepileptics
Parkinson’s disease

In general, continue antiepileptics 
perioperatively
See Chap. 30 for recommendations on 
medication management in Parkinson’s 
disease, including discussion of MAO 
inhibitors

Osteoporosis medications
Bisphosphonates, 
calcium, and vitamin D

Hold on morning of surgery

Pain medications
Opioids, acetaminophen, 
GABA analogs, muscle 
relaxants, baclofen, 
NSAIDs

In general, most pain medications can be 
continued perioperatively
Consider stopping NSAIDs 3–5 days prior 
to surgery
See Chap. 43 for guidelines on 
opioid partial agonists or antagonists 
(buprenorphine–naloxone) and naltrexone

Psychiatric medications
Antidepressants 
(SSRIs and SNRIs), 
bupropion and 
antianxiety medications 
(benzodiazepines, 
buspirone)
Mood stabilizers/
neuroleptic
Stimulants 
(methylphenidate, Ritalin)

In general, continue psychiatric 
medications perioperatively
In consultation with psychiatry, consider 
holding lithium perioperatively due to risk 
of lithium toxicity in patients with GFR 
<60 or in patients undergoing procedures 
with major fluid shifts. Individualize 
management of stimulants based on 
patient’s factors and in consultation with 
anesthesia, given paucity of data
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 POSTOPERATIVE
See Table 5.2 for recommendations on restarting common outpatient 
medications.

Resume usual outpatient medications as tolerated by patient’s 
ability to take oral medications and current and expected medical 
indication, with certain exceptions (such as diabetes medications if 
the patient is not eating—see Chap. 13 for details). Always discuss 
with the surgeon when restarting antiplatelet agents and anticoagu-
lants (see Chaps. 7, 9, and 26 for details), including nonsteroidal 
 anti-inflammatory drugs (NSAIDs).

Most cardiovascular medications should be continued postopera-
tively. However, a patient’s blood pressure often falls postoperatively 
(especially if the patient has an epidural or spinal anesthesia), so we 
suggest writing holding parameters for all vasoactive medications. 
Dose reduction is frequently necessary for the first 2–3 days. Sequentially 
add back each vasoactive medication as blood pressure permits.

Following some surgeries, particularly those involving major 
manipulation of the gastrointestinal tract, the administration of oral 

Pulmonary hypertension 
medications
PDE-5 inhibitors
sGC stimulators
Endothelin receptor 
antagonists

In general, continue medications for 
pulmonary hypertension perioperatively, 
with consultation from pulmonary or 
cardiology specialist

Rheumatologic 
medications and 
medications for SLE

Management of biologic agents for RA and 
SLE should be individualized based on 
severity of disease and nature of surgery, 
in consultation with rheumatologist and 
surgeon. See Chaps. 40 and 41 for details

Steroids In general, continue steroids 
perioperatively and consider “stress dose 
steroids” depending on type of surgery. See 
Chap. 14 for details

Thyroid medications Continue on morning of surgery

Vitamins and nutritional 
supplements

Stop for 1 week prior to surgery
Supplements such as iron, calcium, and 
vitamin D prescribed for nutritional 
deficiency do not need to be held for 
1 week prior to surgery, but should not be 
taken on the morning of surgery

TABLE 5.1 (CONTINUED)
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medications might be temporarily prohibited. For essential medica-
tions, consider using alternate formulations such as intravenous (IV), 
transdermal, or per rectum if available. In other cases (e.g., after 
gastric bypass surgery, esophagectomy, or with feeding tubes), medi-
cations may need to be crushed for administration. Keep in mind that 
extended release formulations cannot be crushed, necessitating a 
substitution with shorter acting equivalents. We advise reviewing the 
medication list with a pharmacist and the surgical team to ensure 
that appropriate adjustments are made.

 CONSIDERATIONS FOR SPECIFIC MEDICATIONS

ACE inhibitors (ACE-I) and angiotensin receptor blockers (ARBs) The 
perioperative use of ACE-Is and ARBs has been a subject of debate. 
A recent meta-analysis confirms that continuation of ACE-Is and 
ARBs in  noncardiac surgery is associated with an increased risk of 
intraoperative hypotension, without increased risk of mortality [1]. 
Conversely, holding these agents in patient with severe hypertension 
or advanced heart failure may complicate perioperative management 

TABLE 5.2 POSTOPERATIVE MEDICATION MANAGEMENT

Drugs to restart as soon 
as clinically possible

Beta blockers

Antiarrhythmics
Statins
Nebulizers and inhalers
Corticosteroids (discuss with surgical 
team as needed and see Chap. 14)
Thyroid medications
Most psychiatric medications
Medications for pulmonary 
hypertension
Parkinson medications
Immunosuppressive, transplant, and 
antiretroviral medications (discuss 
with surgery and transplant teams as 
needed)

Drugs to restart carefully 
based on clinical status 
and discussion with 
surgical team)

Antiplatelet agents

Anticoagulants (see Chap. 26)
Antihypertensives and diuretics
Insulin and non-insulin diabetes 
medications (see Chap. 13)
Rheumatologic agents
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due to increased afterload and hypertension. We recommend that 
these agents be held the morning of surgery unless the patient is 
persistently hypertensive with a systolic BP consistently above 
180 mmHg. Consider holding the evening dose the night before 
surgery if the ACE-I or ARB is normally taken in the evening. The 
other situation in which these medications should be held is if renal 
blood flow will be compromised during the surgical procedure (e.g., 
some AAA repairs). For patients with advanced heart failure, cirrhosis, 
or severe hypertension, decisions about continuing these medications 
should be made on a case by case basis.

Antiplatelet agents In general, aspirin is continued perioperatively in 
patients with known cardiovascular disease. The data on this issue 
however, remain controversial. For patients with recent acute coronary 
syndrome, recently placed cardiac stents, high risk mechanical heart 
valves, or recent stroke, one or more antiplatelet agents (usually 
aspirin) should be continued perioperatively without interruption, if 
reasonable from a surgical perspective (see Chap. 7 for more details). 
The PeriOperative ISchemic Evaluation 2 (POISE-2) trial raised 
questions about the safety and utility of perioperative continuation of 
aspirin, though high-risk patients (those who received a bare metal 
stent within 6 weeks, or a drug-eluting stent within 1 year) were 
excluded from the study. In addition, the range of aspirin used in this 
trial was between 75 and 300 mg. In general, we recommend that there 
be shared decision making regarding the risks of continuing or 
stopping antiplatelet therapy among the patient, cardiologist, 
neurologist, and the surgical team [2, 3].

Beta blockers Abrupt withdrawal of beta blockers can precipitate 
rebound tachycardia, hypertension, and angina. If the patient already 
takes a beta blocker, it should be continued perioperatively (use IV 
equivalent if NPO). The initiation of beta blockade strictly for 
perioperative reasons is no longer routinely recommended in light of 
evidence of potential harm in low-risk patients—see Chap.7 for a 
more detailed discussion.

Calcium channel blockers These agents are generally safe to continue; 
consider holding perioperatively if the patient’s blood pressure runs 
low preoperatively. Calcium channel blockers are usually continued if 
given for rate control for atrial fibrillation.

Clonidine Abrupt withdrawal may precipitate hypertension and 
tachycardia. Substitute an equivalent dose transdermal patch if 
possible. It takes 2–3 days for the patches to begin working. If possible, 
initiate the patch preoperatively. Have the patient take their full oral 
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dose on the first day the patch is applied, 1/2 the usual dose on day 2, 
1/4 of the usual dose on day 3, and then stop the oral medication. 
Patches are changed every 7 days.

Diuretics Conventional practice and our recommendation are to hold 
diuretics on the morning of surgery due to concern for intraoperative 
hypotension. One small 2010 study, however, found no difference in 
intraoperative hypotension in a lower risk patient population [4]. 
Diuretics may be restarted postoperatively based on clinical 
assessment of volume status rather than resuming based on a 
predetermined schedule. Many patients are intravascularly depleted 
postoperatively due to third spacing, poor PO intake, etc., though 
some may become hypervolemic from intraoperative resuscitation or 
maintenance IV fluids, especially in the setting of heart failure or 
chronic kidney disease (CKD).

Statins Data from a few studies in vascular surgery patients suggest 
that the use of the HMG-CoA reductase inhibitors (statins) 
perioperatively may reduce the risk of perioperative cardiovascular 
events (e.g., myocardial infarction (MI), angina, and stroke) [5, 6]. A 
systemic review suggested treating statin-naïve patients perioperatively 
may reduce the risk of perioperative atrial fibrillation, myocardial 
infarction, and decrease mean length of hospital stay in both cardiac 
and noncardiac surgery [7]. For statin-naïve patients, consider 
initiating a statin prior to vascular surgery and in patients with 
increased risk for cardiovascular events, as these patients usually also 
have indications for lipid lowering therapy. If the patient is already on 
a statin, it should be continued preoperatively and resumed 
postoperatively when able.

Estrogen-related medications Estrogen-related medications including 
combined hormonal contraceptives (oral, vaginal, or transdermal) and 
hormone replacement therapy carry an increased risk of thrombosis, 
which is further increased by high-risk surgical procedures. For high-
risk patients and/or procedures, these medications should be held 
2–4 weeks prior to surgery if they can be safely stopped. For those on 
Oral Contraceptive Pill (OCPs), the potential risk of unintended 
pregnancy while this medication is held should be considered very 
carefully; it may be better to continue OCPs in some cases. See Chap.15 
for a detailed discussion.

Selective estrogen receptor modulators (SERMs) The most commonly 
used SERM in the United States is the first-generation SERM 
tamoxifen, which is well known to increase risk of venous 
thromboembolism (VTE). Data among breast cancer patients have 
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shown that the VTE risk is significantly increased following surgical 
procedures among patients on recent chemotherapy or on long-term 
tamoxifen therapy. We recommend stopping SERMs 2–4 weeks 
preoperatively for procedures or patient factors that confer or high 
risk for VTE, e.g., major joint surgery, spine, or neurosurgery. Among 
patients undergoing microvascular surgery, tamoxifen may be held 
2–4 weeks prior and 2–4 weeks after the procedure in consultation 
with patient’s surgeon and oncologist [8, 9].

Selective serotonin reuptake inhibitors (SSRIs) Currently, there is no 
compelling evidence to recommend the routine discontinuation of 
SSRIs preoperatively, especially in patients being treated for 
depression. Expert consensus is that the psychiatric risks associated 
with discontinuation of SSRIs outweigh the potential risks of severe 
perioperative bleeding. The putative mechanism for potential 
increased bleeding risk is a serotonin mediation effect on platelet 
aggregation. Two retrospective cohort studies of patients receiving 
coronary artery bypass graft surgery did not show a difference in 
perioperative bleeding or mortality but did show an increase in the 
volume of red blood cell unit transfusion in the postoperative period 
among patients on SSRIs [10, 11]. A large retrospective study of more 
500,000 patients found an association with in-hospital mortality, 
bleeding, and 30-day readmission rate in patients receiving SSRIs 
prior to major surgery. Of note, the increased risk for mortality is 
absent if adjusted for patients with depression [12]. A systematic 
review consisting of 14 observational studies did demonstrate an 
increased risk of perioperative bleeding and RBC transfusions, though 
the increased risk of transfusion was highly associated with concurrent 
use of antiplatelet and anticoagulant medications [13]. The type of 
surgery appears to play a role with an increased risk in breast and 
orthopedic surgeries. There are no prospective studies to date that 
examine this issue.

Monoamine oxidase inhibitors (MAOIs) There are a number of drug 
interactions with MAO B inhibitors, especially with opiate medications 
and antidepressants including labile blood pressures and serotonin 
syndrome. We recommend discussing perioperative management of 
MAO B inhibitors with the anesthesia team. See Chap. 30 for a more 
detailed discussion.

Nonsteroidal anti-inflammatory drugs (NSAIDs) NSAIDS are excellent 
medications for controlling perioperative pain however are often 
underutilized due to concerns for GI bleeding, compromised 
anastomotic healing (particularly in colorectal surgery) or kidney 
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injury. A large statewide retrospective cohort study showed a 
significantly increased risk of anastomotic complications in patients 
undergoing urgent colorectal resection. However, there was no major 
difference in mortality between patients in the NSAID and non-NSAID 
groups [14]. In a multi-institutional retrospective study of patients 
undergoing emergency bowel surgery, a post-hoc analysis 
demonstrated no differences in small bowel anastomotic failure 
between patients on NSAIDS versus those not on NSAIDs [15]. In 
carefully selected patients, NSAIDS can be safely stopped 3–5 days 
preoperatively depending on the type of surgery as well as the half-life 
of the NSAIDS. NSAIDs vary greatly in half-life, COX-2 selectivity, 
brand names, and formulations. In general, NSAIDs with shorter 
half-lives include ibuprofen, indomethacin, diclofenac, and 
ketoprofen; NSAIDs with longer half-lives include naproxen, 
nabumetone, meloxicam, and piroxicam. Keep in mind that there are 
also extended release preparations of several of the shorter acting 
medications. Selective COX 2 inhibitors are more widely being used 
an accepted opiate- sparing strategy for perioperative pain control. 
Still, discussions regarding perioperative continuation of all NSAIDS 
are necessary given known increased risk of surgical site bleeding and 
anastomotic leak in selected patients’ populations (e.g., bariatric 
surgery, colorectal surgery).

Opioid pain medications Management of chronic opioid pain 
medications perioperatively requires discussion with the surgeon, the 
physician prescribing the pain medications (if different from the 
surgeon), and the patient. There is limited evidence that patients 
undergoing orthopedic surgery may have worse outcomes if receiving 
chronic opioid therapy [16], but whether reduction in preoperative 
opioid medication results in better outcomes is unknown. Pain 
management specialist consultation, if available, should be considered 
for patients receiving chronically high doses of opioid medications 
preoperatively.

Rheumatologic and biologic medications for autoimmune disease  
Among patients with autoimmune disease such as RA, SLE, 
spondyloarthropathies, and inflammatory bowel disease, disease-
controlling agents may increase the risk of perioperative infection or 
impair wound healing. This risk must be balanced with the risk for 
disease flare, if these agents are held. There are very limited data to 
address general perioperative management of these medications. In 
2017, guidelines for the management of rheumatologic medications 
among patients underwent elective total hip and total knee arthroplasty 
were published [17]. See Chaps. 40 and 41 for detailed recommendations.
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 BACKGROUND
Perioperative cardiovascular complications pose serious risk, espe-
cially to patients with pre-existing cardiac disease. The degree of risk 
varies widely depending on the patient’s medical comorbidities and 
type of surgery. A careful medical evaluation before surgery can help 
inform a discussion of risk for patients and providers and suggest 
management strategies to mitigate risk.

 PREOPERATIVE CARDIAC RISK 
EVALUATION
A focused history and physical examination (including an assessment 
of functional capacity) and an understanding of the proposed surgery 
provide the initial foundation for a discussion of perioperative cardiac 
risk and can help inform the need for additional evaluation. Guidelines 
from the American College of Cardiology/American Heart Association 
(ACC/AHA) and European Societies of Cardiology and Anaesthesiology 
(ESC/ESA) provide an evidence-based approach to perioperative car-
diovascular risk stratification [1, 2]. For patients at elevated risk for 
major cardiac complications, preoperative noninvasive stress testing 
may be considered, if the results will alter perioperative decision mak-
ing. We advocate for a similar stepwise approach (Fig. 6.1), recognizing 
that guidelines are not intended to replace good clinical judgment.

Type of surgery, expected blood loss, duration of anesthesia, and 
anticipated fluid shifts each contribute to surgical stress. Surgeries in 
the same general category may have varying degrees of risk (e.g., 
among intraperitoneal surgeries, the laparoscopic band surgery likely 
has lower risk than a complex open abdominal surgery). Procedures 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_6&domain=pdf
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with prolonged anesthesia (especially >8 hours) and cases with exten-
sive fluid shifts or blood loss impose a higher risk for perioperative 
complications.

The current ACC/AHA guidelines classify surgical urgency as emer-
gent (life or limb threatened; operation typically must be done within 

Estimated risk of major
adverse cardiac event based on
combined clinical/surgical risk
(may use NSQIP, MICA and/or

RCRI) 

Low risk (<1%) Elevated risk

No further
testing. Proceed

with surgery.

Functional
capacity
³4 METs

Yes

No / unknown

Patient with known (or risk
factors for) coronary disease*

No further
testing. Proceed

with surgery.

No

Emergency surgery?

Will further
testing impact

decision
making or

perioperative
care?

Acute coronary syndrome?

Yes

Yes

Yes

No

Pharmacologic
stress testing

No

Clinical risk
stratification and

proceed to surgery

Evaluate and treat
according to
guidelines

* For patients with symptomatic heart failure,
valvular heart disease, or serious arrhythmia,

first address underlying cardiac condition

Proceed to surgery with medical
management, or consider alternative (e.g.

noninvasive treatment, palliation)

Normal Abnormal

Cardiology
evaluation,

revascularization

Fig. 6.1 Stepwise approach to preoperative cardiac assessment. (Reprinted 
from [1] (Fig. 1), with permission from Elsevier)
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6 hours; minimal, if any, time for clinical evaluation), urgent (life or 
limb threatened; operation typically must be done within 6–24 hours; 
limited time for clinical evaluation), time-sensitive (a delay of weeks 
may adversely affect outcome), and elective (the surgery may be 
delayed for an extended period [months] without adversely affecting 
outcomes). The cardiac risk (death or myocardial infarction (MI)) of 
a procedure is defined as low (<1%) or elevated (≥1%) risk.

 FUNCTIONAL CAPACITY/EXERCISE TOLERANCE
Assessment of a patient’s functional capacity is a key part of the 
preoperative assessment and figures prominently in the current 
ACC/AHA and ESC/EHA guidelines. It is used to estimate surgical 
risk and to determine if additional cardiac testing is appropriate. 
Functional status may be ascertained by a directed history of a 
patient’s activities; patient self-report is a validated measure and 
has been used in many studies to assess functional capacity 
(Table 6.1) [3]. Functional status is commonly expressed as meta-
bolic equivalents (METs). One MET is defined as the amount of 
oxygen consumed while seated at rest. The MET concept is a sim-
ple, validated tool to express the intensity of effort of various activi-
ties as a multiple of the resting metabolic state. Self-reported 
reduced exercise tolerance (inability to walk four blocks or climb 
two flights of stairs) predicts an increased risk of perioperative 
complications [4]. Notably, a more recent study found that a clini-
cian’s subjective assessment of functional status did not accurately 
predict poor exercise tolerance (based on cardiopulmonary assess-
ment) or perioperative morbidity or mortality [5]; however the 
standardized Duke Activity Status Index (DASI) questionnaire and 
N-terminal pro-B-type natriuretic peptide were both useful in pre-
dicting postoperative cardiac events and death. This evidence may 
influence subsequent guideline recommendations.

TABLE 6.1 EXAMPLEs of EsTiMATEd METABoLiC EQUiVALEnTs

METs Activity

1–3 Care of self (eat, dress, toilet), walk around the house, walk a 
block or two on level ground at 2–3 mph

4–10 Light housework (e.g., washing dishes), climb a flight of stairs/
walk up a hill, walk on level ground at 4 mph, heavy housework 
(scrubbing floors, moving heavy furniture), moderate recreational 
activities (bowling, dancing, doubles tennis, and moderate cycling)

>10 Strenuous sports (swimming, running, basketball, and singles 
tennis)

Reprinted from [3] (Table 2), with permission from Elsevier
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 CLINICAL TOOLS TO ESTIMATE CARDIAC RISK
Several clinical tools to estimate perioperative cardiovascular risk are 
available. We find these tools most helpful when combined with a tradi-
tional medical evaluation and clinical gestalt. When discussing risk with 
patients, we generally avoid quoting specific numerical estimates; rather, 
we prefer to categorize a patient as low, moderate, or high risk for car-
diac complications. It is important to recognize that the specific cardiac 
complications predicted, the timeframe (in- hospital complication vs. 
30-day), and the study population vary in each of these studies [5].

Three commonly used calculators include:
■■ Revised Cardiac Risk Index (RCRI): The Revised Cardiac Risk 
Index (Table 6.2) estimates the risk of cardiac arrest, non-
fatal MI, complete heart block, and pulmonary edema for 
patients ≥50 years undergoing major noncardiac surgery [6]. 
It has subsequently been validated in a variety of patient 
populations and is a user-friendly tool. Notably, pooled esti-
mates of more recent studies published in the Canadian 
Cardiovascular Society Guidelines [7] have demonstrated 
higher rates of cardiac complications than the original RCRI 
study. This is likely due to increased detection of MI by rou-
tine postoperative screening, use of troponin (rather than 

TABLE 6.2 REVisEd CARdiAC Risk indEX

Independent risk predictors for major cardiac complications

1.  High-risk surgery (intraperitoneal, intrathoracic, suprainguinal 
vascular)

2.  Ischemic heart disease (pathologic Q waves, angina, nitrates, prior 
MI, positive stress test)

3. History of congestive heart failure
4. History of CVA or TIA
5. Insulin therapy for diabetes
6. Preoperative serum creatinine >2.0 mg/dL

Number of risk 
predictors

Rate of major cardiac complications*
%, (95% CI)

Original RCRI study 
[6]

CCS Guideline, pooled 
estimate [12]

0 0.4 (0.05–1.5) 3.9 (2.8– 5.4)

1 0.9 (0.3–2.1) 6.0 (4.9–7.4)

2 6.6 (3.9–10.3) 10.1 (8.1–12.6)

≥3 11 (5.8–18.4) 15.0 (11.1–20.0)

*Major cardiac complications MI, pulmonary edema, VF or primary car-
diac arrest, complete heart block
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creatinine kinase), and inclusion of emergency surgeries in 
several of these trials, including the large international 
VISION trial [8, 9]. We include the original as well as the 
recent pooled risk estimates in Table 6.2.

■■ MICA/Gupta Perioperative Cardiac Risk Calculator: The MICA 
(perioperative myocardial infarction or cardiac arrest) risk 
calculator estimates risk of perioperative myocardial infarct or 
cardiac arrest based on five risk factors: Type of surgery, func-
tional status, American Society of Anesthesiologists class, ele-
vated creatinine, and advanced age. The MICA was created 
using the American College of Surgeons’ 2007 National 
Surgical Quality Improvement Program (NSQIP) database and 
included over 200,000 surgical patients [10]. The calculator is 
available online: https://www.surgicalriskcalculator.com/
miorcardiacarrest

■■ American College of Surgeons (ACS) NSQIP Surgical Risk 
Calculator: The ACS Surgical Risk Calculator utilizes procedure- 
specific risk and incorporates 21 patient-specific variables 
[11]. In addition to risk of MI or cardiac arrest within 30 days 
after surgery, several additional postoperative complications 
are calculated including death, any serious complication, 
pneumonia, hospital readmission, and discharge to a nursing 
or rehabilitation facility. The calculator is available online: 
https://riskcalculator.facs.org/

 PREOPERATIVE CARDIAC 
TESTING
ACC/AHA perioperative guidelines include the following recommen-
dations [1].

 12-LEAD ELECTROCARDIOGRAM
■■ For asymptomatic patients undergoing low-risk surgical pro-
cedures, do not obtain routine electrocardiogram (ECG). 
(Class III recommendation, level of evidence: B)

■■ For patients undergoing elevated-risk surgery with history of 
cardiovascular disease, significant arrhythmia, peripheral 
arterial disease, cerebrovascular disease, or other significant 
structural heart disease, 12-lead ECG is reasonable. (Class IIa 
recommendation, level of evidence: B)

https://www.surgicalriskcalculator.com/miorcardiacarrest
https://www.surgicalriskcalculator.com/miorcardiacarrest
https://riskcalculator.facs.org/
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■■ For elderly patients (e.g., >70 years) undergoing higher risk 
surgery, we consider preoperative ECG. Although the ACC/
AHA guidelines do not support routine ECG based on 
advanced age alone, an abnormality on ECG may change 
our risk prediction and will provide a baseline to help inter-
pret changes postoperatively, should cardiac complications 
occur.

 RESTING ECHOCARDIOGRAPHY
■■ For patients with dyspnea of unknown etiology or patients 
with heart failure and increased dyspnea or a change in clini-
cal status, transthoracic echocardiography to assess  ventricular 
function is reasonable. (Class IIa recommendation, level of 
evidence: C)

 CARDIAC STRESS TESTING
Before ordering a stress test to evaluate for myocardial ischemia, 
consider whether or not the results will change your management 
and what you will do with the data. Preoperative cardiac stress test-
ing is intended to offer improved preoperative risk stratification and 
to identify patients in whom cardiology consultation, revasculariza-
tion, or other cardiac optimization are warranted. Several noninva-
sive cardiac stress test modalities are available.

 EXERCISE TESTING
The exercise tolerance test (ETT) is an inexpensive, well-validated 
study to assess a patient’s functional capacity, and symptomatic, 
hemodynamic, and ECG response to exercise. Each of these factors 
has independent prognostic value.

■■ The Duke Treadmill Score provides a risk score based on exer-
cise duration on a Standard Bruce Protocol, exercise limiting 
symptoms, and ECG ST segment changes [12].

■■ An ETT with ECG monitoring coupled with either myocardial 
perfusion imaging (see below) or transthoracic echocardiogra-
phy provides additional prognostic information. High-risk 
findings, such as a large region of anterior wall ischemia or 
multiple regions of myocardial infarction, may change periop-
erative management.

■■ However, exercise testing is often not possible (e.g., due to 
orthopedic limitations, vascular claudication) or may not be 
recommended (e.g., large aortic aneurysms).
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 PHARMACOLOGIC CARDIAC STRESS TESTS
These tests are useful for patients who are unable to perform an exer-
cise tolerance test. In general, the negative predictive value is high 
(i.e., a normal result indicates a low likelihood of a perioperative 
cardiac event). Evidence of myocardial ischemia increases periopera-
tive cardiac risk, whereas evidence of prior myocardial infarct has 
low positive predictive value [1]. Two main types of pharmacologic 
stress studies are available:

■■ Dobutamine Stress Echocardiography: Dobutamine stress echo 
provides important prognostic information including left/right 
ventricular size and function, resting wall motion abnormali-
ties (consistent with prior infarction), stress-induced wall 
motion abnormalities (consistent with ischemia), and valvular 
abnormalities. Beta blockers must be held for 12–24 hours 
prior to the study as they block the effects of dobutamine on 
the myocardium. A history of unstable angina, recent MI, ven-
tricular arrhythmias, and severe hypertension are contraindi-
cations to high-dose dobutamine infusion.

■■ Vasodilator Myocardial Perfusion Imaging (MPI): MPI provides 
useful prognostic information including left ventricular size 
and function, fixed perfusion abnormalities (consistent with 
prior infarction), and reversible perfusion abnormalities (con-
sistent with ischemia). Dipyridamole, adenosine, or regadeno-
son can be used for vasodilation during myocardial perfusion 
imaging, each with its own set of contraindications. 
Regadenoson has the most favorable profile, and may be safely 
given to patients with severe chronic obstructive pulmonary 
disease (COPD), asthma or pulmonary fibrosis, though as is the 
case with all vasodilators, is contraindicated in patients with 
severe aortic stenosis. Single-photon emission computed 
tomography (SPECT) remains the most commonly utilized 
imaging modality in nuclear medicine. Positron emission 
tomography (PET) is less widely available and more expensive, 
but offers better image quality (and thus higher sensitivity for 
ischemia), particularly in patients with morbid obesity, multi-
vessel coronary disease, and/or severe ischemic cardiomyopa-
thy. The complete rest/stress perfusion PET can be accomplished 
in <1 hour, with less than half the radiation exposure of SPECT.

 STRESS TEST FINDINGS AND SUBSEQUENT MANAGEMENT
■■ Independent of a potential surgery and even in the absence of 
symptoms, the ACC/AHA guidelines recommend cardiology 
evaluation and coronary angiography for patients with high- 
risk features on cardiac testing (Table 6.3) [13].
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■■ ACC/AHA guidelines recommend coronary revascularization 
only in situations for which it is indicated independent of the 
noncardiac surgery, since percutaneous coronary intervention 
(PCI) prior to noncardiac surgery has not been demonstrated 
to reduce perioperative cardiac events. The Coronary Artery 
Revascularization Prophylaxis (CARP) trial demonstrated that 
among patients undergoing elective vascular surgery, prophy-
lactic revascularization (PCI or coronary artery bypass grafting 
(CABG)) did not decrease perioperative mortality, MI, or 
stroke [14]. This trial excluded patients with left main stenosis 
(≥50%), severe left ventricular dysfunction (ejection fraction 
<20%), and severe aortic stenosis.

■■ Our practice is to clarify the urgency and necessity of the non-
cardiac surgery, consider whether the patient has an indication 
for revascularization independent of surgery, and engage in a 
discussion of benefits and risks with the patient, surgeon, and 
cardiologist.

 CASE DISCUSSIONS
 1. A 65-year-old woman with hypertension, hyperlipidemia, and 

poorly controlled insulin-dependent type 2 diabetes mellitus is 
diagnosed with pancreatic cancer and is evaluated prior to pan-

TABLE 6.3 HiGH-Risk noninVAsiVE TEsT REsULTs

Severe resting left ventricular dysfunction (LVEF < 35%)

High-risk treadmill score (score ≤ −11)

Severe exercise left ventricular dysfunction (LVEF < 35%)

Stress-induced large perfusion defect (particularly if anterior)

Stress-induced multiple moderate perfusion defects

Large, fixed perfusion defect with LV dilatation or increased lung 
uptake (thallium 201)

Stress-induced moderate perfusion defect with LV dilatation or 
increased lung uptake (thallium 201)

Echocardiographic wall motion abnormality (>2 segments) 
developing at low dose of dobutamine (≤10 mg/kg) or low HR (<120 
beats per minute)

Stress echocardiographic evidence of extensive ischemia

Reprinted from [13] (Table 5), with permission from Wolters Kluwer
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creaticoduodenectomy. She has poor exercise tolerance. A vaso-
dilator stress MPI scan is positive for a small region of mild 
ischemia involving the inferior wall. Comment: This patient is 
undergoing a necessary surgery, which should not be delayed for 
a low-risk stress test result. It would also be reasonable to pro-
ceed to surgery without a stress test because it is unlikely to 
change perioperative management. Optimal care includes medi-
cal management of probable coronary disease, hypertension and 
pain control, and observation for signs of ischemia.

 2. A 65-year-old man with history of tobacco use, type 2 diabetes 
mellitus, and poor exercise tolerance is diagnosed with a 5.6-cm 
abdominal aortic aneurysm (AAA). He has exertional dyspnea. 
A vasodilator stress MPI scan reveals several areas of myocar-
dial ischemia (multiple territories at risk), including a large 
region of severe myocardial ischemia involving the entire ante-
rior wall. Comment: This patient is considering major elective 
vascular surgery. He has a high-risk stress test and is likely symp-
tomatic. Surgery should be postponed to allow for cardiology 
consultation. Subsequent, cardiac catheterization confirms 
three-vessel disease with a normal left main artery. He therefore 
meets criteria for CABG independent of the AAA repair and 
this is recommended prior to the AAA repair. Importantly, the 
coronary revascularization may not alter the perioperative car-
diac risk for the future AAA repair.

 3. A 60-year-old woman with hypertension, type 2 diabetes melli-
tus, hyperlipidemia, and chronic obstructive pulmonary disease 
(COPD) is to undergo partial lobectomy for non-small cell lung 
cancer. Vasodilator stress MPI scan is positive for a large area of 
moderate myocardial ischemia involving the entire anterior wall 
(LAD distribution). Comment: This patient is undergoing tho-
racic surgery and has significant risk factors for coronary artery 
disease (CAD). Consultation with cardiology including possible 
cardiac catheterization would be prudent. Several options exist, 
including: (a) Placement of a bare metal stent and postponing 
surgery for 1 month, if delay would not pose significant risk of 
spread of cancer, (b) CABG, single vessel, with combined partial 
lobectomy, (c) extrapolating the CARP trial results to nonvascu-
lar surgery, no coronary intervention prior to the partial lobec-
tomy; optimize medical management for CAD and alert 
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anesthesia, (d) defer surgical intervention completely, if consis-
tent with patient preference, or if reasonable nonsurgical treat-
ment exists.

 4. The same patient as in #3 is to undergo elective total knee 
 arthroplasty (TKA) for degenerative joint disease. Comment: 
This patient is undergoing an elective surgery but has a high risk 
of cardiac complications. Surgery should be delayed and outpa-
tient cardiology evaluation completed.

KEY CLINICAL PEARLS
 ³ Do not obtain routine electrocardiogram (ECG) in asymptomatic 
patients undergoing low-risk surgical procedures.

 ³ Order cardiac stress testing only in patients with estimated risk for 
cardiac complications of ≥1% using standard cardiac risk predic-
tion tools (if the findings would change your management), or in 
patients with symptoms or ECG changes concerning for 
ischemia.

 ³ In patients with morbid obesity, multivessel coronary disease, and/
or severe ischemic cardiomyopathy who meet criteria for stress 
testing, consider positron emission tomography (PET) if available, 
which offers higher sensitivity for the detection of myocardial 
ischemia when compared to standard SPECT.

ACKNOWLEDGMENTS
Laurie A. Soine, Ph.D. A.R.N.P, Teaching Associate, Department of Medicine.

REFERENCES
 1. Fleisher LA, Fleischmann KE, Auerbach AD, et al. 2014 ACC/AHA guideline on perioperative 

cardiovascular evaluation and management of patients undergoing noncardiac surgery. J 
Am Coll Cardiol. 2014;64:e77. https://doi.org/10.1016/j.jacc.2014.07.944. 

 2. Kristensen SD, Knuuti J, Saraste A, et al. ESC/ESA guidelines on non-cardiac surgery: 
cardiovascular assessment and management: the joint task force on non-cardiac surgery: 
cardiovascular assessment and management of the European Society of Cardiology (ESC) 
and the European Society of Anaesthesiology (ESA). Eur Heart J. 2014;35:2383. https://doi.
org/10.1093/eurheartj/ehu282.

 3. Eagle KA, Berger PB, Calkins H, et al. ACC/AHA guideline update for perioperative cardio-
vascular evaluation for noncardiac surgery--executive summary: a report of the American 
College of Cardiology/American Heart Association task force on practice guidelines (com-
mittee to update the 1996 guidelines on perioperative cardiovascular evaluation for noncar-
diac surgery). J Am Coll Cardiol. 2002;39:542.

 4. Wijeysundera DN, Pearse RM, Shulman MA, et al. Assessment of functional capacity 
before major non-cardiac surgery: an international, prospective cohort study. Lancet. 
2018;391(10140):2631–40.

https://doi.org/10.1016/j.jacc.2014.07.944
https://doi.org/10.1093/eurheartj/ehu282
https://doi.org/10.1093/eurheartj/ehu282


57CHAPTER 6: CARdiAC Risk sTRATifiCATion

 5. Cohn SL, Ros NF. Comparison of 4 cardiac risk calculators in predicting postoperative 
cardiac complications after noncardiac surgery. Am J Cardiol. 2018;121:125–30. 

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

 7. Duceppe E, Parlow J, MacDonald P, et al. Canadian cardiovascular society guidelines on 
perioperative cardiac risk assessment and management for patients who undergo noncar-
diac surgery. Canadian J Cardiol. 2017;33(1):17–32. 

 8. Association between postoperative troponin levels and 30-Day mortality among patients 
undergoing noncardiac surgery. JAMA. 2012;307(21):2295.

 9. Devereaux PJ, Biccard BM, Sigamani A, et al. Association of postoperative high-sensitivity 
troponin levels with myocardial injury and 30-Day mortality among patients undergoing 
noncardiac surgery. JAMA. 2017;317(16):1642.

 10. Gupta PK, Gupta H, Sundaram A, et al. Development and validation of a risk calculator for 
prediction of cardiac risk after surgery. Circulation. 2011;124:381–7.

 11. Cohen ME, Ko CY, Bilimoria KY, et al. Optimizing ACS NSQIP modeling for evaluation 
of surgical quality and risk: patient risk adjustment, procedure mix adjustment, shrinkage 
adjustment, and surgical focus. J Am Coll Surg. 2013;217:336–346.e1.

 12. Mark DB, Shaw L, Harrell FE, et al. Prognostic value of a treadmill exercise score in outpa-
tients with suspected coronary artery disease. N Engl J Med. 1991;325:849–53.

 13. Scanlon PJ, Faxon DP, Audet AM, et al. ACC/AHA guidelines for coronary angiography: 
executive summary and recommendations. Circulation. 1999;99:2345–57.

 14. McFalls EO, Ward HB, Moritz TE, et al. Coronary-artery revascularization before elective 
major vascular surgery. N Engl J Med. 2004;351:2795–804.



59© Springer Nature Switzerland AG 2020
M. B. Jackson et al. (eds.), The Perioperative Medicine Consult Handbook, 
https://doi.org/10.1007/978-3-030-19704-9_7

Chapter
Ischemic Heart Disease

Karen Elaine Segerson

7

 BACKGROUND
History of ischemic heart disease is a significant risk factor for peri-
operative cardiac complications, including postoperative myocardial 
infarction, heart failure, arrhythmia, cardiac arrest, and death [1]. A 
careful history and physical examination in patients with ischemic 
heart disease, including prior infarction and/or extent of coronary 
artery disease (CAD), is crucial prior to surgery to better assess and 
communicate risk to the patient and surgeon, and to suggest manage-
ment that may mitigate risk perioperatively.

 PREOPERATIVE EVALUATION
 HISTORY AND PHYSICAL EXAMINATION
Key historical elements to ascertain are summarized in Table 7.1. See 
Chap. 6 for details regarding preoperative cardiac risk assessment 
and consideration for stress testing. Other considerations include:

■■ Obtain electrocardiogram (ECG) in preoperative patients with 
known ischemic heart disease undergoing at least intermediate 
risk surgery. New and/or concerning changes (e.g., pathologic 
Q wave, ST-T wave changes, or new arrhythmia) may help with 
risk assessment and/or perioperative optimization. An ECG is 
not indicated prior to low risk surgery, even in patients with 
ischemic heart disease, unless there is a clinical concern [2]. 
ECG within 1–3 months of surgical date is generally acceptable 
in stable patients [2].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_7&domain=pdf
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■■ If symptoms of active cardiac disease are present (e.g., exer-
tional chest pain, dyspnea, and recent syncope), consider 
prompt cardiology evaluation.

■■ If surgery is urgent, discuss case directly with the anesthesia 
team, and consider engaging a cardiac anesthesiologist in 
patients with severe coronary disease.

 MANAGEMENT OF PATIENTS WITH CARDIAC STENTS
Drug-eluting stents (DES) are commonly used in patients with CAD 
and can present challenges perioperatively if recently placed. Dual 
antiplatelet therapy (DAPT) (e.g., aspirin and clopidogrel) is recom-
mended to reduce the risk of stent thrombosis for a full year after 
DES placement for acute coronary syndrome (ACS) and at least 
6 months after DES in stable ischemic heart disease (SIHD) [3]. 
Several recent trials have suggested a shorter minimum duration of 
DAPT (3–6 months) may be acceptable in patients receiving newer 

TABLE 7.1 PREOPERATIVE HISTORY ELEMENTS FOR PATIENTS WITH ISCH-
EMIC HEART DISEASE

History of myocardial 
ischemia (MI) Date, symptoms

History of stent 
placement

Date(s) and vascular location of stents

Reason for stent (MI?Abnormal stress test?)
Type of stent: Bare metal, drug eluting 
(including drug/brand name)

History of bypass Date, vessels bypassed (and harvested)

Current symptoms Angina, dyspnea (especially with exertion), 
edema, palpitations, presyncope/syncope, 
recent change in symptoms

Prior cardiac testing 
(stress studies, ECG, 
echo, catheterization)

Dates and results

Medication review Obtain a careful medication list, including 
recent/frequency of nitroglycerin use, beta 
blockers, antiplatelet, and statins. Specifically 
ask about medication compliance

Primary cardiologist Communicate with cardiologist, especially 
when patient is at high risk for cardiac 
complications, and/or antiplatelet therapy 
is being held
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generation DES [4–7]. In some high-risk cases, dual antiplatelet 
therapy is extended beyond 12 months [8–10]. The timing of surgery 
and the risk of bleeding with surgery should be weighed against the 
risk of interruption in DAPT. The current recommendation is opti-
mally to avoid elective procedures for 365 days after DES implanta-
tion [2, 11–13]. Surgery may be considered after 180 days if the need 
of surgery is felt to outweigh the potential risk of thrombosis [3, 11]. 
Elective noncardiac surgery may be considered within 6 months fol-
lowing DES placement, if the procedure may be performed without 
interrupting DAPT [3, 11–13].

Bare metal stents (BMS) have higher rates of restenosis than DES, 
yet may be considered for patients for whom cessation of DAPT for 
nonelective surgery is an anticipated necessity. The current recommen-
dation is to delay elective surgery for at least 1 month after BMS place-
ment to avoid unacceptably high rates of stent thrombosis [14–16].

If urgent or emergent surgery must be performed within the above 
windows, strongly consider the risks and benefits of withholding 
antiplatelet agents, and work with the surgeon, anesthesiologist, car-
diologists, and patient to determine appropriate timing to resume 
these medications. Aspirin should be continued if possible and P2Y12 
inhibitor therapy restarted as soon as possible after surgical bleeding 
risk permits [17, 18].

 PERIOPERATIVE MANAGEMENT
 MEDICATION MANAGEMENT (ALSO SEE CHAP. 5)

 Antiplatelet Agents
The potential benefits of uninterrupted aspirin (especially in patients 
with vascular disease or prior percutaneous coronary intervention 
(PCI)) may be greater than the surgical bleeding risk. A multidisci-
plinary approach involving the surgeon, cardiologist, and patient is 
recommended to find consensus.

■■ Studies have shown that cessation of aspirin may result in a 
transient aspirin withdrawal syndrome, increasing the risk of 
stroke, and MI among patients with cardiovascular disease 
(especially those patients with indwelling stents) [18].

■■ The extent to which low-dose aspirin increases perioperative 
bleeding risk remains unclear with conflicting study data 
[17–21].
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■■ Stop aspirin 7–14 days prior to surgery, in patients on aspirin 
for primary prevention.

■■ Consider continuing low-dose aspirin (81 mg daily) periopera-
tively for patients with significant cardiovascular disease, espe-
cially if indwelling cardiac stents or ACS within the last year, if 
the type of surgery allows [17–19].

■■ Stop aspirin 7–14 days before neurosurgery, intramedullary 
spine, posterior eye, middle ear, and transurethral prostatec-
tomy cases (stop 14 days prior to neurosurgery/spine cases), 
even in patients with cardiovascular disease.

■■ Stop clopidogrel 5–7 days before most surgical interventions.
■■ Restart aspirin postoperatively as soon as safe from a surgical 
perspective.

■■ For patients with ACS within the last year, resume DAPT as 
soon as it is safe to do so postoperatively, regardless of revas-
cularization status [3, 22, 23].

 Beta Blockers
■■ Prescribed beta blockers should be continued preoperatively 
without interruption, including the morning of surgery.

■■ Beta blockade initiation within 1 day prior to surgery reduces 
nonfatal MI but may increase risk of stroke, death, hypoten-
sion, and bradycardia.

■■ The safety of starting beta blockade two or more days prior to 
surgery remains unclear [24].

 Other Medications
■■ Continue statins without interruption.
■■ Data are conflicting regarding use of angiotensin-converting- 
enzyme (ACE) inhibitors and angiotensin-receptor blockers 
(ARBs) perioperatively; see Chaps 5 and 10 for further 
discussion.

 SURVEILLANCE FOR POSTOPERATIVE ISCHEMIA
The PeriOperative ISchemic Evaluation (POISE) trial found a 
higher than expected incidence of postoperative MI in high-risk 
patients (5%); many of these patients had no symptoms of ischemia 
[25]. The use of serum biomarkers to screen for myocardial injury 
after noncardiac surgery (MINS) is an area of ongoing investiga-
tion [26]. Although markers may offer prognostic information 
[27–29], there is currently insufficient evidence that routine sur-
veillance improves outcomes in the absence of clinical suspicion of 
ischemia.
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Thus, postoperative monitoring in patients with ischemic heart 
disease should include:

■■ Consideration of telemetry monitoring in patients at highest 
risk for cardiac complications (including patients with history 
of ischemia, heart failure, cerebrovascular disease, diabetes, 
and chronic kidney disease).

■■ Closely monitoring blood pressure and heart rate; if any symp-
toms or signs of cardiac ischemia ensue, check serial cardiac 
enzymes and ECG.

KEY CLINICAL PEARLS
 ³ An ECG is not indicated prior to low risk surgery, even in patients 
with ischemic heart disease, unless there is a clinical concern.

 ³ Stop aspirin 7–14 days prior to surgery, in patients on aspirin for 
primary prevention; consider continuing low-dose aspirin for 
patients with significant cardiovascular disease, especially if 
indwelling cardiac stents or ACS within the last year, if the type of 
surgery allows.

 ³ Previously prescribed beta blockers and statins should be contin-
ued preoperatively without interruption.
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 BACKGROUND
Heart failure (HF) affects approximately six million Americans, and 
its prevalence is increasing [1]. It is a heterogeneous condition that 
may result from several etiologies including myocardial infarction, 
hypertension, and valvular disease. Independent of the underlying 
etiology, heart failure is a clinical syndrome in which elevated left 
ventricular (LV) filling pressures lead to symptoms, such as dyspnea 
and volume overload. This chapter will focus on identifying decom-
pensated or undiagnosed HF, as well as considerations for periopera-
tive optimization and monitoring.

HF is especially common in older patients having surgery, having 
been found in nearly 20% of patients in one study of Medicare 
patients referred for common surgical procedures [2]. HF is an espe-
cially important predictor of perioperative mortality and hospital 
readmission [3, 4]. In one study of Medicare recipients undergoing 
noncardiac surgery, for example, patients with HF were found to have 
twice the risk of perioperative mortality relative to matched controls 
and even to those with coronary artery disease (CAD) [3]. A larger 
Canadian study had similar findings, with patients with HF having an 
approximately threefold increased risk for 30-day postoperative mor-
tality relative to controls and those with CAD alone [4].

Accordingly, HF has been incorporated into a number of periop-
erative cardiac risk schemata, including the widely used Revised 
Cardiac Risk Index (RCRI) as well as the Vascular Study Group of 
New England (VSGNE) index and the American College of Surgeons 
National Surgical Quality Improvement (NSQIP) Surgical Risk 
Calculator [5–7]. The heterogeneity of HF and cardiomyopathies is 
not yet reflected in these surgical risk calculators, though some 
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 evidence suggests that patients with asymptomatic LV dysfunction or 
HF with preserved ejection fraction (HFpEF) are at lower risk than 
those with heart failure with reduced ejection fraction (HFrEF) and 
that those with a stable HF syndrome for many years are at lower risk 
than those with acutely decompensated HF or evolving disease [8–
11]. The latter distinction is particularly important as perioperative 
HF outcomes may be improved by optimizing HF therapy prior to 
noncardiac surgery [12].

 PREOPERATIVE EVALUATION
Perform a focused history and physical exam to determine nature 
and degree of stability of the heart failure, and inquire about any his-
tory of perioperative HF to identify high-risk patients who would 
benefit from cardiology consultation. Standard perioperative evalua-
tion may also detect patients with symptoms of heart failure but no 
prior diagnosis of HF; in these patients, pursue further testing to 
diagnose HF or an alternate cause of symptoms.

 HISTORY
■■ Inquire about symptoms of heart failure: functional status, 
exercise tolerance, dyspnea, orthopnea, paroxysmal nocturnal 
dyspnea, weight change, abdominal distension, and leg edema.

■■ Inquire about symptoms of comorbid conditions. These condi-
tions may identify worsening HF and may require preoperative 
or perioperative management (e.g., chest pain in a patient with 
ischemic cardiomyopathy or palpitations in a patient with 
atrial fibrillation).

■■ Determine severity of heart failure, and recognize patients who 
should be referred for preoperative cardiology evaluation. We 
advise preoperative cardiology consultation for patients with 
severe HF symptoms (e.g., dyspnea at rest or with minimal 
activity), advanced HF (e.g., HFrEF with ejection fraction 
<25%, inotropic therapy, or mechanical circulatory support, 
such as left- ventricular assist device or LVAD), or uncommon 
HF syndromes (e.g., restrictive cardiomyopathy, constrictive 
pericarditis, hypertrophic obstructive cardiomyopathy, and 
adults with congenital heart disease). When possible, patients 
with advanced HF or uncommon HF syndromes should be 
referred to a regional center with expertise in advanced heart 
failure. In all other patients, even those who are stable and 



67CHAPTER 8: HEART FAiluRE

compensated, the best practice is to alert the patient’s cardiolo-
gist by telephone to alert them to the upcoming operation and 
discuss perioperative care.

■■ HF patients with HFrEF are also commonly treated with car-
diac implantable electronic device (CIED) therapies, such as 
implantable cardiac defibrillators (ICDs) or cardiac resynchro-
nization therapy (CRT). Obtain device information as outlined 
in Chap. 11 and communicate with cardiology or anesthesia 
regarding plan for management.

 PHYSICAL EXAM AND DIAGNOSTIC TESTING
■■ Traditional signs of decompensated heart failure on physical 
exam include elevated jugular venous pressure, S3 or S4 heart 
sounds, resting tachycardia, changed cardiac murmurs, pul-
monary rales, ascites, or lower extremity edema.

■■ A positive abdomino-jugular test and abnormal Valsalva 
response are also predictive of elevated left heart filling pres-
sures and should be considered in cases where the diagnosis of 
decompensated heart failure is equivocal [13].

■■ Patients with decompensated HF or signs/symptoms concern-
ing for undiagnosed HF should undergo further diagnostic 
testing, which may include electrocardiogram and chest x-ray 
as evaluations for coexistent cardiac or pulmonary disease, 
and transthoracic echocardiogram to evaluate LV function and 
assess for other interval changes that explain symptoms and/or 
require perioperative optimization [14].

■■ Coronary angiography, stress testing, or right heart catheter-
ization are not indicated for preoperative evaluation of HF—
though could be considered if another indication for their use 
is present (e.g., suspected coronary disease as the cause of 
worsening HF).

 PERIOPERATIVE MANAGEMENT
Standard medical management of HF includes diuretics for symp-
toms of  volume overload, as well as neurohormonal blockade (i.e., 
angiotension- converting enzyme (ACE) inhibitors or angiotension II 
receptor blockers (ARBs), β-blockers, and mineralocorticoid receptor 
antagonists) for patients with HFrEF [15]. Other medications are 
commonly prescribed for patients with HFrEF—including 
angiotensin- neprilysin inhibitors (ARNIs, sacubitril/ valsartan), 



68 THE PERIOPERATIVE MEDICINE CONSULT HANDBOOK

digoxin, hydralazine, nitrates, ivabradine, and antiarrhythmics like 
amiodarone. The perioperative use of these agents differs depending 
on the patient’s cardiomyopathy and degree of decompensation. HF 
patients with HFrEF are also commonly treated with cardiac implant-
able electronic device (CIED) therapies; preoperative management of 
CIEDs should be discussed with the cardiologist or anesthesiologist.

 PERIOPERATIVE MANAGEMENT FOR STABLE HF
■■ Patients with stable HF should generally have their HF medi-
cations continued in the perioperative period, including ACE 
inhibitors, β-blockers, and mineralocorticoid receptor 
 antagonists [14].

■■ Diuretics should be dosed based on assessment of volume sta-
tus, with some practitioners withholding diuretics on the 
morning of surgery and resuming them when the patient 
resumes oral intake postoperatively.

■■ There are limited data for the perioperative use of ARBs, 
ARNIs, and hydralazine/nitrates, though expert recommenda-
tion is to treat them as ACE inhibitors in the perioperative 
setting and continue them in patients with HF [14].

■■ If the patient is at risk for hypotension or is felt to be overdi-
uresed, it is reasonable to withhold diuretic and/or ACE inhibi-
tor on the morning of surgery [14]. Data are mixed on the use 
of ACE inhibitors in patients without HF in the perioperative 
setting—with a recent observational study showing increased 
risk of intraoperative hypotension in patients who continue 
ACE inhibitor therapy preoperatively and decreased risk of 
death and postoperative vascular events in patients who held 
their ACE/ARB before surgery [16]. However, randomized tri-
als and a systematic review have shown no difference in peri-
operative complications between patients who took an ACE 
inhibitor preoperatively and those who did not [17–19]. These 
trials have not been powered to detect differences among 
patients with HF or its subclasses, though provide some basis 
for withholding ACE inhibitor therapy in patients with HFpEF 
or those at risk for intraoperative hypotension.

■■ Other medications for HF should generally be continued (e.g., 
digoxin, amiodarone, ivabradine)—though data are lacking 
and use of these agents must be individualized.

■■ If HF medications are held in the perioperative period, they 
should be resumed as soon as possible postoperatively [14]. Delay 
in the resumption of HF therapy has been associated with wors-
ened clinical outcomes and increased rates of  readmission [14].



69CHAPTER 8: HEART FAiluRE

 PERIOPERATIVE MANAGEMENT FOR DECOMPENSATED HF
■■ Patients with decompensated or newly diagnosed HF should 
delay elective surgery until their HF is stabilized with appro-
priate therapy. There are no specific studies to guide the dura-
tion of therapy prior to elective surgery, so we advise decision 
making based on clinical response and the urgency of surgery. 
If emergent or very urgent surgery is required or if the patient 
has severe HF (e.g., severe symptoms or LV ejection fraction 
<25%), then we advise cardiology consultation to guide periop-
erative medical therapy and monitoring.

■■ Heart failure should be optimized prior to surgery, typically 
utilizing diuretic therapy to treat volume overload until a new 
steady state is reached. For patients with HFrEF, neurohor-
monal blockade should also be titrated, by increasing ACE 
inhibitors to goal doses at 1-to-2 week intervals, then titrating 
β-blockers to goal doses if time allows prior to surgery.

■■ Data are mixed on the prophylactic use of β-blockers prior to 
noncardiac surgery. It takes weeks to months for patients with 
HFrEF to accrue benefit from β-blocker therapy [14–20]. We 
advise perioperative initiation of β-blockade at a conservative 
dose if surgery can be delayed by at least several weeks, with 
subsequent titration to occur in the postoperative setting based 
on the patient’s tolerance of β-blocker therapy. Patients with 
HFpEF may be treated with perioperative β-blockers if indi-
cated (e.g., ≥3 RCRI risk factors, intermediate or high-risk 
preoperative tests), though should be started as far in advance 
of surgery as possible to ensure tolerability [15].

■■ Do not begin mineralocorticoid receptor antagonist (e.g., spi-
ronolactone) therapy in the perioperative setting. There are no 
data on their use in this fashion, the doses used are not typi-
cally those effective as diuretics, and benefit in HF is expected 
to accrue over long periods.

■■ Clinical response to the above therapies should be monitored 
closely with referral for cardiology consultation if symptoms 
persist despite initial attempts at pharmacotherapy, a comor-
bid condition is discovered (e.g., incessant atrial fibrillation, 
unstable CAD) or surgery is needed urgently.

■■ As described for stable HF, medications (once titrated) 
should be continued without interruption. If hypotension is 
a concern, diuretic and/or ACE inhibitor may be held on the 
 morning of surgery—particularly in patients with HFpEF. 
HF medications should be resumed as soon as possible 
postoperatively.



70 THE PERIOPERATIVE MEDICINE CONSULT HANDBOOK

 POSTOPERATIVE MONITORING
Patients with HF should be monitored closely for volume overload, 
hypotension, and acute kidney injury (AKI) in the postoperative 
period.

■■ Evaluation of volume status includes review of fluids infused 
during surgery, strict postoperative intake and output, daily 
weights, and targeted physical examination (i.e., jugular 
venous distension and peripheral or pulmonary edema). When 
present, treat volume overload with diuretics, giving prefer-
ence to intravenous formulations at the outset of therapy with 
subsequent transition to oral formulations or home regimens 
based on response.

■■ Hypotension may develop due to decreased oral intake or 
insensible losses in the perioperative period. We advise hold-
ing or dose adjusting diuretics as needed, and providing intra-
venous fluid in small increments as needed [15]. HF 
pharmacotherapy should be reinstituted at the earliest possi-
ble time [14].

■■ AKI is a common complication in the perioperative period, 
especially among patients with HF. We recommend monitor-
ing serum creatinine daily in the perioperative period while 
carefully titrating diuretic therapy and/or withholding ACE 
inhibitors (or ARBs/ARNIs) until AKI improves.

KEY CLINICAL PEARLS
 ³ Carefully evaluate the perioperative HF patient for decompensated 
HF, as preoperative decompensation is a risk factor for periopera-
tive adverse events and hospital readmission and these risks can be 
decreased by optimizing HF therapy prior to surgery.

 ³ Patients with dyspnea of unknown origin or patients with decom-
pensated HF should undergo preoperative echocardiogram to 
guide the timing of surgery and preoperative care, which may 
include medication titration and/or cardiology referral.

 ³ Continue all medications for heart failure without holding, both 
prior to surgery and after surgery. Delay in resuming heart failure 
medications has been associated with worsened clinical outcomes 
and increased rates of readmission [14].
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 BACKGROUND
Management of preexisting atrial fibrillation is commonly addressed 
by the medical consultant, as is the new onset of atrial fibrillation in 
the postoperative period. Decisions about perioperative management 
of anticoagulation and antiplatelet medications must balance the risk 
of arterial thromboembolism (especially stroke) versus the risk of 
bleeding complications. Guidelines for assessing stroke risk, and for 
heparin “bridging” therapy for patients on warfarin, have been 
updated in the past few years. Warfarin is also prescribed less fre-
quently now, since direct-acting oral anticoagulants (DOACs) have 
become more available. Perioperative consultants must also address 
rate and rhythm control in the pre- and postoperative settings. This 
chapter addresses perioperative management of nonvalvular atrial 
fibrillation (i.e., patients without rheumatic mitral valve disease, 
mitral stenosis from any cause, or prosthetic heart valves) for patients 
undergoing noncardiac surgery.

 PREOPERATIVE EVALUATION
For patients with preexisting atrial fibrillation

■■ Determine whether the atrial fibrillation is paroxysmal versus 
persistent [1].

■■ Reconcile the medication list with the patient/caregiver, with 
particular attention to rate-controlling agents, antiarrhyth-
mics, anticoagulants, or antiplatelets.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_9&domain=pdf
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■■ Identify any history of significant valvular heart disease, heart 
failure, hypertension, transient ischemic attack (TIA), or 
stroke.

■■ Review prior echocardiogram report(s).
■■ Review previous management of interruptions in anticoagu-
lant therapy, including prior use of bridge heparin therapy for 
patients on warfarin (see below).

■■ Perform a complete cardiovascular examination. Unless the 
anticipated procedure is very low risk (e.g., cataract extrac-
tion), perform an electrocardiogram (ECG) [1].

■■ Estimate the risk for arterial thromboembolism using the 
CHA2DS2-VASc scoring system [2] (see below).

 PERIOPERATIVE MANAGEMENT
Key issues for the medicine consultant include optimal perioperative 
rate and rhythm control, and management of antithrombotic medica-
tions, which may include antiplatelet agents, warfarin, or DOACs.

 RHYTHM AND RATE CONTROL
In the nonoperative setting, a goal resting heart rate less than 110 
beats per minute (bpm) is generally recommended for asymptomatic 
patients [3] with atrial fibrillation, and less than 80 bpm for symp-
tomatic patients or those with systolic dysfunction [4]. Elective sur-
gery should be delayed if there are any signs of hemodynamic 
instability (e.g., ischemia, pulmonary edema, and hypotension), and 
as a general rule, we would also delay elective surgery for a resting 
rate of 110 bpm or more. Rate and rhythm control medications (e.g., 
beta blockers, calcium channel blockers, and amiodarone) are typi-
cally continued perioperatively, and a postoperative plan should be 
made for continuing these agents, taking into account whether the 
patient is anticipated to be able to take oral medications (see 
Table 9.1).

 MANAGEMENT OF ANTIPLATELET AGENTS
Patients with atrial fibrillation who are treated only with aspirin for 
stroke prophylaxis are usually at low risk for stroke; holding aspirin 
perioperatively is generally considered safe and reduces the risk of 
perioperative bleeding associated with uninterrupted aspirin [5]. 
Patients with atrial fibrillation and a history of stroke, TIA, or other 
thromboembolism usually are treated with anticoagulants instead of 
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aspirin (see below). However, if these patients are treated with aspirin 
(e.g., because they decline anticoagulants, or there is a contraindica-
tion), we typically continue baby aspirin perioperatively, unless the 
risk of bleeding for the anticipated procedure is very high. Clopidogrel 
carries a higher risk of bleeding than aspirin [6] and should almost 
always be held before surgical procedures (for 5–7 days); in some 
cases, low dose aspirin can be substituted during this time. 
Dipyridamole is also generally held (for 7–10 days). Consider whether 
the patient has additional indications for antiplatelet therapy beyond 
their atrial fibrillation, such as a history of coronary stents, in 

TABLE 9.1 PoSToPERATiVE MAnAGEMEnT oF PATiEnTS WiTH PREEXiST-
inG ATRiAl FibRillATion

Rate control For patients taking oral medications:

  In most cases, resume patient’s usual outpatient 
rate control regimen. Watch for hypotension, 
since some patients are relatively volume 
depleted and the blood pressure-lowering effect 
of some rate control medications may be less 
well tolerated initially postoperatively

If NPO:
  Individualize desired rate control target, 

depending on the patient’s baseline rate control 
goals, the presence of ischemic heart disease, 
and the patient’s postoperative blood pressure. 
In most cases, a heart rate of 60–100 is 
reasonable. Options include:

    Metoprolol IV (start 5 mg IV q 6 hours and 
individualize dosing)

   OR
   Diltiazem IV infusion
    Continue digoxin (IV) at same dose as 

prescribed orally preoperatively
   Transition to PO meds when tolerating a diet

Anticoagulation Resume anticoagulation when surgically acceptable 
(see text)
If indicated, bridge with heparin until therapeutic on 
warfarin
If anticoagulation is not started immediately 
due to bleeding risk, venous thromboembolism 
prophylaxis should still be given, unless there is a 
contraindication

IV intravenous, NPO nil per os (nothing by mouth), PO per os (by mouth)
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which case discussion with their cardiologist may be warranted (see 
Chap. 7, Ischemic Heart Disease).

 WARFARIN ANTICOAGULATION AND HEPARIN BRIDGE THERAPY
For most surgical procedures, warfarin must be interrupted periop-
eratively (see below for exceptions). Since the half-life of warfarin is 
long (36–42 hours) and somewhat variable, and since it takes 
5–10 days to achieve full anticoagulation after it is resumed, the 
patient is left without therapeutic anticoagulation for several days 
[7]. A decision must be made about whether bridging with heparin is 
warranted to minimize the duration of the interruption in anticoagu-
lation. The BRIDGE trial [8] showed that periprocedural bridging did 
not reduce thromboembolism but did increase bleeding complica-
tions, though the study enrolled few high-risk patients (i.e., CHADS2 
[9] score >4, or history of stroke or TIA). The newer and slightly more 
complicated CHA2DS2-VASc score [2] is used for risk prediction in the 
2017 American College of Cardiology (ACC) guidelines for periproce-
dural management of anticoagulation for patients with nonvalvular 
atrial fibrillation [7]. See Chap. 26 (Chronic Anticoagulation) for our 
approach to bridging anticoagulation, which is based on these guide-
lines. For instance, we do not bridge with heparin when the CHA2DS2-
VASc score is 0–4 and there is no history of stroke/TIA or systemic 
embolism. Chapter 26 also discusses whether to use subcutaneous 
low molecular weight heparin versus intravenous (IV) unfractionated 
heparin. Some points to bear in mind:

■■ Develop a plan for perioperative anticoagulation prior to sur-
gery, which often requires consultation with the anticoagulant 
management team, primary care provider, surgeon, cardiolo-
gist, neurologist, etc.

■■ Discuss the plan with the patient/caregiver, provide written 
instructions, and clearly document the plan in the medical 
record. The plan should anticipate postoperative conditions 
affecting resumption of anticoagulation.

■■ Warfarin need not be stopped for very low bleeding risk proce-
dures, for example, dental extractions, dermatologic proce-
dures, and cataract surgery. Ensure that the surgeon is in 
agreement with this plan and that the preop international 
normalized ratio (INR) is <3.0 [7].

■■ For other procedures, warfarin is generally held for 5 days (five 
doses) prior to surgery. Individualize the number of days that 
anticoagulation will be held preoperatively based on the type 
of surgery (e.g., neurosurgery, spine surgery, and highly 
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 vascular tumors may warrant a longer period off of anticoagu-
lation to ensure safety), the surgeon’s preference, and the base-
line dose of warfarin (patients requiring lower doses tend to 
have INRs that normalize more slowly) [7].

■■ Do not assume that outpatient procedures are low-risk for 
bleeding (e.g., angioembolization). Discuss with the surgeon or 
interventionalist.

 MANAGEMENT OF DIRECT-ACTING ORAL ANTICOAGULANTS 
(DOACs)

■■ Dabigatran, rivaroxaban, apixaban, and edoxaban are approved 
for stroke prophylaxis in patients with nonvalvular atrial 
fibrillation.

■■ Dabigatran is a direct competitive inhibitor of Factor IIa, and 
the others are direct factor Xa inhibitors.

■■ Unlike warfarin, none require routine anticoagulation moni-
toring [e.g., with prothrombin time (PT)/INR].

■■ Because of their short half-lives and rapid onset of action, they 
generally do not require bridging with heparin when stopped 
temporarily for procedures.

■■ The timing of the last dose of a DOAC prior to surgery depends 
on the bleeding risk of the procedure and on the patient’s renal 
function (see Chap. 26).

■■ Though warfarin is often resumed the evening of surgery 
because of the long delay in anticoagulation effect, DOACs 
achieve full anticoagulation in only a few hours, so hemostasis 
should be assured prior to resuming them (see Chap. 26).

 POSTOPERATIVE MANAGEMENT
Recommendations for the postoperative management of patients 
with preexisting atrial fibrillation are summarized in Table 9.1. 
Adjustments may be necessary, depending on postoperative blood 
pressure and heart rate, the surgeon’s assessment of the patient’s 
bleeding risk, or if unanticipated complications arise. If therapeutic 
anticoagulation is not restarted immediately postoperatively, patients 
should still receive venous thromboembolism prophylaxis, as appro-
priate for the patient and the operation. Patients should be monitored 
for thromboembolic complications.



78 THE PERIOPERATIVE MEDICINE CONSULT HANDBOOK

 MANAGEMENT OF NEW ONSET POSTOPERATIVE ATRIAL 
FIBRILLATION

■■ Identify precipitating causes (e.g., heart failure, myocardial 
infarction, electrolyte abnormalities, infection, alcohol with-
drawal, hyperthyroidism, anemia, hypovolemia, lung disease, 
valvular heart disease, pulmonary embolism, and volume over-
load/reabsorbed third-spaced fluids).

■■ Assess for symptoms and signs that may be related to the arrhyth-
mia, such as hypotension, heart failure, or myocardial ischemia.

■■ Obtain an echocardiogram to assess structural contributors to 
atrial fibrillation, such as left ventricular dysfunction and val-
vular heart disease.

■■ In atrial fibrillation with rapid ventricular response, if rate con-
trol is needed urgently, we start with IV agents. Use caution 
when considering beta-blockers and calcium channel blockers 
in patients with heart failure or hypotension (see Table 9.2). 
Have a low threshold to consult Cardiology for assistance.

TABLE 9.2 RATE ConTRol STRATEGiES FoR nEW-onSET PoSToPERATiVE 
ATRiAl FibRillATion WiTH RAPiD VEnTRiCUlAR RESPonSE

Metoprolol 5 mg IV × 1. May repeat × 2 if additional rate control 
needed and BP remains stable

Diltiazem Bolus 10–20 mg IV, then start IV infusion at 
10–20 mg/h, titrate to HR 80–100

Digoxin Acts more slowly. 0.5 mg IV × 1, then 0.25 mg IV Q6H × 2
Give daily and titrate to effect; typical dose is 0.125 mg 
IV or PO daily
Reduce dose if renal dysfunction. Use caution in 
elderly patients

Amiodarone 150 mg IV bolus, then load with 1 mg/min 
IV × 6 hours, then 0.5 mg/min × 18 hours
Indicated for refractory atrial fibrillation, or atrial 
fibrillation with heart failure
Check baseline TSH, PFTs

Esmolol Bolus 0.5 mg/kg IV over one minute, followed by  
50 mcg/kg/min, titrating up to a maximum of  
200 mcg/kg/min
Watch for hypotension

PO 
medications

Multiple options: Metoprolol, atenolol, or diltiazem.
Digoxin or amiodarone, if indicated

Cardioversion Immediate cardioversion is indicated if 
hemodynamically unstable

BP blood pressure, IV intravenous, HR heart rate, PO per os (by mouth), 
TSH thyroid stimulating hormone, PFTs pulmonary function tests
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When atrial fibrillation persists or continues to recur, antiplatelet 
or anticoagulant therapy must be considered, based on the patient’s 
risk factors for stroke. This decision should be made on an individual 
basis, taking into consideration the patient’s risk of stroke (or other 
thromboembolism), bleeding risks, and patient preferences. 
Consultation with the patient’s primary care provider may be helpful. 
The CHA2DS2-VASc score is commonly used as a risk stratification 
tool [2]. It better predicts thromboembolic events than the simpler 
CHADS2 score, particularly among those with a lower risk score (e.g., 
CHADS2 0–1) [7]; see Tables 9.3 and 9.4.

TABLE 9.3 CHADS2 AnD CHA2DS2-VASC RiSK STRATiFiCATion FoR ATRiAl 
FibRillATion [2, 9]

Criteria
CHADS2 
scoring

CHA2DS2-
VASc scoring

CHF 1 1
HTN 1 1
Age ≥75 1 2
Diabetes 1 1
Stroke/TIA/systemic embolism 2 2
Vascular disease (CAD, MI, PAD, aortic plaque) 1
Age 65–74 1
Female 1

TIA transient ischemic attack, CAD coronary artery disease, CHF conges-
tive heart failure, HTN hypertension, MI myocardial infarction, PAD 
peripheral arterial disease

TABLE 9.4 AnnUAl STRoKE RiSK in ATRiAl FibRillATion WiTHoUT AnTi-
CoAGUlATion, bASED on CHADS

2 AnD CHA2DS2-VASC SCoRES [9, 12]

Score
CHADS2 score CHA2DS2-VASc score
Annual (%) stroke risk without anticoagulation

0 1.9 0
1 2.8 1.3
2 4.0 2.2
3 5.9 3.2
4 8.5 4.0
5 12.5 6.7
6 18.2 9.8
7 – 9.6
8 – 6.7
9 – 15.2
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Postoperative atrial fibrillation is often brief or self-limited and 
resolves once the postoperative stress resolves. There are no clear 
guidelines on whether transient postoperative atrial fibrillation war-
rants chronic anticoagulation. Transient atrial fibrillation after non-
cardiac surgery may be a marker for increased long-term risk of 
stroke. Administrative data for 1.7 million patients hospitalized for 
noncardiac surgery suggest that patients diagnosed with periopera-
tive atrial fibrillation have a much higher risk of stroke in the follow-
ing year (1.47 vs. 0.36%) compared to those without perioperative 
atrial fibrillation [adjusted hazard ratio 2.0, 95% confidence interval 
(CI) 1.7–2.3] [10]. Unfortunately, the duration of perioperative atrial 
fibrillation was not available. Another study using adminstrative data 
from Denmark showed that the risk of stroke and other thromboem-
bolism among patients with new postoperative atrial fibrillation was 
equal to the risk in patients admitted with new atrial fibrillation 
unrelated to surgery [11]. Again, the duration of postoperative atrial 
fibrillation was not available. In this cohort study, starting oral anti-
coagulation within 30 days in patients with new postop atrial fibrilla-
tion was associated with a decreased long-term risk of stroke or other 
thromboembolism (adjusted hazard ratio 0.52, 95% CI 0.40-0.67). 
Authors of one set of guidelines comment that for noncardiac illness 
(including the perioperative state), the role of anticoagulation after 
transient atrial fibrillation is unclear and should be addressed on the 
basis of the patient’s risk profile and the duration of the atrial fibril-
lation episode, but provide no guidance on how to do this [4].

When rhythm control is considered, we typically obtain cardiology 
consultation to advise on pharmacologic versus electrical cardiover-
sion, and potential need for transesophageal echocardiogram to 
assess for left atrial thrombi. Key points for the medicine consultant 
include:

■■ Amiodarone is often used but has a very long half-life and may 
cause significant long-term side effects.

■■ Other antiarrhythmic agents (e.g., dofetilide, flecainide, 
propafenone, and sotalol) and cardioversion may be consid-
ered in consultation with a cardiologist.

KEY CLINICAL PEARLS
 ³ Direct acting oral anticoagulants (DOACs, e.g., dabigatran, rivar-
oxaban, apixaban, and edoxaban) almost never require bridging 
when temporarily discontinued prior to a procedure.
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 ³ The timing of the last dose of a DOAC prior to surgery depends on 
the bleeding risk of the procedure and on the patient’s renal 
function.

 ³ For patients on warfarin for atrial fibrillation, we do not bridge 
with heparin when the CHA2DS2-VASc score is 0–4 and there is no 
history of stroke/TIA or systemic embolism.
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 BACKGROUND
Although hypertension alone is not a significant risk factor for major 
perioperative cardiovascular events, patients with hypertension- 
related end-organ damage such as congestive heart failure, renal 
impairment, and cardiovascular disease are at additional risk [1, 2]. 
Severe hypertension (systolic blood pressure >180 or diastolic blood 
pressure >110) upon admission to the preoperative area is associated 
with intraoperative blood pressure lability and myocardial ischemia 
[3]; it is suggested to postpone elective surgery in those cases, based 
on limited available data [4, 5]. While it remains unclear whether 
postponing surgery for blood pressure control improves outcomes 
[6], in practice many providers would be hesitant to proceed. 
Optimization of blood pressure preoperatively in clinic may help 
avoid unnecessary cancellations and minimize perioperative 
complications.

 PREOPERATIVE EVALUATION
■■ Assess level of blood pressure control
■■ Assess for complications of long-standing hypertension (stroke, 
cardiomyopathy, and nephropathy)

■■ Consider delaying elective surgery in patients with poorly con-
trolled hypertension (BP > 180/110)

■■ Advise preoperative medication management (see Table 10.1)

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_10&domain=pdf
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 PERIOPERATIVE MANAGEMENT
Depending on the surgical approach, there can be large blood pres-
sure fluctuations intraoperatively; this lability is augmented in 
patients with hypertension. Sympathetic activation during induction 
increases blood pressure, which is followed by a progressive decline 
due to the reduction of systemic vascular resistance [4, 7]. While both 
severe hypertension and hypotension have been reported to be associ-
ated with poor outcomes, intraoperative hypotension especially 
seems to be associated with an increase in 30-day postoperative mor-
tality in noncardiac surgery [7].

 PREOPERATIVE MANAGEMENT
 General Principles

■■ For patients who are severely hypertensive in preoperative 
clinic, the initiation of antihypertensive medications should be 
based on usual evidence-based guidelines guided by their 
comorbidities, ideally when the surgery is far enough away 
that the patient can be re-evaluated for blood pressure control 
and adverse drug effects.

■■ If the surgery is very soon or the patient is severely hyperten-
sive (SBP > 180, DBP > 110) on the day of surgery, an  individual 

TABLE 10.1 PREOPERATIVE MANAGEMENT OF ANTIHYPERTENSIVE 
MEDICATIONS

Beta blockers Continue, and take on morning of surgery

ACE-I/ARB Hold for 24 hours prior to surgery, unless patient 
has poorly controlled hypertension (SBP > 180 or 
DBP > 110)

Diuretics Hold on the morning of surgery
Can continue if poorly controlled hypertension, or 
based on volume status assessment

Calcium channel 
blockers

Continue, and take on morning of surgery unless 
blood pressure is tightly controlled

Clonidine Continue, and take on morning of surgery
Transition to clonidine transdermal preoperatively if 
expected to be strict NPO postoperatively:
  Place equivalent patch on 3 days preoperatively
  Simultaneously taper PO off

Nitrates Continue, and take the morning of surgery

Hydralazine Continue, and take the morning of surgery
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assessment must be made whether to proceed or cancel the 
surgery. In the absence of end-organ damage (hypertensive 
emergency), there is a paucity of postoperative outcome data 
for these patients and it is unclear if postponing surgery to 
optimize blood pressure is superior to acute blood pressure 
control in the preoperative holding area [6].

■■ Blood pressure risk is a continuum and must be balanced with 
other factors, including the urgency of surgery. If considering 
cancellation, it is usually best to discuss with the surgeon and 
anesthesiologist.

 Medication Management
Most blood pressure medications can be continued safely through 
surgery (see Table 10.1). However, patients with excessively tight 
blood pressure control may develop profound intraoperative hypo-
tension, so careful attention should be given to antihypertensive 
medication recommendations, especially angiotensin-converting 
enzyme inhibitors (ACE-Is), angiotensin receptor blockers (ARBs), 
and diuretics.

■■ ACE-I/ARBs: While these classes of medications are associated 
with intraoperative hypotension [8–10], the data are conflict-
ing about whether they affect postoperative outcomes, includ-
ing mortality or vascular events [9, 10]. As such, whether or 
not to hold them prior to surgery remains controversial [2, 11]. 
Our practice is to hold ACE-I and ARB medications the 
24 hours prior to surgery unless the patient has uncontrolled 
hypertension or systolic congestive heart failure.

■■ Diuretics: There is a theoretical risk of volume depletion 
(which can worsen intraoperative hypotension) and hypokale-
mia (which can predispose to arrhythmias or potentiate mus-
cle blockade). One small study showed no difference in 
outcomes whether loop diuretics were held or continued 
through surgery [12]. Our practice is to hold diuretics the 
morning of surgery unless the patient has uncontrolled hyper-
tension or has challenging volume overload (e.g., severe heart 
failure or end stand renal disease) with diuretic dependence.

■■ Beta blockers: Guidelines recommend continuation of beta 
blockers through surgery, as acute withdrawal perioperatively 
can increase cardiovascular morbidity and mortality [2].

■■ Clonidine: Abrupt withdrawal can cause severe rebound 
hypertension.



86 THE PERIOPERATIVE MEDICINE CONSULT HANDBOOK

 POSTOPERATIVE MANAGEMENT
Postoperative hypotension is common due to blood loss, volume 
depletion, sedatives/pain medications, and epidural use. Thus, 
home blood pressure medications should be carefully reintroduced 
after surgery (see Table 10.2). Conversely, some patients may be 
hypertensive from pain, agitation, withdrawal, or hypervolemia. 
Mild to moderately elevated blood pressures generally do not 
require further treatment; our practice is to treat SBP >180 or 
DBP > 110. Before using blood pressure medications, ensure under-
lying causes like pain or withdrawal syndromes (alcohol, benzodi-
azepines) are addressed.

■■ Unless there are concerns for acute end-organ damage, postop-
erative hypertension can generally be treated with oral agents—
ideally with resumption of their chronic blood pressure 
medications.

■■ It is important to clarify NPO status with surgical team (many 
patients can still take and absorb oral medications, even if they 
have not advanced to a diet).

If patient is strictly NPO including medications, IV, or transdermal 
routes are utilized (see Table 10.3). There are not strong data to sup-
port any particular blood pressure medication in the postoperative 
period.

TABLE 10.2 POSTOPERATIVE MANAGEMENT OF ANTIHYPERTENSIVE 
MEDICATIONS

Beta blockers Continue; if strict NPO, give as IV equivalent dose
Hold or reduce if symptomatic hypotension or 
bradycardia
Common hold parameters are for SBP < 100 or 
HR < 60, but individualize as needed

ACE-I/ARBs Restart if SBP > 120 and no concerns for acute 
kidney injury

Diuretics Consider holding for first few days post op after 
major surgery, especially if reduced PO or NPO—
patients are at risk for hypovolemia and electrolyte 
derangements like hyponatremia and hypokalemia

Calcium channel 
blockers

Continue, but hold or reduce if hypotension or 
bradycardia

Clonidine Continue PO or transdermal, to avoid rebound 
hypertension

Nitrates Continue, but hold or reduce if hypotension

Hydralazine Continue, but hold or reduce if hypotension
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KEY CLINICAL PEARLS
 ³ Evaluate for hypertensive-related end-organ damage, which is 
associated with increased major perioperative cardiac events.

 ³ Consider postponing elective surgery for SBP > 180 or DBP > 110, 
although it is unclear whether outpatient blood pressure control is 
superior to acute preoperative blood pressure management.

 ³ Perioperative ACE-I and ARB management remains controversial, 
but it is reasonable to hold 24 hours prior to avoid intraoperative 
hypotension in most cases.
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TABLE 10.3 IV AND TRANSDERMAL OPTIONS FOR TREATING HYPERTENSION

Metoprolol 2.5–5 mg IV q4–6 hours
PO to IV conversion is 2.5:1

Labetalol 10–20 mg IV initial dose, double q10 min to desired 
response up to a single maximal dose of 80 mg or a 
cumulative dose of 300 mg/day. Dose may be limited by 
bradycardia

Nitroglycerin 1/2–2” ointment q6h
As drip: Initial rate of 5 mcg/min, titrate by 5 mcg/min 
every 5 minutes

Hydralazine 10–20 mg IV q30–60 min

Esmolol Initial rate of 250–500 mcg/kg/min for first minute then 
25–50 mcg/kg/min; titrate up to max of 300 mcg/kg/min

Nicardipine Initial rate of 5 mg/h, increase 2.5 mg/h every 5 min to 
max of 15 mg/h

Enalaprilat 0.625–1.25 mg IV q6 hours, double at 4–6 hours 
intervals to a single max dose of 5 mg or cumulative 
dose of 20 mg/day
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 BACKGROUND
 OVERVIEW OF DEVICE-RELATED COMPLICATIONS
Patients with pacemakers or internal cardioverter-defibrillators 
(ICDs) are at risk for device malfunction or exposure to electromag-
netic interference (EMI) from monopolar cautery, magnetic reso-
nance imaging (MRI), radiofrequency ablation, electroconvulsive 
therapy, lithotripsy, and therapeutic radiation [1]. The most common 
and potentially life-threatening adverse effects of EMI are:

■■ Inhibition of cardiac pacing leading to severe bradycardia or 
asystole.

■■ Inadvertent shocks if an ICD interprets the EMI as a heart rate 
higher than the therapy trigger rate.

However, EMI may also lead to tachycardia from:
■■ Noise reversion (when EMI makes the rhythm uninterpretable 
to the device, the device may automatically switch to asynchro-
nous pacing and thereby create a rhythm that competes with 
the intrinsic rhythm).

■■ Activation of the rate-response feature by EMI may cause the 
pacing rate to increase, which typically results in a paced 
tachycardia (see below).

■■ EMI sensed as intrinsic atrial beats that lead to ventricular 
paced beats.

■■ Pacemaker-mediated tachycardia (PMT), which is most com-
monly caused by a retrograde P wave triggering a ventricular 
pacing beat and repeating loop.

In addition, if the EMI becomes intense, such as if the cautery 
occurs within 8 cm of the device, the device may:

■■ Transiently turn off and when it reboots, revert to default set-
tings instead of the original programmed settings.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_11&domain=pdf
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■■ Burn the myocardium at the pacer lead tip if there is a break 
in the lead insulation.

■■ If cautery is applied to the device, it may fry the electronics 
and render the device nonfunctional.

 BASIC PACEMAKER AND ICD FUNCTIONS
Pacemaker function is often summarized with a three- or four-letter 
code, with the letters designating the chambers that are paced, the 
chamber(s) where sensing is performed, and the device’s response to 
a sensed beat [2–4] (see Table 11.1). A fourth letter, “R,” is often added 
if a rate-adaptive or rate-responsive mechanism is operational. When 
the activity sensor within the device determines that the patient is 
active, the backup (demand) pacing rate increases. Sensor options 
include the following [5]:

■■ A piezoelectric crystal that detects either muscle pressure on 
the device or body movement: In the operating room (OR), 
shaking the patient can cause increases in heart rate.

■■ Bioimpedance measurement within the chest to estimate min-
ute ventilation: To make this measurement the device emits a 
small current between the generator and the lead. This permits 
an impedance measurement that reflects tidal volume, and its 
frequency provides the respiratory rate. The respiratory rate 
module of most OR/intensive care unit (ICU) monitors has 
similar technology and can fool the pacer/ICD into thinking 
the patient is physically active. This results in an inappropriate 
paced tachycardia.

■■ Bioimpedance measurement within the myocardium (an index 
of sympathetic nervous system activity): This measurement is 
made at the tip of the lead. There is no known activation with 
EMI, but increases in sympathetic outflow during surgery 
could cause increases in the minimum pacing rate.

TABLE 11.1 PACEMAKER FUNCTION CODES

First letter Second letter Third letter

Chamber(s) paced Chamber(s) sensed Response to sensing

A = atrium A = atrium I = inhibited

V = ventricle V = ventricle T = trigger

D = dual (both 
chambers)

D = dual (both 
chambers)
O = no sensing

D = dual (inhibit or 
trigger depending on 
the situation)
O = nothing
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 COMMON PACING MODES
■■ VVI: Senses and paces the ventricle (demand pacing)
■■ DDD: Both atrium and ventricle are sensed and paced 
individually

■■ VVIR and DDDR: Same as VVI or DDD, but with rate- 
responsive mechanism

 IMPLANTABLE CARDIOVERTERS [2, 3]
■■ Respond to tachyarrhythmias (typically ventricular tachycar-
dia and fibrillation) based on detection of defined, high ven-
tricular rates.

■■ Therapies include rapid pacing (known as antitachycardia pac-
ing, ATP), low-energy synchronized shocks, or high-energy 
unsynchronized shocks.

■■ All ICDs have pacing capability. The pacemaker component of 
an ICD is the same as a regular pacemaker and the four-letter 
code still applies. In an ICD, the pacemaker settings vary from 
very basic (patient with no need for a pacemaker) to as com-
plex as any patient with pacemaker requirement.

 CARDIAC RESYNCHRONIZATION THERAPY
■■ These devices pace both the right and left ventricles to produce 
a more coordinated left ventricular contraction [2, 3].

■■ If defibrillation capability is present, it is referred to as cardiac 
resynchronization therapy (CRT)-D.

■■ The four-letter pacing mode nomenclature can still be used to 
describe the pacemaker capability of the cardiac resynchroni-
zation therapy (CRT) or CRT-D device.

 Subcutaneous ICD
The subcutaneous ICD system allows for implantation of a defibril-
lator in the subcutaneous extrathoracic space. This system elimi-
nates complications from venous leads such as infection or vascular 
and cardiac damage [1, 2]. These devices can only deliver shocks, 
no antitachycardia pacing is possible. Routine demand pacing is 
also unavailable. As with all ICDs, shock therapies should be dis-
abled with a magnet or be reprogrammed if EMI will be generated 
by the procedure. It is important to note that they have their own 
programming box and the standard programmer will not recognize 
the device. Furthermore, magnet placement must be centered at 
the top or  bottom edge of the device. If placed correctly, beeps with 
each QRS will be heard for the first 60 seconds after magnet 
placement.
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 Leadless Pacemaker
Leadless pacemakers currently consist of the Micra Transcatheter 
Pacemaker System (TPS; Medtronic, Minneapolis MN) and the 
Nanostim leadless pacemaker (St. Jude, St. Paul, MN). These pace-
makers are novel and management at this time is based on expert 
opinion as there are no society guidelines that mention intraoperative 
management [1]. A leadless device is not as easily recognizable as a 
conventional lead pacemaker on radiographic images and due to its 
entirely intracardiac implantation, it is also not identifiable on physi-
cal exam. There is no magnet mode in the Medtronic TPS system; 
however, the St. Jude Nanostim reverts to a rate of VOO rate 65 when 
a magnet is used. These devices are programmable.

 PREOPERATIVE EVALUATION
Most experts recommend that a plan for device management for sur-
gery be made by a qualified individual with the recommendation 
based on knowledge of the proposed surgery and the information 
gleaned from a recent interrogation of the device [1, 6, 7]. The typical 
recommendations will be one of the following:

■■ Nothing required (e.g., surgery on the leg, where EMI detec-
tion by the device is virtually unheard of).

■■ Placement of a magnet (fine for an ICD when the cautery is 
below the umbilicus) or having a magnet available for use with 
a pacemaker if unacceptable bradycardia is observed during 
periods of EMI.

■■ A prescription for what programming changes is needed for 
surgery. If a prescription is needed, then arrangements must be 
made for a qualified individual to perform the programming.

The decision to proceed with surgery without formal device evalu-
ation should be made cautiously. Clearly the urgency of the surgery is 
a factor, but the risk of adverse events increases whenever monopolar 
cautery will be applied within 8 cm of the device, the leads use mono-
polar sensing (almost all devices use bipolar sensing but it is almost 
impossible to know without interrogation), the patient is pacemaker 
dependent, the ICD is programmed so that it will not respond to a 
magnet (rare, but potentially disastrous) [8], the device battery is at 
its end of life, or if the grounding pad is improperly placed.

In the absence of qualified practitioner involvement, there is still a 
great deal that can be learned without formal device interrogation. 
Indeed, such analysis can aid in the determination of the need for 
qualified practitioner involvement [9].
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Step 1—Device identification: Pacer or ICD?
■■ Patients may not know the distinction, but most carry a card 
with the device and lead(s) model numbers, implant dates, and 
implanting cardiologist. Also determine when the device was 
last interrogated. In general, ICDs should have been checked 
within 3 months of surgery, and pacemakers within 6 months.

■■ A chest X-ray provides clear information as to the device and 
potential pacing capabilities. If all the leads are thin, then the 
device must be a pacemaker. If some leads have fat, densely 
radio-opaque sections (usually in the superior vena cava and 
right ventricle) then the device is an ICD.

■■ Careful scrutiny of the device on the chest X-ray also typically 
reveals a symbol and letter/number code identifying the manu-
facturer and model. One can call the manufacturer (see 
Table 11.2) or check their website to obtain information about 
the device capability including the device’s response to a magnet, 
but the company will not have any patient-specific information.

Step 2—Determine pacer dependency.
■■ Obtain a long rhythm strip or observe on a monitor. All moni-
tors have electrical filters that prevent visualization of the 
spikes unless special circuitry is turned on, so make sure the 
monitor is set to “pacing on.” If the patient has a reasonable 
rhythm with no or few pacing spikes, the patient is clearly not 
pacing dependent. Consistent pacing spikes suggests but does 
not prove pacing dependency. For example, perhaps the 
patient has a sinus rhythm that is slightly lower than the mini-
mum pacing rate. Patients with cardiac resynchronization 
therapy (CRT) have deliberately short P-R pacing intervals to 
ensure consistent ventricular pacing to improve cardiac out-
put. The rhythm strip will not reveal whether the patient has 
an intact AV conduction. In such situations, the only way to 
determine true pacing dependency is via a formal interroga-

TABLE 11.2 PACEMAKER COMPANY CONTACT INFORMATION

Company and phone number
Good battery pacemaker 
magnet rate

Biotronik: (800) 547–0394 90

Ela Sorin: (303) 467–6101 96

Guidant/Boston Scientific: (800) 227–3422 90

Medtronic: (800) 723–4636 85

St. Jude: (800) 933–9956 98.6 or 100
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tion, although communication with the cardiologist who fol-
lows the patient may provide that information.

Step 3—Place a magnet over the device during EKG monitoring.
■■ If asynchronous pacing at the expected battery rate is then 
observed (see Table 11.2), the device (a) is not an ICD and (b) 
the battery has adequate remaining charge.

■■ As batteries become depleted, the magnet rate drops at least 
10 bpm below the normal battery rate (see below for specific 
normal values).

■■ The presence of a weak battery should be a trigger for expert 
involvement before proceeding to surgery for anything other 
than the most dire circumstances.

Step 4—Check electrolytes.
■■ Patients on diuretics or acutely ill should have their electro-
lytes checked. Pacing thresholds can be affected by electrolyte 
disturbances as well as acid–base disturbances.

Step 5—Contact a qualified individual.
■■ This step should be performed whenever possible. This could 
be the person who normally manages the device or someone 
within your system.

■■ With your knowledge of the device and proposed surgery, it 
can be determined if interrogation is needed prior to surgery 
and which option is best (do nothing, place magnet, reprogram 
for surgery).

 PERIOPERATIVE MANAGEMENT
 INTRAOPERATIVE CARE
For all patients, the following management points should be employed:

■■ The cautery grounding pad should be located on the patient 
such that the cautery current is directed away from the device 
and leads.

■■ Some form of pulse monitor must be used during cautery. The 
pulse oximeter, routinely used during surgery, is adequate for 
this purpose.

■■ Recommendations for the use of bipolar cautery or short cau-
tery bursts are almost always impractical and should be left to 
the OR personnel.

■■ Depending on the proximity of the cautery to the device and 
leads, patients dependent on the device to maintain a reason-
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able heart rate will typically be changed to asynchronous pac-
ing. Magnet use on pacemakers will prevent bradycardia/
asystole, but the high heart rate associated with the magnet 
use may not be appropriate for all patients.

■■ A discussion about the device settings between the program-
mer and the anesthesia team is helpful as the anesthesia team 
can contribute to the decision-making process and be better 
aware of how the device might perform during surgery.

■■ The worst-case scenario is a patient with an ICD and pace-
maker dependency having surgery above the umbilicus. Use of 
a magnet may prevent inadvertent shocks but will not prevent 
the cautery EMI from inhibiting the demand pacing. Should 
demand pacing be inhibited and the patient develops an inad-
equate pulse or asystole, then cautery bursts must be infre-
quent and of limited duration.

■■ Noise reversion mode exists in many but not all devices. If 
noise reversion is activated by EMI, the device will pace asyn-
chronously during the EMI or pacing may be inhibited based 
on programming.

Implantable cardioverter-defibrillator management
■■ Tachycardia sensing should be disabled to prevent unwanted 
shocks.

■■ If a magnet is used, the operator needs to know (1) whether or 
not the device is programmed to disable the ICD in response to 
the magnet and (2) what tones the device will emit (if any) to 
indicate that the device has sensed the magnet. In the event of 
an intraoperative tachyarrhythmia, simple removal of the 
magnet will reactivate the device.

■■ If tachy therapy has been programmed off, then defibrillation 
pads and a defibrillator should be kept with the patient, if not 
placed on the patient.

 POSTOPERATIVE MANAGEMENT
Device interrogation after surgery should be performed [1]:

■■ To restore the original device settings.
■■ To make sure that the EMI has not caused any damage to the 
device or leads or resulted in a return to default settings. This 
is primarily a concern only when the cautery was applied close 
to the device or leads.
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Other situations that should prompt postoperative interrogation 
include the following:

■■ Monopolar cautery was performed within 8 cm of the device.
■■ Cardioversion/defibrillation was performed.
■■ The patient had serious hemodynamic problems intraopera-
tively (such as chest compressions, massive bleeding, and pro-
longed hypotension).

■■ The patient had radiofrequency ablation.
■■ A central line was placed.
■■ There were concerns about device function in the operating 
room.

Patients who were exposed to monopolar cautery below the umbi-
licus, had lithotripsy, or electroconvulsive therapy do not need inter-
rogation after the procedure but should see their cardiologist within 
1 month.

KEY CLINICAL PEARLS
 ³ Document the type of device (pacemaker, ICD, resynchronization 
therapy), the manufacturer, implantation date, and the indications 
for the device as part of the preoperative assessment.

 ³ Document when the device was last evaluated and obtain a copy 
of that report if possible, in the preoperative evaluation. ICDs 
should be checked within 3 months of surgery, and pacemakers 
within 6 months.

 ³ For all patients with pacemakers or ICDs, involve a qualified pro-
fessional as needed to determine the best plan for intraoperative 
device management.

 ³ The most common and potentially life-threatening adverse effects 
of electromagnetic interference are inhibition of  cardiac pacing 
(pacemakers or ICDs) and the delivery of inappropriate shocks 
(ICDs).
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 BACKGROUND
Severe valvular disease is identified as a cardiac risk factor in the 
American College of Cardiology/American Heart Association (ACC/
AHA) perioperative guidelines [1, 2]. Attention to the type and sever-
ity of valvular heart disease during the preoperative visit can help 
guide perioperative risk assessment and management. Severe aortic 
stenosis and mitral stenosis are considered to pose the greatest peri-
operative risk, as compared to regurgitant lesions [1, 2]. Distinguishing 
pathologic from functional murmurs and assessing a patient’s func-
tional status by careful history and exam are the first essential steps. 
The ACC/AHA perioperative cardiac risk assessment guidelines gen-
erally recommend to obtain a preoperative echocardiogram in 
patients with clinically suspected moderate or severe valvular disease 
if change in symptoms or exam or if no prior echocardiogram within 
1 year [1].

Perioperative considerations in patients with other structural 
heart conditions, such as congenital cyanotic heart disease, are 
beyond the scope of this book—the patient’s cardiologist should gen-
erally be involved in the care of these patients.

 AORTIC STENOSIS
 PREOPERATIVE EVALUATION
Aortic stenosis (AS) is a common valvular abnormality in elderly 
adults [3, 4]. Symptoms include angina, exertional syncope, dyspnea, 
and decreased exercise tolerance, and coronary artery disease is a 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_12&domain=pdf
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common comorbidity. The murmur of AS is systolic, located at the 
right second intercostal space, and can radiate to the right carotid or 
clavicular area.

Physical examination findings suggestive of severe AS that might 
warrant preoperative echocardiogram include [5]:

■■ Late peaking murmur (positive likelihood ratio: +LR 4.4)
■■ Sustained apical pulse (+LR 4.1)
■■ Delayed carotid artery upstroke (+LR 3.3)
■■ Brachioradial delay (+LR 2.5)

Table 12.1 shows severity classification by echocardiogram.
In AS, the average decrease in valve area is approximately 0.1 cm2 

per year, but progression is unpredictable and can occur rapidly [6]. 
Preoperative echocardiogram is warranted in patients with new or 
worsening symptoms or physical exam findings suggestive of signifi-
cant AS. It is also reasonable to obtain an echocardiogram within:

■■ 6–12 months for severe AS
■■ 1–2 years for moderate AS
■■ 3–5 years for mild AS

 PERIOPERATIVE RISK STRATIFICATION
Severe AS is associated with an increased perioperative mortality rate 
in patients undergoing noncardiac surgery [1, 2].

The risk of postoperative adverse cardiac events increases with 
higher risk noncardiac surgeries, increasing severity of AS, presence 
of symptoms preoperatively, coexisting moderate to severe mitral 
regurgitation (MR), and underlying coronary artery disease.

Patients with severe aortic stenosis may have impaired platelet 
function and decreased levels of von Willebrand factor, which can be 
associated with clinically significant bleeding (usually epistaxis or 
ecchymosis) [6].

Aortic sclerosis without stenosis is not considered an independent 
perioperative risk factor.

TABLE 12.1 ECHOCARDIOGRAPHIC SEVERITY FOR AORTIC STENOSIS

Stage
Aortic jet 
velocity m/s

Mean gradient 
(mm Hg) Valve area (cm2)

Mild <3.0 <25 1.5

Moderate 3.0–4.0 25–40 1.0–1.5

Severe >4.0 >40 <1.0
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 PERIOPERATIVE MANAGEMENT
 Preoperative Considerations

■■ Evaluation for valve replacement is recommended in symp-
tomatic patients prior to noncardiac surgery [6].

■■ Consider cardiology consultation in asymptomatic patients with 
severe and moderate AS prior to elevated risk noncardiac sur-
gery or those with coexisting moderate to severe MR, decreased 
left ventricular ejection fraction (LVEF), or preexisting coronary 
artery disease (CAD), as these factors have been associated with 
higher odds ratio of postoperative MI and 30-day mortality [1].

■■ Balloon valvotomy is not recommended as a temporizing 
measure in patients with severe AS undergoing noncardiac 
surgery [6].

 Intra- and Postoperative Considerations
For asymptomatic patients with moderate to severe disease, consider 
close postoperative hemodynamic monitoring in an intensive care 
unit (up to 48 hours).

AS results in reduced left ventricular (LV) compliance from 
chronic pressure overload, leading to preload dependence. Therefore, 
maintenance of intravascular volume, avoidance of hypotension, 
tachycardia, and maintenance of sinus rhythm are paramount in the 
intraoperative and postoperative periods [6, 7].

In the event of major bleeding or volume loss, maintenance of 
excellent IV access and rapid resuscitation are vital.

Avoid the use of nitrates in patients with severe or critical AS, as 
nitrates reduce filling pressures (preload) and may precipitate car-
diac arrest.

Patients with subaortic stenosis (i.e., idiopathic hypertrophic sub-
aortic stenosis) should be managed similarly to patients with AS.

 MITRAL STENOSIS
 PREOPERATIVE EVALUATION
While the incidence of mitral stenosis is low in developed countries, 
it is still prevalent in developing countries owing to higher prevalence 
of rheumatic fever. Patients with mitral stenosis are at increased risk 
for perioperative tachyarrhythmias and heart failure; thus, it is 
important to identify these patients preoperatively [1].
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Common symptoms of mitral stenosis are dyspnea, fatigue, 
decreased exercise tolerance, palpitations, and syncope.

Mitral stenosis causes a low-pitched, blowing diastolic murmur, 
which is best heard with the bell of the stethoscope [5]. Findings of 
increasingly severe mitral stenosis include:

■■ Faint or inaudible murmur [5]
■■ Diminished S1

In addition to new or worsening symptoms in a patient with 
known mitral stenosis, it is reasonable to obtain an echocardiogram 
prior to non-cardiac surgery within [6]:

■■ 12 months for severe mitral stenosis
■■ 1–2 years for moderate mitral stenosis
■■ 3 years for mild mitral stenosis

 PERIOPERATIVE MANAGEMENT
■■ Percutaneous or surgical repair should be considered in 
patients with severe mitral stenosis who have symptoms and/
or severe pulmonary hypertension [1, 6].

■■ Patients with asymptomatic, severe mitral stenosis can pro-
ceed with noncardiac surgery with close intraoperative and 
postoperative monitoring [1, 6].

■■ Perioperative heart rate control and maintenance of sinus 
rhythm is important, as tachycardia can reduce diastolic filling 
and lead to pulmonary congestion; discussion with a cardiolo-
gist is warranted [1, 6].

■■ Mitral stenosis leads to a fixed stroke volume, making it impor-
tant to avoid hypotension and maintain normal systemic vascu-
lar resistance perioperatively. Patients with mitral stenosis are 
sensitive to sudden increases in left atrial pressure, which can 
precipitate pulmonary edema. Judicious use of intravenous 
fluids has to be counterbalanced with maintenance of systemic 
vascular resistance and avoidance of hypotension [1, 6, 7].

 AORTIC REGURGITATION
 PREOPERATIVE EVALUATION
Limited data suggest that patients with moderate to severe aortic 
regurgitation (AR) have increased risk of perioperative cardiac and 
pulmonary morbidity and mortality, as compared to patients without 
significant AR [8].
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Symptoms of chronic AR include palpitations, dyspnea, and chest 
pain.

There are several physical exam findings associated with AR, the 
most important being the presence of an early, blowing, high- 
frequency diastolic murmur [5, 9].

Physical exam findings suggestive of moderate to severe AR 
include [5]:

■■ Diastolic blood pressure ≤50 mm Hg (+LR 19.3)
■■ Pulse pressure ≥80 mm Hg (+LR 10.9)
■■ Murmur grade 3 or louder (+LR 8.2)
■■ S3 gallop (+LR 5.9)

In addition to new or worsening symptoms in a patient with 
known AR, it is reasonable to obtain an echocardiogram within [6]:

■■ 6–12 months for severe AR (or more frequently if dilating left 
ventricle)

■■ 1–2 years for moderate AR
■■ 3 years for mild AR

 PERIOPERATIVE MANAGEMENT
■■ Symptomatic patients or asymptomatic patients with signifi-
cantly reduced LV function with AR should be considered for 
valve replacement [6].

■■ Patients with asymptomatic severe AR and a normal LVEF can 
generally proceed with surgery with close intraoperative and 
postoperative hemodynamic monitoring [6].

■■ Perioperative management should include attention to volume 
control and afterload reduction [1].

■■ Bradycardia should be avoided, as low heart rates can acutely 
worsen regurgitation by increasing diastolic time [7].

 MITRAL REGURGITATION
 PREOPERATIVE EVALUATION
Mitral regurgitation (MR) is the most common valvular disorder [3]. 
The most common etiologies are papillary muscle dysfunction from 
ischemic heart disease and mitral valve prolapse. Recent observa-
tional and retrospective studies have reported that patients with 
severe MR are at greatest risk for perioperative heart failure (20%) 
and atrial fibrillation (14%)—these risks are increased in patients 
with ischemic MR and decreased LV function [10, 11].
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The murmur of MR is holosystolic, high-pitched, and is heard best 
at the apex. The characteristics of moderate to severe MR include [5]:

■■ Murmur grade 3 or louder (+LR 4.4)
■■ S3 (89% of patients with severe MR)

Echocardiogram findings
■■ LVEF measured on echocardiogram may be overestimated in 
the setting of severe MR [1, 6].

■■ Ventricular dysfunction may be present with a normal or only 
mildly reduced ejection fraction on echocardiogram.

In addition to new or worsening symptoms in a patient with 
known MR, it is reasonable to obtain an echocardiogram within [6]:

■■ 6–12 months for severe MR (or more frequently if dilating left 
ventricle)

■■ 1 year for moderate MR
■■ 3 years for mild MR

 PERIOPERATIVE MANAGEMENT
■■ Patient with symptomatic MR or asymptomatic MR with sig-
nificantly decreased LVEF should be considered for valve 
repair or replacement [6].

■■ In patients with severe MR undergoing elevated risk proce-
dures, perioperative hemodynamic goals should be directed 
toward maximizing left ventricular forward output and mini-
mizing regurgitant flow by maintaining afterload reduction 
and allowing a high heart rate. Postoperative intensive care 
unit (ICU) monitoring is recommended in these patients [1, 7].

■■ Bradycardia increases diastolic time and can increase regurgita-
tion, thus should be minimized; however, maintaining a higher 
heart rate in patients with significant coronary artery disease 
and ischemic MR, may precipitate demand ischemia [7].

■■ Antibiotic prophylaxis against infective endocarditis is not rec-
ommended for patients with mitral valve prolapse or MR 
[12–14].

 PROSTHETIC HEART VALVES
 PERIOPERATIVE CONSIDERATIONS
 Function of the Prosthetic Valve

Echocardiography is indicated if there is a new murmur, new symp-
toms, or change in clinical status (including evidence of new or wors-
ening heart failure, hemolytic anemia, systemic embolism) [6, 15]. 
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Transesophageal echocardiogram may be required to adequately 
assess mitral and posterior aspect of aortic prosthesis.

 Management of Anticoagulation
Anticoagulation in patients with mechanical or bioprosthetic valves 
requires careful perioperative planning and coordination with the 
surgical team.

See Chap. 26 on perioperative anticoagulation for further discus-
sion of anticoagulation.

 ENDOCARDITIS PROPHYLAXIS
Based on the 2017 ACC/AHA guideline update for valvular heart dis-
ease, endocarditis prophylaxis is recommended for the below patients 
before undergoing dental procedures (procedures with gingival dis-
ruption, adenoidectomy, or tonsillectomy) [12]:

■■ Prosthetic heart valves or prosthetic material used for cardiac 
valve repair

■■ History of previous infective endocarditis
■■ Cardiac transplantation recipients with valve regurgitation due 
to structurally abnormal valve

■■ Unrepaired cyanotic congenital heart disease or repaired con-
genital heart disease, with residual shunts or valvular regurgi-
tation at the site of or adjacent to the site of a prosthetic patch 
or prosthetic device

Prophylaxis against infective endocarditis is not recommended for 
nondental procedures in the absence of active infection or in patients 
with common valvular abnormalities, including bicuspid aortic valve, 
aortic stenosis, and mitral valve prolapse.

Antibiotic regimens for endocarditis prophylaxis are listed in 
Table 12.2 [13].

TABLE 12.2 ANTIBIOTIC REGIMENS FOR ENDOCARDITIS PROPHYlAXIS IN 
HIGH-RISK PATIENTS uNDERGOING PROCEDuRE-SPECIFIC INDICATIONS

Antibiotic regimen
Antibiotic regimen if penicillin or 
ampicillin allergic

Oral Amoxicillin 2 g Cephalexin 2 g or clindamycin
600 mg or azithromycin
500 mg or clarithromycin
500 mg

Unable to 
take oral 
medication

Ampicillin 2 g IM/IV or 
cefazolin 1 g IM/IV or 
ceftriaxone 1 g IM/IV

Cefazolin 1 g IM/IV or ceftriaxone 
1 g IM/IV or clindamycin 600 mg 
IM/IV

All doses are 30–60 min prior to procedure. Adapted with permission 
from [13]
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KEY CLINICAL PEARLS
 ³ Assessment of presence and severity of valvular heart disease is an 
important part of the preoperative assessment.

 ³ Obtain an echocardiogram preoperatively if concern for symptom-
atic or significant valvular stenosis or regurgitation.

 ³ Patients with symptomatic and/or severe valvular disease should 
be referred to cardiology for consideration of possible valve repair 
or replacement prior to noncardiac surgery.

 ³ Patients with severe valvular regurgitation or stenosis should be 
monitored closely in the postoperative setting, with careful atten-
tion being paid to hemodynamics and volume status.

 ³ Endocarditis prophylaxis is recommended for patients with pros-
thetic heart valves, history of infective endocarditis, and congeni-
tal heart disease with certain characteristics undergoing dental 
procedures.
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 BACKGROUND
Diabetes and perioperative hyperglycemia are common and associ-
ated with an increased risk of infections and other complications 
[1–6]. Perioperative control of hyperglycemia can help improve post-
operative outcomes [7, 8]. Preoperative evaluation is important for 
both risk stratification in this higher risk population and to recom-
mend a perioperative glycemic management plan. Basal insulin 
therapy is key to glycemic control. Utilize a Basal, Bolus, and 
Correctional insulin approach (see Table 13.1), rather than relying on 
“sliding scale” insulin [8].

 PREOPERATIVE EVALUATION
The preoperative evaluation is focused on assessing for complica-
tions, estimating cardiac and other perioperative risks, and formulat-
ing a perioperative glycemic management plan that is individualized 
to the patient and the surgery. Although an elevated A1c is associated 
with increased postoperative infection and adverse events [2], it is 
unclear whether postponing surgery to optimize glycemic control 
decreases this risk. There is no consensus for an A1c cutoff for which 
elective surgery should be postponed, although it can be considered 
if an A1c if >8.5% [9]. Similarly, there is no absolute cutoff for a very 
elevated blood glucose on the day of surgery, although most would 
cancel elective procedures for a blood glucose >500 or if there is evi-
dence of hyperosmolar hyperglycemic state, diabetic ketoacidosis, or 
severe electrolyte derangements.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_13&domain=pdf
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■■ Determine the type of diabetes, as type 1 diabetics must have 
basal insulin at all times to prevent diabetic ketoacidosis.

■■ Assess for presence of complications associated with diabetes 
(especially cardiovascular and kidney disease) and assess the 
risk for major perioperative cardiac events (see Chap 6).

■■ Review current medication management.
■■ Assess quality of glycemic control. Review a recent hemoglobin 
A1c, although recognize this measurement may be inaccurate in 
many situations (end-stage renal disease, erythropoietin ther-
apy, acute anemia, recent blood transfusions, chronic hemoly-
sis, etc.) [10]. It is also a crude marker of dysglycemia and does 
not reflect glucose variability or postprandial hyperglycemia. 
When possible, review home glucose readings including log 
book, finger stick, and/or continuous glucose meter data.

■■ Be alert for “over-basalization,” if a patient’s basal insulin is 
more than 60% of their total daily dose (TDD) of insulin or 
they report nocturnal/fasting hypoglycemia. This will impact 
perioperative management, as giving close to their usual dose 
of basal insulin may result in severe hypoglycemia while nil 
per os (NPO).

TABLE 13.1 INSULIN TERMINOLOGY

Basal Longer-acting insulin (e.g., glargine, detemir, NPH) that 
provides constant “background” insulin regardless of 
meals.
All patients with type 1 DM require this. Many patients 
with type 2 DM need this, especially in the perioperative 
period.

Bolus 
(prandial/
mealtime)

Fixed dose (or altered dose for larger/smaller meals) of 
rapid-acting insulin (e.g., lispro, aspart, regular) that is 
given before a meal to mimic the body’s normal response 
to a caloric load.

Correctional Variable amount of rapid-acting insulin given in addition 
to prandial and/or basal insulin to correct hyperglycemia.
Suggested to correct blood glucoses >180.
Can also be given at bedtime, although reasonable to 
be more conservative at this time due to greater risk of 
nocturnal hypoglycemia.
Patients requiring frequent correctional insulin usually 
need adjustments to either their basal or prandial insulin 
regimens.
Most institutions have a protocol based on a patient’s 
total daily insulin requirement.
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■■ Assess for hypoglycemia, and if present, determine frequency, 
timing, severity, and awareness.

■■ Review the characteristics of the surgery and patient’s expected 
caloric intake perioperatively. Some enhanced recovery after 
surgery (ERAS) pathways include preoperative carbohydrate 
loading, which can cause severe hyperglycemia in some dia-
betics and should be avoided. Conversely, bariatric surgeries 
require severely restricted caloric intake preoperatively, put-
ting patients at risk for hypoglycemia.

■■ Determine if an elective surgery should be postponed if diabe-
tes is poorly controlled and there is insufficient time to modify 
their regimen. It may not be practical to postpone surgery until 
the A1c reaches a certain target, but blood glucose checks can 
be used to assess for improved glucose control.

■■ If surgery is time sensitive, if unable to achieve adequate 
glucose control as outpatient, or if unsafe to correct the glu-
cose more quickly, consider admission for preoperative IV 
insulin drip.

■■ Provide recommendations for preoperative medication 
management.

 PERIOPERATIVE MANAGEMENT
Perioperative hyperglycemia is associated with multiple postopera-
tive complications including infection, increased length of stay, and 
mortality [3–6]. This effect is even more pronounced in patients who 
were not previously diagnosed with diabetes [5, 6]. There is evidence 
that treatment of perioperative hyperglycemia with insulin can 
improve outcomes [7, 8], although there is no consensus on the opti-
mal blood glucose range. Guidelines by different societies suggest 
anywhere between 80 and 200 [11–16]. Our practice is to target 
100–180. We avoid the lower end for patients at risk for hypoglycemia 
as tight postoperative glucose control does not seem to be superior to 
more liberal strategies [17] and is associated with increased mortality 
in critically ill patients [18].

 PREOPERATIVE MANAGEMENT
For outpatient morning procedures in which the patient is expected 
to only miss breakfast, their basal insulin can be continued without 
dose adjustment. Oral medication and prandial insulin can then be 
resumed postoperatively.
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Below are recommendations for patients who are NPO at mid-
night before surgery and likely to have decreased caloric intake 
postoperatively.

■■ Oral and non-insulin injectable agents are discontinued the 
morning of surgery (Table 13.2). Sodium-glucose- 
cotransporter- 2 (SGLT2) inhibitors are held 3 days prior to 
surgery due to their risk of euglycemic diabetic ketoacidosis 
[19, 20].

■■ Hold prandial insulin the morning of surgery. Continue basal 
insulin the night before and morning of surgery, but reduce the 
dose. Table 13.3 gives suggested guidelines.

 POSTOPERATIVE MANAGEMENT
Many dynamic variables affect postoperative blood glucoses, making 
glycemic management challenging. Major surgery, general anesthe-
sia, and intraoperative dexamethasone (usually given for postopera-
tive nausea control) contribute to short-term hyperglycemia and 
insulin resistance. Conversely, caloric intake is often reduced in the 
postoperative period, although this can be highly variable between 
patients. We rely on insulin for hyperglycemia management and hold 
all oral and noninsulin injectable diabetes medications until the 
patient is medically stable and eating a regular, consistent diet.

TABLE 13.2 PREOPERATIVE MANAGEMENT OF ORAL AND NONINSULIN 
INJECTAbLE AGENTS

Recommendation Notes

Metformin Hold morning of surgery Risk of lactic acidosis 
with acute kidney 
injury

Sulfonylureas Hold morning of surgery Risk of hypoglycemia

Meglitinides Hold morning of surgery

Thiazolidinediones Hold morning of surgery May cause fluid 
retention

SGLT2 inhibitors Hold 3 days prior to 
surgery

Has been associated 
with euglycemic 
diabetic ketoacidosis

DPP-IV inhibitors Hold morning of surgery

GLP-1 receptor 
agonists

Hold morning of surgery Slows gastric motility
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TABLE 13.3 PREOPERATIVE MANAGEMENT OF INSULIN

Basal 
Insulin

Type 2 DM Type 1 DM

NPH 75% of usual 
evening dose before 
surgery
50% of usual 
morning dose

No less than 80% of 
the usual evening 
dose before surgery 
or morning dose

Glargine If <50 units: Take 
75% of usual dose
If >50 units: Take 
50% of usual dose

No less than 80% of 
the usual dose

Detemir If <50 units: Take 
75% of usual dose
If >50 units: Take 
50% of usual dose

No less than 80% of 
the usual dose

Degludec 
U200 or U100 
(Tresiba®)

Take 75% usual dose No less than 80% of 
the usual dose

Glargine U300 
(Toujeo®)

Take 75% usual dose No less than 80% of 
the usual dose

Premixed 
insulin (NPH/
regular 70/30, 
Humalog® 
75/25 or 50/50, 
Novolog® 
70/30)

75% the usual dose 
evening dose before 
surgery
50% the usual 
morning dose

80% of usual evening 
dose before surgery 
and morning dose

Insulin pump In general, continue basal rate, then 
switch to D5NS and an insulin infusion 
just prior to surgery and disconnect the 
pump. Continue IV insulin until patient is 
tolerating adequate diet. Resume SC pump 
when patient is alert and able to manage. 
Consider endocrinology consult

Bolus/
Prandial

Short acting 
insulins 
(regular, lispro, 
aspart, fiasp, 
glulisine)

Do not take on the morning of surgery with 
the exception of correction algorithms for 
hyperglycemia using rapid-acting analogs 
(lispro, aspart, fiasp, or glulisine)
Note: Do not use regular insulin (U-100 
and U-500) for correction due to prolonged 
duration of effect

These are general guidelines and should be tailored to each individual 
patient
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The key to good blood glucose control is thinking in terms of basal, 
bolus (prandial), and correctional insulin (B-B-C), rather than relying 
on just “sliding scale” insulin treatment (Table 13.1). This B-B-C strat-
egy is shown to both improve postoperative glycemic control and 
decrease complications [8].

Below are some management tips for other special considerations:

NPO with institutional IV insulin protocol
■■ An IV insulin infusion is useful as patients’ insulin require-
ments in the very immediate postoperative period can be 
unpredictable (stress-induced hyperglycemia highly variable 
between patients) and dynamic (insulin requirements will gen-
erally go down with time away from surgery).

■■ Transition to subcutaneous (SC) insulin when the patient is 
eating or has reasonably stable blood glucoses on an insulin 
infusion. See Table 13.4 for IV to SC calculations.

■■ Overlap SC basal insulin with IV insulin infusion by 2 hours 
due to its slow onset of action (Table 13.5). This is especially 
critical in type 1 diabetes.

TABLE 13.4 TRANSITIONING FROM IV TO SC INSULIN: CALCULATING THE 
DOSE

Guidelines Example

The subcutaneous (SC) dose is only 60–80% of 
the IV dose. Postop insulin requirements also 
tend to go down with time, so a reasonable 
plan is to calculate the amount of IV insulin 
given over the last 16 hours to estimate the 
24 hours SC insulin requirement

Required 3 units/hours 
of IV insulin in last 
16 hours

Last 16 hours total IV dose = Next 24 hours 
total SC Dose

Calculate SC dose: 
3 × 16 = 48 units total 
SC dose

Divide the 24 hours SC dose into basal and 
prandial bolus
~50% estimated requirement is given as 
basal
~50% estimated requirement is given as 
prandial
∗ If patient is not eating three full meals a 
day, you may want to give >50% basal and 
less prandial. If not eating at all, give 60–70% 
basal
∗ Add correctional insulin and modify 
scheduled basal/prandial based on usage

Basal:
½ × 48 = 24 units (ex. 
glargine QHS)
Prandial:
½ × 48 = 24 units (ex. 
lispro) divided before 
each meal
24 units/3 = 8 units 
before each meal (if 
isocaloric)



113CHAPTER 13: DIAbETES

TABLE 13.5 ONSET, PEAK, AND DURATION OF EFFECT OF VARIOUS 
INSULINS

Onset Peak Duration Notes

NPH 1–1.5 hours 4–12 hours 12–16 hours Typically dosed twice a 
day for basal coverage. 
Has a peak and 
thus can have some 
prandial coverage

Glargine 
(U100)

1 hour None 20–24 hours Typically dose once 
daily but some require 
twice daily, especially 
in type 1 DM

Detemir 1 hour None 20–24 hours Similar to glargine

U300 
glargine 
(Toujeo®)

1–2 hours None Up to 
36 hours

1:1 conversion with 
U100 glargine

U200 or 
U100 
Degludec 
(Tresiba®)

0.5–
1.5 hours

None >42 hours 1:1 conversion with 
U100 glargine
Takes about 3–4 days 
to reach steady state
If patient on glargine 
while hospitalized 
and transitions back 
to Degludec U200 
upon discharge, may 
have blood glucose 
excursions first couple 
of days

Lispro/
aspart/
glulisine, 
Fiasp 
(faster 
acting 
Aspart)

5–20 min 0.5–
1.5 hours

3–6 hours Residual effect can be 
seen out to 6–8 hours.
Prone to “stacking” with 
frequent correctional 
doses. Do not dose 
more frequently than 
every 2 hours to 
minimize this risk

Regular 30–60 min 2–4 hours 8–10 hours Should not be used as 
correctional insulin 
(use rapid acting 
analogue instead)

U-500 Entails special concerns. Usually used in obstetric patients, 
patients with lipodystrophy, and very insulin resistant 
patients. Pharmacokinetics varies depending on dose. 
If patient is on U-500 at home, it is suggested that an 
endocrinologist be involved



114 THE PERIOPERATIVE MEDICINE CONSULT HANDBOOK

NPO without IV insulin infusion protocol available
■■ Devise a SC basal and correctional insulin plan for use while 
the patient is NPO.

■■ Add bolus insulin when the patient is eating.
■■ If the patient was previously on insulin, use their home regi-
men as a guide.

■■ Otherwise, calculate their estimated TDD requirement of insu-
lin by weight (0.2–0.5 units/kg), using the lower end of the 
range for elderly patients and those with renal impairment. 
Give 1/2 the estimated daily requirement as basal and then give 
the other 1/2 as prandial in divided doses once patient is able 
to take PO.

Total parental nutrition (TPN)
■■ An insulin infusion takes the guesswork out of calculating the 
correct dose.

■■ Add insulin to the TPN bag when the patient is stable and insu-
lin requirement has been established using the insulin infusion 
protocol.

■■ Calculate the insulin requirement by adding up the number of 
units of insulin the patient received via IV protocol for the last 
12 hours and multiply by 2 for the 24-hour requirement.

■■ Add 80–100% of the calculated 24-hour dose to the next bag of 
TPN.

■■ Stop the insulin infusion when the insulin containing TPN bag 
begins and start additional SC correctional insulin every 
6 hours.

■■ Adjust the amount of insulin in the TPN bag daily as needed.
■■ If cyclic TPN, make sure to only use the infusion rate during 
the time when the TPN is running to calculate how much insu-
lin to put in the TPN bag. Add basal coverage as needed (with 
insulin infusion or SC NPH) for the period they are off TPN.

■■ When IV insulin infusion is not available, or a total of 20 units 
of correction insulin per day have been required with TPN, a 
conservative insulin to carbohydrate ratio can be utilized to 
estimate the first introduction of Regular insulin into the TPN 
bag. Start with 1 unit for every 10 gm of carbohydrate and 
adjust daily [16].

Tube feeds
■■ See Table 13.6 for recommendations
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Bariatric surgery
■■ Patients are often much more insulin sensitive after bariatric 
surgery, especially after a Roux-en-Y gastric bypass [21].

■■ Use an insulin infusion in the immediate postoperative setting 
to get a sense of patient’s new basal requirement, if any. 
Patients requiring less than 1 unit of IV insulin per hour post-
operatively, may transition from IV to correction insulin only.

■■ Prandial insulin is initially impractical due to severely restricted 
caloric intake.

TABLE 13.6 INSULIN MANAGEMENT FOR PATIENTS RECEIVING TUbE FEEDS

Continuous If on IV insulin infusion, then continue infusion until on 
a stable requirement. Then, give ½ as NPH twice daily, 
and use regular insulin q6 hours to satisfy the remaining 
½ of TDD of insulin (see Table 13.4). Give as NPH in 
divided doses either q12hours (if TDD ≤20 units) or 
q6hours (if TDD >20 units)
If not on IV insulin—Continue prior home basal insulin. 
In addition to this, add regular insulin to satisfy tube 
feeding every 6 hours, using an insulin to carbohydrate 
ratio 1 unit for every 10–15 grams of carbohydrate [16]
If patient has not been on continuous infusion, then 
calculate the SC daily basal/prandial requirement using 
body weight, 0.2–0.5 units/kg. Age, renal function, home 
insulin regimen, and baseline blood glucose control need 
to be considered in dosing

Bolus Give prandial insulin prior to each bolus and give basal 
insulin separately

Cyclic 8-hour cycle: Give ½ the prandial requirement as regular 
at start of tube feeds
12-hour cycle: Give ½ the prandial requirement as NPH 
at start of tube feeds
Give basal requirement with separate agent. To simplify 
the regimen, can use q12h NPH for basal coverage and 
add the basal NPH to the prandial NPH together at the 
start of tube feeds

Cyclic tube feeds are challenging. Covering an 8–12 hour “meal” followed by 
16–12 hour of “fasting” requires constant titration of insulin doses based on 
glucose monitoring
Additionally, tube feeds might be interrupted due to clogging of the tube or 
procedures, thus increasing the risk for hypoglycemia. If tube feeds are inter-
rupted for >1 hour, it is suggested to consider starting a dextrose infusion
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■■ Consider dosing NPH twice a day with a higher dose in the 
morning to provide both basal and coverage for smaller meals 
during the day.

■■ While the oral diet remains low immediately after surgery and 
initially after discharge, it is not unexpected for patients previ-
ously managed with insulin, to achieve blood glucose below 
180 mg/dL without exogenous insulin.

Ongoing steroid use:
■■ Steroids tend to worsen postprandial hyperglycemia.
■■ If patient is eating a regular diet, give no more than 40% basal 
and at least 60% prandial insulin.

U200 Degludec (Tresiba®)
■■ This basal insulin has a very long half-life and takes several 
days to reach steady state (Table 13.5).

■■ Its use is increasingly common as an outpatient, but it is infre-
quently on hospital formularies.

■■ It is important to know that due to its pharmacokinetics, it 
may have prolonged effects after discontinuation. Also, a 
patient may experience a day or two of hyperglycemia after 
discharge since they will have stopped the medication while 
hospitalized, and it will take several days again to reach steady 
state upon reinitiation at home.

Continuous glucose monitors
■■ These have not been approved for blood glucose monitoring or 
medication administration outside the ambulatory care set-
ting. In general, use standard finger stick blood glucose testing 
when patient is in the operating room or hospitalized.

 POST-DISCHARGE FOLLOW-UP
The trend in surgery is to implement systems (like ERAS pathways) 
to standardize postoperative care, improve outcomes, and decrease 
length of stay. As such, patients overall are being discharged earlier 
then they have in the past after surgery. It is important to identify 
which patients may have an insulin regimen that is still in a state of 
flux and arrange appropriate follow-up.
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KEY CLINICAL POINTS
 ³ Aim for a perioperative blood glucose target of around 100–180.
 ³ The key to good glycemic control is using a strategy of basal, 
bolus, and correctional (B-B-C) insulin, rather than relying on 
“sliding scale.”

 ³ Reassess and modify postoperative insulin regimens often, as 
patients’ insulin sensitivity and caloric intake are frequently 
dynamic.
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Chapter
Stress-Dose Steroids

Kara J. Mitchell

14

 BACKGROUND
Adrenal insufficiency is a clinical entity associated with potentially 
serious findings such as hypotension, mental status changes, nausea 
and vomiting, hyponatremia, and/or hyperkalemia. Patients with 
adrenal insufficiency and some of those with suppressed hypothalamic- 
pituitary- adrenal (HPA) axis due to chronic glucocorticoid (GC) use 
are at risk for adrenal crisis, which can cause hypotension or even 
death. This chapter addresses supplemental steroid dosing (com-
monly called “stress-dose steroids”) for the prevention of adrenal 
crisis in patients with adrenal insufficiency undergoing surgery.

Patients are treated with glucocorticoids for a multitude of condi-
tions, including primary adrenal insufficiency, organ transplantation, 
autoimmune diseases, and other inflammatory states. The use of sup-
plemental perioperative steroids in such patients is controversial [1, 2]; 
according to the Cochrane Library, “There is insufficient evidence on 
whether additional steroids are required at the time of surgery for 
patients with adrenal insufficiency.” Given significant potential risk, 
and in the absence of adequate clinical trials, many experts still recom-
mend perioperative administration of supplemental steroids [3].

 PREOPERATIVE EVALUATION
First, assess whether the patient’s hypothalamic-pituitary-adrenal 
(HPA) IS suppressed, MAY BE suppressed, or is NOT suppressed:

■■ All patients with primary adrenal insufficiency (Addison’s dis-
ease) or ACTH deficiency (hypothalamic/pituitary dysfunc-
tion) have inadequate GC production [4].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_14&domain=pdf
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■■ Higher doses and longer duration of GC therapy render the 
HPA axis more suppressed, but considerable variability is seen 
between patients [3–5]; see Table 14.1 for information on how 
to risk-stratify patients with chronic GC exposure.

■■ Recovery from tertiary adrenal insufficiency may take months 
[4, 5], so the clinical history should include all GC use within 
the past year.

TABLE 14.1 HPA AXIS SUPPRESSION BASED ON GLUCOCORTICOID EXPO-
SURE HISTORY [3]

HPA axis 
status

Glucocorticoid (GC) 
exposure Management

NOT 
suppressed

<3 weeks
Every-other-day therapy
AM dose of <5 mg 
prednisone or 
equivalenta

Take usual AM dose of GC

MAY be 
suppressed

Intermediate-dose 
GC use (5–20 mg 
prednisone or 
equivalent/day)
Inhaled GC use
>3 intra-articular or 
spinal GC injections in 
the past 3 months
Class I topical GC useb

Significant GC use in 
the past year

Check 8 AM serum cortisol 
(24 hours off usual GC dose) 
vs. empiric supplemental GC 
without testing
  If <5 mcg/dL, give 

supplemental GC
  If >10 mcg/dL, take usual 

AM dose of GC
  If 5–10 mcg/dL, do ACTH 

stimulation test [6] vs. give 
empiric supplemental GC

IS 
suppressed

>20 mg/day of 
prednisone or 
equivalent for >3 weeks
Clinically Cushingoid 
appearancec

Supplemental GC

a5 mg prednisone = 4 mg methylprednisolone = 0.75 mg dexamethasone 
= 20 mg hydrocortisone
bClass I topical glucocorticoids include betamethasone dipropionate 
0.05%, clobetasol propionate 0.05%, diflorasone diacetate 0.05%, fluoci-
nonide 0.1%, and halobetasol propionate 0.05%
cProminent central obesity, “moon” facies, dorsocervical fat pad, and/or 
bulging supraclavicular fat pads
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 PERIOPERATIVE MANAGEMENT
If you decide that supplemental steroids are indicated for a patient, use 
Table 14.2 to find the recommended dose. These recommendations are 
based on expert opinion; all trials on this topic to date have been small 
[1, 2, 7–9]. Also, the anesthetic agent etomidate can cause clinically 
significant and prolonged adrenal insufficiency [10]; if this agent is to 
be used for induction or maintenance of anesthesia in an at-risk 
patient, steroid supplementation should be considered. Consider:

■■ The patient’s preoperative GC dose
■■ Anticipated duration and stress of surgery
■■ Concomitant use of medications (i.e., rifampin) that alter GC 
metabolism

TABLE 14.2 DOSING FOR SUPPLEMENTAL GLUCOCORTICOIDS [7]

Surgical 
risk Examples Recommendation

Minor 
surgery

Inguinal hernia 
repair
Colonoscopy

Take usual AM steroid dose

Moderate 
surgery

Open 
cholecystectomy
Total knee 
replacement
Abdominal 
hysterectomy

Take usual AM steroid dose plus 
give 25–50 mg hydrocortisone IV 
prior to surgery followed by 25 mg 
q 8 hours × 24 hours; then resume 
baseline dosea

Major 
surgery

Whipple
Esophagectomy
Total 
proctocolectomy
Cardiac surgery

Take usual AM steroid dose plus 
give 25–100 mg hydrocortisone prior 
to surgery followed by 100–150 mg 
of hydrocortisone equivalent per 
day for 2–3 days (e.g., 50 mg q 
8 hours × 48 hours); then taper dose by 
1/2 per day until baseline dose reachedb

aThe exact dosing may be tailored to take into account the patient’s base-
line corticosteroid dose. In some cases, the baseline dose exceeds stress 
dosages and continuing the baseline dose is reasonable
bFor very long surgeries, some advocate giving additional doses intraop-
eratively, or using dexamethasone. Also, if surgical complications (such 
as bleeding or infection) are encountered postoperatively, a longer dura-
tion of supplemental steroid administration may be indicated
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■■ Use of medications (i.e., etomidate) that may suppress endog-
enous steroid synthesis

■■ Postoperative impairment of gastrointestinal function, which 
might warrant intravenous GC administration

■■ Complications of surgery that may warrant prolonged supple-
mental steroid dosing

Patients receiving GC therapy should be followed clinically for 
complications, such as those noted in Table 14.3 [3–5, 7]—especially 
increased susceptibility to infection and the risk that steroids may 
mask signs or symptoms of postoperative infection.

KEY CLINICAL PEARLS
 ³ All patients with primary adrenal insufficiency (Addison’s disease) 
and secondary adrenal insufficiency (ACTH deficiency) have abso-
lute cortisol deficiency and require exogenous steroid administra-
tion perioperatively.

 ³ Many experts still recommend supplemental steroids for patients 
with tertiary (iatrogenic) adrenal insufficiency due to recent or 
chronic glucocorticoid use; this is controversial, however, and a 
large randomized trial is needed.

 ³ Etomidate can cause clinically significant adrenal insufficiency.

TABLE 14.3 COMPLICATIONS OF GLUCOCORTICOID THERAPY

Hypothalamic pituitary adrenal (HPA) axis suppression

Impaired wound healing

Skin thinning and easy bruising

Reduced bone mass, leading to fracture

Increased susceptibility to infections

Insomnia, mania, psychosis

Ulcer/gastrointestinal bleeding

Insulin resistance

Fluid retention/worsened blood pressure control

Cardiovascular morbidity

Subcapsular cataract formation

Myopathy/proximal muscle weakness
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Chapter
Hormone Therapy

Alexander Pratt

15

 BACKGROUND
Use of hormone therapy, including hormone replacement therapy 
(HRT), oral contraceptive pills (OCPs), and testosterone, is common. 
Perioperative consultants may be asked to provide an assessment of 
risks and recommendations for management of these medications 
perioperatively.

Male reproductive hormone therapy consists of exogenous testos-
terone, which is typically taken either as an oral formulation or via 
transdermal gels or creams. Testosterone is typically used to treat 
male hypogonadism and is sometimes used by men with intact 
gonadal axes. For information on the use of testosterone in transgen-
der individuals, refer to Chap. 45. The most common types of hor-
mone therapy for women are OCPs (used for birth control as well as 
other indications) and HRT (commonly used by women after meno-
pause); use of either is associated with increased risk for venous 
thromboembolism (VTE) [1–3].

For the purposes of this chapter, the term OCPs will refer to 
estrogen- containing contraceptives. Progesterone-only contracep-
tives are likely less associated with VTE than estrogen-containing 
formulations, though their association with VTE is not as well stud-
ied. OCPs are very effective at preventing pregnancy, and disruptions 
in medication schedule can lead to unintended pregnancy, thus the 
perioperative management of OCPs should be carefully considered.

HRT most commonly consists of oral estrogen (17-beta estradiol 
or conjugated estrogens), though transdermal formulations and com-
bined estrogen/progesterone formulations exist. Most women on 
HRT take these therapies for symptoms experienced during and after 
menopause, such as vasomotor symptoms (“hot-flashes”) vaginal 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_15&domain=pdf
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 dryness, and dyspareunia. HRT is usually quite effective at treating 
these symptoms, and women who quickly stop HRT while in the post-
menopause period may have breakthrough symptoms.

Other exogenous hormones include selective estrogen receptor 
modulators (SERMs) and aromatase inhibitors (AIs), both typically 
used in patients undergoing treatment for a hormone-sensitive 
malignancy.

 PREOPERATIVE EVALUATION
The cardiovascular risks of HRT are not yet conclusively delineated 
[4, 5]. Similarly, while there are theoretical cardiac risks associated 
with testosterone therapy (it has been shown to lower circulating 
high-density lipoprotein), there is no study yet that conclusively 
shows an associated cardiac risk [6]. The impact of OCPs on cardiac 
perioperative risk has not been well studied, but consensus suggests 
that individuals taking OCPs are not at additional cardiac risk. No 
additional preoperative evaluation is recommended based only on the 
use of HRT, OCPs, or testosterone.

 PERIOPERATIVE MANAGEMENT
 TESTOSTERONE

■■ In studies following the postoperative courses of men on tes-
tosterone therapy undergoing surgery for a variety of reasons, 
there has been no observed difference in their postoperative 
outcomes and relative risk of complications when compared to 
age-matched controls [7].

■■ We suggest continuing testosterone therapy prior to surgery 
and postoperatively.

 HRT OR OCPS
Women on HRT and OCPs are at higher risk of venous thromboem-
bolism (VTE) when compared to age-matched controls [1–3]. The 
data that inform this are largely derived from observational studies 
and have shown anywhere between a two- to sixfold increase in VTE 
in women receiving these therapies. The risk is more prounced in 
those on oral estrogen rather than transdermal [2–4]; some studies 
have shown no effect of transdermal HRT on incidence of VTE [2, 3]. 



127CHAPTER 15: HoRmonE THERAPy

The hypothesized mechanism of action is estrogen-induced resis-
tance to activated protein-C and reduced levels of protein-S; both 
compounds act as endogenous anticoagulants. The changes to coagu-
lation seen on HRT and OCPs are similar to physiologic hormonal 
changes that occur during pregnancy. Patients taking SERMs are also 
at higher risk of VTE, likely due to a similar mechanism. Aromatase 
inhibitors (AIs) have not been shown to be associated with VTE.

The risk of VTE associated with the use HRT or OCPs is synergistic 
with other underlying causes of hypercoagulability. When paired with 
an underlying coagulopathy, the prothrombotic mechanism of female 
reproductive hormone therapy results in an exponential increase in 
the likelihood of VTE. This is significant as the postoperative state is 
prothrombotic due to a variety of factors, such as endothelial dam-
age, venous stasis, and increased inflammation. The rates of VTE in 
patients on female reproductive hormone therapy with underlying 
inherited or acquired coagulopathy are particularly high, likely 20–40 
times increased relative risk [8–10]. However, there is a paucity of 
high-quality data regarding the effects of continued OCP use in the 
perioperative period.

■■ For patients who take OCPs, we discuss risks and benefits of 
holding these agents perioperatively. We often lean toward 
recommending that patients continue OCPs to avoid unin-
tended pregnancy in lower risk surgery (and based on lack of 
quality data suggesting risk for OCP use perioperatively), and 
holding OCPs for higher risk procedures, while discussing con-
traceptive alternatives with our patients.

■■ Our practice is to hold HRT approximately 2–4 weeks prior to 
surgery, in women who are willing and able, given the com-
bined prothrombotic risks of surgery and estrogen, and rela-
tive safety of holding these medications.

■■ All patients who elect to continue HRT or OCPs perioperatively 
should receive pharmacologic VTE prophylaxis while in the 
hospital or less mobile, if safe from a surgical perspective.

 SELECTIVE ESTROGEN RECEPTOR MODULATORS (SERMS)
SERMs (especially first generation, such as tamoxifen) are commonly 
used in the United States in the treatment of breast cancer, as part of 
a chemotherapy regimen. In breast cancer patients undergoing sur-
gery while on tamoxifen, a higher incidence of VTE has been demon-
strated. The risk is highest among those undergoing major surgery 
and is elevated in microvascular procedures as well.

■■ For patients undergoing major surgery (spinal surgery, joint 
replacement, etc.) or microvascular procedures, we recom-
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mend stopping tamoxifen and other first-generation SERMs 
2–4 weeks preoperatively and resuming 2–4 weeks postopera-
tively, or at a time when full mobility has returned [11, 12]. All 
decisions regarding the risks/benefits of cessation should be 
made in consultation with the patient’s oncologist and 
surgeon.

■■ There is insufficient and inconsistent evidence regarding the 
VTE risk of the third-generation SERMs (raloxifene, toremi-
fene, and ospemifene) to issue a definitive statement regarding 
their use perioperatively. Decisions regarding their continua-
tion/cessation perioperatively should be made in consultation 
with the patient’s oncologist and surgeon.

 OTHER HORMONES
■■ Aromatase inhibitors (AIs) can be continued without interrup-
tion perioperatively.

KEY CLINICAL PEARLS
 ³ Postmenopausal women receiving HRT are at increased risk of 
VTE compared to age-matched controls. The decision to continue 
or stop HRT should be made on an individualized basis.

 ³ Guidance regarding management of OCPs perioperatively should 
be tailored to the individual and the type of surgery, due to OCP 
association with VTE risk, and the risk of unplanned pregnancy if 
held; individuals on these medications should receive VTE prophy-
laxis for the duration of their hospitalization.

 ³ Testosterone can be continued perioperatively without cessation.
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Chapter
Thyroid Disease

Eve M. Lake, Jennifer R. Lyden, and Jeanie C. Yoon

 BACKGROUND
Thyroid gland disorders are common. Millions of Americans are liv-
ing with subclinical or overt thyroid dysfunction [1–3], and physi-
cians who provide perioperative care are frequently asked to assess 
surgical risks and assist in the management of patients with thyroid 
disease.

Thyroid hormone affects virtually every organ system in the body 
[1, 4]. In the perioperative period, the effects of thyroid imbalance 
range from clinically insignificant to shock and catastrophic multior-
gan system failure [5]. Despite the prevalence of thyroid dysfunction 
and its potential impact on surgical patients, there is a paucity of data 
examining surgical outcomes in those with thyroid disease.

 PREOPERATIVE EVALUATION
 PATIENTS NOT KNOWN TO HAVE THYROID DYSFUNCTION
There is no evidence to support routine preoperative thyroid testing 
in asymptomatic patients. Consider testing for thyroid disease with a 
serum thyroid-stimulating hormone (TSH) if there is a clinical con-
cern for new or poorly controlled thyroid disease. Symptoms and 
signs of significant thyroid dysfunction include:

■■ Hypothyroidism: Weight gain, lethargy, fatigue, cold intoler-
ance, dry skin, brittle hair, goiter, bradycardia, delayed relax-
ation phase of deep tendon reflexes

■■ Hyperthyroidism: Weight loss, tremor, tachycardia, atrial 
fibrillation, goiter, exophthalmos

16
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 PATIENTS WITH KNOWN HYPOTHYROIDISM
■■ Patients with stable disease (e.g., no recent medication changes, 
and recently documented euthyroid state) do not require test-
ing TSH preoperatively.

■■ Those with recent initiation or changes to thyroid hormone 
replacement therapy, or those with recent initiation or changes 
of drugs (e.g., estrogen) that affect thyroid hormone concen-
tration, should have TSH checked preoperatively.

■■ Check TSH preoperatively in hypothyroid patients treated with 
animal-derived desiccated thyroid preparations (e.g., Armour 
Thyroid ®, Naturethroid ®), given greater risk of product vari-
ability [6].

 PATIENTS WITH KNOWN HYPERTHYROIDISM
■■ Check baseline thyroid function tests (TSH and free T4) in 
all hyperthyroid patients, if not done within the last 3 
months.

■■ Those with recent initiation or changes to antithyroid drugs, or 
those with recent initiation or changes of drugs (e.g., estrogen) 
that affect thyroid hormone concentration, should have TSH 
and free T4 checked preoperatively. Consider adding a total T3 
if TSH is suppressed and there is clinical concern for 
thyrotoxicosis.

■■ If a patient has symptoms of dysphagia or dyspnea, or has 
stridor on exam, consult with an anesthesiologist.

 PERIOPERATIVE MANAGEMENT
 HYPOTHYROIDISM
Patients with treated hypothyroidism should continue thyroid hor-
mone replacement therapy in the perioperative period including the 
morning of surgery and postoperatively.

■■ If oral access is unavailable, hormone replacement can be held 
safely for 6–7 days given its long half-life [7]; it can also be 
given parenterally (usually between 50% and 75% of the oral 
dose).

■■ Patients receiving thyroid hormone replacement via feeding 
tube, with or without concurrent enteral nutrition, are at risk 
of developing subclinical or overt hypothyroidism [8, 9]. Hold 
tube feeds for at least 1 hour before and after administration 
of levothyroxine.
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There are little published data to help guide the management of 
hypothyroid patients perioperatively:

■■ No randomized trials have examined perioperative outcomes in 
euthyroid patients compared to those with thyroid dysfunction.

■■ Retrospective cohort studies have shown increased rates of 
complications associated with hypothyroid states [10].

Most experts agree that decisions to delay surgery should be based 
on the degree of hypothyroidism, presence of clinical features of 
hypothyroidism, and urgency of surgical intervention [11, 12]:

■■ In general, if time and clinical circumstances allow, achieving 
a euthyroid state prior to surgical intervention is optimal; how-
ever, patients with subclinical or mild hypothyroidism can 
typically proceed with elective surgeries (Table 16.1) [12–14].

TABLE 16.1 PERioPERATiVE MANAGEMENT oF PATiENTs WiTH 
HyPoTHyRoidisM

Degree of 
thyroid 
dysfunction

Laboratory 
findings Elective

Urgent/
emergent Treatment

Subclinical Increased 
TSH
Normal 
free T4

Proceed Proceed None

Mild – 
Moderate

Increased 
TSH
Low free 
T4

Decision 
based on 
degree of 
thyroid 
dysfunction, 
presence 
of clinical 
features

Proceed Standard 
replacement 
(1.7 mcg/kg PO 
daily; adjust 
dose q4-6wks 
based on TFTs)

Severe Myxedema 
syndromea

Free T4 
<1mcg/dL

Delay Proceed Endocrinology 
consult
ICU transfer
Emergent 
hormone 
replacementb

Hydrocortisone 
100 mg IV 
q8hours

aMyxedema syndrome is a medical emergency with a high mortality rate. 
Optimal management for myxedema syndrome is unclear [16] (see below)
bTreat with both T3 and T4 if suspicion for myxedema syndrome
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■■ In the absence of symptoms or signs of hypothyroidism, there 
is no need to postpone elective surgery for TSH <10. The anes-
thesiologist should be informed. These recommendations are 
based on the physiological effects of mild hypothyroidism and 
not on clinical trials.

■■ If surgical intervention is necessary or emergent, surgeons, 
anesthesiologists, and internists should be aware that periop-
erative complications may occur in those with mild to moder-
ate hypothyroidism [3, 12, 13, 15]. Close cardiovascular, 
respiratory, and renal monitoring is suggested (Table 16.2).

 Thyroid Function in the Critically Ill
Critical illness is associated with alterations in concentrations of thy-
roid hormones. Previously known as “euthyroid sick syndrome,” this 
syndrome is now termed “non-thyroidal illness.” Laboratory data are 
consistent with central hypothyroidism:

TABLE 16.2 PERioPERATiVE CoMPLiCATioNs iN PATiENTs WiTH 
HyPoTHyRoidisM

Cardiovascular [3, 12, 13, 15]
  Decreased cardiac output from decreased heart rate and stroke 

volume contractility
  Decreased total blood volume from increased peripheral vascular 

resistance (increased mean arterial pressure suppresses the renin- 
angiotensin- aldosterone system which in turn decreases sodium 
absorption and blood volume)

Pulmonary [3, 12, 13, 15]
  Respiratory failure from decreased hypoxic and hypercapneic 

ventilatory drive
  Respiratory muscle weakness
Renal [3, 12, 13, 15]
  Decreased renal perfusion
  Inappropriate secretion of antidiuretic hormone leading to free 

water retention and hyponatremia
  Decreased renal clearance of medications/anesthesia
Gastrointestinal [3, 12, 13, 15]
  Delayed gastric emptying and gut motility
Metabolic [3, 12, 13, 15]
  Delayed metabolism leading to prolonged half-life of certain 

medications
Immunologic [3, 12, 15]
  Impaired ability to mount a febrile response
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■■ T3 usually low
■■ T4 and free T4 low or normal
■■ TSH low or normal

The degree of thyroid hormone abnormalities generally correlates 
with the degree of illness. In this setting, there is no evidence that 
thyroid hormone replacement is beneficial, and it may be harmful. 
Thyroid function should not be checked in critically ill patients unless 
there is strong suspicion and/or clinical evidence of thyroid dysfunc-
tion (e.g., unexplained bradycardia, tachycardia, atrial dysrhythmia, 
hypothermia, altered mental status) [20–23].

 The Hypothyroid Patient Undergoing Cardiovascular Surgery
Thyroid hormone has profound effects on the cardiovascular system 
[24], but replacement is controversial in cardiac surgeries. Thyroid 
hormone replacement might increase coronary ischemia; in patients 
with severe coronary artery disease (CAD) who are undergoing car-
diovascular surgery and are initiating thyroid hormone replacement, 
we recommend starting at a more modest initial dose (50–75% 
replacement dose by weight). If there is clinical concern for severe 
hypothyroidism, consult an endocrine specialist. Patients with CAD 
undergoing cardiovascular surgery who have been on a stable dose of 
thyroid hormone replacement should continue current dosing.

 Myxedema Syndrome (Severe Hypothyroidism)
In rare cases, the stress of surgery in patients with undertreated hypo-
thyroidism can trigger myxedema syndrome: Severe hypothyroidism 
representing a medical emergency with a high mortality rate [3, 16, 
25]. The clinical presentation of myxedema syndrome includes [15]:

■■ Decreased level of consciousness
■■ Hypothermia
■■ Cardiovascular effects: Hypotension, bradycardia, cardiac 
arrhythmias

■■ Hypoventilation
■■ Hyponatremia
■■ Hypoglycemia

The diagnosis is based on a high TSH, very low free T4, and the 
clinical presentation. If myxedema syndrome is suspected, cortisol 
(and if possible a Cosyntropin stimulation test) should be sent to 
assess for associated adrenal insufficiency. Treatment usually requires 
intensive supportive measures, depending on the severity of hypothy-
roidism [16, 17]:

■■ Admission to intensive care unit
■■ Mechanical ventilation
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■■ Re-warming
■■ Volume resuscitation and/or vasopressor support
■■ Cardiac monitoring
■■ Stress dose corticosteroids until adrenal insufficiency excluded

Thyroid hormone replacement should be initiated in any patient 
suspected of myxedema syndrome, in collaboration with a thyroid 
specialist. There is limited evidence for exact hormone replacement 
regimens, but the American Thyroid Association recommends IV 
administration of both T4 (strong recommendation) and T3 (weak 
recommendation) [17–19].

■■ Initial T4 loading dose of 200–400 mcg × 1 followed by 
1.6 mcg/kg daily, reduced to 75% if given IV [19].

■■ In addition to T4, consider giving IV T3 with initial loading 
dose of 5–20 mcg, followed by 2.5–10 mcg every 8 hours; lower 
dosages should be used for smaller or older patients and those 
with history of coronary artery disease or arrhythmia.

■■ T3 has been associated with increased risk of cardiac ischemia 
and/or arrhythmias [26]; however, there are minimal data to 
support this [27, 28].

 HYPERTHYROIDISM
 Nonthyroid Surgery
There are scant data evaluating the risk of hyperthyroidism in non-
thyroid surgery. A hyperthyroid state has significant cardiopulmo-
nary effects that might increase the risk of surgery; however, the 
decision regarding whether to pursue surgery depends on the clini-
cal status of the patient, degree of thyroid hormone imbalance, and 
urgency of surgery [24, 29] (See Table 16.3). Care should usually be 
coordinated with a thyroid specialist, but general principles 
include:

■■ Patients with known hyperthyroidism should continue hyper-
thyroid medications throughout the perioperative period, 
including the morning of surgery.

■■ Patients with subclinical hyperthyroidism (low TSH, normal 
free T4 and T3) can typically proceed with elective surgeries. 
Subclinical hyperthyroidism has been associated with 
increased risk of atrial fibrillation in older, ambulatory patients 
[30, 31]. Observe for perioperative atrial fibrillation.

■■ In general, in the absence of symptoms or signs of hyperthy-
roidism, there is no need to postpone elective surgery for TSH 
0.1–0.4, or a TSH that is undetectable and free T4 <1.5 times 
the upper limit of normal. The anesthesiologist should be 
informed. These recommendations are based on the physiolog-
ical effects of mild hyperthyroidism and not on clinical trials.
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■■ Elective surgery should be postponed in patients with poorly 
controlled or untreated hyperthyroidism (i.e., those with thy-
roid function tests outside these general parameters, or with 
symptoms or signs of hyperthyroidism) until they are euthy-
roid, due to the risk of thyroid storm (see Table 16.4).

■■ For patients with overt hyperthyroidism requiring urgent sur-
gery, treatment for hyperthyroidism should start as soon as 
possible. If there are no contraindications, preoperative initia-
tion of beta blockers is recommended. For patients with 
Graves’ disease or toxic adenoma/multinodular goiter, consider 
adding thionamides followed by iodine and corticosteroids if 
thyrotoxicosis is severe, in consultation with a thyroid  specialist 
[32]. Maintain a lower index of suspicion for potential cardio-
vascular complications, including arrhythmia, heart failure, 
and ischemia.

 Thyroid Surgery
In general, care should be coordinated with a thyroid specialist. 
Studies suggest that perioperative beta-blockers alone effectively con-
trol the clinical manifestations of hyperthyroidism and are as effective 

TABLE 16.3 PERioPERATiVE CoMPLiCATioNs iN PATiENTs WiTH 
HyPERTHyRoidisM

Cardiovascular [34]
  Arrhythmias, e.g., atrial fibrillation [35]

  Tachycardia, systolic hypertension, widened pulse pressure from 
decreased peripheral vascular resistance

  Congestive heart failure

  Pulmonary hypertension [36, 37]

  Angina from increased myocardial oxygen demand

Pulmonary

  Dyspnea due to increased oxygen consumption and CO2 production

  Respiratory and skeletal muscle weakness

  Decreased lung volume

Gastrointestinal

  Increased gut motility with malabsorption, malnutrition

Metabolic

  Increased basal metabolic rate

Psychiatric

  Delirium, psychosis, altered mental status
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TABLE 16.4 PERioPERATiVE MANAGEMENT oF PATiENTs WiTH 
HyPERTHyRoidisM

Degree of 
thyroid 
dysfunction

Laboratory 
findings Elective

Urgent/
emergent Treatment

Subclinical Low TSH
Normal free 
T4

Proceed Proceed None
Monitor for perioperative 
atrial fibrillation

Mild – 
Moderate

Low TSH
High free T4

Decision 
based on 
degree of 
thyroid 
dysfunction, 
presence 
of clinical 
features

Proceed Endocrinology consultation
Beta-blockade (e.g., 
atenolol, metoprolol) for 
goal HR 60–80a

Thionamide (methimazole 
preferred) for patients with 
Graves’ or toxic adenoma/
multinodular goiter; add 
potassium iodide (e.g., 
SSKI) if thyrotoxicosis is 
severe

Severe Severe 
clinical 
signs, 
thyroid 
storm

Delay Proceed Intensive care unit transfer
Endocrinology consultation
High dose thionamide 
(propylthiouracil or 
methimazole, oral or 
rectal), beta-blockade 
(propranolol, esmolol), 
inorganic iodide (SSKI), 
and glucocorticoids 
(hydrocortisone, 
dexamethasone) [35]. Start 
treatment empirically while 
awaiting test results
Consider use of iodinated 
radiocontrast agent, e.g., 
iopanoic acid if availableb 
[36]
Supportive care: 
Acetaminophen, cooling 
blankets, volume 
resuscitation, glycemic 
control
Workup for other 
precipitating causes (e.g., 
infection)

aPropranolol can be used intraoperatively [38]
bIopanoic acid and iopate are currently not available in the USA [39]
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as thionamides with similar low rates of anesthetic and cardiovascular 
complications [33]. In thyroidectomy for Graves’ disease, inorganic 
iodide can be used starting 10 days before to decrease thyroid vascu-
larity and surgical blood loss. For post-thyroidectomy patients, the 
medicine consultant should be vigilant for:

■■ Neck wound hemorrhage or infection
■■ Vocal cord paralysis
■■ Hypocalcemia (sign of hypoparathyroidism)
■■ Symptoms of thyrotoxicosis

 Thyroid Storm
Occurring very rarely, thyroid storm is the most serious perioperative 
complication associated with hyperthyroidism. Thyroid storm usu-
ally occurs during or within a few hours of a complicated thyroid 
surgery (e.g., one requiring heavy manipulation of the thyroid gland). 
It carries a high mortality, up to 40% [40]. Diagnosis of thyroid storm 
is clinical: Degree of TSH suppression or thyroid hormone elevation 
does not help differentiate between thyroid storm and uncomplicated 
hyperthyroidism. Signs include tachycardia, heart failure, hyperpy-
rexia, altered mental status, nausea, diarrhea, and hepatic failure. If 
thyroid storm is suspected, empiric treatment should be started 
promptly and workup initiated for precipitating causes (e.g., infec-
tion) while awaiting thyroid test results (see Table 16.4).

KEY CLINICAL PEARLS
 ³ No need to test for thyroid disease preoperatively, unless suggested 
by history or physical exam.

 ³ Patients with subclinical or mild hypo- or hyperthyroidism, with-
out clinical features of thyroid dysfunction, can generally proceed 
to elective or urgent surgery.

 ³ Patients with severe hypothyroidism or hyperthyroidism for 
whom surgery cannot be postponed should have preoperative 
treatment of their thyroid disease initiated as soon as possible, as 
well as close monitoring for potential complications 
perioperatively.
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Chapter
Liver Disease and Perioperative  
Risk

Kay M. Johnson and Kara J. Mitchell

 BACKGROUND
Acute hepatitis and cirrhosis are major risk factors for complications 
of surgery due to a number of physiologic changes [1–3]:

■■ Baseline decreased systemic vascular resistance, augmented 
by anesthetics and blood loss

■■ Poor hepatic metabolism of some medications, and risk for 
hepatic encephalopathy

■■ Bleeding risk from impaired synthesis of thrombopoietin and 
clotting factors, splenic platelet sequestration, and portal 
hypertension-induced varices

■■ Pulmonary risk from ascites or pleural effusions (restriction); 
portopulmonary hypertension and/or hepatopulmonary 
syndrome

■■ Infection risk due to impaired reticuloendothelial cell func-
tion, ascites-related risk for abdominal wound dehiscence

■■ Risk for renal insufficiency due to hypotension, ascites, 
diuretic therapy, and/or hepatorenal syndrome

Patients with compensated liver disease (mild chronic hepatitis, 
nonalcoholic fatty liver disease, etc.) generally tolerate surgery well 
[2, 4]. Patients with severe or decompensated liver disease, however, 
may have a mortality approaching 80% [1, 2, 5, 6]. The role of the 
medical consultant includes preoperative risk assessment, optimiza-
tion of liver disease, and prevention and management of postopera-
tive complications.
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 PREOPERATIVE EVALUATION
 ASYMPTOMATIC PATIENTS NOT KNOWN TO HAVE LIVER 
DISEASE

■■ Ask about: Alcohol use, blood transfusions, intravenous (IV) 
drug use, and sexual history.

■■ Look for: Jaundice, spider telangiectasias, palmar erythema, 
gynecomastia, splenomegaly, encephalopathy, ascites, and 
peripheral edema.

■■ Checking liver biochemical tests for screening purposes in 
asymptomatic patients is generally not recommended [2].

 RISK STRATIFICATION IN KNOWN OR SUSPECTED LIVER 
DISEASE
History and exam should be directed at the current state of the 
patient’s liver disease, medication regimen, volume status, and prior 
history of complications, including response to previous surgeries or 
anesthesia. Surgeries that carry the highest risk for patients with liver 
disease include the following:

■■ Emergency and trauma surgery
■■ Surgery involving significant blood loss (>150 ml)
■■ Intra-abdominal surgery, especially if there has been previous 
abdominal surgery and lysis of adhesions is required

■■ Hepatic resection
■■ Cardiac surgery

 Hepatitis
Acute viral hepatitis carried a 10–13% mortality in two studies of 
open liver biopsy between 1958 and 1963 [1, 2]. A similar study and 
a small case series of patients with alcoholic hepatitis demonstrated 
a 55–100% mortality after laparotomy [1, 2]. Obese patients with 
nonalcoholic fatty liver disease (NAFLD) are not thought to be at 
increased risk for bariatric surgery, in the absence of portal hyperten-
sion or other independent risk factors [4].

 Cirrhosis
Both the Child–Turcotte-Pugh (CTP) classification and the model for 
end-stage liver disease (MELD) score predict the perioperative mor-
tality of patients with cirrhosis.

■■ The CTP classification is calculated using INR, albumin, bili-
rubin, and the presence or absence of encephalopathy and/or 
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TABLE 17.1 CHiLD-TURCoTTE-PUGH CLAssiFiCATion FoR CiRRHosis [7]

Variable 1 point 2 points 3 points

Albumin (g/dL) >3.5 2.8–3.5 <2.8

INR <1.7 1.7–2.3 >2.3

Bilirubin (mg/dL)a <2 2–3 >3

Ascites Absent Slight-moderate Tense

Encephalopathy None Grade I–II Grade III–IV

aFor cholestatic diseases (i.e., primary biliary cirrhosis), the bilirubin 
elevation is disproportionate to the impairment of hepatic synthetic func-
tion and portal hypertension; therefore, assign 1 point for bilirubin 
<4 mg/dL, 2 points for bilirubin 4–10 mg/dL, and 3 points for bilirubin 
>10 mg/dL

TABLE 17.2 MoRTALiTY in PATiEnTs WiTH CiRRHosis UnDERGoinG 
ABDoMinAL sURGERY [1, 2, 5, 8]

Class A 5–6 points ~10% mortality

Class B 7–9 points ~17–30% mortality

Class C 10–15 points ~63–82% mortality

ascites, as detailed in Table 17.1; 5–6 points is Class A, 7–9 
points is Class B, and 10–15 points is Class C. Table 17.2 shows 
the approximate postoperative risk for patients with CTP class 
A, B, and C cirrhosis.

■■ Higher MELD scores generally correlate with worse outcomes 
[9–13]. For patients with MELD >15, the finding of serum 
albumin <2.5 has been shown to correlate with worse out-
comes [14]. Calculators are widely available online to deter-
mine the MELD score. MELD = 3.78 × loge (bilirubin in mg/
dl) + 11.2 × loge (INR) + 9.57 × loge (creatinine in mg/dl) + 6.43. 
Enter 1 for creatinine <1.0 or 4 for creatinine >4 or dialysis. 
Round to nearest integer. Mortality stratified by MELD score 
is shown in Table 17.3 [12].

■■ The Mayo model (calculator available online) adds American 
Society of Anesthesiologists (ASA) classification to MELD 
score for the prediction of postoperative mortality [13]. It is 
based on a retrospective study of 772 patients undergoing 
abdominal, cardiovascular, and orthopedic surgeries. 
Limitations of the calculator include the median MELD of only 
8 in their study, and exclusion of low-risk surgeries (appendec-
tomy, herniorrhaphy, and laparoscopic cholecystectomy).
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■■ Another risk calculator developed in Japan takes into account 
age, CTP class, Charlson Comorbidity Index, and duration of 
anesthesia [15].

Figure 17.1 shows a risk stratification strategy for both acute 
hepatitis and chronic liver disease [16].

 PERIOPERATIVE MANAGEMENT
 PREOPERATIVE CONSIDERATIONS
Although the internist should refrain from making recommendations 
about intraoperative care, it is helpful to have some familiarity with 
issues that may arise during or as a result of anesthesia; these are 
well-detailed elsewhere [17]. Consider making the following recom-
mendations for patients proceeding to surgery:

■■ Delay surgery until after liver transplantation and/or suggest a 
less-invasive option when reasonable (e.g., cholecystostomy in 
place of cholecystectomy) [18].

■■ If screening for esophageal varices and starting a nonselective 
beta blocker are indicated [19], consider doing this prior to 
elective surgery.

Assess CTP
or

MELD score

Acute
hepatitis

Fulminant
hepatic failure

Known or
suspected
cirrhosis

No cirrhosis

CTP class C
or

MELD score >15

CTP class B
or

MELD score 10–15

CTP class A
or

MELD score <10

Proceed with
surgery

Proceed with
caution and close

perioperative
monitoring

Consider
alternatives
to surgery

Consider candidacy
for liver

transplantation

Defer surgery
until the

condition improvesAcute
liver

disease

Chronic
liver

disease

Fig. 17.1 Preoperative evaluation and risk stratification in suspected liver 
disease (Reprinted with permission from [16])
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■■ Preoperative transjugular intrahepatic portosystemic shunt 
(TIPS) may reduce perioperative GI bleeding for patients with 
severe portal hypertension, but at the expense of worsened 
encephalopathy [20, 21].

■■ Treat ascites with diuretics (if peripheral edema present), salt 
restriction, and/or paracentesis.

■■ Anticipate the way in which surgical site may impact periop-
erative treatment of encephalopathy (e.g., patients unable to 
take oral medications may require rectal administration of 
lactulose, or enemas may be contraindicated in rectal 
surgery).

■■ Evaluate renal function preoperatively, recalling that calcu-
lated creatinine clearance may underestimate the degree of 
impairment.

■■ Vitamin K can be given preoperatively to try to correct a high 
INR, though is not always effective. Patients with cholestasis 
may not absorb oral vitamin K properly and should be given 
IV or subcutanous doses. However, recent data suggest that the 
INR may not be predictive of perioperative bleeding in cir-
rhotic patients [22]. Low fibrinogen levels may contribute to 
bleeding, but correcting this with fresh frozen plasma can 
expand plasma volume and increase portal hypertension [22]. 
In high bleeding risk situations, consider consulting a hema-
tologist for guidance in administering prothrombin complex 
concentrate.

■■ Keep extra cross-matched blood on hand, but note that trans-
fusion may be associated with worsened outcomes [13].

■■ Consider transfusing platelets if severe thrombocytopenia is 
present. Optimal platelet count is unknown, but many provid-
ers use a goal of >50 K for average risk procedures [3] and 
>100 K for high-risk procedures (such as neurosurgery)—
although these targets are not always achievable.

 POSTOPERATIVE MANAGEMENT
■■ Watch clinically (consider intensive care unit (ICU)) for exac-
erbation of liver disease postoperatively: Ascites, jaundice, 
encephalopathy, etc. [23].

■■ Monitor renal function (BUN, Cr, and electrolytes) and hepatic 
synthetic function (albumin, PT/INR, and glucose) closely.

■■ Particularly after intra-abdominal surgery, patients experience 
significant third spacing and are susceptible to acute kidney 
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injury; limit routine maintenance IV fluids postoperatively (to 
avoid exacerbating ascites and/or edema), but do not neglect to 
resuscitate an intravascularly volume-depleted patient.

■■ Be cautious with use of diuretics for treatment of ascites or 
edema that may develop during the first couple of days after 
surgery while patients are still actively third-spacing fluids.

■■ Monitor bowel movements, aiming for 2–4 per day. Manage 
encephalopathy in the usual fashion (lactulose or polyethylene 
glycol (PEG) 3350–electrolyte solution [24], rifaximin, etc.), 
and consider potential causes such as gastrointestinal bleed-
ing, infection, CNS depressing medications, electrolyte distur-
bances, hypoxia, constipation, or renal insufficiency. Order 
aspiration precautions. Do not restrict dietary protein [25].

■■ Use short-acting analgesics, such as fentanyl. Avoid benzodiaz-
epines; if one must be used (e.g., to treat alcohol withdrawal), 
lorazepam is preferred.

■■ Avoid hypercarbia, which may cause splanchnic vasodilation 
and decrease portal blood flow.

■■ Continue nonselective beta-blockade (unless contraindicated) 
and avoid fluid overload or over-transfusion in patients with 
gastroesophageal varices.

■■ Optimize perioperative nutritional support.
■■ Limit acetaminophen use to not more than 2 g/day.

KEY CLINICAL PEARLS
 ³ Patients with compensated liver disease, such as mild chronic 
hepatitis, nonalcoholic fatty liver disease or CTP Class A (or 
MELD < 10) cirrhosis, generally tolerate surgery.

 ³ Risks and benefits of surgery should be considered carefully for 
CTP Class B (MELD 11–15); preoperative optimization and peri-
operative monitoring are essential for this moderate risk group.

 ³ CTP Class C patients (MELD >15) are at high risk for mortality; 
liver transplantation or alternatives to surgery should be 
considered.
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Chapter
Inflammatory Bowel Disease

Neha Deshpande and Gabrielle Berger

 BACKGROUND
Despite the widespread use of medical therapy in the management of 
inflammatory bowel disease (IBD), up to 30% of patients with ulcer-
ative colitis (UC) and 70% of patients with Crohn’s disease (CD) will 
require intra-abdominal surgery [1, 2]. Patients with IBD are at risk 
for postoperative complications including surgical site infection, 
intra-abdominal abscess, bacteremia, strictures and fistulae, small 
bowel obstruction, portal vein thrombosis, and poor wound healing 
including anastomotic leak and wound dehiscence [3–6]. For patients 
with moderate-to-severe disease activity, current data support the use 
of combination therapy including an antitumor necrosis factor-alpha 
(anti-TNF) inhibitor in combination with an immunomodulator, usu-
ally a thiopurine (e.g., azathioprine or 6-mercaptopurine). However, 
limited data exist to guide the management of combination therapy 
in the perioperative setting.

This chapter focuses on evidence for perioperative management of 
IBD patients undergoing intra-abdominal surgery; however, the 
medication recommendations are applicable for IBD patients under-
going other types of surgery.

 PREOPERATIVE EVALUATION
 PATIENT-SPECIFIC RISKS
In addition to a standard comprehensive physical examination, the 
medical consultant should assess the patient for risk factors for post-
surgical complications.
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 History and Physical Examination
■■ Evaluate for symptoms of occult infection including fevers, 
chills, night sweats

■■ Evaluate for symptoms of hypothalamic pituitary adrenal 
(HPA) axis suppression if the patient has taken glucocorticoids 
in the previous 3 months; observe for Cushingoid features (see 
Chap. 14)

■■ Inquire about smoking history
■■ Assess for evidence of malnutrition
■■ Examine for fistulizing disease and evidence of intra- abdominal 
abscess

 Laboratory Work-Up
■■ CBC—many immunomodulators used to treat IBD cause ane-
mia and leukopenia.

■■ Basic metabolic panel (BMP)—look for evidence of acute kid-
ney injury (AKI) or chronic kidney disease (CKD), which can 
be caused by aminosalicylates and methotrexate.

■■ Consider liver function tests (LFTs)—some immunomodula-
tors can cause hepatotoxicity.

■■ Glucose—optimizing perioperative glycemic control helps 
ensure appropriate wound healing, particularly for patients on 
glucocorticoids.

 SURGERY-SPECIFIC RISKS
Most procedures for IBD are considered intermediate or high-risk 
surgeries and may involve a two- or three-stage operation. These 
patients are often at increased risk for postsurgical complications due 
to the complexity of the surgical procedures as well as the underlying 
inflammation of the tissue in the surgical site [5]. Specific consider-
ations include:

■■ Simple laparoscopic resection—generally well-tolerated with-
out significant morbidity [7].

■■ Laparoscopic resection for penetrating and fistulizing Crohn’s 
disease—associated with increased operative time, risk for 
conversion to open procedures, and need for diverting stoma.

■■ Ileal pouch-anal anastomosis (IPAA)—a two- or three-stage 
procedure used to manage ulcerative colitis refractory to 
medical therapy. Pouch leaks can lead to intraabdominal 
infection or sepsis in the period following pouch creation or 
ileostomy takedown. IPAA is also associated with an increased 
risk of portal vein thrombosis, which occurs in up to 40% of 
patients [5].
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■■ Emergency colectomy—patients who require emergency sur-
gery are acutely ill and may not be medically optimized, thus 
increasing risk of intraabdominal sepsis and mortality com-
pared to elective surgery [8].

 Risk Stratification
■■ Patients with extensive small bowel and colon involvement are 
at higher risk for postoperative complications than those with 
only ileal involvement [9].

■■ Comorbid conditions such as malnutrition and anemia, as well 
as older age, may contribute to worse postoperative outcomes 
[5, 10].

■■ Use of glucocorticoids and opioid medications has been 
associated with increased mortality and postoperative mor-
bidity [9].

■■ Active smokers have increased risk of postoperative complica-
tions and overall mortality [8, 11].

 PERIOPERATIVE MANAGEMENT
 MEDICATION MANAGEMENT
Appropriate perioperative medication management for patients with 
IBD remains challenging. Since the advent of biologic therapy to 
control IBD, numerous studies evaluating the postoperative compli-
cations in patients on anti-TNF alpha agents have shown conflicting 
results. Most of these studies are limited by retrospective design, 
small sample size, and an inability to control for confounders [12, 
13]. Furthermore, most of the data are derived from patients on inf-
liximab; there are less data available regarding the risks associated 
with newer anti-TNF medications (adalimumab, certolizumab pegol) 
and non-anti-TNF agents (vedolizumab, ustekinumab) [11, 15].

■■ Despite significant heterogeneity among studies, the evidence 
increasingly supports timing elective surgery with the nadir of 
biologic drug levels to reduce postoperative morbidity includ-
ing infection.

■■ To minimize risk of disease relapse, expert opinion supports 
resuming biologic therapy within 4 weeks after surgery once 
the concern for infection has resolved [8, 11, 15, 16].

■■ A multicenter, prospective cohort study of patients with IBD 
on biologic therapy is underway to determine if exposure to 
anti-TNF agents preoperatively is independently associated 
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with risk for postoperative infections and pouch-specific com-
plications (PUCCINI trial) [17].

■■ See Table 18.1 for general guidelines for management of 
immunomodulatory medications perioperatively.

 PREVENTION OF POSTOPERATIVE COMPLICATIONS
Patients undergoing surgery for IBD present clinicians with unique 
postoperative challenges that can delay recovery including limited 
options for pain management, hyperglycemia in patients on gluco-
corticoids, poor nutritional status, and increased risk for postopera-
tive venous thromboembolism (VTE). The following measures may 
help guide clinicians for preoperative risk optimization as well as 
postoperative management of patients with IBD.

■■ Advise smoking cessation prior to elective surgery.
■■ Address perioperative glycemic control for patients on gluco-
corticoids, as persistent hyperglycemia can delay wound heal-
ing and lead to surgical site complications.

■■ Attempt to minimize the use of opioid analgesia, though it is 
important to note that opioids are preferred over other pain 
medications, as studies have shown a possible association 
between nonsteroidal antiinflammatory drug (NSAID) use and 
IBD flares [18].

TABLE 18.1 mEDICATIon mAnAGEmEnT DURInG THE PERIoPERATIVE 
PERIoD

Glucocorticoids Continue; consider stress dose steroids if patient 
on moderate or high dose for >3 weeks (see Chap. 
14) [9, 15]

5-Aminosalicylic 
acid (5-ASA)

Hold on the day of surgery and resume 3 days 
postoperatively if renal function normal [9]

Azathioprine, 
6-mercaptopurine 
(6-MP)

Hold on the day of surgery and resume with other 
oral medications if renal function normal [9, 10, 
15]

Methotrexate Continue if renal function normal and no signs of 
infection [9, 15]

Cyclosporine Continue but carefully monitor for renal 
dysfunction and opportunistic infection [9, 10, 15]

Biologic therapies Time elective surgery with drug nadir and resume 
within 4 weeks after surgery if no signs of 
infection [7, 10, 14, 15]
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■■ Transfuse to maintain hemoglobin >7 g/dL.
■■ Treat iron deficiency anemia with iron supplementation (IV 
or PO).

■■ Collaborate closely with nutrition colleagues to maintain ade-
quate supplementation and aid postoperative healing—patients 
may need total parenteral nutrition (TPN) depending on 
underlying malnutrition and disease severity, particularly if 
patient is undergoing a two or three-stage procedure.

■■ Pursue early antibiotic therapy and surgical exploration if con-
cerned for an intra-abdominal source of sepsis.

■■ Initiate pharmacologic VTE prophylaxis as soon as bleeding 
risk is acceptable and continue for the duration of hospitaliza-
tion [8, 11].

KEY CLINICAL PEARLS
 ³ Patients with IBD are at risk for postoperative complications 
including surgical site infection, intra-abdominal abscess, bactere-
mia, strictures and fistulae, small bowel obstruction, portal vein 
thrombosis, venous thromboembolism, and poor wound healing 
including anastomotic leak, and wound dehiscence.

 ³ Use of glucocorticoids and opioid analgesia has been associated 
with increased postoperative morbidity.

 ³ Current data and expert opinion suggest timing elective surgery 
for IBD with the nadir of anti-TNF drug levels and resuming the 
anti-TNF agent within 4 weeks after surgery.
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 BACKGROUND
Nutrition assessment should be a routine part of the preoperative 
evaluation. Malnutrition is associated with increased rates of postop-
erative infection, impaired wound healing [1], higher readmission 
rates, and increased length of stay [2]. The stress of surgery causes 
catecholamine and cortisol release, which results in a hypermetabolic 
state that can further exacerbate underlying malnutrition [3]. 
Identifying patients with malnutrition and stratifying them according 
to severity of malnutrition allows for perioperative interventions that 
reduce surgical complications. In select cases, it may be beneficial to 
delay surgery to optimize nutritional status, bolster the immune sys-
tem, and prepare the body for the systemic stress response to surgery.

In the perioperative and postoperative period, both well-nourished 
and malnourished patients benefit from interventions focused on 
optimizing nutritional state and minimization of time spent nil-per-
 os (NPO). Additionally, the consulting internist should be aware of 
recommendations regarding initiation of nutrition postoperatively, 
with a focus on early advancement of diet or enteral feeding, and 
indications for parenteral nutrition.

 PREOPERATIVE EVALUATION
 EVALUATION OF NUTRITION STATUS
While there are no universally accepted criteria, most experts require 
two of the following to diagnose malnutrition: Inadequate caloric 
intake, unintentional weight loss, low body mass index (BMI), visible 
loss of muscle mass or subcutaneous fat, or poor handgrip strength 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_19&domain=pdf
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[4]. Note that serum hepatic proteins such as the negative acute 
phase proteins albumin, prealbumin, and transferrin are not valid 
indicators of nutritional status; they more accurately reflect severity 
of disease/inflammation [5]. Furthermore, low levels of these serum 
proteins are not responsive to nutrition intake during an active 
inflammatory state [4]. A routine preoperative evaluation for nutri-
tional status should include the following:

■■ History of recent weight loss and adequacy of caloric intake.
■■ Identification of comorbid conditions that can influence nutri-
tional status (i.e., prior GI surgery, chronic kidney disease, 
cancer, recent trauma or infection).

■■ Identification of disease states that necessitate dietary restric-
tion (e.g., congestive heart failure, chronic kidney disease).

■■ Identification of significant alcohol or substance abuse history.
■■ Physical exam: Height, weight (to allow body mass index cal-
culation), evidence of muscle wasting, and ascites/edema.

■■ Laboratory evaluation: If there is concern for malnutrition 
based on history and physical exam, order basic metabolic 
panel and phosphate level to evaluate for electrolyte abnor-
malities and renal dysfunction, and a complete blood count 
(CBC) to evaluate for anemia.

 RISK STRATIFICATION
Preoperative nutrition evaluation addresses both current nutritional 
status and the risk for nutritional deterioration as a result of increased 
demands caused by metabolic stress [5]. The Nutritional Risk 
Screening-2002 (NRS 2002) is a validated method for identifying mal-
nourished patients that may benefit from nutritional support [5]. This 
tool also helps to classify patients with mild, moderate, or severe malnu-
trition. Details of this screening tool are found in Tables 19.1 and 19.2.

TABLE 19.1 NUTRITIONAL RISK SCREENING (NRS 2002) – INITIAL SCREEN-
ING [5]

Is BMI < 20.5? Yes No

Has the patient lost weight within the last 3 months?

Has the patient had a reduced dietary intake in the last 
week?

Is the patient severely ill? (e.g., in intensive therapy)

Yes If the answer is “Yes” to any question, the screening in Table 19.2 is 
performed
No If the answer is “No” to all questions, the patient is rescreened at weekly 
intervals. If the patient is scheduled for a major operation, a preventative 
nutritional care plan is considered to avoid the associated risk status
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 PERIOPERATIVE MANAGEMENT
 OPTIMIZING NUTRITION STATUS PRIOR TO SURGERY
 Preoperative Enteral and Parenteral Nutrition
Patients with severe malnutrition (defined as nutritional risk screen 
[NRS] greater than 3 OR weight loss of 10–15% of total body mass in 
past 6 months or BMI < 18.5) undergoing major elective surgery (i.e., 

TABLE 19.2 NRS [5] – FINAL SCREENING [5]

Impaired nutritional status
Severity of disease (≈ 
increase in requirements)

Absent 
score 0

Normal nutrition status Absent 
score 0

Normal nutritional 
requirements

Mild 
score 1

Wt loss > 5% in 
3 months or food 
intake below 50–70% of 
normal requirement in 
preceding week

Mild 
score 1

Hip fracture; 
chronic patients 
with acute 
complications; 
cirrhosis; 
COPD; chronic 
hemodialysis; 
diabetes, oncology

Moderate 
score 2

Wt loss > 5% in 
2 months or BMI 
18.5–20.5 + impaired 
general condition or 
food intake 25–60% of 
normal requirement in 
preceding week

Moderate 
score 2

Major abdominal 
surgery; stroke; 
severe pneumonia; 
hematologic 
malignancy

Severe 
score 3

Wt loss > 5% 
in 1 month or 
BMI < 18.5 + impaired 
general condition or 
food intake below 
50–70% of normal 
requirement in 
preceding week

Severe 
score 3

Head injury; 
bone marrow 
transplantation; 
intensive 
care patients 
(APACHE > 10)

Score: [nutritional status score] + [disease severity score] = total score
Age If ≥70 years: Add 1 to total score above = age-adjusted total score
Score ≥ 3: The patient is nutritionally at risk and a nutritional care plan 
is initiated
Score < 3: Weekly rescreening of the patient. If the patient, e.g., is sched-
uled for a major operation, a preventive nutritional care plan is consid-
ered to avoid the associated risk status.
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gastrointestinal surgery, cardiothoracic surgery, complex head, and 
neck surgery) benefit from supplemental nutrition prior to surgery 
[6]. Just 5–7 days of adequate preoperative nutrition can prepare the 
body for the metabolic insult and stress of surgery and results in 
improved surgical outcomes including reduced rates of infection and 
surgical complications [7].

■■ Enteral nutrition is preferred to parenteral nutrition as it has 
lower risk of infection, is less expensive, and maintains the 
integrity of the gut mucosal lining. Supplemental nutrition (as 
oral supplements or by tube feeds) should provide 25 kcal/kg/
day of calories and 1.5–2 g/kg/day of protein [7].

■■ If enteral nutrition is contraindicated (bowel obstruction, 
bowel ischemia, and acute peritonitis) and the patient is 
severely malnourished, surgery should be delayed for 5– 7 days 
to administer parenteral nutrition, if feasible.

■■ Parenteral nutrition should be stopped 2–3 hours prior to sur-
gery, and then resumed the morning after surgery [8].

 Management of Nutrition Immediately Preoperatively
Patients are routinely made NPO after midnight on the day prior to 
surgery based on the long-standing belief that the stomach must be 
empty of food to prevent aspiration during induction of anesthesia, 
but there are little data to support such a prolonged period of fasting. 
Due to delays in operating room scheduling, patients often end up 
fasting 12 or more hours, which has been shown to increase insulin 
resistance [9]. The most recent guidelines from the American Society 
of Anesthesiologists (ASA) recommend:

■■ Cessation of fried and fatty foods for 8 hours prior to surgery
■■ Cessation of solid food 6 hours prior to surgery
■■ Cessation of clear liquids 2 hours prior to surgery [10]

Outpatients presenting for elective surgery can be instructed to 
follow these dietary guidelines prior to presenting for surgery. For 
inpatients, consultants should discuss with surgeons if they are com-
fortable permitting patients to have a more limited period of NPO.

 POSTOPERATIVE MANAGEMENT
Traditionally, diet advancement following surgery occurs only after 
return of bowel function as evidenced by bowel sounds, flatus, or a 
bowel movement; however, there is no evidence that these indicators 
of bowel function truly correlate with bowel activity or tolerance of 
oral intake [11]. Prolonged NPO status may result in endothelial 
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microvilli atrophy, increased risk of bowel dysfunction, and infection 
[12]. Enteral nutrition given within 24 hours postoperatively has 
numerous documented benefits, including [11–13]:

■■ Maintenance of intestinal mucosal barrier
■■ Decreased septic and infectious complications
■■ Less weight loss after surgery
■■ Improved wound healing
■■ Reduced insulin resistance
■■ Improved muscle function
■■ Reduced mortality
■■ Shorter length of hospital stay

Evidence-based guidelines advise starting enteral feedings within 
24 hours postoperatively if deemed safe by the surgeon, as soon as 
postoperative nausea resolves [12]. A “regular” diet, or high protein 
diet is preferred to “clear liquid” or “full liquid” diets, which do not 
provide adequate protein intake [14].

While enteral nutrition is preferred, parenteral nutrition (PN) may 
be required in patients with certain conditions, such as postoperative 
gastrointestinal anastomotic leak, gastrointestinal fistulas, small 
bowel obstruction, or ileus. Parenteral nutrition should not be started 
until at least 5 to 7 days postoperatively if it is clear that patient is not 
able to tolerate enteral feeding; conversely, PN should not be delayed 
for more than 14 days postoperatively, as prolonged periods of starva-
tion are associated with higher rates of complications. Additionally, 
PN should only be started if the anticipated duration of use is at least 
7 days; short-term provision of PN for less than 5 days does not 
improve patient outcomes and may increase risk for infectious com-
plications [15].

KEY CLINICAL PEARLS
 ³ Elective surgery should be delayed for 5–7 days to optimize nutri-
tion in patients who are severely malnourished.

 ³ Preoperatively, patients can safely consume solid food for up to 
6 hours prior to surgery, and clear liquids up to 2 hours prior to 
most surgical procedures.

 ³ Enteral nutrition should be initiated within 24 hours postopera-
tively, unless there is a contraindication.

 ³ Parenteral nutrition should be initiated within 5–7 days postopera-
tively in patients unable to tolerate enteral intake.
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 BACKGROUND
Preoperative and postoperative anemia are associated with increased 
morbidity and mortality after surgery [1–3]. Studies indicate that up 
to one-third of patients admitted for elective surgery will have anemia 
[4]. Despite the prevalence of anemia among surgical patients, liberal 
transfusion strategies do not improve outcomes [5, 6]. The goals of 
managing anemia in the perioperative setting include optimizing 
hemoglobin and hematocrit, preventing unnecessary blood loss, and 
using red blood cell transfusions judiciously.

 PREOPERATIVE EVALUATION
 HISTORY AND PHYSICAL
Identifying signs, symptoms, and risk factors for anemia are key com-
ponents of the preoperative evaluation.

■■ Ask about symptoms of anemia such as fatigue, exertional 
dyspnea, palpitations, lightheadedness, and angina.

■■ Obtain a history of anemia, blood transfusions, bleeding, 
medications, nutrition, and chronic medical conditions that 
may be associated with anemia (e.g., chronic kidney disease, 
malignancy, rheumatologic diseases).

■■ Evaluate for signs of anemia on physical exam (e.g., pallor, 
tachycardia).

■■ Review the planned surgery for anticipated blood loss and risk 
of bleeding.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_20&domain=pdf
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 LABORATORY EVALUATION
Routine testing for anemia is not indicated. A complete blood count 
(CBC) is recommended preoperatively to review hemoglobin, hema-
tocrit, and mean corpuscular volume (MCV) when:

■■ Anemia is suspected based on the history and physical 
exam [7].

■■ Significant blood loss is expected with surgery [7].
■■ Patients are undergoing major surgery [8].
■■ A CBC should be considered for patients undergoing interme-
diate surgery with American Society of Anesthesiologists 
[ASA] class 3 or 4.

Whether to order additional laboratory studies depends on results 
of the history and physical and CBC with MCV (see Fig. 20.1).

 PERIOPERATIVE MANAGEMENT
 PREOPERATIVE MANAGEMENT
The decision to delay surgery depends on the urgency of the surgery, 
anticipated blood loss, severity of the anemia, and suspected cause of 
anemia. If surgery is elective, then unexplained or severe anemia 
should be evaluated and treated. The perioperative consultant should 
focus on causes of anemia that are easily reversible in a relatively 
short period of time (1–2 months for common nutritional deficien-
cies), or that require attention prior to elective surgery (e.g., occult GI 
bleeding, malignancy). See Fig. 20.1 for additional information. 
Consult hematology if there is concern for anemia due to hemolysis 
or hematologic malignancy.

■■ The treatment for iron deficiency anemia (low serum iron, 
high TIBC, low ferritin) has traditionally been ferrous sulfate 
325 mg BID to TID with vitamin C, but studies have demon-
strated that increased absorption with once every other day 
dosing may increase absorption [9]. An iron solution is avail-
able and may be tolerated better. Intravenous iron (ferric glu-
conate, iron sucrose, iron dextran) is available for patients who 
do not respond to oral preparations or if a faster response is 
required. Referral for endoscopy should be considered in 
patients with unexplained iron deficiency anemia, especially 
for patients over 50 years old.

■■ The treatment for vitamin B12 deficiency is 1,000 mcg PO 
daily. Vitamin B12 is available in IM preparation for those who 
do not respond to oral supplementation.
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■■ Folate deficiency is treated with folate 1 mg PO daily.
■■ Erythropoiesis-stimulating agents (ESA) are used to treat ane-
mia in patients with chronic kidney disease when hemoglobin 
in <10 g/dL and may be used for patients who decline blood 
transfusions with anemia (see Chap. 21).

In addition to evaluating and treating anemia, an important aspect 
of managing anemia is preventing excessive blood loss by evaluating 
and treating bleeding disorders (see Chaps. 22 and 23), and discon-
tinuing anticoagulants (see Chap. 26) and antiplatelet agents appro-
priately before surgery.

 INTRAOPERATIVE MANAGEMENT
While the intraoperative management of anemia is performed by the 
anesthesia and surgical teams, the perioperative consultant should be 
aware of the intraoperative techniques used to limit the need for allo-
geneic blood product transfusion.

■■ The amount of blood loss can be estimated by direct visualiza-
tion using standard methods for quantification (e.g., suction 
devices), monitoring for physiologic changes of anemia, and 
laboratory studies.

■■ Surgical technique and careful hemostasis are central to mini-
mizing blood loss.

■■ Significant intraoperative anemia is primarily managed with 
allogeneic red blood cell transfusion.

■■ Besides transfusion, the anesthesiology team will help man-
age intraoperative anemia by optimizing tissue perfusion 
(e.g., intravenous fluids, pressors, oxygenation), and correct-
ing hemostatic abnormalities.

■■ Blood conservation techniques such as the transfusion of 
autologous red blood cells collected preoperatively (preopera-
tive autologous blood donation), immediately preoperatively 
(acute normovolemic hemodilution), or intraoperatively (red 
blood cell salvage) may be used when significant blood loss is 
expected or when trying to avoid allogeneic red blood cell 
transfusions.

 POSTOPERATIVE MANAGEMENT
The postoperative evaluation of anemia begins with reviewing the 
operative report and anesthesia record for estimated blood loss and 
blood products administered during surgery. Not all patients require 
laboratory studies postoperatively. The medical consultant and surgi-
cal team should assess for ongoing blood loss including from surgical 
drains, and monitor for signs and symptoms of anemia.
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■■ Monitor a postoperative hemoglobin and hematocrit if there is 
significant intraoperative or ongoing postoperative blood loss, 
the patient is symptomatic, or there is an increased risk for 
bleeding from surgery, especially if the patient was anemic 
prior to surgery.

■■ Monitor for and treat hemostatic abnormalities.
■■ Careful consideration should be given to starting or resuming 
medications that predispose patients to bleeding.

■■ Continue or initiate therapy for underlying causes of anemia.
■■ Limit the number of blood draws or the amount of blood 
drawn.

■■ Red blood cell transfusion remains the treatment for severe 
postoperative anemia.

 OPTIMAL TRANSFUSION THRESHOLD
Despite many studies to define the optimal threshold at which post-
operative blood transfusion should be given, a definitive threshold 
has yet to be established [10–15]. A recent Cochrane review con-
cluded that a restrictive transfusion strategy (transfusion for hemo-
globin <7–8 g/dL) does not impact morbidity and mortality and 
decreases patient exposure to RBC transfusion [15]. The decision to 
transfuse depends on how the patient is tolerating the degree of ane-
mia and whether there are ongoing or anticipated blood losses.

■■ In the postoperative setting, studies in patients undergoing 
cardiac, orthopedic, and vascular surgery support a restrictive 
transfusion strategy [13, 15, 16]. While these data may be 
extrapolated to other surgical populations (e.g., general 
 surgery, urology, gynecologic oncology), high-quality evidence 
for transfusion practices in these specialties is lacking.

■■ For patients with preexisting coronary artery disease who do 
not have active coronary ischemia, current data support a 
restrictive transfusion strategy (hemoglobin <8 g/dL) [13, 14].

■■ There is insufficient data to define an optimal transfusion 
threshold for patients with acute coronary syndrome (ACS) [10, 
16]. Two small studies suggest that mortality risk may be higher 
when using a restrictive transfusion strategy in patients with 
ACS; however, the findings did not reach statistical significance. 
A multicenter randomized trial is underway to evaluate and 
determine a safe transfusion threshold in patients with anemia 
and acute myocardial infarction (Myocardial Ischemia and 
Transfusion – MINT) [17]. Outcomes data are expected in 2021.

■■ Recommendations for red blood cell transfusion based on 
hemoglobin are listed in Table 20.1.
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 EFFECT OF RED BLOOD CELL TRANSFUSION
One unit of packed red blood cells (~300 mL) is expected to increase 
the hemoglobin by 1 g/dL or the hematocrit by ~3% in an average 
70 kg adult patient, if there is no active bleeding. A post-transfusion 
hemoglobin or hematocrit can be sent as soon as 15 min following 
transfusion to assess for response.

 RISKS OF TRANSFUSION
Red blood cell transfusions are associated with complications and 
costs [18–21].

■■ The risks of transfusion include acute and delayed hemolytic 
reactions, febrile nonhemolytic reactions, allergic reactions, 
viral hepatitis and HIV, transfusion-related acute lung injury 
(TRALI), sepsis due to bacterial contamination, volume 
 overload (or transfusion-associated circulatory overload 
[TACO]), and hyperkalemia.

■■ Other possible adverse effects are less common and include 
potential exposure to emerging infectious agents, and immu-
nomodulation from transfused blood that may predispose to 
bacterial infection [18, 19].

KEY CLINICAL PEARLS
 ³ Routine testing for anemia is not indicated unless anemia is sus-
pected based on the history and physical exam, significant blood 
loss is expected during surgery, or the patient is undergoing major 
surgery.

 ³ If surgery is elective, then unexplained or severe anemia should be 
evaluated and treated preoperatively with particular attention to 
nutritional deficiencies, GI bleeding, and malignancy.

TABLE 20.1 RECOmmEnDATiOnS FOR RED BLOOD CELL TRAnSFUSiOn 
BASED On HEmOGLOBin [10–15]

Hemoglobin level Recommendation

Hgb < 7–8 g/dL Red blood cell transfusion is usually indicated

Hgb ≥ 8 g/dL Red blood cell transfusion is usually not necessary. 
Transfusion may be considered when the 
hemoglobin is between 8 and 10 g/dL, and there 
is ongoing or anticipated blood loss or there is 
clinical evidence of decreased tissue perfusion and 
oxygenation, including active coronary ischemia



169CHAPTER 20: AnEmiA

 ³ Current guidelines recommend a restrictive transfusion strategy 
(transfusion for hemoglobin <7–8 g/dL) for patients undergoing 
surgery, including patients with preexisting coronary artery 
disease.
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 BACKGROUND
Informed consent must be obtained prior to blood transfusion. 
Patients may decline transfusions for many reasons. The most com-
mon reason for declining transfusion is a religious objection among 
Jehovah’s Witnesses. Caring for Jehovah’s Witnesses may present a 
unique challenge to providers around the time of surgery when blood 
loss can be expected. However, with proper planning and manage-
ment, most surgeries can be performed safely with outcomes compa-
rable to patients who accept transfusions [1–3].

 PREOPERATIVE EVALUATION
 DOCUMENT THE PATIENT’S WISHES
The first step in caring for a Jehovah’s Witness perioperatively is to 
establish which products and procedures are acceptable to the 
patient (see Table 21.1). In general, Jehovah’s Witnesses adhere to the 
following practices and beliefs:

■■ Jehovah’s Witnesses do not accept whole blood or any of the 
four “primary components” of blood: Red blood cells, platelets, 
plasma (fresh frozen plasma), and white blood cells.

■■ Jehovah’s Witnesses believe that blood should not be taken out 
of the body and stored for any length of time, and do not accept 
the practice of preoperative autologous blood donation (PAD).

■■ Whether or not to accept “minor fractions” of the primary 
components or procedures using autologous blood other than 
PAD is a personal decision for Jehovah’s Witnesses (see 
Table 21.1).

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_21&domain=pdf
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TABLE 21.1 JEHOVAH’S WITNESSES’ POSITION ON MEDICAL THERAPY

Generally Unacceptable
Whole Blood
Primary components of whole blood
 Red blood cells
 Platelets
 Plasma (fresh frozen plasma)
 White blood cells
Preoperative autologous blood collection and storage for later 
infusion

Personal decision (potentially acceptable)
Minor fractions
 Albumin (and medications that contain albumin such as epoetin)
 Cryoprecipitate
 Prothrombin complex concentrates
 Fibrinogen
 Single factor concentrates
 Fibrin sealant
 Thrombin sealants
 Immunoglobulins
 Interferons
 Interleukins
Procedures using autologous blood when the blood remains in a 
closed circuit with the patient
 Hemodialysis
 Cardiopulmonary bypass
 Extracorporeal membrane oxygenation
 Apheresis
 Cell salvage
 Acute normovolemic hemodilution
Tagged RBC and WBC scans
Platelet gel with autologous platelet-rich plasma
Epidural blood patch
Organ or bone marrow transplantation or donation
Hemoglobin-based oxygen carriers
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Jehovah’s Witnesses carry a Durable Power of Attorney card that 
describes their preferences regarding whole blood, “primary compo-
nents,” and autologous blood donation. These cards typically do not 
contain details about minor fractions or procedures using a patient’s 
own blood which may be relevant for the patient’s planned procedure. 
Therefore, it is important to review the patient’s wishes in detail using 
an institutional blood refusal form and enter that information into 
the electronic medical record. This documentation is ideally per-
formed well in advance of surgery for elective procedures.

When discussing a patient’s preferences around transfusion prac-
tices, providers should respect their autonomy and maintain confiden-
tiality. While most Jehovah’s Witnesses adhere to the practices described 
above, providers should not assume that is the case with every individ-
ual. Many Jehovah’s Witnesses prefer to involve family or members of 
their congregation when discussing these issues with providers, but 
care should be taken to ensure that the patient’s wishes are their own.

TABLE 21.1 (CONTINUED)

Generally acceptable
Procedural interventions to limit blood loss
 Hemostatic surgical instruments
 Minimally invasive surgery
 Endoscopic procedures
 Interventional radiology procedures
  Anesthetic techniques to limit blood loss including deliberate 

hypotension and patient positioning
 Limited phlebotomy
Nonblood volume expanders
 Normal saline
 Lactated Ringer’s
 Non-albumin colloids
Pharmacologic agents that do not contain blood components or 
fractions
 Iron, folate, B12
 Darbopoetin
 Tranexamic acid
 Aminocaproic acid
 Desmopressin
 Recombinant factor VII
 Nonbiologic topical hemostatic agents
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 PERIOPERATIVE MANAGEMENT
 OVERVIEW
Many of the principles for managing patients who decline blood 
transfusions are the same principles used to reduce the need for 
blood transfusions in all patients as part of a patient blood manage-
ment strategy [4–6]. Table 21.2 provides an overview of the key steps 
in caring for Jehovah’s Witnesses perioperatively.

■■ Most surgeries with a low-risk or intermediate-risk for clini-
cally significant anticipated blood loss can be performed safely 
by reviewing and documenting the patient’s preferences, 
screening for and treating anemia, evaluating for bleeding dis-
orders, and appropriately managing antiplatelet and antico-
agulant medications.

■■ Management strategies such as erythropoiesis-stimulating 
agents, prohemostatic agents, and blood conservation proce-
dures are typically reserved for surgeries with a high-risk of 
clinically significant blood loss.

If there are questions about whether perioperative care can be 
safely provided for patients who decline blood transfusion, clini-
cians should consider referral to another hospital or provider that 
is familiar with managing these issues. The Society for the 

TABLE 21.2 PERIOPERATIVE MANAGEMENT OF JEHOVAH’S WITNESSES

Category Preoperative Intraoperative Postoperative

Patient 
support

Review and 
document 
patient 
preferences

Consider 
alternative 
treatment plan 
or referral to a 
bloodless center 
if needed

Provide 
Jehovah’s 
Witness 
Hospital Liaison 
Committee 
contact 
information to 
the patient

Awareness 
of patient 
preferences 
through 
communication 
and alerts

Awareness 
of patient 
preferences 
through 
communication 
and alerts

Involve Jehovah’s 
Witness 
Hospital Liaison 
Committee
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TABLE 21.2 (CONTINUED)

Category Preoperative Intraoperative Postoperative

Surgery 
and 
anesthesia

Review surgical 
plan and 
consider a 
less invasive 
or staged 
procedure to 
limit blood loss 
if applicable

Meticulous 
surgical 
hemostasis

Anesthetic 
techniques to 
limit blood loss

Blood 
conservation 
procedures (cell 
salvage, acute 
normovolemic 
hemodilution)

Closely 
monitor and 
treat surgical 
complications 
promptly

Anemia Evaluate for and 
treat anemia to 
a goal Hgb as 
determined by 
the expected 
blood loss 
of surgery 
and patient 
comorbidities

Maximize 
physiologic 
tolerance of 
anemia with 
O

2, fluids, and 
vasopressors

Limit frequency 
and amount of 
phlebotomy

Maximize 
physiologic 
tolerance of 
anemia

Support 
hematopoiesis 
with iron, B12, 
folate, ESAs

Hemostasis Identify and 
treat bleeding 
disorders

Review and stop 
antiplatelet and 
anticoagulants 
appropriately

Prohemostatic 
medications or 
minor fractions 
if acceptable to 
patient

Identify and 
treat bleeding 
disorders

Exercise caution 
when starting 
antiplatelet and 
anticoagulants

The Jehovah’s Witness Hospital Liaison Committee is an international 
network made up of local members. Liaisons provide pastoral care and 
practical assistance to Jehovah’s Witnesses. To obtain the Jehovah’s 
Witness Hospital Liaison Committee contact information, providers may 
contact spiritual care at their hospital or go to https://www.jw.org/en/
medical-library/hospital-liaison-committee-hlc-contacts/ to contact 
Hospital Information Services in their country

https://www.jw.org/en/medical-library/hospital-liaison-committee-hlc-contacts/united-states
https://www.jw.org/en/medical-library/hospital-liaison-committee-hlc-contacts/united-states
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Advancement of Blood Management (SABM), which is not affili-
ated with Jehovah’s Witnesses, maintains a list of hospitals in the 
USA with patient blood management programs: https://www.sabm.
org/patient-blood-management-programs.

 ERYTHROPOIESIS-STIMULATING AGENTS
Recombinant human erythropoietin (epoetin alfa) is FDA approved 
to reduce the need for blood transfusions in patients undergoing elec-
tive, noncardiac, nonvascular surgery [7]. The benefit of epoetin alfa 
must be weighed against the potential risks of this therapy including 
myocardial infarction (MI), stroke, deep vein thrombosis (DVT), and 
tumor progression. For this reason, the use of epoetin alfa 
 perioperatively is generally limited to patients who decline blood 
transfusions when the estimated blood loss from surgery would put 
the patient at increased risk.

■■ Depending on the timing of surgery, epoetin alfa may be given 
as 300 U/kg per day beginning 10 days before surgery, on the 
day of surgery, and for 4 days after surgery. Alternatively, it can 
be given as 600 U/kg once weekly 21, 14, and 7 days prior to 
surgery, and on the day of surgery. A CBC should be monitored 
weekly after initiating epoetin alfa.

■■ Evaluate the iron status in all patients before administering 
epoetin alfa. Replace iron if ferritin <100 ng/mL or if transfer-
rin saturation < 20%, although various cutoffs are used. Even 
if iron stores are adequate, oral iron (usually with B12 and 
folate) is typically given perioperatively to patients in whom 
blood transfusion is not an option.

■■ Due to increased risk of DVT with epoetin alfa, DVT prophy-
laxis is recommended perioperatively.

■■ Jehovah’s Witnesses should be made aware that epoetin alfa 
contains albumin since albumin is considered a minor 
fraction.

 BLOOD CONSERVATION PROCEDURES
There are a variety of intraoperative procedures that collect a patient’s 
blood for later infusion to decrease the use of transfusions. These are 
typically reserved for surgeries with high risk of clinically significant 
blood loss and should be performed by experienced providers.

■■ Preoperative autologous blood donation is a procedure in 
which a patient’s blood is collected preoperatively, stored, and 
then later infused. This practice is unacceptable to Jehovah’s 
Witnesses because the blood is stored separately from the 
patient.

https://www.sabm.org/patient-blood-management-programs
https://www.sabm.org/patient-blood-management-programs


177CHAPTER 21: JEHOVAH’S WITNESSES

■■ Acute normovolemic hemodilution (ANH) is a procedure in 
which a patient’s blood is collected immediately preoperatively 
and replaced with crystalloid or colloid. Less blood is lost dur-
ing the surgery because it is less concentrated. The collected 
blood is typically transfused at the end of surgery. ANH may be 
acceptable to Jehovah’s Witnesses because it can be set up so 
that the patient’s blood remains in a closed circuit with the 
patient.

■■ Red blood cell salvage is a procedure in which the blood lost 
during the surgery is suctioned, processed, and later trans-
fused. Like ANH, cell salvage may be acceptable to Jehovah’s 
Witnesses because it can be set up so that the blood remains in 
a closed circuit with the patient.

■■ In addition to the concept of a closed circuit, some Jehovah’s 
Witnesses may differentiate between procedures where their 
blood is running continuously (cardiopulmonary bypass, dial-
ysis) or not (ANH, cell salvage). Some Jehovah’s Witnesses may 
determine that procedures in which their blood is not running 
continuously to be unacceptable.

 PROHEMOSTATIC AGENTS
Medications may be used to promote hemostasis and prevent clini-
cally significant blood loss. While Jehovah’s Witnesses may not accept 
minor fractions that can be used to correct coagulopathies, the fol-
lowing medications are generally acceptable to Jehovah’s Witnesses.

■■ Antifibrinolytic agents (tranexamic acid, ε-aminocaproic acid) 
inhibit the activation of plasminogen to plasmin which impairs 
the degradation of fibrin clots. Tranexamic acid has been 
shown to reduce blood transfusion in surgery without an 
increased risk of thrombosis [8]. Tranexamic acid is adminis-
tered during surgery and postoperatively to reduce blood loss. 
The typical dose for tranexamic acid is 1000 mg IV or PO every 
6 hours.

■■ Recombinant Factor VIIa (rFVIIa) is approved for use in 
patients with hemophilia A and B who have inhibitors to fac-
tors VIII and IX, respectively, but has been used off-label in 
patients without hemophilia undergoing surgery. Treatment 
with rFVIIa reduces blood loss perioperatively but due to the 
high cost and thrombotic risk, the use of rFVIIa is limited to 
situations in which there is life-threatening bleeding due to a 
coagulopathy that is not responsive to conventional treatments 
or when conventional treatments are not an option (e.g., 
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Jehovah’s Witnesses) [9, 10]. In this scenario, the initial dose of 
rFVIIa is 90 mcg/kg.

■■ Desmopressin increases levels of factor VIII and von Willebrand 
factor and can be used to manage bleeding in the setting 
of platelet dysfunction, such as patients who are uremic 
(see Chap. 22).

 HEMOGLOBIN-BASED OXYGEN CARRIERS
Hemoglobin-based oxygen carriers (HBOCs) are either human or 
bovine hemoglobin that are purified and then chemically modified to 
increase their stability. They were once thought to be a promising 
solution to the problems associated with red blood cell transfusions. 
However, as a result of a meta-analysis showing an increased risk of 
death and MI when compared with controls, HBOCs are not approved 
for use by the FDA in the USA [11]. Only one product (HBOC-201 
[Hemopure], a bovine-derived HBOC produced by HBO2 Therapeutics) 
can be obtained in the USA through the FDA’s expanded access (“com-
passionate use”) protocol for life-threatening anemia when allogeneic 
blood transfusion is not an option. If clinically indicated, a provider 
would need to take the following steps to use HBOCs:

■■ Contact the manufacturer. HBO2 Therapeutics can be con-
tacted at (781)373-1835.

■■ Obtain an emergency investigational new drug (eIND) number 
by contacting the FDA emergency line at (866)300-4374.

■■ Obtain emergency Institutional Review Board (IRB) approval 
from the institution where the product will be used.

■■ Obtain informed consent from the patient or their 
representative.

■■ The manufacturer will supply the product and provide further 
guidance on usage and monitoring. In the case of Hemopure, 
consensus usage guidelines are available for review from 
South Africa where it has been approved to treat surgical ane-
mia since 2001 [12].

■■ If the product is used, further information about the patient’s 
course will need to be supplied to the FDA.

Another bovine-derived HBOC called SANGUINATE (a bovine- 
derived HBOC produced by Prolong Pharmaceuticals) is in clinical 
development but is no longer available through the protocol described 
above.
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KEY CLINICAL PEARLS
 ³ Jehovah’s Witnesses generally do not accept whole blood, red 
blood cells, platelets, plasma (fresh frozen plasma), white blood 
cells, and preoperative autologous donation.

 ³ Whether or not to accept “minor fractions” or other procedures 
using autologous blood is a personal decision for Jehovah’s 
Witnesses.

 ³ Review the patient’s wishes with an institutional blood refusal 
form and enter that information into the electronic medical record 
well in advance of surgery for elective surgery.

REFERENCES
 1. Pattakos G, Koch CG, Brizzio ME, et al. Outcome of patients who refuse transfusion after 

cardiac surgery: a natural experiment with severe blood conservation. Arch Intern Med. 
2012;172(15):1154–60.

 2. Jassar AS, Ford PA, Haber HL, et al. Cardiac surgery in Jehovah’s Witness patients: ten-year 
experience. Ann Thorac Surg. 2012;93(1):19–25.

 3. Frank SM, Wick EC, Dezern AE, et al. Risk-adjusted clinical outcomes in patients enrolled 
in a bloodless program. Transfusion. 2014;54(10 Pt 2):2668–77. 

 4. Scharman CD, Burger D, Shatzel JJ, Kim E, DeLoughery TG. Treatment of individuals 
who cannot receive blood products for religious or other reasons. Am J Hematol. 
2017;92(12):1370–1381. 

 5. Resar LM, Wick EC, Almasri TN, et al. Bloodless medicine: current strategies and emerging 
treatment paradigms. Transfusion. 2016;56(10):2637–47.

 6. Lawson T, Ralph C. Perioperative Jehovah’s Witnesses: a review. Br J Anaesth. 
2015;115(5):676–87.

 7. Procrit (Epoetin alfa) [package insert]. https://www.accessdata.fda.gov/drugsatfda_docs/
label/2008/103234s5196pi.pdf.

 8. Ker K, Edwards P, Perel P, Shakur H, Roberts I. Effect of tranexamic acid on surgical bleed-
ing: systematic review and cumulative meta-analysis. BMJ. 2012;344:e3054.

 9. Simpson E, Lin Y, Stanworth S, Birchall J, Doree C, Hyde C. Recombinant factor VIIa 
for the prevention and treatment of bleeding in patients without haemophilia. Cochrane 
Database Syst Rev. 2012;14(3):CD005011.

 10. Ranucci M, Isgrò G, Soro G, Conti D, De Toffol B. Efficacy and safety of recombinant 
activated factor vii in major surgical procedures: systematic review and meta-analysis of 
randomized clinical trials. Arch Surg. 2008;143(3):296–304; discussion 304.

 11. Natanson C, Kern SJ, Lurie P, et al. Cell-free hemoglobin-based blood substitutes and risk 
of myocardial infarction and death: a meta-analysis. JAMA. 2008;299(19):2304–12.

 12. Mer M, Hodgson E, Wallis L, et al. Hemoglobin glutamer-250 (bovine) in South Africa: 
consensus usage guidelines from clinician experts who have treated patients. Transfusion. 
2016;56(10):2631–6.

https://www.accessdata.fda.gov/drugsatfda_docs/label/2008/103234s5196pi.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2008/103234s5196pi.pdf


181© Springer Nature Switzerland AG 2020
M. B. Jackson et al. (eds.), The Perioperative Medicine Consult Handbook, 
https://doi.org/10.1007/978-3-030-19704-9_22

Chapter
Thrombocytopenia

Anna Fahy Hagan and Scott Hagan

22

 BACKGROUND
Thrombocytopenia, defined as a platelet count <150,000/μL [1], is a 
common hematologic abnormality encountered during periopera-
tive testing. Severe thrombocytopenia and platelet dysfunction may 
increase the bleeding risk of surgery. This chapter focuses on peri-
operative thrombocytopenia. See Chap. 23 for the preoperative 
assessment of hemostatic disorders, and the management of von 
Willebrand disease, hemophilia, vitamin K deficiency, and acquired 
coagulopathy.

 PREOPERATIVE EVALUATION
 HISTORY AND PHYSICAL EXAM
History and physical exam can help to identify patients with throm-
bocytopenia or suggest a cause for patients with known thrombocy-
topenia. The signs and symptoms of thrombocytopenia are unlikely 
to be present unless the patient has a platelet count below 50,000/
μL. Patients with low platelet counts may describe bleeding at various 
sites: Cutaneous (petechiae, purpura), gastrointestinal (melena, 
hematochezia), genitourinary (hematuria, menorrhagia), and muco-
sal (gingival, epistaxis).

For patients with suspected thrombocytopenia or unexplained 
thrombocytopenia, it is important to take a detailed history to deter-
mine the cause. Specific patient factors to review include [1]:

■■ Past medical history of liver disease, hematologic or rheuma-
tologic disorders

■■ Recent exposures or infections
■■ Recent medications

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_22&domain=pdf


182 THE PERIOPERATIVE MEDICINE CONSULT HANDBOOK

■■ Heavy alcohol use
■■ Family history of thrombocytopenia

Physical exam (e.g., splenomegaly or sequelae of cirrhosis) may 
also suggest an underlying cause of the thrombocytopenia.

 TESTING
Routine testing of platelet count or function is not recommended. 
Evaluation of platelet count preoperatively is indicated for patients 
whose history and physical exam suggest thrombocytopenia and is 
reasonable for surgeries with a moderate-risk or high-risk for bleed-
ing or for surgeries in which neuraxial anesthesia is planned [2].

Patients who are found to be thrombocytopenic preoperatively may 
require further evaluation depending on the surgery, severity of throm-
bocytopenia, and possible causes of the patient’s thrombocytopenia. At 
a minimum, repeating the CBC with a peripheral blood smear is a 
helpful first step. Further testing depends on the suspected cause of the 
thrombocytopenia. Ultimately patients may need to be referred to 
hematology for further evaluation. 

If platelet dysfunction is suspected based on history and physi-
cal exam in the setting of an adequate platelet count and a cause is 
not readily apparent, a test of platelet function should be ordered 
(e.g., platelet function analyzer or thromboelastography [TEG]).

 THROMBOCYTOPENIA AND BLEEDING RISK
The surgical bleeding risk in patients with thrombocytopenia strongly 
depends on other factors including whether a disorder of coagulation 
is also present, the etiology of thrombocytopenia, a personal history 
of excessive bleeding, whether platelet function is also affected, and 
the surgical procedure. There is no convincing evidence of increased 
perioperative bleeding risk for patients with a platelet count above 
50,000/μL (or 100,000/μL for neurosurgical procedures).

 PERIOPERATIVE MANAGEMENT
 THROMBOCYTOPENIA
For most patients with thrombocytopenia, elective and emergent 
surgical procedures can be performed safely using platelet transfu-
sions to prevent bleeding or to hasten hemostasis during active bleed-
ing. The evidence for specific platelet transfusion thresholds in 
surgical patients is poor. Recommendations for platelet transfusion 
are listed in Table 22.1.
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 EFFECT OF PLATELET TRANSFUSIONS
Platelet transfusions are either pooled (random donor) platelets or 
apheresis (single donor) platelets. A unit of platelets (50–60 mL) is 
prepared from platelets that have been separated from a unit of 
whole blood. Generally, 5 or 6 units of platelets from separate 
donors are combined into pooled platelets for transfusion. A unit of 
apheresis platelets (150–300 mL) is collected from a single donor.

■■ In patients without ongoing active platelet consumption, one 
apheresis unit, or 4–6 units of pooled platelets, should raise the 
platelet count by approximately 40,000/μL [5]. A post- 
transfusion platelet count should be sent to assess for response 
and can be sent as soon as 10–60 min after the transfusion. The 
platelet count will gradually fall to pre-transfusion levels after 
2–3 days.

 PLATELET DYSFUNCTION
Besides platelet transfusions, it is important to avoid platelet dys-
function to prevent bleeding complications in patients with thrombo-
cytopenia. Platelet dysfunction is most commonly due to medications 
but may also be due to other conditions such as uremia.

■■ Medications that interfere with platelet function (e.g., NSAIDs, 
aspirin, clopidogrel) should be reviewed and managed accord-
ingly perioperatively.

■■ Platelet dysfunction due to uremia is managed with dialysis, 
desmopressin (0.3 mcg/kg over 30 min) [6] and raising hemo-
globin to 8–10 g/dL (which may improve platelet function 
through hemodynamic effects and increased RBC release of 
adenosine diphosphate) [7–9].

TABLE 22.1 RECommEnDATionS FoR PLATELET TRAnSFUSion [3, 4]

Platelet count Recommendation

Plt < 10,000/μL Platelet transfusion is indicated for prophylaxis 
against spontaneous bleeding

Plt < 20,000/μL Platelet transfusion is indicated for prophylaxis 
prior to central venous catheter placement

Plt < 50,000/μL Platelet transfusion is indicated for major, elective 
non-neuraxial surgery, for patients with active 
non-neuraxial bleeding, or for prophylaxis prior to 
lumbar puncture

Plt < 100,000/μL Platelet transfusion is indicated for prophylaxis 
for neuraxial surgery or for patients with active 
neuraxial bleeding



184 THE PERIOPERATIVE MEDICINE CONSULT HANDBOOK

 IMMUNE THROMBOCYTOPENIA
Immune thrombocytopenia (ITP) is characterized by platelet destruc-
tion from platelet autoantibodies. The prevalence of ITP in adults is 
estimated to be approximately 10–20 per 100,000 persons [10, 11]. 
Consultation with a hematologist is advised to guide perioperative 
management of patients with ITP.

■■ For elective procedures, patients with ITP are treated preop-
eratively with intravenous immunoglobulin (IVIG) 1 g/kg for 
1–2 days and/or steroids (dexamethasone 40 mg daily for 
4 days or prednisone 1 mg/kg for 1–2 weeks with a taper) 
before surgery to increase the platelet count to adequate levels 
such that transfusion is not needed [12].

■■ IVIG and high-dose steroids can also be used for emergent 
procedures.

■■ Platelet transfusions are reserved for emergent surgeries or 
life-threatening bleeding since they are generally less effective 
in patients with ITP.

■■ Newer therapies for patients with chronic ITP in nonsurgical 
settings include rituximab and thrombopoietin mimetics 
(romiplostim and eltrombopag), but their role in the periop-
erative setting is not yet established [10, 11].

 POSTOPERATIVE THROMBOCYTOPENIA
Postoperative thrombocytopenia can be due to a number of causes 
(see Table 22.2) and can often be multifactorial [13]. As different eti-
ologies require specific management, identifying the cause of throm-
bocytopenia is important to prevent morbidity. The degree and 
timing of the decrease in platelet count can be important clues for 
determining the etiology of thrombocytopenia. If thrombocytopenia 
is identified postoperatively, initial work-up to determine the etiology 
depends on clinical suspicion and may include:

■■ Reviewing medications
■■ Peripheral blood smear
■■ Repeating CBC
■■ Coagulation profile (PT/INR, PTT), fibrinogen, D-dimer
■■ ELISA (antibody) testing for heparin-induced thrombocytope-
nia (HIT)

■■ Infectious work-up (e.g., urine or blood cultures, CXR, addi-
tional imaging)

■■ Other tests (e.g., HIV, HCV, abdominal imaging) depend on 
whether chronic thrombocytopenia is suspected

Although the management of postoperative thrombocytopenia 
depends on the underlying cause, some of which are listed in 



185CHAPTER 22: THRomboCyToPEniA

TABLE 22.2 Common ETioLoGiES oF PoSToPERATiVE 
THRomboCyToPEniA

Etiology Description Management

Pseudo- 
thrombocytopenia

Lab artifact due to EDTA 
in blood collection tube 
Clumping present on 
smear

Redraw platelet 
count in tube 
containing citrate 
instead of EDTA

Consumption Seen in larger blood loss 
surgeries
Occurs immediately after 
surgery

Returns toward 
normal within 
2–3 days

Dilution of 
platelets after 
transfusion

Occurs soon after 
transfusion. 
Severity proportional 
to the volume of blood 
administered

Platelet count 
usually returns 
to normal within 
3–5 days after blood 
transfusion

Thrombocytopenia 
due to infection

Associated with both viral 
and bacterial infections

Treat infection

Drug-induced 
immune 
thrombocytopenia

Common medications 
include penicillin-class 
drugs, vancomycin, 
digoxin, thiazides, 
trimethoprim/
sulfamethoxazole. 
Platelet count can be 
<20,000 μL

Discontinue 
offending 
medication

Heparin-induced 
thrombocytopenia 
(HIT) type I

Due to the direct effect 
of heparin
Thrombocytopenia occurs 
1–2 days after heparin and 
nadir is >100,000/μL

Continue heparin 
and monitor

Heparin-induced 
thrombocytopenia 
(HIT) type II

Immune (antibody)-
mediated process
Thrombocytopenia occurs 
5–10 days after heparin 
and nadir is 30–70,000/
μL. Associated with 
thrombosis
Calculate 4 Ts score to 
determine whether to test 
with ELISA (antibody) and 
treat [14]

Stop heparin 
products
Start a non-heparin 
anticoagulant
Assess for 
thrombosis

(continued)
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Table 22.2, some general measures can be taken for all patients with 
postoperative thrombocytopenia. Those include supporting patients 
with transfusion if indicated and avoiding causes of platelet 
dysfunction.

KEY CLINICAL PEARLS
 ³ Platelet transfusion thresholds vary greatly depending on clinical 
context but a threshold of 50,000/μL is adequate for most surgeries 
unless it is a neuraxial surgery.

 ³ Postoperative thrombocytopenia is often multifactorial, and the 
initial evaluation should include the following at a minimum: 
Assessing the timing and severity of thrombocytopenia, reviewing 
recent medications, and a repeat CBC with a peripheral smear.
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TABLE 22.2 (ConTinUED)

Etiology Description Management

Disseminated 
intravascular 
coagulation (DIC)

Associated with sepsis, 
trauma, or malignancy
If postoperative, often 
occurs immediately after 
surgery

Treat underlying 
cause
If bleeding, 
transfuse FFP, 
cryoprecipitate, or 
platelets as needed

Exacerbation 
of chronic 
thrombocytopenia

Causes of chronic 
thrombocytopenia include 
chronic infection (HIV, 
HCV), hematologic 
disorder (e.g., malignancy, 
ITP), chronic treatment 
(chemotherapy), 
rheumatologic disease 
(e.g., SLE), and cirrhosis

Depends on the 
cause of chronic 
thrombocytopenia
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 BACKGROUND
Assessing the risk of perioperative bleeding is a fundamental compo-
nent of the preoperative evaluation. Early recognition and proper 
perioperative management of hemostatic disorders may prevent, or 
at least reduce the risk of, perioperative bleeding. This chapter 
focuses on the preoperative assessment of hemostatic disorders, and 
the management of von Willebrand disease, hemophilia, vitamin K 
deficiency, and acquired coagulopathies. See Chap. 22 for evaluation 
and management of platelet disorders.

 PREOPERATIVE EVALUATION
 HISTORY AND PHYSICAL EXAM
A preoperative hemostatic history is appropriate for all patients, 
regardless of the planned procedure [1–3]. Specific information to 
elicit from the patient includes:

■■ A personal history of abnormal bleeding, such as excessive 
bleeding associated with childbirth, menses, minor trauma, 
dental procedures, or surgery; bruising that occurs spontane-
ously or with minimal trauma [1]; and bleeding that required 
a blood transfusion

■■ Family history of bleeding disorders
■■ Past medical history of hepatic, renal, or hematologic disease
■■ Current medication use including aspirin, nonsteroidal anti- 
inflammatory drugs, antiplatelet medications, anticoagulants, 
and vitamins, supplements, or herbal preparations

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_23&domain=pdf
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Although many patients will not have abnormal exam findings, a 
preoperative physical exam supports the hemostatic history. Physical 
exam may:

■■ Suggest the presence of an undiagnosed hemostatic disorder 
(e.g., petechiae, purpura, ecchymoses)

■■ Demonstrate chronic findings of hemostatic disorders (e.g., 
joint deformity and muscle atrophy in hemophilia, although 
with early diagnosis and treatment, such findings are increas-
ingly rare)

■■ Reveal signs of chronic conditions that result in hemostatic 
abnormalities (e.g., jaundice, ascites, and spider telangiecta-
sias observed in cirrhosis; or pallor, lymphadenopathy, and 
splenomegaly observed in a variety of hematologic disorders)

 TESTING
Routine preoperative laboratory testing, including platelet count, 
prothrombin time (PT/INR), and partial thromboplastin time (PTT), 
is generally not indicated in patients with a normal hemostatic his-
tory [1–4]. Numerous observational studies have demonstrated that 
an abnormal preoperative PT/INR and/or PTT alone or a bleeding 
time do not predict an increased perioperative bleeding risk [2, 5]. 
Preoperative testing is directed by the patient’s history and exam and 
the procedural bleeding risk (see Table 23.1):

■■ For low-risk procedures and a reassuring history and exam, no 
further testing is required.

■■ For high-risk procedures, and to a lesser degree for moderate- 
risk procedures, a platelet count, PT/INR, and PTT may be 
considered in addition to history and exam [1, 6].

■■ Regardless of the procedure, a platelet count, PT/INR, and PTT 
are appropriate initial testing for patients with a suspected 
disorder of hemostasis.

■■ Consider obtaining a platelet count, PT/INR, and PTT if a 
patient cannot provide a history [3].

Depending on the results of initial testing, additional specialized 
testing or evaluation may be required. For prolonged PT/INR and/or 
PTT, the first step is to repeat testing. If repeat testing confirms the 
abnormal test and a cause is not readily apparent (see Table 23.2), 
then a referral to hematology for further evaluation is appropriate. 
Additional testing may include a mixing study to determine if the 
abnormality is due to factor deficiency (abnormality corrects with 
mixing) or a factor inhibitor (abnormality does not correct with mix-
ing), lupus anticoagulants, DIC panel, thrombin time, or specific 
factor levels.
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If the history and physical exam are suggestive of a bleeding disor-
der but PT/INR and PTT are normal, platelet disorders (see Chap. 22) 
and von Willebrand disease should be considered, as well as referral 
to a hematologist.

TABLE 23.1 RisK of BLEEDiNG WiTH sURGiCAL oR iNVAsiVE 
PRoCEDUREs

Risk Type of procedure Examples

Low Nonvital organs 
involved, exposed 
surgical site, 
limited dissection, 
percutaneous access

Lymph node biopsy, dental 
extraction, cataract extraction, 
most cutaneous surgery, 
laparoscopic procedures, 
coronary angiography

Moderate Vital organs involved, 
deep or extensive 
dissection

Laparotomy, thoracotomy, 
mastectomy, major orthopedic 
surgery, pacemaker insertion

High Bleeding likely to 
compromise surgical 
result, bleeding 
complications frequent

Neurosurgery, ophthalmic 
surgery, cardiopulmonary bypass, 
prostatectomy, bladder surgery, 
major vascular surgery, renal 
biopsy, bowel polypectomy

Reprinted with permission from [6]

TABLE 23.2 CAUsEs of ABNoRmAL CoAGULATioN sTUDiEs [7]

PT/INR PTT Causes

Prolonged Normal Warfarin
Vitamin K deficiency
Liver disease
Extrinsic factor deficiency or inhibitors

Normal Prolonged Heparin
Von Willebrand disease
Intrinsic factor deficiency or inhibitors
Antiphospholipid syndrome

Prolonged Prolonged Direct oral anticoagulants (DOACs)
Disseminated intravascular coagulation (DIC)
Common pathway factor deficiency or 
inhibitors
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 PERIOPERATIVE MANAGEMENT
 VON WILLEBRAND DISEASE
Von Willebrand disease (VWD) is the most common inherited bleed-
ing disorder. The prevalence of VWD may be as high as 1% of the 
general population, but clinically significant VWD is much less com-
mon [8]. Von Willebrand factor (VWF) mediates the adhesion of 
platelets to damaged endothelium, and binds and stabilizes factor 
VIII. Von Willebrand disease (VWD) is caused by either a deficiency 
or dysfunction of VWF, which may also result in low factor VIII 
 levels. There are 3 types of VWD [9]:

■■ Type 1 (mild) and 3 (severe) VWD represent a quantitative 
deficiency of VWF.

■■ Type 2 VWD represents a group of four subtypes that are char-
acterized by dysfunctional VWF (qualitative disorder).

Clinical manifestations vary based on the VWD type, but typically 
include mucocutaneous and gastrointestinal bleeding. Bleeding typical 
of a coagulation defect (i.e., hemarthrosis, large ecchymoses) can be 
seen in Type 3 VWD and in some Type 2 subtypes. If a diagnosis of VWD 
is suspected, initial laboratory testing in addition to platelet count and 
PT/INR and PTT should include VWF antigen, VWF activity (e.g., risto-
cetin cofactor activity), and factor VIII activity levels. Platelet count, PT/
INR, and PTT are typically normal, though PTT may be prolonged if 
factor VIII levels are low. Referral to a hematologist for more specialized 
testing and treatment is recommended if any studies are abnormal.

Surgical prophylaxis for patients with VWD involves either desmo-
pressin (DDAVP), factor VIII/VWF concentrates, antifibrinolytic 
therapy (e.g., tranexamic acid), or some combination of the three. 
Consultation with a hematologist is recommended, as the treatment 
and monitoring may vary considerably depending on the VWD type.

■■ Desmopressin transiently increases VWF and factor VIII levels 
and is most effective for Type I VWD. It is typically reserved for 
low bleeding risk surgery. Patients should receive a test dose to 
establish responsiveness. The recommended IV dose is 0.3 μg/
kg slowly infused 30 minutes prior to surgery. It can be admin-
istered every 12–24 hours if needed [8, 9]. Tachyphylaxis is 
common so factor VIII activity and VWF activity levels should 
be monitored if multiple doses are used. The main risks associ-
ated with desmopressin are hyponatremia and fluid overload. 
If repeat dosing is needed, water intake should be limited to 
1,500 mL over the 24 hours following administration and 
serum sodium monitored [9].
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■■ Factor VIII/VWF concentrates are recommended for surgical 
prophylaxis in the following situations: Patients with Type 3 
VWD; patients with Type 2 VWD with an inadequate response 
to a DDAVP challenge; patients who have or are prone to 
developing volume overload or hyponatremia with desmo-
pressin; and for any patient with VWD undergoing high bleed-
ing risk surgery. For high bleeding risk surgery, VWF activity 
levels should be maintained >100 IU/dL during surgery and up 
to 36 hours after, then >50 IU/dL for a total of 7–10 days as 
needed. Dosing generally ranges from 50 to 60 IU/kg with 
repeated doses every 12–24 hours to maintain appropriate 
levels [8, 9].

 ACQUIRED DISORDERS OF COAGULATION
Acquired disorders of coagulation including liver disease, vitamin K 
deficiency (see below), and anticoagulants are common. Perioperative 
management of patients with liver disease and anticoagulants are 
discussed in Chaps. 17 and 26, respectively.

 VITAMIN K DEFICIENCY
In the appropriate clinical context (inadequate dietary intake or TPN, 
alcohol dependence, antibiotics, disease of malabsorption, liver dis-
ease), suspect vitamin K deficiency when an elevated PT/INR corrects 
with 1:1 mixing study. If the clinical suspicion is high, a 1:1 mixing 
study is not necessary and patients may be given vitamin K for both 
diagnosis and management.

■■ For elective surgeries, oral vitamin K (5–10 mg daily for 
3 days) is recommended with repeat PT/INR prior to surgery.

■■ For more urgent or emergent surgeries, intravenous vitamin K 
(1–2.5 mg IV once) is usually sufficient, but correction with 
fresh frozen plasma (FFP) may be necessary.

 EFFECT OF FRESH FROZEN PLASMA TRANSFUSIONS
One unit of FFP is the plasma collected from a unit of whole blood or 
apheresis plasma. It contains all coagulation factors in normal or 
mildly reduced concentrations. The volume of one unit of FFP is 
roughly 200–300 mL [10].

■■ FFP transfusion may be used to correct preoperative coagu-
lopathy (e.g., INR > 2), bleeding due to multiple factor defi-
ciencies (e.g., cirrhosis, DIC), as part of a massive transfusion 
protocol to prevent dilutional coagulopathy, or for urgent 
warfarin reversal in the setting of serious bleeding when pro-
thrombin complex concentrates are not available. In rare 
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instances, FFP may be used in emergent situations to manage 
factor deficiencies when specific factor replacement is not 
available [11].

■■ FFP transfusion may not be appropriate for a mildly elevated 
INR (e.g., INR < 2) as mild elevations are not predictive of 
increased bleeding and FFP does not significantly change INRs 
in this range [12].

■■ The recommended dose of FFP is 10–15 mL/kg. Since one unit 
of FFP is ~ 250 mL, 3–5 units of FFP are generally necessary 
for therapeutic effect when indicated [10]. A post-transfusion 
PT/INR and/or PTT may be measured 15–30 minutes after 
transfusion to assess the response.

 HEMOPHILIA
Inherited factor deficiencies are relatively uncommon, especially 
when compared with acquired coagulopathies. Hemophilias are the 
most common of the inherited factor deficiencies. Hemophilia A (fac-
tor VIII deficiency) and hemophilia B (factor IX deficiency) together 
have an estimated incidence of 1:10,000 male births, with Hemophilia 
A making up ~80% of the cases [13]. Although some patients with 
mild factor deficiency may be diagnosed in adulthood, most patients 
with hemophilia are diagnosed as children and are managed by a 
hematologist. However, a negative family history does not rule out 
hemophilia with approximately one-third of cases due to de novo 
mutations [13]. Female carriers of hemophilia A or B may have bleed-
ing symptoms, although usually less severe than in males. Patients 
with hemophilia undergoing surgery should be managed in consulta-
tion with a comprehensive hemophilia treatment center.

■■ Develop a specific plan with the patient’s hematologist for the 
entire perioperative period which may include additional infu-
sions or monitoring after discharge.

■■ The dose of factor replacement for surgical prophylaxis 
depends on the severity of hemophilia, the type of surgery, 
patient’s response to replacement in the past, and the presence 
of an inhibitor.

■■ In general, preoperative normalization of factor activity levels 
with factor replacement is recommended for patients undergo-
ing major surgery [13].

■■ Perioperative monitoring of factor levels with factor replace-
ment is necessary.
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KEY CLINICAL PEARLS
 ³ Obtaining a preoperative PT/INR, PTT, and platelet count is indi-
cated when the history and/or exam are suggestive of a bleeding 
disorder.

 ³ If history and exam suggest a bleeding disorder but PT/INR and 
PTT are unrevealing, consider platelet disorders or von Willebrand 
disease.

 ³ Desmopressin for bleeding prophylaxis is only appropriate in 
patients with type 1 or type 2 von Willebrand disease when the 
bleeding risk from surgery is low and they have established a safe 
response to desmopressin.
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 BACKGROUND
Venous thromboembolism (VTE) is a known potential complication 
of surgery. Roughly one-third of VTE-related deaths annually occur 
after surgery, making symptomatic VTE a common and preventable 
cause of death in the perioperative population [1]. VTE is also a sig-
nificant cause of morbidity. Studies have demonstrated that without 
prophylaxis, deep vein thrombosis (DVT) occurs in 15–40% of general 
surgery patients and 40–60% of orthopedic surgery patients [2]. 
Evidence-based guidelines have been published for VTE prevention, 
management of patients currently receiving anticoagulation for DVT 
or pulmonary embolism (PE) in the perioperative period, and treat-
ment of VTE [2–5].

 PREOPERATIVE EVALUATION
 PATIENTS WITHOUT KNOWN VTE
Risk for VTE in surgical patients is determined by patient-related 
predisposing factors and the specific type of surgery.

■■ Patient factors that increase risk for perioperative VTE include 
malignancy, hereditary thrombophilias (see Chap. 25), preg-
nancy, recent sepsis, and medications such as hormone 
replacement and oral contraceptives.

■■ Surgical factors that increase risk for perioperative VTE 
include the type of surgical procedure (abdominal, gynecologic, 
spine, and lower extremity surgery);  prolonged immobility; and 
length of postoperative hospitalization [2].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_24&domain=pdf
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The Caprini risk assessment model is a tool that can be used to 
help risk stratify surgical patients for postoperative VTE based on 
their anticipated type of surgery and medical history [6]. Table 24.1 
outlines the various patient and surgical characteristics that have 
been found to contribute to VTE risk in this model.

 PATIENTS RECEIVING ANTICOAGULATION FOR PRIOR VTE
Recommendations differ regarding the perioperative management of 
patients who are receiving anticoagulation for a prior VTE. The peri-
operative consultant should consider the following:

■■ In general, the closer in proximity to the venous thromboem-
bolic event, the higher the risk of a recurrent event in the peri-
operative period.

■■ Purely elective procedures should be avoided within the first 
month following a VTE, and should be discouraged within the 
first 3 months.

■■ If it is determined that surgery should proceed while a patient 
is still receiving treatment for VTE, it is important to balance 
the risk of VTE while off anticoagulation with the risk of 
bleeding with stopping and starting anticoagulation 
perioperatively.

 Vitamin K Antagonists (Warfarin)
All decisions about warfarin management must be individualized for 
a patient’s particular risk of both VTE and surgical bleeding (see 
Table 24.2) [2, 7, 8]. Bridging therapy should be considered for 
patients taking warfarin who are at high risk of VTE to minimize the 
time off anticoagulation therapy during the perioperative period. A 
bridging protocol for patients on warfarin is available in Chap. 26 if 
it is determined bridging therapy is indicated.

 Direct Oral Anticoagulants
Direct oral anticoagulants (DOACs), which include the direct 
thrombin inhibitor dabigatran and direct factor Xa inhibitors riva-
roxiban, apixaban, and edoxaban, are approved for the treatment 
of acute VTE in patients without cancer [3]. The same principles 
of when to avoid or delay surgery after a recent VTE for patients 
taking warfarin apply to those patients taking DOACs (see 
Table 24.2). However, because of their predictable half-life, 
patients taking a DOAC for a prior VTE do not need to be bridged 
perioperatively. When to stop and restart DOACs depends on a 
patient’s renal function and the bleeding risk of surgery. See Chap. 
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TABLE 24.2 mAnAGEmEnT oF PATiEnTs WiTH PRioR VTE TAKinG WAR-
FARin in THE PERioPERATiVE PERioD [3–5]

Time of 
VTE prior 
to surgery

Risk of recurrent 
VTE after 
stopping 
anticoagulation

Management

Pre-op Post-op

Within 
1 month

Approaches 50% 
if stopped prior 
to 1 month

Avoid surgery
Bridge from 
warfarin with 
IV heparin or 
LMWH

Consider IVC 
filter

Bridge with 
IV heparin or 
LMWH once 
surgically 
acceptable

1–3 months 
prior

Risk decreases 
sharply after 
1 month
At 1 month≈8%
At 3 months≈4%

Delay surgery if 
possible

Bridge from 
warfarin with 
IV heparin or 
LMWH

Bridge with 
IV heparin or 
LMWH once 
surgically 
acceptable

>3 months 
prior

3 months of 
anticoagulation 
is a reasonable 
amount of time 
prior to surgery

May proceed 
with surgery

Bridge from 
warfarin with 
IV heparin or 
LMWH if severe 
thrombophilia 
present

Consider bridging 
for patients 
with a VTE 
within the past 
3–12 months, 
recurrent 
VTE, or active 
malignancy

Consider bridge 
with IV heparin 
or LMWH 
once surgically 
acceptable if 
a patient had 
an indication 
to bridge 
preoperatively

LDUH low-dose unfractionated heparin, LMWH low-molecular-weight 
heparin
Post-operatively, if a patient is hospitalized and not receiving bridge 
therapy, (i.e., therapeutic anticoagulation), then prophylaxis- dose LDUH 
or LMWH should be given until therapeutic anticoagulation can be safely 
resumed
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26 for more information about when to stop and restart DOACs 
perioperatively.

 Inferior Vena Cava (IVC) Filters
The function of an IVC filter is to provide a mechanical interruption 
in the vena cava to prevent major pulmonary embolism. Guidelines 
recommend against IVC filter placement in patients who can receive 
anticoagulation [3]. Acceptable indications for IVC filters include:

■■ Acute proximal DVT or PE with an absolute contraindication 
to therapeutic anticoagulation or an unacceptably high bleed-
ing risk [3, 9]

■■ Acute VTE within 3–4 weeks of surgery who will require peri-
operative interruption of therapeutic anticoagulation, and 
anticoagulation treatment will be held for at least 12 hours 
postoperatively [7, 10]

■■ Hemodynamic instability or large PE and poor baseline car-
diopulmonary reserve, such that another embolic event 
would be poorly tolerated even if able to receive anticoagula-
tion [10, 11]

Potentially retrievable IVC filters should be considered when the 
decision to place an IVC filter has been made and the contraindication 
to anticoagulation is likely to be temporary (e.g., less than 2 weeks). 
Filters should be removed in a timely manner to minimize adverse 
events and increase the success of retrieving the filter, generally by 
3 months [12]. A time course and plan for possible retrieval should 
always be discussed with the proceduralist at the time the IVC is placed.

Prophylactic placement of IVC filters is more controversial, and 
practice varies widely. In trauma patients, prophylactic IVC filter 
placement does not appear to have a mortality benefit and is associ-
ated with complications, including increased rates of DVT [13].

 PERIOPERATIVE MANAGEMENT
The main concerns for perioperative management are prevention of 
VTE in all patients, resumption of anticoagulation in those patients 
who are chronically receiving it, and diagnosis and treatment of new 
postoperative VTE.
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 VTE PROPHYLAXIS FOR ALL SURGICAL PATIENTS
VTE prophylaxis recommendations are shown in Table 24.3. The sug-
gested types of prophylaxis for each type of surgery are based on the 
2012 ACCP guidelines [4, 5], which do not make specific dose recom-
mendations for all methods of pharmacologic prophylaxis. Be aware 
that decisions regarding timing and method of VTE prophylaxis are 
usually at the discretion of the surgeon with consideration of the risk 
of surgical bleeding. Dose-related questions in special situations, 
especially in patients at the extremes of body weight or those with 
chronic kidney disease, should be discussed with a clinical pharma-

TABLE 24.3 RECommEnDED VTE PRoPHYlAXis [3–5]

Type of 
surgery First line Second line Notes

Orthopedic surgery

Hip 
replacement 
(THA), knee 
replacement 
(TKA), hip 
fracture 
surgery (HFS)

LMWH 
(enoxaparin 
30 mg 
SC Q12 
hours or 
dalteparin 
5000 U SC 
once daily)

THA and TKA 
only:

Dabigatran 
110 mg PO 
1–4 hours 
post-op 
then 220 mg 
PO daily, 
rivaroxiban 
10 mg PO daily, 
or apixaban 
2.5 mg PO BID

THA, TKA, 
HFS:

LDUH, 
fondaparinux 
2.5 mg SC 
daily, vitamin 
K antagonist 
(VKA) with 
goal INR 
2–3, aspirin 
81 mg–160 mg 
daily, IPC

Minimum 
treatment duration 
is 10–14 days, 
although 
recommendations 
favor extending 
for up to 35 days 
postoperatively

ACCP guidelines 
suggest LMWH in 
preference to the 
other options

Consider IPC 
in addition to 
pharmacologic 
agent while 
hospitalized

If increased 
bleeding risk, then 
use IPC only or no 
prophylaxis

Knee 
arthroscopy

No 
prophylaxis 
if no history 
of VTE
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TABLE 24.3 (ConTinuED)

Type of 
surgery First line Second line Notes

General surgery, abdomen/pelvis surgery

Very low risk 
<0.5% (e.g., 
ambulatory 
same-day 
surgery)

Early 
ambulation

Low risk 
~1.5% (e.g., 
certain 
laparoscopic 
procedures, 
more minor 
abdominal, 
gynecologic, 
urologic 
procedures)

IPC

Moderate 
risk ~3% 
(e.g., major 
abdominal,

nonmalignant 
gynecologic, 
thoracic, 
cardiac 
surgery)

LMWH, 
LDUH

IPC Use IPC if high risk 
for major bleeding 
or if consequences 
of bleeding would 
be particularly 
severe

High risk 
~6% (e.g., 
abdominal/
gynecologic

malignancy 
surgery, 
bariatric 
(see below 
for bariatric 
specifics)

LMWH, 
LDUH +/−
IPC

IPC, low-dose 
aspirin 160 mg 
daily, or 
fondaparinux

Extend duration if 
abdominal/pelvic 
cancer surgery

Use IPC if high risk 
for major bleeding 
or if consequences 
of bleeding would 
be particularly 
severe. If bleeding 
risk diminishes, 
add back 
pharmacologic 
prophylaxis

(continued)
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TABLE 24.3 (ConTinuED)

Type of 
surgery First line Second line Notes

Bariatric LMWH 
high-dose 
prophylaxis 
(e.g., 
enoxaparin 
40 mg SC 
Q12 hours) 
for BMI > 
40 +/−IPC

LDUH +/−IPC Consult with 
clinical pharmacist 
for weight-based 
dosing. Consider 
higher doses of 
LDUH if LDUH is 
chosen

Cardiac 
surgery

IPC If prolonged 
hospital course 
due to non- 
hemorrhagic 
complications, 
then add LDUH or 
LMWH

Thoracic 
surgery

Moderate 
risk of VTE: 
LDUH, 
LMWH

Can add IPC 
if high risk 
of VTE

Moderate risk 
of VTE: IPC

If high risk of 
bleeding, use IPC

Craniotomy IPC If high risk of VTE, 
add pharmacologic 
prophylaxis once 
bleeding risk is 
acceptable

Spinal surgery IPC LMWH, LDUH If high risk 
for VTE, add 
pharmacologic 
prophylaxis once 
bleeding risk is 
acceptable

Major trauma LDUH, 
LMWH, or 
IPC

IVC filter not 
recommended

LDUH low-dose unfractionated heparin, dosing usually 5,000 U SC Q8 
hours or Q12 hours
IPC intermittent pneumatic compression
LMWH low-molecular-weight heparin, e.g., enoxaparin 40 mg SC once 
daily unless otherwise noted
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cist. In general, the current guidelines favor individualized assess-
ment when selecting VTE prophylaxis, taking into account both 
patient risks and surgical risks of VTE and bleeding [5].

 VTE Prophyalxis for Neuraxial Procedures and Nerve  
Catheter Placement
The use of neuraxial anesthesia and potential for neuraxial bleeding 
complicates perioperative VTE prophylaxis administration [14]. 
Generally, the use of low dose unfractionated heparin (LDUH) is pre-
ferred if a neuraxial procedure or nerve catheter is planned for sur-
gery, although low-molecular-weight heparin (LMWH) can be 
considered if dosing is carefully coordinated with catheter placement 
and removal. Recently updated guidelines for the management of 
VTE prophylaxis with neuraxial anesthesia are summarized in 
Table 24.4.

 SURGICAL PATIENTS WITH PRIOR VTE REQUIRING 
ANTICOAGULATION
Therapeutic anticoagulation should only be resumed after discus-
sion with the patient’s surgeon with regard to timing and bleeding 
risk.

■■ Until therapeutic dose anticoagulation has been resumed post-
operatively, prophylactic dose pharmacologic VTE prophylaxis 
should be considered if the bleeding risk is acceptable.

■■ Once therapeutic anticoagulation can be resumed, patients 
taking warfarin may need to be bridged with IV unfraction-
ated heparin (UFH) or LMWH while waiting for the INR to 
become therapeutic (see Table 24.2). The timing of warfarin 
reinitiation depends on the assessment of bleeding risk. 
ACCP guidelines recommend resuming warfarin approxi-
mately 12–24 hours after surgery if there is adequate hemo-
stasis [8].

■■ For patients who are taking therapeutic dose LMWH or direct 
oral anticoagulants (DOACs), bridging is not required after sur-
gery. Once therapeutic anticoagulation can safely be resumed 
postoperatively, patients may start taking their therapeutic dose 
LMWH or DOAC. For patients on DOACs who are at high risk 
of VTE and are unable to take their DOAC because they cannot 
take oral medications, then IV UFH or LMWH may be used 
until the patient is able to resume their DOAC.
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TABLE 24.4 mAnAGEmEnT oF VTE PRoPHYlAXis FoR nEuRAXiAl AnD 
PERiPHERAl nERVE CATHETERs [14]

VTE 
Prophylaxis 
Medication

Prior to neuraxial 
or nerve catheter 
placement

While neuraxial 
or nerve catheter 
is in place

After 
neuraxial 
or nerve 
catheter 
removal

Low-dose 
unfractionated 
heparin 
(heparin 
5,000 U SC Q8 
or 12 hours)

Discontinue LDUH 
4–6 hours before 
procedure

Can be 
administered. 
Discontinue 4–6 
hours before 
removal.

May be 
resumed 
1 hour 
after 
catheter 
removal

Higher dose 
unfractionated 
heparin 
(heparin 7500 U 
SC Q8 hours)

Discontinue 
12 hours before 
procedure

Risks and 
benefits of 
administering 
higher dose 
UFH with nerve 
catheter in 
place should 
be individually 
assessed.

May be 
resumed 
4 hours 
after 
catheter 
removal

Daily LMWH 
(enoxaparin 
40 mg SC daily 
or dalteparin 
5,000 U SC 
daily)

Discontinue 
12 hours before 
procedure

In patient with 
renal insufficiency, 
LMWH should 
be discontinued 
>12 hours before 
procedure

First dose may 
be administered 
12 hours after 
the procedure, 
and the second 
dose should be 
24 hours after 
the initial dose. 
Discontinue 
12 hours before 
removal.

May be 
resumed 
4 hours 
after 
catheter 
removal

Twice daily 
LMWH 
(enoxaparin 
30 mg or 40 mg 
SC Q12 hours)

Discontinue 
12 hours before 
procedure

In patient with 
renal insufficiency, 
LMWH should 
be discontinued 
>12 hours before 
procedure

Given increased 
spinal hematoma 
risk associated 
with this 
regimen, twice 
daily LMWH 
should not be 
administered 
with nerve 
catheter in place.

May be 
resumed 
4 hours 
after 
catheter 
removal
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 ACUTE POSTOPERATIVE VTE
Despite best efforts, postoperative VTE still occurs. Patients may 
present with acute hypoxia, dyspnea, tachycardia, or limb edema. 
Keep in mind that patients in the postoperative state may have other 
explanations for symptoms of VTE, and having a high clinical suspi-
cion remains vital so that VTE is not missed. Screening in asymptom-
atic patients is not recommended. Diagnostic testing for suspected 
postoperative VTE is shown in Table 24.5.

 Immediate Management
Immediate management of postoperative VTE consists of stabiliza-
tion of the patient. Severity of the VTE and risk of bleeding must 
be assessed first. Thrombolytics are indicated for unstable patients 
with massive PE [3, 15]. Contraindications to thrombolytics 
include intracranial neoplasm, history of intracranial hemorrhage 
or hemorrhagic stroke, and internal bleeding within 6 months. Due 
to bleeding risk, this option must always be discussed with the sur-
geon. Systemic thrombolytic therapy is recommended over 
 catheter- directed thrombolysis for PE with hypotension [3]. For 
patients with proximal DVT or with PE who are hemodynamically 
stable, treat with therapeutic dose anticoagulation as soon as pos-
sible (see Table 24.6). It is critical to discuss bleeding risk with the 
surgery team.

TABLE 24.4 (ConTinuED)

VTE 
Prophylaxis 
Medication

Prior to neuraxial 
or nerve catheter 
placement

While neuraxial 
or nerve catheter 
is in place

After 
neuraxial 
or nerve 
catheter 
removal

Prophylactic 
dose 
fondaparinux 
(2.5 mg SC 
daily)

Fondaparinux carries increased risk of spinal 
hematoma and should generally be avoided with 
neuraxial procedures or nerve catheter placement 
unless neuraxial intervention can be performed 
under conditions similar to clinical trials (e.g., 
single needle pass, use of atraumatic needles, 
avoidance of indwelling catheters)
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 Choice of Anticoagulation
Similar to VTE prophylaxis, several anticoagulation medications are 
approved for the treatment of VTE, and guidelines recommend consid-
ering an individual’s co-morbidities when selecting treatment [3, 16].

TABLE 24.5 DiAGnosTiC TEsTinG FoR susPECTED PosToPERATiVE VTE

Test Notes

Chest CT, PE 
protocol

Requires 18 gauge antecubital IV, power injectable PICC 
or power injectable ports to deliver an adequately timed 
contrast bolus for the study to be properly interpreted
Uses IV contrast—use caution in patients with kidney 
disease

V/Q scan Consider if contraindication to CT, e.g., chronic kidney 
disease or severe allergy
May be difficult to interpret in patients with underlying 
lung disease

Lower 
extremity 
duplex

Use if suspected DVT, or if suspected PE and unable to 
perform chest CT or V/Q scan
A negative lower extremity duplex does not rule out PE

D-dimer Not used—generally not useful in postoperative patients, 
who may have elevated values due to other reasons, 
and in whom low values would not preclude further 
evaluation for VTE

TABLE 24.6 sTRATEGiEs FoR mAnAGEmEnT oF PosToPERATiVE VTE [3]

Bleeding risk Management of DVT/PE

Anticoagulation 
unacceptable

IVC filter until able to anticoagulate
Consider potentially retrievable IVC filter
Give prophylactic dose unfractionated heparin or 
LMWH if possible

Anticoagulation 
acceptable
High bleeding risk

IV UFH
Consider using “no-bolus” protocol

Anticoagulation 
acceptable
Low bleeding risk

IV UFH or LMWH (therapeutic dose) if plan is 
to treat with warfarin, dabigatran, edoxaban, or 
LMWH
Consider apixaban or rivaroxiban, which do not 
require initial IV UFH or LMWH, in non-cancer 
patients (use caution in patients with renal 
insufficiency or morbid obesity)
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■■ Both IV UFH and LMWH can be used for the initial treatment 
of acute VTE. IV UFH may be advantageous postoperatively 
because of its short half-life if bleeding risk is high. Guidelines 
recommend the use of LWMH if acute VTE is associated with 
malignancy [3].

■■ If warfarin is chosen for long-term management of VTE, IV 
UFH or LMWH should be administered with warfarin until the 
INR is ≥2.0 for at least 24–48 hours (i.e., usually need to give 
additional heparin after the first INR is in target range).

■■ Fondaparinux has also been approved for the treatment of 
acute VTE as a bridge to warfarin, although it is not approved 
for subacute or long-term management [16].

■■ Dabigatran, rivaroxaban, apixaban, and edoxaban are recom-
mended over vitamin K antagonist (warfarin) for the treatment 
of acute VTE in non-cancer patients [3]. Caution should be 
used in patients with renal insufficiency or morbid obesity, and 
a patient’s medication list should be reviewed for potential 
drug interactions with all DOACs [3, 17].

■■ Dabigatran or edoxaban require initial treatment with a paren-
teral anticoagulant (IV UFH or LMWH) for 5–10 days before 
they can be started for long-term anticoagulation as 
monotherapy.

■■ Apixaban and rivaroxiban can be started immediately for acute 
VTE treatment and do not require initial use of LMWH or IV 
UFH. Dosing for apixaban and rivaroxaban, unlike dabigatran 
and edoxaban, is adjusted 1 or 3 weeks after starting therapy 
to complete treatment. Initial apixaban dosing is 10 mg twice 
daily for 1 week, then 5 mg twice daily for the duration of 
treatment. Rivaroxiban is prescribed 15 mg twice a day for 
3 weeks, then 20 mg daily [17].

 Long-Term Management
The duration of anticoagulation depends on whether the VTE was 
provoked by reversible risk factors, whether the VTE is recurrent, and 
the bleeding risk of anticoagulation.

■■ For most patients with postoperative VTE, the recommended 
duration of therapy for their first VTE is 3 months if there was 
a reversible, transient risk factor (e.g., recent surgery, immobi-
lization) [3, 16].

■■ The duration of anticoagulation for patients with recurrent 
provoked VTE is less clear. If the bleeding risk is low, indefinite 
anticoagulation should be considered. A patient’s bleeding risk 
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should be re-evaluated periodically to determine whether they 
should remain on indefinite anticoagulation.

■■ For patients who have a postoperative VTE but their risk 
factor(s) are not reversible (e.g., malignancy), the duration of 
anticoagulation is also unclear. The decision to continue anti-
coagulation beyond 3 months should be made on an individ-
ual basis based on risks and benefits of long-term 
anticoagulation.

 Subsegmental Pulmonary Embolism
Subsegmental pulmonary embolism (SSPE) refers to a peripheral PE 
confined to the subsegmental pulmonary arteries. Following improve-
ments in CT pulmonary angiography, they account for greater than 
10% of all newly diagnosed PEs [3]. To date, there have been no ran-
domized trials specifically investigating anticoagulation of SSPE, and 
retrospective studies have demonstrated varying results about the 
risk of progressive or recurrent VTE after SSPE [18, 19].

■■ If a patient diagnosed with an SSPE is felt to be low risk for 
recurrent or progressive VTE and does not have a concomitant 
lower extremity proximal DVT, guidelines recommend clinical 
surveillance over anticoagulation [3]. If clinical surveillance is 
chosen over anticoagulation, lower extremity DVT and DVTs in 
other high-risk locations (e.g., upper extremities with central 
venous catheters) should be excluded by duplex ultrasound. 
Clinical surveillance may be an appealing strategy for patients 
with high bleeding risk in the perioperative period.

■■ For patients who are felt to be high risk for recurrent VTE 
(hospitalized or reduced mobility, active cancer, or no revers-
ible risk factor identified) and in whom a diagnosis of an SSPE 
is likely to be correct based on imaging characteristics, guide-
lines suggest anticoagulation over surveillance. A low cardio-
pulmonary reserve or severe symptoms attributed to the SSPE 
also favor anticoagulation.

 Isolated Distal DVT
Isolated distal DVT, defined as a DVT confined to the veins distal to 
the popliteal vein (e.g., anterior tibial, posterior tibial, soleus, gas-
trocnemius), is another category of VTE in which clinical surveil-
lance may be an option for management [3]. Studies demonstrate 
approximately 15% of isolated distal DVTs extend into the popliteal 
vein when untreated, so patients require either surveillance or anti-
coagulation [20].
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■■ Guidelines recommend that patients diagnosed with an iso-
lated distal DVT who are relatively asymptomatic and without 
risk factors for progression of VTE should be managed with 
serial duplex ultrasound imaging for 2 weeks (e.g., at 1 week 
and at 2 weeks) to monitor for VTE extension rather than ini-
tiating anticoagulation [3]. Anticoagulation should be consid-
ered if serial imaging demonstrates an extension of distal DVT 
into proximal deep veins.

■■ Guidelines favor anticoagulation over clinical surveillance 
with serial imaging if a patient has severe symptoms associ-
ated with an isolated distal DVT or is high risk for proximal 
extension (e.g., large thrombus size, history of VTE, active 
cancer, no reversible provoking factor, positive D-dimer with-
out an alternative reason, inpatient status) [3].

 Central Line-Associated DVT
For upper extremity and catheter-associated DVT, current recommen-
dations favor treating them the same as proximal lower extremity 
DVT or PE [16]. Patients diagnosed with an acute upper extremity 
DVT associated with a central line should be treated as follows [16]:

■■ Do not remove the catheter if it is still functional and there is 
an ongoing need for central access.

■■ If the catheter is removed, treat for at least 3 months of antico-
agulation therapy.

■■ If the catheter is not removed, continue anticoagulation for at 
least 3 months and as long as the catheter remains in place, if 
beyond 3 months.

KEY CLINICAL PEARLS
 ³ Collaboration with surgical and pharmacy colleagues is impera-
tive for safe and effective anticoagulation treatment around the 
time of surgery.

 ³ IVC filters are not recommended for patients who can receive 
anticoagulation.

 ³ Direct oral anticoagulants are approved as first-line therapy for 
postoperative VTE in non-cancer patients.
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 BACKGROUND
Inherited thrombophilias are increasingly diagnosed in the general 
population and are associated with excess risk of venous thromboem-
bolism (VTE) [1]. Though testing for these conditions preoperatively 
is not indicated, it is important for clinicians to understand how 
inherited thrombophilias affect perioperative decisions regarding 
VTE prophylaxis, chronic anticoagulation management, and treat-
ment of acute VTE.

 PREOPERATIVE EVALUATION
Refer to Table 25.1 for a general overview of the most common inher-
ited thrombophilias [2]. This chapter will not review acquired hyper-
coagulable states, including antiphospholipid syndrome, but 
perioperative management principles for acquired hypercoagulable 
states are similar. The focus of this chapter is inherited 
thrombophilias.

Factor V Leiden (FVL) mutation and prothrombin gene muta-
tion (PGM) constitute 50–60% of inherited thrombophilia cases, 
with the remainder of the cases due to deficiencies in antithrom-
bin, and proteins C and S. Inherited thrombophilias likely increase 
the risk of postoperative VTE compared to the general population, 
but the extent of this risk is uncertain and varies by condition [3]. 
Some previous guidelines have distinguished weak (also referred to 
as non- severe) from strong (also referred to as severe) thrombophil-
ias based on the relative risk of thrombosis, with PGM and FVL 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_25&domain=pdf
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heterozygotes considered weak, and the remaining thrombophilias 
considered strong (see Table 25.1). The impact of these labels on 
clinical decision- making, perioperative or otherwise, is unclear [2].

 HISTORY
Key features of a patient’s history that increase the risk of inherited 
thrombophilias are [1]:

■■ Strong, early family history of VTE (>1 first degree relative 
with VTE prior to age 50)

■■ Personal history of unprovoked or weakly provoked VTE at a 
young age (prior to age 50)

■■ VTE in an unusual location (e.g., splanchnic or cerebral veins)
■■ Recurrent VTE, especially at a young age (prior to age 50)

For patients with a reported or known inherited thrombophilia, 
important information to obtain preoperatively includes:

■■ Prior testing
■■ Thrombosis history
■■ Anticoagulation history
■■ Perioperative anticoagulation or thromboprophylaxis manage-
ment plan from the patient’s hematologist if applicable

TABLE 25.1 OVERVIEW OF INHERITED THROMBOPHILIAS

Etiology Prevalence

Relative 
initial VTE 
risk

Relative 
recurrent VTE 
risk

Strong (also referred to as severe) Thrombophilias

Homozygous FVL 
mutation

0.2% 13 1.8

Compound FVL/PGM 
heterozygotes

0.1% 3 2.7

Protein C deficiency 0.4% 10 1.8

Protein S deficiency 0.4% 10 1.0

Antithrombin III 
deficiency

0.02% 20 2.6

PGM homozygote <0.1% 11 Unknown

Weak (also referred to as non-severe) thrombophilias

Heterozygous FVL 5% 4 1.5
PGM heterozygote 2% 3 1.5

Reprinted and adapted with permission from [2]
FVL Factor V Leiden, PGM prothrombin gene mutation
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 TESTING
Inherited thrombophilia screening is not indicated prior to surgery 
even for patients who may be at higher risk based on history; and 
patients with known inherited thrombophilias do not need repeat 
confirmatory testing. Assessing the postoperative VTE risk based on 
the patient’s medical history is  generally sufficient to inform the peri-
operative management decisions regarding thromboprophylaxis or 
anticoagulation management.

 PERIOPERATIVE MANAGEMENT
 VTE PROPHYLAXIS FOR PATIENTS WITH KNOWN 
THROMBOPHILIA NOT ON CHRONIC ANTICOAGULATION
According to the Caprini risk assessment model (see Chap. 24), all 
patients with thrombophilias are at least moderate risk (Caprini score 
3–4) for perioperative VTE, and thus merit pharmacologic thrombopro-
phylaxis, usually with low-molecular-weight heparin (LWMH) or low-
dose unfractionated heparin (LDUH), if bleeding risk is acceptably low. 
Further, most patients with thrombophilias undergoing surgery will 
have a high risk of VTE (Caprini score of 5 or more) and should receive 
both pharmacologic and mechanical prophylaxes with intermittent 
pneumatic compression devices and/or elastic stockings [4]. Patients 
with thrombophilias who have a high bleeding risk, regardless of risk of 
VTE, should use mechanical prophylaxis initially and pharmacologic 
prophylaxis should be started once the bleeding risk diminishes.

 PATIENTS WITH KNOWN THROMBOPHILIA ON CHRONIC 
ANTICOAGULATION
In patients who are chronically anticoagulated on warfarin due to a 
history of VTE and known thrombophilia, there is scant evidence to 
guide the decision of whether to bridge the patient in the periproce-
dural setting [5]. Guidelines on perioperative bridging divide patients 
with known inherited thrombophilia into moderate and high risk cate-
gories primarily by distinguishing weak and strong thrombophilias [6].

■■ Moderate risk (bridging not generally necessary): Weak throm-
bophilia with a history of VTE more than 3 months ago who 
lack additional risk factors (such as variables in the Caprini 
risk assessment model) for postoperative VTE.

■■ High risk (bridging recommended): Strong thrombophilia 
with history of VTE, or a weak thrombophilia with history of 
VTE less than 3 months ago.
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Patients with thrombophilia taking either LMWH or direct oral 
anticoagulants (DOACs) for anticoagulation do not need to be 
bridged. See Chap. 26 for more information on how to bridge patients 
on warfarin and to manage other anticoagulants perioperatively.

 MANAGEMENT OF ACUTE POSTOPERATIVE VTE IN PATIENTS 
WITH KNOWN THROMBOPHILIA
Acute provoked VTE in the postoperative setting in patients with 
known thrombophilia should be managed the same as the general 
population (see Chap. 24). In a large registry which prospectively 
screened patients with VTE for thrombophilias and monitored for 
recurrence, the risk of recurrence did not differ between those with 
or without a hereditary thrombophilia [7]. Therapeutic anticoagula-
tion is recommended for 3–6 months for a first time acute provoked 
VTE in patients with thrombophilias [8, 9].

For patients with known thrombophilia who have a recurrent VTE 
following surgery, the recommended duration of anticoagulation is 
unclear and should be individualized to the patient’s preferences and 
their bleeding risk. In general, indefinite anticoagulation is recom-
mended for patients with recurrent VTE and low bleeding risk, 
regardless of a diagnosis of thrombophilia [8]. If a patient with 
thrombophilia who is already on anticoagulation develops a VTE 
while they are on their anticoagulation, hematology should be con-
sulted to help decide whether to change the intensity or type of 
anticoagulation.

 TESTING FOR THROMBOPHILIA AFTER POSTOPERATIVE VTE
For patients with a first episode of VTE in the setting of a significant 
surgery, thrombophilia testing is never indicated. Further, both acute 
thrombosis and anticoagulation are known to interfere with the diag-
nostic accuracy of several common tests for thrombophilia [9]. If 
testing is pursued or the patient has additional risk factors for throm-
bophilia, it should be done at least 3 months after the diagnosis of 
acute thrombus, when the patient is off anticoagulation, specifically 
off vitamin K antagonists for at least 2 weeks, heparin for at least 
24 hours, and DOACs for 2–3 days.
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KEY CLINICAL PEARLS
 ³ Do not perform thrombophilia testing preoperatively for screening 
and for hospitalized patients with an acute thrombosis.

 ³ Patients with inherited thrombophilias should receive at least 
pharmacologic prophylaxis for VTE following surgery.

REFERENCES
 1. Connors JM. Thrombophilia testing and venous thrombosis. N Engl J Med. 

2017;377(23):2298.
 2. Stevens SM, Woller SC, Bauer KA, et al. Guidance for the evaluation and treatment of 

hereditary and acquired thrombophilia. J Thromb Thrombolysis. 2016;41(1):154–64. 
 3. Wu O, Robertson L, Twaddle S, et al. Screening for thrombophilia in high-risk situ-

ations: systematic review and cost-effectiveness analysis. The Thrombosis: Risk and 
Economic Assessment of Thrombophilia Screening (TREATS) study. Health Technol Assess. 
2006;10(11):1–110.

 4. Caprini JA. Risk assessment as a guide for the prevention of the many faces of venous 
thromboembolism. Am J Surg. 2010;199(1 Suppl):S3–10.

 5. Wiszniewski A, Szopiński P, Ratajczak J, Bilski R, Bykowska K. Perioperative bridging 
therapy with low molecular weight heparin for patients with inherited thrombophilia and 
antiphospholipid syndrome on long-term acenokumarol therapy. Blood Coagul Fibrinolysis. 
2011;22(1):34–9.

 6. Douketis JD, Spyropoulos AC, Spencer FA, et al. Perioperative management of antithrom-
botic therapy: antithrombotic therapy and prevention of thrombosis, 9th ed: American 
College of Chest Physicians Evidence-Based Clinical Practice Guidelines. Chest. 2012;141(2. 
Suppl):e326S–50S.

 7. Coppens M, Reijnders JH, Middeldorp S, et al. Testing for inherited thrombophilia does not 
reduce the recurrence of venous thrombosis. J Thromb Haemost. 2008;6(9):1474–7.

 8. De Stefano V, Rossi E, Za T, Leone G. Prophylaxis and treatment of venous thrombo-
embolism in individuals with inherited thrombophilia. Semin Thromb Hemost. 2006 
Nov;32(8):767–80.

 9. Moll S. Thrombophilia: clinical-practical aspects. J Thromb Thrombolysis. 
2015;39(3):367–78.



219© Springer Nature Switzerland AG 2020
M. B. Jackson et al. (eds.), The Perioperative Medicine Consult Handbook, 
https://doi.org/10.1007/978-3-030-19704-9_26

Chapter
Chronic Anticoagulation

Maya Narayanan

26

 BACKGROUND
Patients receiving chronic anticoagulation often require interruption 
of treatment perioperatively. It remains challenging to balance both 
the risk of thromboembolic events off anticoagulation and the risk of 
surgical bleeding on anticoagulation. The decision to interrupt anti-
coagulation is dependent on several factors including the patient’s 
underlying condition requiring anticoagulation, the type of surgery, 
and the type of anticoagulant. For further discussion about periop-
erative management of patients receiving anticoagulation for atrial 
fibrillation and venous thromboembolic disease, please see Chaps. 9 
and 24, respectively.

 PREOPERATIVE EVALUATION
When assessing a patient who is chronically anticoagulated, it is 
important to consider and document the following:

■■ Specific indication for anticoagulation
■■ Anticoagulant in use and any recent dose adjustments
■■ Evaluation of medications including antiplatelet agents and 
other medications which may interact with the anticoagulant

■■ History of bleeding complications or additional risk factors that 
predispose the patient to bleeding such as renal or liver disease

■■ Renal function (glomerular filtration rate) and complete blood 
count

■■ Type of surgery
■■ Potential need for nerve/neuraxial catheter for anesthesia/ 
analgesia perioperatively

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_26&domain=pdf
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For patients on warfarin, in addition to the above, the following 
should be documented:

■■ Whether bridging was recommended in the past
■■ Plan developed with the patient’s anticoagulation clinic
■■ Recent prothrombin time/international normalized ratio (PT/
INR)

 PERIOPERATIVE MANAGEMENT
 RISK STRATIFICATION TO DECIDE WHETHER TO BRIDGE 
PATIENTS  TAKING WARFARIN
In general, patients who are taking warfarin and are high risk for 
thrombus formation should be bridged, and those who are low risk 
should not be bridged [1, 2]. For patients at intermediate risk of 
thrombus formation, the decision to bridge should be based on 
surgery- related factors and the individual patient’s condition (see 
Table 26.1).

 HOW TO BRIDGE PATIENTS TAKING WARFARIN
Patients on warfarin, who are deemed to have a high enough risk for 
thromboembolism to need bridging, should be monitored closely by 
their anticoagulation clinic as they transition off warfarin. Low- 
molecular- weight heparin (LMWH) is usually used for bridging, but 
if the patient’s renal function prohibits use of LMWH, intravenous 
unfractionated heparin (IV UFH) can be used.

■■ In general, hold warfarin for 5 days prior to surgery to allow 
INR reversal [1]. Warfarin may need to be held longer if a 
patient’s INR is supratherapeutic.

■■ Start LMWH or IV UFH 3 days prior to surgery, or when the 
INR is below the lower limit of therapeutic range (INR <2 
or < 2.5 depending on the indication for anticoagulation).

■■ Hold LMWH for 24 hours pre-procedure. If IV UFH is used to 
bridge, then it should be discontinued 6 hours pre-procedure.

Postoperatively, warfarin can be reinitiated within 12–24 hours if 
the patient is able to take oral medications and hemostasis has been 
achieved [2]. Bridging with LMWH or IV UFH can be reinitiated 
24 hours after surgery for patients with low post-procedural bleed-
ing risk and between 48 and 72 hours after surgery for patients with 
moderate to high post-procedural bleeding risk. LMWH or IV UFH 
can be discontinued when the INR reaches the lower limit of thera-
peutic range. Consider delaying reinitiation of therapeutic antico-
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agulation with warfarin, LMWH or IV UFH if there is concern about 
hemostasis, the patient has additional risk factors for bleeding, or if 
the surgery is located at a site where bleeding would be cata-
strophic, e.g., intracranial.

 DIRECT ORAL ANTICOAGULANTS AND LOW-MOLECULAR- 
WEIGHT HEPARIN
In general, patients taking direct oral anticoagulants (DOACs) or low- 
molecular- weight heparin (LMWH) do not need to be bridged due to 
the predictable half-life of these medications [2]. When to discon-
tinue DOACs prior to surgery is dependent on the patient’s glomeru-
lar filtration rate (GFR) and bleeding risk of the surgery (see 
Table 26.2). LMWH should be held for 24 hours pre-procedure.

DOACs and LMWH can be reinitiated within 24 hours after sur-
gery for patients with low post-procedural bleeding risk and between 
48 and 72 hours after surgery for patients with moderate to high post-
procedural bleeding risk as long as hemostasis has been achieved [2]. 
If there is a concern for bleeding, then IV UFH can be used initially 
and the patient can later be transitioned to a DOAC or LMWH once 
hemostasis is achieved. Similar to warfarin, the urgency to restart 
therapeutic anticoagulation with DOACs or LMWH depends on the 
bleeding risk and risk of thromboembolism.

 MINOR PROCEDURES
Many minor procedures may be performed while on therapeutic anti-
coagulation (warfarin, DOAC, or LMWH) due to lower bleeding risk 
and the ability to use local control measures to obtain hemostasis [2, 
4]. Examples of low bleeding risk procedures include:

■■ Minor dental surgery
■■ Minor dermatologic surgery
■■ Cataract surgery
■■ Endoscopy without biopsy

One should always discuss the anticoagulation plan with the sur-
geon or provider performing the procedure. For patients on warfarin, 
an INR should be checked to ensure that the patient’s anticoagulation 
is not supratherapeutic.

 STRATEGIES FOR REVERSAL OF COMMON ANTICOAGULANTS
Many anticoagulants can be reversed if there is an indication for 
emergent surgery. Ideally though, if it is safe to delay surgery, then it 
is best to wait until the anticoagulant has been eliminated from the 
body [5]. In general, for anticoagulants other than warfarin, reversal 
should be undertaken with guidance from pharmacy and hematology. 
Please see Table 26.3 for further details.
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TABLE 26.3 AnTiCoAgulAnT REVERSAl STRATEgiES

Category
Drug activity 
measurement Options for reversal

Oral direct factor 
Xa inhibitors 
(apixaban, 
edoxaban, 
rivaroxaban)

Agent specific 
anti-factor Xa 
activity

Hold medication
Administer activated 
charcoal if ingested within 
the last 2 hours
Antifibrinolytic (e.g., 
tranexamic acid, 
aminocaproic acid)
Consider prothrombin 
complex concentrate (PCC) 
for life-threatening bleeding
Consider andexanet alfa, if 
available

Oral direct 
thrombin 
inhibitors 
(dabigatran)

Plasma-diluted 
thrombin time 
(dTT)

Hold medication
Administer activated 
charcoal if ingested within 
the last 2 hours
Antifibrinolytic (e.g., 
tranexamic acid, 
aminocaproic acid)
Consider idarucizumab for 
life-threatening bleeding
If idarucizumab is 
unavailable, consider PCC 
for life-threatening bleeding
Consider hemodialysis 
for patient patients with 
reduced renal function

Parenteral 
direct thrombin 
inhibitors 
(argatroban, 
bivalirudin)

Plasma-diluted 
thrombin time 
(dTT)

Turn off infusion

Parenteral 
unfractionated 
heparin

Partial 
thromboplastin 
time (PTT) or 
anti- factor Xa 
activity

Turn off infusion
Consider protamine for full 
neutralization
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 ANTICOAGULATION MANAGEMENT FOR NEURAXIAL 
PROCEDURES AND NERVE CATHETER PLACEMENT
With few exceptions, full systemic anticoagulation should not be 
administered during a neuraxial procedure or while a nerve catheter 
is in place. For the guidance of when to stop and restart specific anti-
coagulants prior to and after neuraxial procedures/nerve catheter 
placement, please refer to the American Society of Regional Anesthesia 
guidelines, 4th edition [6].

TABLE 26.3 (ConTinuED)

Category
Drug activity 
measurement Options for reversal

Subcutaneous 
low-molecular- 
weight heparin 
(dalteparin, 
enoxaparin)

Anti-factor Xa 
activity

Hold medication
Consider protamine for 
partial neutralization

Subcutaneous 
factor Xa inhibitor 
(fondaparinux)

Anti-factor Xa 
activity

Hold medication

Oral vitamin 
K antagonist 
(warfarin)

Protime/
international 
normalized ratio 
(PT/INR)

Hold warfarin
Consider oral vitamin K 
2.5 mg or IV vitamin K 
1 mg (Note: IV vitamin K 
has faster onset of action 
but has a boxed warning as 
it can cause anaphylaxis)
Consider fresh frozen 
plasma (FFP) for fast onset 
reversal (Note: Due to the 
short half-life, vitamin K 
should also be administered 
or FFP may have to be 
re-dosed)

Reprinted and adapted with permission from [3]
Options for reversal are in addition to supportive care with transfusions
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KEY CLINICAL PEARLS
 ³ The type of surgery, underlying medical condition, and type of 
anticoagulation determine when/if an anticoagulant should be 
stopped before surgery and restarted after surgery.

 ³ For patients on warfarin, only those who are at high risk of throm-
boembolism require bridging.

 ³ Reverse anticoagulants only for truly emergent surgeries; other-
wise, wait until the anticoagulant has been metabolized.
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 BACKGROUND
Sickle cell disease (SCD) comprises a group of hemoglobin disorders 
that include homozygous sickle cell anemia (HbSS) and compound 
heterozygote states such as HbS-β thalassemia, HbSC, and many 
other abnormal hemoglobin variants. SCD has varying degrees of 
disease severity, which approximates the degree of HbS present in 
their red blood cells. HbSS and HbS-β0 thalassemia are clinically 
indistinguishable, and the most severe phenotypes. Individuals with 
HbSC and HbS-β+ thalassemia typically have a less severe phenotype. 
Surgery poses unique health challenges to individuals with SCD, but 
early recognition and treatment of disease-related comorbidities can 
significantly reduce these perioperative complications.

 PREOPERATIVE EVALUATION
Sickle cell disease often manifests with organ dysfunction that can 
negatively impact perioperative management, e.g., 4–18% of people 
with SCD have chronic kidney disease [1], approximately 30% report 
near daily chronic pain [2], and 6–11% have pulmonary hypertension 
[3]. Prior to surgery, review the following history and testing to iden-
tify SCD-related comorbidities that will require perioperative 
management.

■■ Determine if vaccination history is up to date.
■■ Determine history of chronic pain and associated analgesic 
regimen [4].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_27&domain=pdf
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■■ Screen for sequelae or comorbidities of sickle disease that can 
increase surgical risk, e.g., stroke, infections, avascular necro-
sis, leg ulcers, pulmonary hypertension, renal insufficiency, 
and priapism [1].

■■ Perform pulmonary function tests (PFT) and a 6-min walk test 
if not done in the past year. If the PFT and 6-min walk tests are 
abnormal, a transthoracic echocardiogram can be used to 
screen for pulmonary hypertension.

■■ Confirm that anesthesia knows of the patient’s comorbidities 
that could increase cardiopulmonary stress, e.g., pulmonary 
hypertension, sleep apnea, and history of acute chest 
syndrome.

■■ Determine the patient’s baseline hemoglobin level and any his-
tory of transfusion reactions, as people with SCD may receive 
intermittent or long-term (in predetermined intervals) red 
blood cell (RBC) transfusions. If the patient has a history of 
alloimmunization, then alert the blood bank as it may require 
additional time to prepare phenotypically matched RBCs.

 PERIOPERATIVE MANAGEMENT
 PREOPERATIVE MANAGEMENT
For surgical procedures involving general anesthesia, the patient 
should be admitted to the hospital 1–2 days prior to surgery for 
preoperative optimization. The focus of preoperative manage-
ment is the patient’s hematologic status. Optimizing hemoglobin 
levels, as described below, can decrease postoperative complica-
tions, e.g., acute vaso-occlusive pain episodes (VOEs) and acute 
chest syndrome [5].

Two days prior to surgery:
■■ Check hemoglobin, reticulocyte count, and quantitative hemo-
globin S (Hb S) to determine transfusion needs.

■■ Send a type and cross to prepare for perioperative RBC trans-
fusions as needed.

■■ Transfuse RBCs to increase hemoglobin levels to ≥10 g/dL 
using leukocyte-reduced and antigen-matched blood products 
[1, 6].

■■ For patients with HbSS who have a hemoglobin level >8.5 g/dL 
without transfusion, are on chronic hydroxyurea, or are under-
going high-risk surgery, consult hematology to advise on the 
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appropriate transfusion method (i.e., simple, partial exchange, 
full exchange) [1].

■■ For patients with HbSC or HbS-β+ thalassemia, who typically 
have higher baseline hemoglobin levels, consult hematology to 
determine if exchange transfusion is indicated to achieve 
quantitative HbS levels less than 30% [1].

■■ Continue outpatient medications (e.g., hydroxyurea and folic 
acid) until NPO for surgery.

One day prior to surgery:
■■ Check post-transfusion hemoglobin (goal hemoglobin ≥ 10 g/dL).
■■ Check serum magnesium level (goal magnesium ≥ 2.2 mg/dL) 
and replete as needed.

■■ When the patient is NPO, start 1/2 NS at a maintenance rate 
until they are able to take oral fluids again. Avoid isotonic flu-
ids (e.g., NS or LR) as these have been associated with 
increased risk of VOEs [7].

■■ Start incentive spirometry hourly while awake to reduce risk of 
acute chest syndrome [8].

■■ Confirm operative plan and suitability for postoperative trans-
fer of the patient to the surgical service.

■■ Confirm with blood bank that phenotypically matched blood is 
available for surgery.

■■ Confirm postoperative pain management plan with pain 
service.

 INTRAOPERATIVE MANAGEMENT
The general principles of intraoperative management include main-
taining normothermia and euvolemia, avoiding hypoxia and acidosis, 
and providing adequate pain relief [9].

■■ Confirm that preoperative antibiotics were given.
■■ Maintain oxygen SaO2 > 98%, PaO2 > 95 mmHg.
■■ Abrupt changes in body temperature can trigger VOEs, so keep 
the patient’s temperature > 37ºC throughout the procedure. 
Avoid the use of ice packs and use warmed IV fluids 
intraoperatively.

■■ Use IV fluids judiciously as SCD patients are at increased  
risk of volume overload, which could lead to pulmonary 
edema.

■■ Continue to use 1/2 NS, avoiding NS and LR [7].
■■ Prolonged tourniquet use for limb surgery may trigger VOEs, 
so ensure minimal inflation time, maintain adequate hydra-
tion, and keep the patient mildly hyperventilated [9].



230 THE PERIOPERATIVE MEDICINE CONSULT HANDBOOK

 POSTOPERATIVE MANAGEMENT
Approximately, 19% of postoperative patients with SCD experience 
disease-related complications depending on the type of surgery [10]. 
The focus of the postoperative phase in SCD should be adequate pain 
management, avoiding factors that can trigger VOEs, and returning 
the patient to their previous state of health.

■■ Monitor for signs of SCD-related complications (stroke, acute 
coronary syndrome, VOEs, and acute chest syndrome).

■■ Consult hematology if the patient develops acute sickle cell 
complications: Vaso-occlusive pain crises, acute chest syn-
drome, deep vein thrombosis, pulmonary embolism, pulmo-
nary hypertension, priapism, or stroke.

■■ Consider a hematology consult if the patient has a prior his-
tory of any of the complications listed above, or a history of 
avascular necrosis or leg ulcers. The latter two complications 
are associated with chronic sickle cell pain, which may compli-
cate postoperative pain management.

■■ The optimal postoperative hemoglobin level in sickle cell 
patients has not been sufficiently studied to give a recommen-
dation that is different from the thresholds used for the general 
population.

■■ Avoid fluid overload.
■■ Continue to use hypotonic fluids (e.g., 1/2 NS) until the patient 
is able to take sufficient fluids by mouth [7].

■■ Consider keeping serum magnesium levels at the upper limit 
of normal (2.2–2.4 mg/dL) [11].

■■ Avoid abrupt temperature changes, including hypothermia, 
e.g., avoid using ice packs.

■■ Continue with incentive spirometry hourly while awake in the 
postoperative period [8].

■■ Many people with SCD are on long-term opioid analgesia for 
chronic SCD pain and may have increased opioid tolerance. 
Consult the pain service for optimization of pain management, 
while avoiding oversedation, in the immediate postoperative 
period.

■■ SCD patients are at increased risk of deep venous thrombosis 
and pulmonary embolism [12, 13]. Implement early mobiliza-
tion and DVT prophylaxis with mechanical devices, as well as 
prophylactic anticoagulation as soon as it is acceptable to the 
surgical team, preferably within 24 hours.

■■ Continue outpatient medication regimen for sickle cell disease, 
e.g., hydroxyurea and folic acid.
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KEY CLINICAL PEARLS
 ³ Prior to surgery, transfuse RBCs to increase hemoglobin levels to 
≥10 g/dL using leukocyte-reduced and antigen-matched blood 
products to decrease the risk of postoperative complications.

 ³ Avoid isotonic fluids (e.g., NS or LR) as these have been associated 
with increased risk of VOEs.

 ³ To avoid postoperative complications, maintain normothermia 
and euvolemia, avoid hypoxia and acidosis, and provide adequate 
pain relief.

 ³ Avoid oversedation with narcotic analgesia while noting that 
 people with SCD chronic pain may have an increased opioid 
tolerance.
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 BACKGROUND
Stroke is an uncommon but feared complication of surgery. The 
observed stroke rate is 0.3–3.5% in general surgery patients, varying 
by age and other comorbidities [1]. Approximately one-third of post-
operative strokes are embolic [2, 3]. A history of cerebrovascular 
disease is a risk factor for perioperative cerebrovascular and cardio-
vascular complications.

 PREOPERATIVE EVALUATION
 RISK STRATIFICATION: GENERAL CONSIDERATIONS
Prior stroke is a major risk factor for perioperative stroke events. One 
retrospective surgical series of patients with a history of previous 
stroke found a 2.9% incidence of postoperative stroke [4]. A case– 
control study found that history of previous stroke was the most sig-
nificant risk factor for postoperative stroke [5].

Timing of surgery in relation to stroke event is also important. 
A Danish national cohort study of patients having surgery after isch-
emic stroke found an odds ratio for major adverse cardiovascular 
events (MACE) of 14.2 for patients with stroke less than 3 months 
prior to surgery, 4.8 for stroke event within 3–6 months of surgery, 3.0 
with stroke event within 6–12 months of surgery, and 2.5 for stroke 
event more than 12 months before surgery. Similarly, 30-day postop-
erative mortality was highest for those with a stroke event within 
3 months of surgery and seemed to level off for those with a stroke 
event 9 or more months prior to surgery although this remained 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_28&domain=pdf
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 elevated compared to patients with no stroke history [6]. In light of 
this data, neurologists now often recommend delaying elective sur-
gery for 9 or more months after an ischemic stroke event, though 
there are no consensus guidelines and individual patient characteris-
tics must be considered.

Other potential risk factors for perioperative stroke include age 
(not independent, but as a marker of other cardiovascular disease), 
female gender, hypertension, diabetes, creatinine >2, smoking, 
chronic obstructive pulmonary disease, peripheral vascular disease, 
left ventricular ejection fraction <40%, coronary artery disease, 
heart failure, symptomatic carotid stenosis, and patent foramen 
ovale [2, 7]. A more recently recognized risk factor is migraine, 
which was found to be associated with an increased risk of periop-
erative stroke (odds ratio 1.75) compared to patients without 
migraine history in a prospective hospital registry study. Migraine 
with aura had an even higher risk of stroke with an odds ratio of 
2.61 [8].

Medical consultants often evaluate patients who have had a recent 
cerebrovascular event being considered for surgery:

■■ Recommendations to delay elective surgery following a cere-
brovascular accident (CVA) or transient ischemic attack (TIA) 
have varied widely, from 2 weeks to 9 or more months [1, 6].

■■ Perioperative stroke risk may level off around 9–12 months 
after an ischemic stroke event but remains elevated compared 
to patients with no stroke history.

■■ Discussion with the patient’s neurologist regarding risk factor 
optimization and timing of surgery is recommended given lack 
of consensus guidelines.

■■ Each case should be individually evaluated with regard to the 
type and urgency of the surgery, the patient’s comorbidities, 
and the extent to which the TIA/CVA symptoms are stable, have 
been fully evaluated, and intervened upon if appropriate (e.g., 
carotid endarterectomy [CEA] for recurrent TIA/ CVA due to a 
carotid lesion).

■■ Patients whose stroke risk factors have been maximally treated 
and who do not have ongoing symptoms are likely to be lower 
risk; as are those whose TIA/CVA event is 9 or more months 
preceding surgery.

 PHYSICAL EXAMINATION
General cardiovascular examination and neurologic examination is 
indicated preoperatively for patients at risk for perioperative stroke 
[9]. If a carotid bruit is detected, the patient should be questioned for 
signs, symptoms, or history of TIA/CVA. Patients with truly 
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 asymptomatic, incidentally found carotid bruits do not require fur-
ther workup prior to surgery:

■■ There is a poor correlation between asymptomatic bruits and 
significant carotid disease [10].

■■ Patients with known mild-to-moderate carotid stenosis have 
an overall low risk of perioperative stroke.

■■ A prospective study of 735 patients (excluding those with 
active symptoms) undergoing elective abdominal, cardiotho-
racic, breast, and extremity surgery failed to show a significant 
perioperative risk associated with asymptomatic carotid bruit 
on routine preoperative physical examination [11].

Indications for a carotid duplex in patients with a carotid bruit 
include:

■■ Symptomatic patients
■■ History of TIA/CVA
■■ Asymptomatic patients planned for coronary artery bypass 
grafting (CABG) given evidence for improved outcomes with 
combined CABG/CEA in patients found to have severe carotid 
stenosis [11]

 PERIOPERATIVE MANAGEMENT
 STROKE PREVENTION
There are no good data to support specific management strategies. 
We advise optimizing cardiovascular risk factors as possible, includ-
ing blood pressure control, restarting medications such as aspirin 
and statin, and restarting anticoagulation when surgically acceptable 
with regard to bleeding risk. If the patient is anticoagulated due to 
high baseline stroke risk or prior CVA, consider bridging with unfrac-
tionated or low-molecular-weight heparin in the perioperative period 
(see Chap. 26 for details on anticoagulation management) [12]. 
Vigilance in detecting new-onset atrial fibrillation may reduce 
embolic disease.

 POSTOPERATIVE STROKE
When a postoperative stroke does occur, it may be associated with 
mortality as high as 26%, although estimates vary [3]. Management 
should proceed in the same way as a stroke not associated with a 
procedure. However, important considerations are the following [12]:

■■ Identify possible embolic sources.
■■ Work closely with the surgical team, should anticoagulation be 
indicated.
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■■ Thrombolytics can be difficult to use because recent surgery is 
generally a contraindication; consider neurointerventional 
procedures in lieu of thrombolytics.

■■ “Permissive hypertension” may be difficult in certain vascular 
or plastic surgery procedures, and discussion with the surgery 
and neurology teams is essential. Hypotension should be 
avoided.

■■ Achieving normoglycemia, normal oxygenation, and prevent-
ing fever remain important.

■■ Hyponatremia may be more difficult to avoid in the postopera-
tive setting secondary to third spacing.

KEY CLINICAL PEARLS
 ³ A history of cerebrovascular disease (CVD) is the most important 
risk factor for postoperative stroke.

 ³ Perioperative stroke risk may level off around 9–12 months after 
an ischemic stroke event but remains elevated compared to 
patients with no stroke history.

 ³ It is important to optimize CVD risk factors and treat specific 
causes of stroke before a patient undergoes elective surgery.

 ³ Truly asymptomatic carotid bruits do not require further evalua-
tion or treatment before surgery.

 ³ Postoperative stroke management must be coordinated with the 
surgical team, e.g., the use of thrombolytics or anticoagulants may 
be contraindicated and permissive hypertension may be limited by 
the type of surgical procedure.
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 BACKGROUND
Patients with epilepsy undergo surgery and experience perioperative 
complications at higher rates than patients without epilepsy [1, 2]. 
Therefore, these patients require close attention and vigilant manage-
ment by the medical consultant. Perioperative seizures are rare in 
patients without epilepsy, except in the setting of cranial and cardiac 
surgery, and may indicate the presence of a toxic-metabolic distur-
bance that will require identification and management by the medi-
cal consultant.

 PREOPERATIVE EVALUATION
Medical consultants should identify preoperatively the patients at 
risk for seizures in the perioperative period with a complete medical 
and social history. It is also important to identify any baseline neuro-
logic deficits with a thorough examination.

 PATIENT-SPECIFIC RISK FACTORS FOR SEIZURE
■■ Known seizure disorder or current epilepsy treatment, includ-
ing use of antiepileptic drugs (AEDs) or presence of vagus 
nerve or responsive neural stimulator

■■ Intracranial brain tumors: Meningioma, glioma, metastases, 
etc.

■■ Acute presentation or history of stroke, hemorrhage, traumatic 
brain injury, or central nervous system infections

■■ Electrolyte abnormalities, hypoglycemia

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_29&domain=pdf
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■■ Infection
■■ Substance abuse
■■ Neurodegenerative disease, such as Alzheimer’s dementia

 SURGERY-SPECIFIC RISK FACTORS FOR SEIZURE
■■ Craniotomy [3, 4]
■■ Higher doses of intraoperative tranexamic acid (most common 
in cardiac surgery) [5, 6]

■■ Very high doses of certain penicillins and cephalosporins

 SPECIAL CONSIDERATIONS FOR PATIENTS WITH EPILEPSY
Patients with epilepsy and seizure disorders are at high risk for peri-
operative complications. Two retrospective studies estimated the risk 
of perioperative seizures to be between 2% and 6% in patients with 
preexisting seizure disorders [7, 8]. Type of anesthesia or surgery was 
not associated with increased clinical seizure risk; however, the study 
that addressed type of surgery did not include craniotomy and did 
not specifically quantify the number of cardiac surgery patients [7, 8]. 
When perioperative seizures do occur, they tend to have the same 
semiology as patient’s typical preoperative seizures [7]. Important 
information to consider during the preoperative evaluation from 
patients with preexisting seizure disorders include the following:

■■ Seizure type
■■ Seizure frequency
■■ Date of most recent seizure
■■ Most recent AED level
■■ If obtaining therapeutic AED levels has been challenging, the 
level should be rechecked and, if necessary, AED dose adjust-
ment considered

■■ It is usually not necessary to perform routine imaging or elec-
troencephalography (EEG)

Perioperative circumstances associated with increased risk of peri-
operative seizures in patients with preexisting seizure disorders 
include the following [1, 2, 7]:

■■ Younger age
■■ Preoperative use of multiple AEDs
■■ Shorter time between last seizure and surgery
■■ More frequent seizures at baseline
■■ Unstable or subtherapeutic AED level
■■ Sleep deprivation
■■ Stress
■■ Electrolyte disturbances
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■■ Disruptions in patient’s usual AED dosing schedule, either 
because of prolonged intraoperative times or the inability to 
take enteral medications perioperatively. Patients need to be 
instructed not to miss any of their AED doses prior to 
surgery

■■ Medications that affect seizure threshold or interact with 
patient’s AEDs can also increase the risk of perioperative 
seizure

In addition to seizures, patients with a preexisting seizure disorder 
are at increased risk of multiple other complications. The overall 
complication rate for patients with epilepsy is 20.6% vs. 9.8% in 
patients without epilepsy (Odds Ratio [OR]: 2.69 for those with epi-
lepsy compared to those without) [2]. There was no difference in 
30-day mortality. Patients with epilepsy are at greater risk of the fol-
lowing additional individual complications [2]:

■■ Stroke (OR: 3.15)
■■ Pneumonia (OR: 2.54)
■■ Sepsis (OR: 2.03)
■■ Acute renal failure (OR: 1.61)
■■ Postoperative bleeding (OR: 1.14)
■■ Deep wound infection (OR: 1.31)
■■ ICU usage (30% in patients with epilepsy vs. 13.5% in those 
without)

■■ Higher in-hospital medical expenditures (110–151% of the 
expenses for those without)

■■ Longer hospital stay (17.8 days in patient with epilepsy vs. 
10.4 days in those without)

It is unclear why these patients have increased rates of complica-
tions. Previous studies have demonstrated increased risk of stroke in 
patients with epilepsy, and at least one study suggested that this risk 
may be associated with the use of AEDs [2]. However, a likely cause 
of this increased risk in some patients is the underlying neurological 
condition causing their epilepsy. Preoperative counseling regarding 
these risks is advised.

 PERIOPERATIVE MANAGEMENT
Seizure prevention in the general population should include close 
attention to electrolytes as well as monitoring for infection or other 
postoperative complications.
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 PREVENTION IN PATIENTS WITH EPILEPSY
Patients with epilepsy who are already on antiepileptic therapy need 
to be maintained on their antiepileptics perioperatively. Important 
perioperative management principles for AEDs include the 
following:

■■ Patients should take their antiepileptic medications the morn-
ing of surgery and restart them as soon as possible after 
surgery.

■■ If enteral medications are not possible, intravenous alterna-
tives should be started postoperatively [1]. Intravenous formu-
lations are available for phenytoin, valproic acid, levetiracetam, 
phenobarbital, and lacosamide.

■■ If there is no intravenous substitution available (examples are 
carbamazepine and lamotrigine), there are two alternatives: 
One option is to give the daily dose just before surgery, and 
then given an extra loading dose when resuming oral medica-
tion if patient’s last dose was >36 hours ago. The second alter-
native is to treat with low-dose benzodiazepine rectally or by 
continuous intravenous infusion while the patient is unable to 
take enteral medications. Lorazepam, which has a longer half- 
life, is preferred over diazepam. The extra loading dose of the 
original drug would then still be given when oral medication is 
resumed if it has been >36 hours since patient’s last dose [9]. 
Consultation with the patient’s neurologist should be 
considered.

■■ Unfortunately, there is limited research regarding equivalence 
of oral and parenteral formulas. There is no assurance that an 
alternative medication will be as effective or as well tolerated 
as a patient’s usual antiepileptic medications, so consultation 
with both neurology and pharmacy is recommended if a 
patient’s AED does not have an alternative IV formulation [9].

 PREVENTION IN PATIENTS UNDERGOING BRAIN SURGERY
Patients undergoing brain surgery for various conditions are at higher 
risk of perioperative seizures; however, there is much debate in the 
literature about the use of prophylactic antiepileptic therapy. A recent 
systemic review of perioperative seizure prophylaxis for supratento-
rial tumor resection showed no significant reduction in the incidence 
of seizures in those that received prophylactic AEDs compared to 
controls [3]. A recent Cochrane review of AED prophylaxis for post-
craniotomy seizures failed to find consistent evidence that preventa-
tive AED therapy is effective in reducing postoperative seizures, 
although ultimately concluded that the current evidence base is 
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 limited [4]. Even though it is conceivable that prophylactic AEDs 
might reduce the risk of immediate postoperative seizures in some 
patients, there is no evidence whatsoever that it reduces the chance of 
developing chronic epilepsy. Although most neurosurgeons adminis-
ter prophylactic AEDs, more research is needed in this area [1, 3, 4].

 PREVENTION IN PATIENTS WITH SUBSTANCE ABUSE
Patients with substance abuse, particularly alcohol, barbiturate, or 
benzodiazepine dependence, are at risk of withdrawal seizures in the 
perioperative period. Alcohol withdrawal seizures are typically gen-
eralized tonic–clonic convulsions and occur within 48 hours of 
patient’s last drink. The timing of seizures from barbiturate or ben-
zodiazepine withdrawal is more variable and dependent on the half-
life of the abused substance. Prophylaxis is initiated if patients have 
a history of withdrawal seizures and have continued to abuse the 
same amount of the drug or have clinical evidence of a withdrawal 
syndrome. Benzodiazepines are utilized for both alcohol withdrawal 
seizure prophylaxis and treatment of the withdrawal syndrome. 
Benzodiazepines and barbiturates are used for prophylaxis and 
treatment of withdrawal seizures from those agents. There are no 
firm guidelines regarding when to initiate scheduled withdrawal 
prophylactic replacement therapy, and thus this decision relies on 
the clinical judgement of the medical consultant.

 TREATMENT
If a patient without epilepsy develops a perioperative seizure, the 
most common cause is a metabolic disorder [1]. However, a broad 
differential diagnosis should be considered and the workup directed 
based on clinical suspicion. For instance, hyponatremia is more com-
mon following a transurethral procedure, hypocalcemia after thy-
roid/parathyroid surgery, and hypomagnesemia in transplant patients 
on calcineurin inhibitors [1]. Neurology consultation may be war-
ranted if etiology is unclear. In addition to acutely treating the seizure 
with antiepileptic medication (benzodiazepine is the usual first line 
medication), workup as outlined below should be considered to iden-
tify the etiology.

■■ POCT glucose
■■ CMP, magnesium, and phosphorous
■■ CBC, Lactate, UA, CXR, and wound evaluation (to screen for 
sepsis)

■■ Toxicology screen; depending on the timing of the seizure, 
consider intoxication or withdrawal from alcohol or drugs 
(especially benzodiazepines or barbiturates)
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■■ Consider CT head if there is concern for stroke
■■ Consider adverse effect from surgery if patient is post- 
craniotomy or cardiac surgery

In patients with epilepsy, especially relatively poorly controlled 
epilepsy, perioperative seizures are typically a consequence of their 
underlying seizure disorder, rather than a symptom of another abnor-
mality. However, these patients should still be evaluated for a toxic- 
metabolic etiology, and for infection or stroke if consistent with the 
clinical scenario. Patient’s AED dosing and schedule should be 
reviewed, and AED levels checked. Patients’ other medications should 
also be reviewed for those, such as meperidine and carbapenem, 
which may lower the seizure threshold.

KEY CLINICAL PEARLS
 ³ Perioperative seizures in patients without a preexisting seizure 
disorder are uncommon and are most often due to a metabolic 
etiology.

 ³ Patient with epilepsy is at a much greater risk of perioperative 
complications including, but not limited to, seizures.

 ³ The risk of perioperative seizures in patients with epilepsy is 
dependent on their baseline seizure control.

 ³ Management of patient’s AED medication therapy can be tricky 
perioperatively, especially when patients are unable to take enteral 
medications. Due to lack of equivalence among various AEDs, 
consultation with neurology and pharmacy may be needed to iden-
tify alternative therapy regimens.

 ³ Benzodiazepines are a useful rescue intervention for prolonged or 
repetitive seizures, and for prophylaxis during periods when 
patients with epilepsy cannot receive their usual AEDs.
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 BACKGROUND
Parkinson’s disease (PD) is the second leading neurodegenerative 
disease affecting approximately one million people with 60,000 new 
cases diagnosed yearly in the United States of America (USA) [1]. It 
is estimated that about 16–45% of PD patients present to an emer-
gency room once a year and 7–28% are hospitalized yearly [2]. 
According to the Centers for Disease control and Prevention (CDC), 
PD is the fourteenth leading cause of death in the USA [3]. 
Worldwide, it is estimated that 6.2 million people suffer from 
the condition with a projected increase to 12.9 million by 2040 [4]. 
Patients with PD are at increased risk for perioperative complica-
tions [5]. In a prospective study of perioperative complications, 
patients with PD were at significantly higher risk for all serious com-
plications after correcting for other risk factors in a multivariate 
analysis (odds ratio 8.14, confidence interval (CI) 1.76–37.67) [6]. 
Patients are generally thought to be at increased risk because of dif-
ficulty with mobility, swallowing, and decreased pulmonary reserve 
made worse if they miss medication doses in the perioperative 
period. These patients are also at increased risk for gastric dysmotil-
ity, orthostatic hypotension, delirium, and falls. There is no broad 
consensus statement or treatment guidelines for the perioperative 
approach to this disease. However, many perioperative complica-
tions of PD can potentially be reduced by minimizing interruptions 
in PD medications [7].
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 PREOPERATIVE EVALUATION
 PD HISTORY
The relevant PD history for perioperative care can be divided into 
three sections: Medication history, motor, and nonmotor symptoms 
of PD.

 Medication History
Establishing the exact dosing and timing of the patient’s PD medica-
tions is critical. This is especially important if they are on levodopa, 
since the half-life is only 90 minutes (immediate release) and the 
patient may require levodopa dosing every 2–3 hours to function. 
Additionally, levodopa should be administered 1 hour before or 
1–2 hours after meals to optimize medication absorption. Patients 
may also have dyskinesias, hyperkinetic movements resembling cho-
rea due to excessive dopamine activation. Severe dyskinesias can 
interfere with surgeries under local anesthesia. On–off fluctuations 
can occur in some patients, resulting in a transition from mobility to 
immobility over a short period [8].

 Motor Symptoms
The four classic motor symptoms of PD can be remembered by the 
mnemonic “TRAP” which stands for tremor, rigidity, akinesia, and 
postural/gait instability. Manifestations of these motor symptoms can 
complicate the perioperative period. Dysphagia is a complication that 
can worsen if the PD medications are not given on time or are 
reduced. Bradykinesia may also interfere with transfers, participa-
tion with rehabilitation, and even communications in the form of 
hypophonia (soft voice) [9]. PD patients are at significantly higher 
risk of falling in the postoperative period when compared to non-PD 
patients (18% vs. 4%) [10].

 Nonmotor Symptoms
In the acute setting, attention should be paid to the following nonmo-
tor symptoms of PD [11]. Autonomic dysfunction, in particular ortho-
static hypotension, can pose significant challenges in the perioperative 
period. Screening for cognitive impairment and risk of delirium and 
psychosis should be undertaken. Sleep disturbances are also com-
mon and can include restless legs and a unique parasomnia, rapid eye 
movement (REM) sleep behavior disorder.
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 PD-SPECIFIC RISK CONCERNS
 Pulmonary Risk Assessment
Patients with PD are prone to several abnormalities of pulmonary func-
tion related to rigidity and bradykinesia of the respiratory and pharyn-
geal muscles, which increase the risk of perioperative hypoxia and 
development of pneumonia. Pulmonary function testing of PD patients 
shows a restrictive type picture related to the underlying respiratory 
muscle rigidity and weakness. While it is important to be aware that 
patients may be at increased risk for perioperative pulmonary compli-
cations, it is not necessary to routinely obtain pulmonary function tests 
(PFTs) before surgery. Aggressive pulmonary hygiene and treatment 
with levodopa improve respiratory function in many patients [12].

 Parkinsonism Hyperpyrexia Syndrome
Parkinsonism hyperpyrexia syndrome (PHS) is a life-threatening 
complication due to abrupt cessation or decrease in dopaminergic 
agents especially levodopa. Similar to neuroleptic malignant syn-
drome, symptoms of PHS are fevers, altered mental status, auto-
nomic dysfunction, rigidity, and tremors, which typically develop 
18 hours to 7 days after abruptly stopping or reducing dopaminergic 
medications. Patients with advanced age, more severe disease, and on 
higher doses of medications are at highest risk for developing 
PHS. Most common complications of PHS are aspiration pneumonia 
or respiratory failure, venous thromboembolism, rhabdomyolysis 
with acute kidney injury, seizures, and disseminated intravascular 
coagulation. The overall incidence of PHS is rare (4%) but prognosis 
is poor with 4% mortality in treated and up to 20% mortality in 
untreated patients [13].

 PREOPERATIVE MANAGEMENT
 MEDICATION MANAGEMENT
Consultation with the patient’s outpatient neurologist about periop-
erative medication management is recommended. Some general 
considerations include:

■■ Attempt to keep the timing of the patient’s Parkinson’s medica-
tion regimen the same as the outpatient regimen [7]. Patients 
may be very sensitive to the exact timing of their doses of some 
medications, especially carbidopa/levodopa.
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■■ For patients scheduled for long surgical procedures or proce-
dures with anticipated prolonged postoperative nil per os 
(NPO) status, consult with patient’s neurologist whether the 
daily dose should be titrated down prior to surgery to avoid 
PHS (see Fig. 30.1) [14].

■■ Be mindful of side effects and potential interactions of 
Parkinson’s medications with typical perioperative medica-
tions (anesthetics, antiemetics, and pain medications) [15].

■■ It is also good practice to consult with a pharmacist about 
potential drug interactions of new medications with patient’s 
Parkinson’s medications.

■■ Table 30.1 summarizes the different PD medication classes and 
adverse effects important to consider in the perioperative 
period.

 Dopamine Precursor: Carbidopa/Levodopa (Rytary ®, Sinemet®), 
Oral Disintegrating (Parcopa®)

■■ Carbidopa/Levodopa comes in many forms—immediate 
release (IR), controlled release (CR), oral disintegrating 
(Parcopa®), and capsules (Rytary®).

■■ IR can be crushed and administered in nasogastric (NG) or 
percutaneous endoscopic gastrostomy (PEG) tubes. CR should 
not be crushed.

Perioperative Parkinson Medication
Adjustment

Short Surgery Long Surgery

Preoperative Medication
Adjustment

No Adjustment

Intraoperative Medication
Adjustment

Type of Surgery

Postoperative Medication
Adjustment

NPO

No:
Resume Outpatient

Schedule 

Yes

NPO due to Dysphagia:
Oral-Parcopa

NG Tube- Crushed IR Levodopa

NPO due to Ileus or Bowel Rest:
-Rotigotine Patch

-Apomorphine Injection

Consider Rotigotine
Patch

Consider Reducing
Dose

NPO After Surgery?

Fig. 30.1 Perioperative management of Parkinson medication
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■■ When converting CR to IR, multiply dose by 0.7.
■■ Half-life of IR is only 90 minutes. Abrupt discontinuation for a 
prolonged period may rarely precipitate PHS.

■■ Surgical procedures should be scheduled early in the morning 
to avoid prolonged NPO status.

TABLE 30.1 MEDiCATions FoR PARkinson’s DisEAsE

Medication Main side effects
Perioperative 
considerations

Dopamine 
precursors
carbidopa/
levodopa

Nausea, vomiting, 
orthostatic 
hypotension, 
dyskinesia, 
hallucinations

Abrupt discontinuation 
of the immediate release 
(IR) formulation may 
precipitate PHS
Dyskinesias can interfere 
with surgeries under local 
anesthesia

Dopamine 
agonists
Pramipexole
Ropinirole
Rotigotine
Apomorphine

Compulsive 
behaviors, 
hallucinations, 
sleepiness, lower 
extremity edema

Rotigotine patch and 
apomorphine injections are 
available for intraoperative 
use and NPO status
Continue perioperatively 
if able

Anticholinergics
Benztropine
Trihexyphenidyl

Anticholinergic, 
postoperative 
delirium in the 
elderly

Hold on morning of surgery 
and restart postoperatively 
after recovery
Associated with confusion, 
especially in the elderly

MAO-B 
inhibitors
Rasagiline
Selegiline
Safinamide

Dizziness, insomnia Long half-life and 
numerous drug interactions 
precipitating serotonin 
syndrome or labile blood 
pressures
Prefer to discontinue 
2–3 weeks before elective 
surgery but some 
providers continue without 
interruption. Consult local 
anesthesia team

COMT inhibitors
Entacapone
Tolcapone

Diarrhea, orange 
urine/sweat, 
hepatotoxicity for 
tolcapone

May increase the effect 
of epinephrine and 
norepinephrine
Continue perioperatively 
if able
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■■ Patients should be allowed to take scheduled medication doses 
while waiting for surgery to minimize medication interrup-
tions and decrease risk of PD crisis.

■■ Common side effects are nausea/vomiting, hallucinations at 
higher doses, and dyskinesias.

 Dopamine Agonists: Apomorphine (Apokyn®), Pramipexole 
(Mirapex®), Ropinirole (Requip®), and Rotigotine Patch (Neupro®)

■■ These drugs can be given perioperatively without interruption 
but use with caution in the elderly as they can cause confusion 
and hallucinations.

■■ Rotigotine patch and Apomorphine injections are options 
for intraoperative administration of PD medications and 
NPO status.

 Anticholinergics: Benztropine (Cogentin®) and Trihexyphenidyl 
(Artane®)

■■ These agents are used less commonly in PD because of their 
limited efficacy and their anticholinergic side effects.

■■ They are usually held on the morning of surgery and restarted 
postoperatively after recover because of potential exacerbation 
of postoperative delirium especially in the elderly.

 MAO B Inhibitors: Rasagiline (Azilect®), Safinamide (Xadago®), 
and Selegiline (Eldepryl®)

■■ Selective inhibitors of monoamine oxidase (MAO) type B
■■ There are numerous drug interactions (at any dose), especially 
with certain opioid narcotics such as meperidine and antide-
pressants like fluoxetine.

■■ At higher doses, interactions with sympathomimetic drugs and 
all narcotic analgesics are possible. Interactions can include 
labile blood pressures and serotonin syndrome [15].

■■ For elective procedures, recommendations for preoperative 
management of MAO B inhibitors vary among providers and 
institutions. While some providers discontinue these medica-
tions 2–3 weeks before the surgery to avoid potential danger-
ous drug–drug interactions, others continue MAO B inhibitors 
without interruption in the perioperative period.

■■ Discuss perioperative management of MAO B inhibitors with 
the local anesthesia team.

■■ Monitor for signs of dangerous interactions such as sero-
tonin syndrome when MAO B inhibitors are continued 
 perioperatively [7].
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 Catechol-O-Methyl Transferase (COMT) Inhibitors: Entacapone 
(Comtan®) and Tolcapone (Tasmar®)

■■ These agents may increase the effect of epinephrine and 
norepinephrine.

■■ Can be continued safely without interruption perioperatively.
■■ May precipitate dyskinesia, hallucinations, confusion, and 
orthostatic hypotension. Tolcapone is used infrequently due to 
rare but serious hepatotoxicity [15].

 INTRAOPERATIVE 
MANAGEMENT
 INTRAOPERATIVE MEDICATION MANAGEMENT

■■ For patients undergoing surgeries lasting greater >12 hours, 
consider starting a rotigotine transdermal patch to reduce 
chance of PHS (see Fig. 30.1) with the help of the patient’s 
neurologist [16].

■■ Anesthetics: Propofol is the anesthesia of choice. Inhaled 
 anesthetics such as halothane should be avoided in patients 
taking levodopa due to increased cardiac sensitivity to 
 catecholamines [17].

■■ Anti-emetics: Avoid dopamine blocking agents such as meto-
clopramide and prochlorperazine as these can worsen PD 
symptoms.

 DEEP BRAIN STIMULATOR (DBS)
Patients with DBS require special considerations that require coordi-
nation with other providers.

 DBS and Cautery
The DBS generator may need to be turned off for the procedure based 
on the type of surgery. It is recommended to turn off the DBS and use 
bipolar cautery [18]. If bipolar cautery is not available, monopolar 
electrocautery can be used if the DBS is turned off and the grounding 
pads are placed away from the DBS battery.

 DBS and MRI (Magnetic Resonance Imaging)
The manufacturer and model of DBS generator will determine the 
MRI compatibility for the patient [19]. Some are only MRI head 
 compatible where others are full body. In most cases, the DBS will 
need to be turned off before the MRI is performed.
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 Miscellaneous Considerations
Patients with DBS should not have any type of diathermy treatments 
(e.g., ultrasound) anywhere on body as this can cause irreversible tis-
sue damage [19]. In patients requiring emergent cardioversion, it is 
recommended to place the electrodes at least 1 inch (2.5 cm) away 
from the generator (located in the left or right upper chest). While 
repeated shocks have not been shown to cause injury, the DBS may 
need to be reprogrammed [20].

 POSTOPERATIVE MONITORING 
AND PREVENTION 
OF COMPLICATIONS
 POSTOPERATIVE PD MEDICATION MANAGEMENT
Resumption of PD medications postoperatively is dependent on 
patient’s NPO status and the type of surgical procedure performed.

■■ For patients who have no swallow restrictions and do not have 
any gastrointestinal contraindications, resume their outpatient 
medication regimen without interruption as soon as possible.

■■ Aggressive bowel care and early mobilization can prevent post-
operative ileus and constipation and allow for reliable gastro-
intestinal absorption of medications.

PD patients after surgery may remain NPO for different reasons 
that will determine the medication regimen postoperatively (Fig. 30.1).

■■ For patients who are NPO due to dysphagia and do not have 
any gastrointestinal contraindications such as ileus or bowel 
rest, crushed carbidopa/levodopa IR can be administered 
through an NG tube. Carbidopa/levodopa CR should not be 
crushed.

■■ When administering through an NG tube, patient’s diet order 
may need to be changed from continuous feeds to bolus or 
night-time feeds to avoid food interaction with the levodopa—
the best time to administer levodopa is 1 hour before or after 
meals to avoid any reduction in levodopa absorption.

■■ An alternative to feeding tube route would be Parcopa®, an 
oral disintegrating formulation of levodopa. Discuss with 
patient’s neurologist if this is a consideration.

■■ For patients who are NPO due to gastrointestinal contraindica-
tions such as ileus or bowel rest, then parenteral routes must 
be given.
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■■ Rotigotine patch is an option for patients not requiring high 
doses of PD medications. The maximum Food and Drug 
Administration (FDA)-approved dose is 8 mg/24 hours. Consult 
with neurology about converting levodopa equivalent dose to 
rotigotine.

■■ Apomorphine injection is another option for those requiring 
higher doses of PD medications. Premedication with the antin-
ausea medication, trimethobenzamide (Tigan®) is 
recommended.

 DELIRIUM PREVENTION
Postoperative delirium, confusion, and hallucinations are more com-
mon in PD patients especially with underlying infection or metabolic 
derangement. Medication interaction is another major etiology of 
postoperative psychiatric problems.

■■ Avoid typical and most atypical antipsychotic medications 
such as haloperidol, risperidone, olanzapine, aripiprazole, and 
ziprasidone that are dopamine antagonists and can worsen 
parkinsonism symptoms.

■■ Preferred antipsychotic agents are clozapine and quetiapine. 
Pimavanserin (Nuplazid®) is an FDA-approved medication for 
PD psychosis that does not block dopamine receptors or 
worsen motor symptoms.

■■ PD patients seem to be more sensitive to benzodiazepines and 
can develop confusion, sedation, and paradoxical agitation. Use 
these agents with caution and at low doses if  necessary [21].

■■ If above work up is negative or psychosis persists despite ade-
quate treatment of underlying etiologies, consider reducing PD 
medications. In some cases, stopping certain classes of PD 
medications may improve delirium.

■■ Medication classes that are most prone to cause confusion and 
hallucinations are anticholinergics, dopamine agonists, and 
amantadine [15].

■■ See Chap. 53 for other general measures designed to minimize 
the risk of delirium.

 POSTOPERATIVE PAIN MANAGEMENT
Pain in the postoperative period needs to be carefully assessed to 
specifically distinguish between pain from rigidity of PD and surgical 
site pain, which are managed differently.

■■ PD pain related to rigidity should be treated with appropriate 
adjustment to dopaminergic treatment.

■■ Reserve low-dose opioid narcotics for surgical site pain 
management.
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■■ Opioids with Selective Serotonin Reuptake Inhibitor (SSRI) 
activity such as meperidine, methadone, tramadol, propoxy-
phene, dextromethorphan, and fentanyl should be avoided 
especially in those patients taking MAO-B inhibitors because 
of increased risk for agitation, rigidity, diaphoresis, hyperpy-
rexia, and serotonin syndrome [6].

■■ MAO-B inhibitors slow down hepatic metabolism of opioid 
narcotics and increase the risk of narcotic overdose.

■■ Opioids without SSRI activity such as oxycodone, hydromor-
phone, hydrocodone, and morphine can be used safely at low 
doses when needed.

■■ Low-dose morphine can reduce dyskinesia but at higher doses 
can worsen akinesia in PD patients.

■■ When appropriate, use regional analgesia techniques or non-
narcotic pain medications to minimize opioid use.

 POSTOPERATIVE NAUSEA MANAGEMENT
■■ Avoid dopamine D2 antagonist antiemetics such as metoclo-
pramide, prochlorperazine, and promethazine, which increase 
the risk of extrapyramidal side effects in PD patients [6, 21].

■■ Ondansetron, a serotonin 5-HT3 receptor antagonist, or trimetho-
benzamide (Tigan®) is preferably used in PD patients but can 
lower blood pressures and exacerbate autonomic dysregulation.

 FALL PREVENTION
PD patients are at significantly increased risk for postoperative falls. 
In addition to gait abnormalities, PD patients are at risk for develop-
ing orthostatic hypotension as part of their disease process and as a 
side effect of medications.

■■ It is important to maintain adequate hydration in the periop-
erative period to avoid orthostatic hypotension and decrease 
the risk of falls.

■■ Early and continued involvement of physical and occupational 
therapy during hospitalization has shown to improve mobility 
and help with recovery [21].

■■ Order fall precautions.

 POSTOPERATIVE PULMONARY MANAGEMENT
Postoperative aspiration or pneumonia related to pharyngeal muscle 
weakness or altered mental status is a common complication in PD 
patients.

■■ Early and continued inpatient involvement of speech therapy 
can identify swallowing dysfunction and modify diet consis-
tency as appropriate.
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■■ Restarting PD medications as soon as possible after surgery 
can help with reducing risk of aspiration.

■■ Encourage general measures to improve pulmonary hygiene: 
Incentive spirometry, elevating the head of the bed, and early 
mobilization.

■■ Aspiration precautions.

KEY CLINICAL PEARLS
 ³ PD is a complex neurodegenerative disorder associated with 
increased perioperative complications.

 ³ PHS is a rare but potentially life-threatening complication due to 
abrupt cessation or decrease in dopaminergic agents especially 
Levodopa. Recognize fevers, altered mental status, autonomic dys-
function, rigidity, and tremors after discontinuation of PD medica-
tions as signs of PHS.

 ³ Adhere to patient’s routine outpatient PD medication schedule and 
minimize interruptions as much as possible. Consulting with neu-
rology can assist with more complex medication management.

 ³ If patient is unable to take medications by mouth due to dyspha-
gia, consider NG tube administration of crushed IR levodopa or 
oral disintegrating formulation of levodopa. For patients requiring 
parenteral routes, rotigotine patch and apomorphine injections 
are options.

 ³ When prescribing new medications, especially opioid pain medi-
cations, antiemetics and antipsychotic medications, ensure there 
are no serious interactions with patient’s PD medication regimen.
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 BACKGROUND
Spinal cord injury (SCI) includes traumatic and nontraumatic inju-
ries. Studies have shown that the incidence and prevalence of trau-
matic SCI in the USA is higher than that in the rest of the world. In 
2012, the estimated incidence was 54 cases per million [1]. Trend 
analyses suggest that average age at the time of injury is increasing, 
as is the proportion of cervical injuries and injuries due to falls [2]. 
Incidence and prevalence of nontraumatic spinal cord injury is 
unknown, but it is estimated to be three to four times that of trau-
matic SCI [3]. SCI causes changes in systemic physiology that can 
predispose to complications during the perioperative period. 
Moreover, chronic complications of SCI and dysfunction often result 
in need for urologic, orthopedic, and plastic surgical intervention. 
Additionally, atypical presentations of acute conditions below the 
level of SCI lesion may lead to need for emergency surgery requiring 
perioperative management [4]. The increasing percentage of SCI in 
the elderly (age over 60) has resulted in a population of SCI patients 
with several preexisting comorbid major medical conditions that 
require management in the perioperative period.

For the purposes of this chapter, spinal cord injury will refer to 
chronic traumatic spinal cord injury that is several weeks after 
injury.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_31&domain=pdf
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 PREOPERATIVE EVALUATION
Perform a thorough medical history and physical exam with special 
consideration to a variety of systems.

 RISK OF CARDIOVASCULAR MORTALITY AND MORBIDITY
SCI patients have a greater prevalence of coronary artery disease 
(CAD) risk factors such as obesity, metabolic syndrome, and diabetes 
than the general population. This is primarily due to lower daily 
energy expenditure from lack of motor function. As a result, these 
patients have higher morbidity and mortality from CAD and this mor-
bidity tends to occur at a younger age than in the general population 
[5]. In addition, diagnosis of CAD in patients with SCI is often com-
plicated by absence of anginal symptoms due to lack of physical exer-
tion, as well as atypical symptoms due to alteration in pain 
perception. Thus, these patients frequently have missed (silent CAD) 
or delayed diagnoses [6].

■■ Careful review of cardiovascular disease risk factors and ade-
quacy of their control should be done during preoperative 
evaluation of all SCI patients.

■■ Pharmacologic stress testing can be considered for further risk 
stratification of high risk patients given poor functional base-
line and higher prevalence of silent CAD.

Arterial blood pressure tends to be lower in patients with SCI 
because of decreased sympathetic nervous system activity below the 
level of lesion and loss of normal vascular tone.

■■ It is important to make note of the baseline blood pressure and 
heart rate of a SCI patient.

History of autonomic dysreflexia (AD) is another important con-
sideration in cardiovascular morbidity of SCI patients. AD is a result 
of loss of coordination of autonomic response above and below the 
level of SCI. An uninhibited sympathetic response to noxious stimuli 
below the level of SCI leads to diffuse vasoconstriction and hyperten-
sion. Compensatory parasympathetic responses are activated above 
the level of the lesion producing bradycardia and vasodilation [7]. 
This is seen in 50–70% of chronic SCI patients having higher lesions 
(usually above the level of T6). AD can trigger cardiovascular reac-
tions such as severe bradycardia or tachycardia, hypertensive emer-
gency, left ventricular failure, myocardial ischemia, or arrhythmias 
intra or postoperatively [8].

■■ Make note of the history of AD and its common triggers when 
evaluating a patient preoperatively.
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 RISK OF PULMONARY MORBIDITY
Respiratory mechanics can be affected in patients with SCI through 
multiple mechanisms [4]. Alteration in lung volumes from paralysis 
of diaphragmatic and accessory muscles as well as spasticity/
decreased compliance of intercostal muscles results in restrictive 
ventilatory defects (decreased forced expiratory volume at 1 second, 
usually 55% of predicted, and decreased forced vital capacity).

■■ Note the level and completeness of the spinal cord injury to get 
a sense of extent of involvement of respiratory muscles.

■■ Remember that standardized pulmonary function testing is 
often not possible in patients with SCI.

Ineffective cough is associated with risk of atelectasis, poor mobi-
lization of secretions, and aspiration pneumonia. Increased bronchial 
hyperreactivity is seen in some patients with SCI due to unopposed 
parasympathetic impulses to the lungs and airways [9]. Increased 
incidence and prevalence of obstructive sleep apnea (OSA) is seen in 
SCI patients.

■■ Gather information about the past history of respiratory com-
promise, pneumonia, aspiration, sleep apnea, etc., in the peri-
operative period.

■■ Consider checking a baseline arterial blood gas (ABG) if con-
cerned about chronic CO2 retention/hypoventilation.

■■ Screen for obstructive and central sleep apnea.

 HISTORY OF PRESSURE ULCERS
SCI patients are prone to pressure ulcers from immobility and unre-
lieved pressure, poor nutritional status, and neurogenic skin with 
altered blood flow [4].

■■ Perform a thorough skin evaluation, and assess and optimize 
nutritional status preoperatively.

 SPASTICITY AND CHRONIC PAIN SYNDROMES
Spasticity and chronic pain syndromes are common in SCI patients. 
Frequently they have both neurogenic and nociceptive components 
from the primary injury and the ensuing disability [10]. These 
patients are frequently on complex medication regimens for pain.

■■ Make note of the preoperative pain regimen and touch base 
with a pain specialist as indicated for recommendations 
regarding postoperative pain management.

■■ Be vigilant about the regimen of anti-spasticity medications as 
stopping suddenly in the perioperative period may precipitate 
withdrawal or seizures.

■■ Patients with baclofen pumps may require consultation with 
rehabilitation medicine colleagues for assistance with manage-
ment perioperatively.
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 PERIOPERATIVE MANAGEMENT
Perioperative management needs to pay particular attention to the 
monitoring and prevention of complications.

 ORTHOSTATIC HYPOTENSION
Baseline blood pressure is lower in patients with SCI (especially cer-
vical SCI) due to decreased vascular tone. It is important to maintain 
adequate hydration and replenish perioperative blood loss as these 
patients lack compensatory mechanisms to deal with volume 
depletion.

■■ Encourage gradual position changes and use of compression 
stockings in the postoperative period.

 AUTONOMIC DYSREFLEXIA
Autonomic dysreflexia (AD) can be a medical emergency. Common 
symptoms are headache, severe hypertension that may be asymptom-
atic or malignant with intracranial hemorrhage, seizures, and myo-
cardial infarction. Bradycardia can also occur and may progress to 
cardiac arrest [8]. There should be careful monitoring and avoidance 
of triggers common in the perioperative period (urinary retention, 
bladder irritation, constipation, and infection) to prevent occurrence 
of AD.

Management of AD in the postoperative period might include the 
following actions while also communicating closely with the surgical 
team about risks and benefits in relation to the surgery [8]:

■■ Sit the patient up to lower blood pressure by increasing venous 
pooling in lower extremities

■■ Remove tight-fitting garments
■■ Search for and relief of potential triggers of AD (bladder 
obstruction, fecal impaction, etc.)

■■ Use of short acting medications like Nitropaste or IV 
Hydralazine for blood pressure control if above measures do 
not work

■■ ICU monitoring for severe persistent hypertension, hyperten-
sive emergency, and severe bradycardia

 RESPIRATORY COMPLICATIONS IN SCI
Studies specifically addressing effective interventions to decrease 
postoperative pulmonary morbidity in patients with SCI are lacking; 
thus, it is necessary to extrapolate perioperative management from 
what is known about the management of respiratory complications 
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in chronic SCI patients. SCI patients are predisposed to atelectasis, 
poor secretion management, pneumonia, hypoxic and hypercarbic 
failure from hypoventilation, and sleep disordered breathing. These 
issues are exacerbated in the perioperative period due to medications 
used during anesthesia and postoperatively for pain control.

Management of respiratory complications is often based on the 
level of spinal injury [4, 11].

■■ Patients with lesions above C3 are ventilator dependent and 
are managed postoperatively in ICU or high dependency units.

■■ Lesions between C3 and C5 result in a variable degree of 
paralysis of diaphragmatic and accessory muscles. These 
patients will likely need close monitoring of airway and respi-
ratory status in a high dependency setting in the immediate 
postoperative period.

■■ Patients with lesions between C6 and C8 will likely have ade-
quate inspiratory function and may only require intermittent 
noninvasive ventilatory support in the postoperative period 
with close monitoring of respiratory status. They are more 
likely to have a weak cough and trouble with secretions. 
Consider aggressive postoperative chest physiotherapy, cough 
assistance with abdominal compressions (quad cough), and 
bronchial hygiene protocols with frequent suctioning.

■■ While patients with lesions at or below T1 have little ventila-
tory compromise, they are still prone to complications from a 
weak cough and poor secretion management due to paralysis 
of abdominal wall muscles requiring monitoring and support-
ive management of their respiratory status.

■■ Be vigilant for desaturations and hypercarbic failure from 
sleep disordered breathing and provide continuous postiive 
airway pressure (CPAP) support as indicated.

 GASTROINTESTINAL COMPLICATIONS
Gastric emptying and bowel motility may be delayed in patients with 
SCI predisposing them to bowel distension, constipation, and fecal 
impaction. This can be exacerbated by analgesics and anesthetic 
medications used perioperatively. Gastrointestinal complications 
may also precipitate autonomic dysreflexia.

■■ Closely monitor bowel function postoperatively and continue 
preoperative bowel regimen (such as bulking agents and digi-
tal rectal stimulation) with additional use of stimulant laxa-
tives/suppositories and enemas as needed to keep bowel 
function regular perioperatively [12].



264 THE PERIOPERATIVE MEDICINE CONSULT HANDBOOK

 NEUROGENIC BLADDER
Most patients with SCI require pharmacologic and nonpharmaco-
logic (indwelling catheters, intermittent self-catheterization) assis-
tance for bladder evacuation [4].

These interventions should be continued perioperatively without 
intervention. Be vigilant for urinary retention, UTIs, and renal insuf-
ficiency in postoperative period.

 PRESSURE ULCER PREVENTION
Pressure ulcer prevention should be carried out postoperatively with 
use of specialty mattresses, nursing care, and optimizing nutritional 
intake as these can be a source of infection and autonomic dysreflexia 
postoperatively.

 PAIN MANAGEMENT IN SCI PATIENTS
Pain management in SCI patients can be challenging. These patients 
may be tolerant or have a higher threshold for various pain medica-
tions and may benefit from consultation with an acute pain special-
ist. Providers should also be vigilant for atypical presentations of 
uncontrolled pain as well as atypical withdrawal symptoms. 
Additionally, uncontrolled pain may precipitate AD.

■■ Continue preoperative pain medications without interruption 
in perioperative period.

■■ Consider consultation with a pain management specialist for 
pain control in postoperative period.

KEY CLINICAL PEARLS
 ³ SCI patients have a greater prevalence of CAD risk factors and 
CAD that may be asymptomatic.

 ³ Autonomic dysreflexia is devastating intraoperative/postoperative 
complication. Providers should prevent triggers of AD and manage 
AD aggressively of it occurs.

 ³ Respiratory mechanics can be affected in patients with SCI 
through multiple mechanisms predisposing to hypoventilation, 
OSA, impaired secretion clearance, atelectasis, and pneumonia.

 ³ Pressure ulcer prevention and management of neurogenic bowel 
and bladder are important aspects of perioperative care of SCI 
patients.

 ³ Pain management remains challenging in postoperative period 
requiring assistance from pain specialists.
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 BACKGROUND
Postoperative pulmonary complications (PPCs) include atelectasis, 
bronchospasm, tracheobronchitis, pneumonia, pulmonary embolus, 
exacerbation of underlying lung disease, acute respiratory distress 
syndrome (ARDS), and respiratory failure. The reported incidence of 
PPCs is estimated to be 3–6% of patients undergoing general anesthe-
sia [1, 2]. Preoperative cardiovascular risk stratification typically 
receives greater attention, but PPCs are more common and costly 
than cardiovascular complications and are associated with substan-
tial perioperative morbidity and mortality [3, 4]. Thus, physicians 
must be vigilant for PPC risk factors, as well as opportunities to 
modify them. Both patient-related and procedure-related factors con-
tribute to PPCs [1].

Asthma, chronic obstructive pulmonary disease (COPD), obstruc-
tive sleep apnea (OSA), obesity hypoventilation syndrome (OHS), and 
pulmonary hypertension are discussed separately (see Chaps. 33, 34, 
and 35).

 PREOPERATIVE EVALUATION
 PREOPERATIVE RISK FACTOR ASSESSMENT
The preoperative evaluation of all patients undergoing major surgery 
should include an assessment of risk factors for pulmonary complica-
tions (see Table 32.1).

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_32&domain=pdf
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■■ The American Society of Anesthesiologists’ (ASA) physical sta-
tus classification defines the overall health of a patient. ASA 
class ≥II (mild systemic disease) has consistently been shown 
to be a strong predictor of PPCs [1, 2].

■■ Other important patient-related risk factors for PPCs include 
age (>60 years), functional dependence, COPD, heart failure, 
and tobacco use [1, 2].

■■ Surgical site is the most important risk factor for PPC; the 
closer the incision is to the diaphragm, the higher the risk for 
PPC, with aortic, thoracic, and upper abdominal surgeries 
conferring the highest risk. Postoperative diaphragmatic dys-
function is thought to play a key role. Prolonged duration of 
surgery also increases the risk for PPC.

■■ Hypoalbuminemia is a strong predictor of PPCs. Whether or 
not perioperative nutritional supplementation to correct hypo-
albuminemia improves outcomes is uncertain [1, 2, 5, 6].

■■ While severe or uncontrolled asthma is a risk factor for PPCs, 
well-controlled asthma is not [1, 2, 7–9].

 PREOPERATIVE PULMONARY TESTING
We do not routinely order a preoperative chest X-ray or pulmonary 
function tests; rather, we reserve these tests for clinical indications 
such as uninvestigated pulmonary symptoms or abnormal physical 
exam findings (see Table 32.2).

■■ Consider echocardiography in patients with suspected heart 
failure as a cause of dyspnea.

TABLE 32.1 RISK FACTORS FOR PULMONARY COMPLICATIONS [2]

Patient-related factors
COPD
Age > 60
ASA class ≥II
Functional dependence
CHF
Weight loss
Delirium
Alcohol use
Cigarette use
Abnormal findings on 
lung exam

Procedure-related factors
Duration of surgery (>3 hours)
Surgery type: aortic aneurysm repair, 
abdominal (particularly upper), thoracic, 
neuro, head and neck, vascular
Emergent surgery
General anesthesia
Perioperative transfusion

Laboratory tests
Albumin < 3.5 g/dL
BUN level > 21 mg/dL
Abnormal findings on chest radiography

COPD chronic obstructive pulmonary disease, ASA American Society of 
Anesthesiologists, CHF congestive heart failure, BUN blood urea 
nitrogen
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 RISK PREDICTION TOOLS
Several risk prediction tools are available [6, 10, 11], although none is 
uniformly recommended for preoperative risk assessment. We prefer 
the ARISCAT (Canet) Risk index because it is user-friendly and strati-
fies patients as low, intermediate, or high risk for any PPC. Importantly, 
the definition of PPC includes both major (respiratory failure, pneu-
monia) and minor (atelectasis, bronchospasm) types [10].

 PERIOPERATIVE MANAGEMENT
 PREOPERATIVE RECOMMENDATIONS
Generally, outpatient pulmonary medications are continued periop-
eratively, including both oral (such as leukotriene inhibitors and 
corticosteroids) and inhaled (such as inhaled beta-agonists, anticho-
linergics, and steroids) medications. Although evidence is lacking, we 
typically hold theophylline beginning the day prior to surgery given 
the narrow therapeutic window and risk for cardiac arrhythmias.

■■ Patients on long-term oral steroids may require perioperative 
supplemental “stress” dose steroids (see Chap. 14).

■■ Advise smoking cessation. A meta-analysis concluded that the 
existing evidence does not support an increased risk of compli-
cations due to stopping smoking prior to surgery; the benefits 
of stopping smoking were greater the longer the duration of 
smoking cessation prior to surgery [12].

■■ For patients who are at high risk for PPCs, we emphasize the 
importance and technique for deep breathing exercises and 
incentive spirometry at preoperative visits [13].

TABLE 32.2 PREOPERATIVE PULMONARY dIAgNOSTIC TESTS

Chest X-ray Routine pre-op chest X-ray is not recommended

May consider for patients with known 
cardiopulmonary disease and patients >50 years of 
age who are undergoing upper abdominal, thoracic, 
and abdominal aortic aneurysm surgery [5]

Pulmonary 
function 
tests (PFTs; 
spirometry)

Routine PFTs not recommended (may be indicated 
for specific surgeries, such as lung resection, but we 
typically defer to the surgeon)

Consider for patients with clinically suspected but 
undiagnosed obstructive or restrictive lung disease

Assess COPD by symptoms and exam
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 POSTOPERATIVE PULMONARY CARE
To prevent atelectasis and thus prevent PPCs, a variety of lung expan-
sion maneuvers are available (e.g., incentive spirometry, deep breath-
ing exercises, continuous or intermittent positive airway pressure). 
The American College of Physicians recommends some type of lung 
expansion manuever for patients undergoing major abdominal sur-
gery [5], although the data is inconclusive [13, 14]. Because it is 
simple, inexpensive, and not labor intensive, we recommend deep 
breathing exercises and incentive spirometry to patients who are able 
to comply.

■■ Nasogastric tubes to decrease aspiration risk should not be 
routinely used and are generally deferred to the surgical team 
[5, 8].

■■ Consider nocturnal oximetry in patients at high risk for hypox-
emia (e.g., OSA, OHS).

KEY CLINICAL PEARLS
 ³ Advanced age, ASA class, functional dependence, COPD, and CHF 
are the strongest patient-related risk factors for PPCs.

 ³ Surgical site and duration of surgery are key procedure-related 
risk factors for PPC, with aortic, thoracic, and upper abdominal 
surgeries conferring the highest risk.

 ³ Routine spirometry and chest imaging are not recommended.

REFERENCES
 1. Yang CK, Teng A, Lee DY, Rose K. Pulmonary complications after major abdominal surgery: 

National Surgical Quality Improvement Program Analysis. J Surg Res. 2015;198(2):441–9.
 2. Smetana GW, Lawrence VA, Cornell JE. American College of Physicians. Preoperative pul-

monary risk stratification for noncardiothoracic surgery: systematic review for the 
American College of Physicians. Ann Intern Med. 2006;144(8):581.

 3. Dimick JB, Chen SL, Taheri PA, et al. Hospital costs associated with surgical complications: 
a report from the private-sector National Surgical Quality Improvement Program. J Am Coll 
Surg. 2014;199(4):531.

 4. Shander A, Fleisher LA, Barie PS, et al. Clinical and economic burden of postoperative 
pulmonary complications: patient safety summit on definition, risk reducing interventions, 
and preventive strategies. Crit Care Med. 2011;39(9):2163–72.

 5. Qaseem A, Snow V, Fitterman N, et al. Risk assessment for and strategies to reduce peri-
operative pulmonary complications for patients undergoing noncardiothoracic surgery: a 
guideline from the American College of Physicians. Ann Intern Med. 2006;144:575–80.

 6. Arozullah AM, Daley J, Henderson WG, et al. Multifactorial risk index for predicting 
postoperative respiratory failure in men after major noncardiac surgery. Ann Surg. 
2000;232(2):242–53.

 7. Hong CM, Galvagno SM. Patients with chronic pulmonary disease. Med Clin N Am. 
2013;97:1095–107.



271CHAPTER 32: PULMONARY RISK ASSESSMENT ANd MANAgEMENT

 8. Bapoje SR, Whitaker JF, Schulz T, et al. Preoperative evaluation of the patient with pulmo-
nary disease. Chest. 2007;132:1637–45. 

 9. Numata T, Nakayama K, Fugii S, et al. Risk factors of postoperative pulmonary complica-
tions in patients with asthma and COPD. BMC Pulm Med. 2018;18:4.

 10. Canet J, Gallart L, Gomar C, et al. Prediction of postoperative pulmonary complications in 
a population-based surgical cohort. Anesthesiology. 2010;133:1338–50. 

 11. Gupta H, Gupta P, Fang X, et al. Development and validation of a risk calculator predicting 
postoperative respiratory failure. Chest. 2011;140(5):1207–2015.

 12. Mills E, Eyawo O, Lockhart I, et al. Smoking cessation reduces postoperative complications: 
a systematic review and meta-analysis. Am J Med. 2011;124:144–54.

 13. Boden I, Skinner EH, Browning L, et al. Preoperative physiotherapy for the prevention of 
respiratory complications after upper abdominal surgery: pragmatic, double blinded, mul-
ticenter randomized controlled trial. BMJ. 2018;360:j5916.

 14. Tyson AF, Kendig CE, Mabedi C, et al. The effect of incentive spirometry on postoperative 
pulmonary function following laparotomy. JAMA Surg. 2015;150(3):229–36.



273© Springer Nature Switzerland AG 2020
M. B. Jackson et al. (eds.), The Perioperative Medicine Consult Handbook, 
https://doi.org/10.1007/978-3-030-19704-9_33

Chapter
Asthma/COPD

Eric Mar

33

 BACKGROUND
Patients with chronic obstructive pulmonary disease (COPD) and 
asthma deserve special attention given the impact of postoperative 
pulmonary complications (PPCs) in this population. From the 
National Surgical Quality Improvement Program database, COPD 
(present in 4.82% of the population) was associated with significant 
increases in risks of postoperative pneumonia, respiratory failure, 
prolonged hospitalization, and myocardial infarction [1]. For well- 
controlled asthma, the risk of PPCs is quite low [2], although still 
important clinically given small risks of perioperative bronchospasm 
related to anesthesia [3]. In general, a detailed history and examina-
tion is enough for perioperative evaluation of most patients with 
stable COPD or asthma. Additional testing should be reserved for 
special situations, including suspected undiagnosed disease and 
acute exacerbations.

 PREOPERATIVE EVALUATION
A careful respiratory history and exam determines the need for addi-
tional preoperative evaluation. Attention should be given to baseline 
exercise tolerance, recent declines in exertional capacity, triggers for 
COPD/asthma exacerbations, symptoms/signs of acute exacerbations, 
and any history of oral steroid requirement. See Fig. 33.1 for a preop-
erative evaluation algorithm in COPD/asthma. The exam should 
include a baseline pulse oximetry. There is no absolute prohibitive 
pulmonary function that precludes surgery [4], but there is a 
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 correlation between worsening FEV1 function and increasing risk of 
PPCs [5]. Many of these risks appear to be consequences of the sur-
gery and anesthesia itself. As such, it is prudent to be cautious with 
purely elective surgeries in patients with FEV1 <1.2 L, especially if 
the surgery entails prolonged anesthesia (>3 hours).

A patient with well-controlled disease rarely requires additional 
workup. However, for the following specific situations, consider the 
following:

■■ Pulmonary function testing in patients suspected of having 
COPD or asthma but without prior diagnosis [6].

■■ Arterial blood gas in patients with FEV1 <50% of predicted 
value and concerns for hypercarbia, especially if surgery is 
anticipated to be >3 hours [7].

■■ Routine chest imaging is not advised in stable COPD/asthma 
disease [8]. Do consider if there are concerns for an exacerba-
tion or concomitant infection.

■■ For patients on oral corticosteroids, consider checking base-
line fasting glucose if no recent readings.

Is patient’s COPD/asthma stable?

Proceed to surgery,
continue inhalers

PFTs

Symptoms/signs of
acute exacerbation?

Treat for exacerbation,
delay surgery if elective

Yes

Encourage

• Smoking
 cessation/NRT
• Consider preoperative
 inspiratory muscle
 training

And consider

No

Suspected, but
undiagnosed

disease?

ABG if
FEV1 < 50%

Suboptimally treated
disease?

Adjust inhalers
per usual care

FEV1 < 1.2 L AND
elective surgery?

Consider alternative to surgery and/or
avoiding general anesthesia

Yes

No

Respiratory Preoperative Evaluation
and Considerations

Fig. 33.1 Respiratory preoperative evaluation and considerations
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 PREOPERATIVE MANAGEMENT
Preoperative management consists of addressing poorly controlled 
disease, confirming the patient is not in an acute exacerbation, and 
encouraging smoking cessation.

■■ For stable disease, continue patient’s home regimen periopera-
tively, with an exception to theophylline. While rarely used, 
theophylline has a narrow therapeutic window and a potential 
for arrhythmias; recommend discussion with a pulmonologist.

■■ For patients with poorly controlled COPD, consider intensifi-
cation of inhaler regimen as per usual care.

■■ If an acute exacerbation is suspected, consider delaying elec-
tive surgeries until recovered.

■■ For patients with oral steroid dependence, consider periopera-
tive stress dose steroids (see Chap. 14).

■■ No special modifications are required for patients taking an 
oral beta blocker.

■■ Encourage smoking cessation as this can improve the postop-
erative course for certain surgeries [9]. Offer nicotine replace-
ment therapy or alternative pharmacological methods if 
indicated. Tobacco cessation is clearly beneficial even outside 
of surgery. This can be a good opportunity to start long-term 
cessation.

■■ Preoperative inspiratory muscle training (deep breathing exer-
cises or self-administered incentive spirometry) requires time 
and patient investment, but may reduce postoperative compli-
cations [10, 11].

 PERIOPERATIVE MANAGEMENT
Continue all home regimen inhalers postoperatively. Consider sched-
uled nebulizers with short acting medications like albuterol and ipratro-
pium in patients with COPD. Ipratropium can replace the longer acting 
tiotropium for patients taking that at baseline. Consider as needed 
inhalers for patients with mild disease not already on treatment.

■■ In the postoperative state, if there is a concern about proper 
administration of metered dose inhalers, delivery via nebulizer 
or through the ventilator circuit can be considered.
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■■ Pain control requires special attention due to the balance of 
under treatment (tachypnea and breath stacking) and over 
treatment (respiratory depression and airway protection).

■■ Epidural analgesia may reduce postoperative complications [12].
■■ If opioids are required, careful titration is recommended along 
with continuous pulse oximetry monitoring. Attempt to wean 
as soon as possible.

■■ Recommend aggressive pulmonary toilet and lung expansion 
maneuvers such as incentive spirometry (not specific to 
patients with obstructive lung disease). Lung expansion strate-
gies can also include noninvasive positive pressure ventilation 
for patients unable to participate in incentive spirometry, 
although care should be taken to minimize barotrauma in this 
population that may be at risk for bullous disease and 
pneumothoraces.

■■ For postoperative exacerbations, discuss corticosteroid use 
with surgical team given risks of delayed wound healing and 
hyperglycemia.

KEY CLINICAL PEARLS
 ³ Preoperative chest radiography is generally unnecessary in stable 
COPD/asthma.

 ³ Consider delaying elective surgeries during acute exacerbations 
and altogether in patients with very low FEV1.

 ³ Continue all inhalers up to and after surgery.
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 BACKGROUND
 PREVALENCE OF OSA AND OHS
Obstructive sleep apnea (OSA) results in repeated partial or complete 
collapse of the airway during sleep. Historically, the prevalence of 
moderate to severe OSA based on longitudinal cohort studies was 9% 
in men and 4% in women [1]. Contemporary data of the same cohort 
showed increased prevalence of sleep-disordered breathing to 13% in 
men and 6% in women [2] with even higher prevalence reported in 
another recent population-based study [3]. These findings are attrib-
uted to increasing prevalence of obesity, the aging population, as well 
as changes to respiratory event scoring and diagnostic criteria of sleep 
apnea. Moreover, approximately 90% of individuals with moderate to 
severe OSA are undiagnosed [4]. In the adult surgical population, pro-
spective studies have shown prevalence of moderate to severe OSA at 
35% in patients at risk for OSA evaluated for elective surgery [5] and 
up to 73% in obese patients tested prior to bariatric surgery [6].

Obesity hypoventilation syndrome (OHS) is defined as body mass 
index (BMI) ≥30 kg/m2 and arterial PCO2 >45 mm Hg in the absence of 
alternate causes of hypoventilation. OSA is not a prerequisite for diag-
nosis, though commonly co-occurs, with 17% of patients with OSA 
meeting OHS criteria. Prevalence of OHS in the general population is 
estimated to be 0.6%, but may be falsely low due to underdiagnosis [7].

 IMPACT ON PERIOPERATIVE OUTCOMES
Patients with OSA are at increased risk of perioperative complications 
that include cardiac events (cardiac arrest, myocardial  infarction, 
arrhythmia, and heart failure), pulmonary events (hypoxemia, acute 
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respiratory failure, reintubation, and pneumonia), and resource utili-
zation (prolonged mechanical ventilation, intensive care utilization, 
length of stay, and health-care costs) [8–10].

OHS predisposes to perioperative complications owing to restric-
tive pulmonary physiology with resultant increased burden of hypox-
emia and hypercapnia. Comparing those with OHS to OSA alone, 
adverse perioperative outcomes are higher for patients with OHS 
with respect to all above-mentioned categories [11]. Perioperative 
sleep deprivation, excessive intravenous fluid administration, periop-
erative body positioning, and sedatives, namely, opioids, may propa-
gate or exacerbate existing OSA and OHS.

 BEST PRACTICES AND CHALLENGES
The Society of Anesthesia and Sleep Medicine recently put forth 
guidelines on preoperative screening and assessment of adults with 
OSA [12]. Notably, most of the recommendations are based on expert 
consensus, as robust data remain limited. Furthermore, numerous 
knowledge gaps persist on best perioperative care practices in the 
identification of those at risk of complications, optimal timing of 
OSA and OHS treatment, and interventions to mitigate adverse 
events, along with intensity and duration of postoperative monitoring 
[13]. We summarize best practices for the perioperative medicine 
consultant based on available evidence and clinical experience. 
Actionable items should be modified based on existing facility proto-
cols, available resources, patient comorbidities, type of surgery, mode 
of anesthesia, and degree of exposure to sedatives.

 PREOPERATIVE EVALUATION
Several comparable OSA screening tools are available including 
STOP-Bang Questionnaire, P-SAP Score, Berlin Questionnaire, and 
ASA Checklist. STOP-Bang is the most validated tool in perioperative 
patients [12]. Modification of the STOP-Bang score and inclusion of 
additional parameters can increase specificity for moderate to severe 
OSA and screen for OHS [14, 15].

 OSA SCREENING
■■ Focused history to include nighttime symptoms (snoring, 
awakening with gasping or choking, witnessed apneas, and 
frequent awakenings) and daytime symptoms (nonrestorative 
sleep, fatigue, and sleepiness).
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■■ Focused physical of the head and neck (crowded airway, 
modified Mallampati Class III or IV, enlarged inferior turbi-
nates, and retrognathia (abnormal posterior positioning of 
the jaw)).

■■ Use of the STOP-Bang screening tool (see Table 34.1) [14]. 
Consider high risk of any severity OSA when STOP-Bang 
score ≥3. Consider high risk of moderate to severe OSA when 
either: STOP-Bang score ≥5 or STOP-Bang score ≥2 + (male 
gender or BMI >35 kg/m2 or neck >40 cm).

 OHS SCREENING
■■ Focused history to include heart failure and pulmonary hyper-
tension symptoms.

■■ Focused physical exam of cardiopulmonary system (elevated 
jugular venous pulse, rales, loud P2, parasternal heave, S3, and 
lower extremity edema).

■■ Consider OHS in obese patients if STOP-Bang score ≥3 with 
either: Ambient air SpO2 <90% and serum bicarbon-
ate ≥28 mEq/L [15] or BMI >45 and serum 
bicarbonate ≥28 mEq/L.

TABLE 34.1 UPDATED STOP-BANG QUESTIONAIRE [14]

Updated STOP-Bang Questionnaire

S = Snoring. Do you snore loudly (loud enough to be heard through 
closed doors or your bed-partner elbows you for snoring at night)?
T = Tired. Do you often feel tired, fatigued, or sleepy during the 
daytime?
O = Observed. Has anyone observed you stop breathing or choking/
gasping during your sleep?
P = Pressure. Do you have or are you being treated for high blood 
pressure?
B = BMI > 35 kg/m2
A = Age > 50
N = Neck circumference (measured around Adams apple) > 17 
in/43 cm (male) or > 16 in/41 cm (female)
G = Gender (male)

Scoring

High risk for OSA: Yes to ≥5 questions or ≥2 questions + (male or 
BMI >35 kg/m2 or neck circumference >40 cm)
Intermediate risk for OSA: Yes to 3–4 questions
Low risk for OSA: Yes to <3 questions
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 DIAGNOSTIC TESTING AND RECOMMENDATIONS
Refer patients identified at risk for OSA or OHS for sleep study.

■■ Home sleep apnea testing may be offered for uncomplicated 
patients at high risk for moderate to severe OSA [16].

■■ In-lab polysomnography is recommended for patients with 
medical complexity including cardiopulmonary and cerebro-
vascular comorbidities [16].

■■ We recommend all patients at risk for OHS have in-lab poly-
somnography with CO2 monitoring.

Evaluate for presence of daytime hypoventilation in patients iden-
tified at risk for OHS.

■■ Obtain arterial blood gas (PCO2 > 45 mm Hg).
■■ May substitute with capnography (end-tidal CO2 > 45 mm Hg).
■■ In patients with awake ambient air SpO2 <90% and/or meeting 
criteria for hypoventilation, consider echocardiogram and pul-
monary function testing (see Chap. 10 for more information on 
pulmonary hypertension).

The decision to delay surgery for diagnosis and treatment of OSA 
should be at the discretion of the surgical care team with consider-
ation to facility policy, patient comorbidities, and surgical need and 
risk. The 2016 Society of Anesthesia and Sleep Medicine guidelines 
cite a paucity of clear supportive data and recommend against delay-
ing or canceling surgery except in patients with abnormalities of 
ventilation/gas exchange demonstrated by hypoventilation, severe 
pulmonary hypertension, or resting hypoxemia in the absence of 
known disease [12].

 PERIOPERATIVE MANAGEMENT
Positive airway pressure (PAP) is the mainstay of treatment for 
OSA and OHS. The two main categories of PAP include continu-
ous positive airway pressure (CPAP) and noninvasive ventilation 
with the most common modality being bi-level positive airway 
pressure (BPAP) [17]. BPAP provides an expiratory positive air-
way pressure (EPAP) sufficient to maintain airway patency akin to 
CPAP, and an inspiratory positive airway pressure (IPAP) to aug-
ment ventilation. The difference between IPAP and EPAP is the 
pressure support window, which directly correlates to tidal vol-
ume. Recent generations of devices are capable of autoPAP 
(APAP) that auto-regulate delivered airway pressure based on flow 
detection algorithms. OSA is typically treated with CPAP, but 
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some patients may prefer BPAP as it is  perceived to be more com-
fortable. BPAP is typically used for hypoventilation disorders such 
as OHS, but CPAP may be adequate for some patients [18]. Sleep 
study results, patient preference, and sleep or pulmonary special-
ist can help guide PAP modality selection. Alternative therapies to 
PAP such as mandibular repositioning devices may be used in 
patients with uncomplicated OSA.

 PREOPERATIVE MANAGEMENT
Alert the anesthesia and surgical team to known or suspected OSA or 
OHS and consider locoregional anesthesia whenever possible. For 
patients with known OSA or OHS, the following are recommended:

■■ Obtain and document therapy adherence, PAP settings, and 
oxygen bleed-in (if any).

■■ Optimize adherence and effective PAP settings through sleep 
medicine provider.

■■ Counsel patients to bring their own equipment (includes non- 
PAP therapy).

■■ Counsel patients to continue PAP or non-PAP therapy in the 
preoperative period.

■■ Use facility equipment if clinically indicated and available.

 POSTOPERATIVE MANAGEMENT
There is no specific recommendation on duration or intensity of 
monitoring; however, the following should be considered.

■■ Continuous pulse oximetry until sedation has resolved, opioid 
dose is reduced, and patient remains stable.

■■ CO2 monitoring such as arterial blood gas and/or capnography 
(if available) in patients at risk for hypoventilation.

■■ Telemetry for patients with baseline or higher risk of cardio-
vascular disease.

■■ Intensive care monitoring after high risk procedure (e.g., head 
and neck, cardiac, thoracic, or abdominal surgery).

Non-PAP interventions should be implemented as much as appro-
priate in all patients with known or suspected OSA or OHS.

■■ Minimize use of opioids, benzodiazepines, and muscle 
relaxants.

■■ Optimize pain control with acetaminophen, NSAIDs, and 
other non-opioid approaches.

■■ Elevate head of bed (≥30° or as much as tolerated) and avoid 
the supine sleep position.

■■ Limit intravenous fluids (rostral redistribution of interstitial 
fluids when supine may worsen OSA).
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■■ Avoid over-diuresis in patients with volume overload (meta-
bolic alkalosis may worsen respiratory acidosis in OHS).

■■ If supplemental oxygen is utilized in patients with OHS, main-
tain SpO2 around 90% to avoid blunting respiratory drive.

■■ Continue home non-PAP therapies such as a mandibular repo-
sitioning device.

For patients with established OSA or OHS, initiate PAP at known 
prescribed settings during sleep. At-risk patients without diagnosis of 
OSA or OHS, preemptive use of PAP is not recommended due to lack 
of consistent evidence of benefit, and should be reserved for the fol-
lowing scenarios.

■■ Initiate CPAP (consider APAP set to 5–20 cm H2O) if observed 
apneas result in hypoxia or cardiovascular compromise (e.g., 
symptomatic bradycardia).

■■ Initiate BPAP (consider 12/6 cm H2O) if there is evidence of 
CO2 retention and adjust pressure support window to optimize 
tidal volume and ventilation.

■■ Mask choice should focus on patient tolerance and achieving a 
good seal; available mask styles may include nasal pillows, 
nasal, and oronasal.

 ADDITIONAL PERIOPERATIVE CONSIDERATIONS
PAP use after certain surgical procedures warrants special attention. 
Avoid PAP after procedures of the head and neck (e.g., transsphenoi-
dal surgery, tympanoplasty, and ophthalmologic procedures) due to 
risk of pneumocephalus and disrupting wound healing. Resumption 
of PAP after 6 weeks postoperative is generally acceptable, but should 
be discussed with the surgical team. PAP is typically considered safe 
to use post bariatric surgery and does not disrupt gastrointestinal 
anastomotic sutures [19, 20].

Contraindications and precautions to PAP therapy include:
■■ Impending respiratory failure.
■■ Cardiac or hemodynamic instability.
■■ Unable to manage oral secretions, vomiting, or aspiration risk.
■■ Head or neck wounds that preclude mask use.
■■ Facial or skull fractures (risk of pneumocephalus and subcuta-
neous emphysema).

■■ Altered mental status.
■■ Unstable or expanding pneumothorax (risk of worsening).
■■ Use of a nonvented face mask with home PAP (nonventilator) 
equipment does not allow purging of CO2 (verify the face mask 
has built in exhalation ports to allow venting).
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Recommend involving respiratory therapy, pulmonary, or sleep 
medicine as needed for additional guidance if the patient has diffi-
culty tolerating PAP or mask fit issues. Refer patients demonstrating 
perioperative OSA or OHS findings without prior diagnosis for out-
patient sleep evaluation.

KEY CLINICAL PEARLS
 ³ Use the modified STOP-Bang score to increase specificity for mod-
erate to severe OSA and additional parameters (pulse oximetry 
and serum bicarbonate) to increase detection of OHS.

 ³ Avoid over-diuresis and excessive supplemental oxygen in patients 
with known or risk of OHS.

 ³ Preemptive PAP therapy is not indicated in patients without estab-
lished diagnosis of OSA or OHS.

 ³ Nonvented masks are not compatible with home PAP devices and 
can lead to CO2 accumulation.

 ³ Avoid routine PAP use after head and neck surgery; discuss with 
the surgical team on when it is safe to resume.
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 BACKGROUND
Pulmonary hypertension (PH) confers increased risk of perioperative 
morbidity and mortality for patients undergoing noncardiac surgery. 
Surgery in patients with PH can result in hypoxia, hypercapnia, or 
volume shifts leading to increased pulmonary pressures and acute 
right ventricular failure, myocardial infarction, or arrhythmias 
including sudden cardiac death. The specific perioperative risk attrib-
utable to PH has not been well studied, but observational studies 
suggest major adverse cardiac event rates may be as high as 40% [1].

Management of patients with pulmonary hypertension undergoing 
cardiac surgery is a complex subject, which is outside the scope of 
this chapter. Consultation with a cardiac anesthesiologist is recom-
mended in such cases.

 PREOPERATIVE EVALUATION
 DEFINITIONS AND ETIOLOGY OF PULMONARY HYPERTENSION
Pulmonary hypertension (PH) is formally defined as mean pulmo-
nary artery pressure (PAP) ≥25 mm Hg at rest. The gold standard to 
establish this diagnosis is right heart catheterization. However, echo-
cardiography provides reasonably accurate estimates of pulmonary 
artery systolic pressure (PASP) in most cases. Generally, PASP 
>40 mm Hg as determined by echo corresponds to mean PAP >25.

PH may be caused by any of a number of different diseases, and 
these various etiologies are generally organized using World Health 
Organization (WHO) criteria. Mild PH due to left heart failure (WHO 
Group 2) is quite common. This disease entity is clinically distinct 
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and should be differentiated from other causes of PH (WHO Groups 
1, 3, 4, and 5) which affect the pulmonary arterial vasculature specifi-
cally, thereby increasing pulmonary vascular resistance without 
affecting the left heart. The WHO classification scheme is summa-
rized in Table 35.1 [2, 3]. Pulmonary hypertension often occurs in 
association with chronic right heart failure (cor pulmonale), but can 
be found in isolation, particularly in mild cases.

There are no strict definitions of severity with respect to pulmonary 
hypertension. As a rule of thumb, mean PAP in the 25–40 mm Hg range 
can be considered mild, the 40–60 mm Hg range can be considered mod-
erate, and mean PAP 60 mm Hg and above can be considered severe.

 RISK ASSESSMENT OF PATIENTS WITH PULMONARY 
HYPERTENSION
Prospective identification of patients at high risk of poor surgical out-
comes is difficult due to a paucity of published data. Published guide-
lines for the preoperative management and assessment of PH patients 
rely exclusively on expert opinion [1]. It is unknown whether surgical 
risk in PH patients is affected by the underlying etiology of disease [4]. 
Therefore, it is recommended that the medical consultant integrate the 
patient’s functional capacity, the underlying mechanism of PH, the 
degree to which PAP is elevated, and specific risk factors described below 

TABLE 35.1 WHO CLASSIFICATION FOR PULMONARY HYPERTENSION

WHO 
Group Definition

Specific underlying disease 
processes

Group 1 Pulmonary arterial 
hypertension

Idiopathic PAH
Familial PAH
Connective tissue disease
HIV
Liver disease
Toxins (e.g., Fen-Phen)

Group 2 PH secondary to left heart 
disease

Diastolic left heart failure
Systolic left heart failure
Valvular left heart failure

Group 3 PH secondary to primary 
lung disease

Obstructive sleep apnea
COPD
Obesity-hypoventilation

Group 4 Chronic thromboembolic 
PH

Chronic pulmonary 
thromboemboli

Group 5 PH due to other diseases Sarcoidosis
Histiocytosis
Thyroid diseases
Polycythemia vera
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to create an overall subjective risk assessment. A recent echocardiogram 
(within 6–12 months) is generally necessary as part of this evaluation. 
For the purposes of preoperative planning, PA catheterization is gener-
ally unnecessary except in the setting of incongruent clinical data, newly 
diagnosed disease, or inadequate echocardiographic assessment.

Generally, patients with asymptomatic PH and with no exercise 
limitation have minimal additional surgical risk beyond the usual base-
line as established by the Revised Cardiac Risk Index or other such risk 
assessment tools. However, patients with poor functional capacity (e.g., 
NYHA Functional Class III/IV) or severely elevated PAP (e.g., mean 
PAP > 60) are known to have worse surgical outcomes [5–8]. In addi-
tion, the presence of certain patient- or procedural- specific risk factors 
can independently increase perioperative risk including:

■■ Decompensated cirrhosis [7, 9]
■■ Pregnancy [10]
■■ History of pulmonary embolism [5]
■■ Planned thoracic surgery or orthopedic surgery [5]
■■ Emergency surgery [8, 11]

Assuming surgery is not emergent, preoperative consultation with 
a pulmonary hypertension specialist may be beneficial in any of these 
higher risk situations. Performing surgery in a center with PH exper-
tise may also be recommended. Table 35.2 summarizes the decision- 
making involved in these higher risk clinical scenarios.

TABLE 35.2 RISK ESTIMATION AND MANAGEMENT OF PULMONARY 
HYPERTENSION

Risk factor Estimated risk Recommendation

NYHA Functional  
Class 3 or 4

High Consider referral to 
PH specialist for risk 
assessment

Severe PH (i.e., mean 
PAP > 60)

High Consider referral to 
PH specialist for risk 
assessment

PH due to WHO  
Group 1

Unknown Consider referral 
to PH specialist 
for optimization of 
pulmonary vasodilators

Presence of other specific 
risk factor (decompensated 
cirrhosis, pregnancy, history 
of pulmonary embolism, 
emergency surgery, and 
planned thoracic or 
orthopedic surgery)

High Consider referral to 
PH specialist for risk 
assessment
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 PERIOPERATIVE MANAGEMENT
 PREOPERATIVE PLANNING
As a general rule, emergency surgery should be avoided in patients 
with PH. Otherwise, the pulmonary hemodynamics, any concomi-
tant heart failure, and all contributing underlying disease states 
should be optimized to the extent possible prior to surgery. Such 
optimization naturally requires knowledge of underlying patho-
physiology. For example, patients with WHO Group 2 PH should be 
appropriately treated for their left heart failure prior to surgery. 
Additionally, in the common scenario in which the PH is associated 
with right heart failure, the patient should be euvolemic before pro-
ceeding to the operating room (OR).

Other strategies may be considered on a case-by-case basis to 
reduce morbidity or mortality in PH patients:

■■ Use open rather than laparoscopic surgery. Minimally invasive 
surgery tends to increase anesthesia time and increases the 
risk of hypercarbia leading to worsening pulmonary hemody-
namics [6].

■■ Use regional anesthesia rather than general anesthesia [8, 12].
■■ Split longer complex cases into shorter, lower risk procedures 
[6, 8].

 PERIOPERATIVE MEDICATION MANAGEMENT
Patients taking pulmonary vascular medication, including PDE5 
inhibitors (e.g., sildenafil), endothelin receptor antagonists (e.g., 
bosentan), or prostaglandins (e.g., epoprostenol), for chronic PH 
should be continued on these medications throughout the preopera-
tive and perioperative period without interruption unless there is a 
clear reason not to do so [1]. In particular, abrupt discontinuation of 
prostaglandin therapy may have disastrous hemodynamic conse-
quences and should be avoided. Patients who are receiving treatment 
to control the underlying cause of the PH should continue this 
 treatment through the perioperative period unless otherwise surgi-
cally contraindicated (e.g., bronchodilators for chronic obstructive 
pulmonary disease (COPD)).

 POSTOPERATIVE CARE
High risk patients should receive initial postoperative care in an inten-
sive care unit (ICU) setting, possibly with invasive cardiac monitoring 
[5]. Lower risk patients may be safely managed on a traditional surgi-
cal ward, or even in a same day discharge scenario. For all patients, 
attention to the following principles may reduce postoperative risk:
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■■ Optimize volume status. PH patients generally have concomitant 
heart failure and tend to be particularly sensitive to volume over-
load, which can produce serious complications if not corrected 
rapidly. Careful attention to vital signs, inputs/outputs (I/O) data, 
weight, and jugular venous pressure is needed, and aggressive 
diuresis should be used when volume overload is detected [13].

■■ Minimize hypoxia. Hypoxia is common in hospitalized patients 
due to atelectasis, central nervous system (CNS) depression, or 
other factors, and this can be dangerous in PH. Consider the 
use of continuous pulse oximetry for high risk individuals [14].

■■ Control pain. Maintaining excellent analgesia postoperatively 
can help avoid dangerous increases in pulmonary pressure due 
to painful stimuli [12]. However, narcotics may cause respira-
tory depression leading to hypoxia and pulmonary vasocon-
striction, so they should be used judiciously. Also, while 
nonsteroidal anti-inflammatory drugs do not affect the respira-
tory center, they do cause volume retention and systemic 
hypertension that may exacerbate PH or heart failure. Local 
anesthetics or nonpharmacologic strategies may be preferred.

■■ Monitor for and treat any atrial tachyarrhythmias that develop. 
Such arrhythmias have been associated with right ventricular 
failure and death [15].

KEY CLINICAL PEARLS
 ³ Management of PH patients undergoing noncardiac surgery 
should be guided by knowledge of the underlying pathophysiology 
and optimization of contributing illnesses such as left heart failure 
or primary lung disease.

 ³ Poor functional capacity, severely elevated pulmonary pressures, 
and emergency surgery are associated with worse  outcomes, and 
consultation with a PH specialist is recommended in such high 
risk situations.

 ³ Meticulous postprocedural control of volume, pain, and oxygen-
ation may reduce perioperative complication rates.
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Chapter
Extrapulmonary Respiratory  
Diseases

Joshua O. Benditt

 BACKGROUND
Restrictive lung diseases (RLDs) are disease processes which limit 
expansion of the respiratory system resulting in a reduction in lung 
volumes when measured by pulmonary function tests (PFTs) [1]. 
Diseases that result in restriction can be divided into two large cate-
gories: (1) Intrinsic pulmonary diseases where there is an increase in 
lung elastic recoil due to scarring or infiltrative processes and (2) 
extrapulmonary diseases that affect the respiratory muscles or chest 
wall and prevent full expansion of the lungs. The natural history and 
perioperative management of the two categories are quite different 
and therefore extrapulmonary restrictive lung diseases will be dis-
cussed in a separate chapter (see Chap. 37).

 EXTRAPULMONARY DISEASES CAUSING RESTRICTION
Diseases that cause respiratory muscle weakness, significant skeletal 
deformity or scarring of the pleural space can result in reduced lung 
volumes due an inability to expand the chest wall and therefore the 
lungs. Although the lungs themselves may be normal, volumes mea-
sured by pulmonary function testing such as vital capacity and total 
lung capacity will be lower than predicted [2]. Examples of such 
diseases can be seen in Table 36.1.

Extrapulmonary causes of restriction can result in physiologic 
abnormalities that include hypercarbia and acidosis due to hypoven-
tilation, hypoxemia associated with hypercarbia and/or atelectasis, 
and impaired secretion management due to weak cough function. 
These physiologic abnormalities can lead to perioperative complica-
tions including: (1) Hypoxemic and particularly hypercarbic respira-
tory failure that can lead to failed extubation and/or reintubation and 
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(2) pneumonia due to atelectasis and cough insufficiency. Fortunately, 
both of these complications can be mitigated with the use of nonin-
vasive ventilation support and cough support with mechanical insuf-
flation–exsufflation (MI-E or CoughAssist™) [3].

 PREOPERATIVE EVALUATION
Evidence-based recommendations for some disease entities causing 
of extrapulmonary restriction are available [4].

■■ As with all patients with pulmonary disease, evaluation should 
include a detailed history of functional status and other risk 
factors for postoperative pulmonary complications [5].

■■ PFTs including spirometry, maximal inspiratory, and maximal 
expiratory pressure and peak cough expiratory flow should be 
measured to assess severity of restriction and inspiratory 
muscle and cough weakness.

■■ Lung imaging is not required preoperatively.
■■ Assessment for symptoms of sleep-disordered breathing (e.g., 
morning headache, daytime hypersomnolence, and frequent 
nocturnal awakenings) and cough insufficiency (weak cough 
with inability to raise secretions) should be sought as they are 
associated with increased risk of postoperative respiratory 
complications.

■■ Measurement of arterial blood gas preoperative or end-tidal 
carbon dioxide level (ETCO2).

■■ If sleep symptoms are present or ETCO2 or PaCO2 is elevated 
referral to sleep medicine or pulmonologist, a sleep study, and/
or initiation of noninvasive ventilation (NPPV) preoperative is 
strongly suggested [4]. In addition, arrangement should be 
made for immediate postoperative care in a monitored setting 

TABLE 36.1 EXAMPLES OF EXTRAPULMONARY DISEASES CAUSING 
RESTRICTION

Examples of extrapulmonary diseases causing restriction

Muscular dystrophies
Myasthenia gravis
Amyotrophic lateral sclerosis
Spinal cord injury
Severe scoliosis or kyphoscoliosis
Paralyzed diaphragm(s)
Fibrothorax
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(intensive care unit (ICU) or step-down unit) with availability 
of NPPV and MI-E at bedside.

■■ For patients where medications are being used for treatment 
(e.g., myasthenia gravis), a consultation with a subject expert 
(neurology) should be sought [6].

■■ If cardiomyopathy is present as it is in many muscular dystro-
phies, preoperative consultation with cardiology is recom-
mended [4].

These patients should be considered at high pulmonary risk for 
anesthesia [4]. Anesthetic agents for specific diseases particularly 
muscular dystrophies should be carefully chosen.

■■ Succinylcholine as a paralytic agent is contraindicated as are 
some inhaled anesthetic agents (due to malignant hyperther-
mia risk).

■■ Due to jaw muscle spasticity, some patients may have high-risk 
airway for intubation.

 PERIOPERATIVE MANAGEMENT
Immediate postoperative care most often should occur in a moni-
tored setting (ICU or step-down unit) with availability of NPPV and 
MI-E at bedside.

■■ Extubation to NPPV with respiratory therapist at the bedside 
should strongly be considered [4].

■■ The consultant should be aware that general anesthesia and 
immobility can increase underlying muscle weakness [7].

■■ Postoperative management should focus on preventing atelec-
tasis, pulmonary edema, and postoperative pneumonia. 
Frequent as needed use of the MI-E to aid in secretion manage-
ment is strongly recommended.

■■ NPPV at night and during the day as needed can help prevent 
atelectasis and reduce work of breathing if patient uses at 
baseline or ETCO2 or PaCO2 elevated postoperative.

■■ As with all pulmonary diseases, maintenance of adequate nutri-
tion and selective use of nasogastric decompression after abdom-
inal surgery are important in preventing complications [8].

■■ If swallowing abnormalities are found preoperatively, a formal 
swallow evaluation should occur prior to oral feeding.

■■ For certain medication-responsive diseases (e.g., M gravis) 
where perioperative adjustment of medications (e.g., steroids) 
may be needed, expert consultation with a neurologist is 
recommended.
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KEY CLINICAL PEARLS
 ³ Patients with extrapulmonary restrictive are at high risk of respira-
tory complications following surgery including hypercarbic and 
hypoxemic respiratory failure and pneumonia.

 ³ Mechanical devices to support ventilation (noninvasive ventila-
tion) and cough (mechanical insufflation–exsufflation) can be very 
helpful following surgical procedures in these individuals.

 ³ Prearrangement of postoperative care in a monitored setting is 
suggested for those with anything more than mild extrapulmonary 
restrictive lung disease.
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 BACKGROUND
Restrictive lung diseases (RLDs) are disease processes which limit 
expansion of the respiratory system resulting in a reduction in lung 
volumes when measured by pulmonary function tests (PFTs) [1, 2]. 
Diseases that result in restriction can be divided into two large cate-
gories: (1) Intrinsic lung diseases where there is an increase in lung 
elastic recoil due to scarring or infiltrative processes and (2) extrapul-
monary diseases that affect the respiratory muscles or chest wall and 
prevent full expansion of the lungs. The natural history and periop-
erative management of the two categories are quite different and 
therefore extrapulmonary restrictive lung diseases will be discussed 
more fully in a separate chapter (Chap. 36). Although intrinsic 
restrictive lung diseases can occur acutely (e.g., acute pulmonary 
edema), this chapter will focus on conditions that are more chronic 
in nature and would be expected to be present at the time of evalua-
tion for surgery or at the time of surgery.

 INTRINSIC PULMONARY DISEASES CAUSING RESTRICTION
There are many diseases that can result in scarring or infiltration of 
the lung parenchyma increasing lung elastic recoil and low lung vol-
umes (see Table 37.1).

Intrinsic lung diseases can cause physiologic abnormalities that 
include abnormalities in gas exchange leading to hypoxemia, 
decreased lung compliance that can increase work of breathing at 
baseline and, on in some cases, pulmonary artery hypertension that 
can worsen hypoxemia and stress the heart can also sometimes be 
seen in patients with parenchymal restrictive lung disease. These 
physiologic abnormalities can lead to several increased perioperative 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_37&domain=pdf


298 THE PERIOPERATIVE MEDICINE CONSULT HANDBOOK

risks including: (1) Increased risk of hypoxemia during intubation 
and anesthesia, (2) increased risk of lung infection due to distorted 
lung anatomy or immunosuppressing medications used in treating 
the underlying associated diseases, and (3) increased risk of ventila-
tor induced lung injury or barotrauma associated with high ventilator 
inflation pressures [3].

 PREOPERATIVE EVALUATION
Currently, there are no evidence-based recommendations for patients 
with intrinsic pulmonary causes of restriction. As with all patients 
with pulmonary disease, evaluation should include a detailed history 
of functional status and other risk factors for postoperative pulmo-
nary complications [4].

■■ If intrinsic lung disease is suspected but not previously  diagnosed, 
obtain PFTs including spirometry, plethysmograph measured 
lung volumes, and lung diffusion for carbon monoxide (DLCO).

■■ If intrinsic lung disease is suspect on pulmonary function test 
(PFT) evaluation, chest x-ray (CXR) and/or computerized 
tomographic (CT) scan should be obtained.

■■ If previously undiagnosed intrinsic lung disease is identified, 
pulmonary consult is recommended prior to surgery.

■■ If intrinsic lung disease is previously established, chest imag-
ing is not needed.

■■ Strongly consider measurement of arterial blood gas 
 preoperatively [5].

■■ Review of immunosuppressing medications (i.e., steroids) 
used to treat underlying conditions such as rheumatoid 

TABLE 37.1 EXAMPLES OF CHRONIC INTRINSIC LUNG DISEASES CAUSING 
RESTRICTION

Chronic intrinsic lung diseases causing restriction

Fibrosis associated with connective tissue diseases
Sarcoidosis
Idiopathic pulmonary fibrosis
Drug-related pulmonary fibrosis
Radiation-induced pulmonary fibrosis
Lung resection
Hypersensitivity pneumonitis or other granulomatous diseases
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 arthritis with appropriate dosing or adjustments during the 
surgical period with expert consultative help as needed.

■■ For patients with diagnosed intrinsic lung disease, prearrange-
ment for immediate postoperative care in a monitored setting 
(intensive care unit (ICU) or step-down unit) should be consid-
ered unless disease is mild.

■■ These patients should be considered at high pulmonary risk 
for anesthesia and careful preoperative discussion with anes-
thesia prior to surgery should be undertaken.

 PERIOPERATIVE MANAGEMENT
Similar to the preoperative evaluation of intrinsic RLD, currently, 
there are no evidence-based guidelines for the postoperative manage-
ment of RLD. Recommendations are based on the underlying etiol-
ogy of disease and a pulmonary consult is warranted in patients with 
severe respiratory compromise.

■■ Management should focus on preventing atelectasis, pulmo-
nary edema, postoperative pneumonia, and muscle weakness 
as these can worsen underlying restrictive deficit [6].

■■ Lung expansion techniques may prevent atelectasis and are 
recommended by the American College of Physicians (ACP). 
Data suggest they are superior to no prophylaxis in preventing 
postoperative pulmonary complications in all patients under-
going abdominal surgery, although no modality of expansion 
showed clear superiority [6].

■■ As with all pulmonary diseases, maintenance of adequate nutri-
tion and selective use of nasogastric decompression after abdom-
inal surgery are important in preventing complications [6, 7].

KEY CLINICAL PEARLS
 ³ Restrictive intrinsic lung diseases increase the risk of postopera-
tive hypoxemia and respiratory failure.

 ³ Chest imaging and pulmonary function tests should be obtained in 
all patients suspected of having restrictive intrinsic lung disease.

 ³ Continuous monitoring postoperative in a step-down or ICU set-
ting should be considered for patients with moderate or severe 
restrictive intrinsic lung disease.
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 BACKGROUND
A total of 30 million US adults (15% of the population) are estimated 
to have chronic kidney disease (CKD) and 48% of individuals with 
severely reduced renal function and 96% of individuals with mildly 
reduced renal function are not aware of their kidney disease [1]. 
Patients with CKD are at increased risk of perioperative morbidity 
and mortality even when adjusting for comorbid conditions such as 
hypertension and diabetes [2]. The major cause of morbidity in CKD 
patients is cardiovascular disease but other causes of morbidity 
include fluid and electrolyte disturbances, increased bleeding risk, 
and poor blood pressure control [3]. Nonetheless, patients with CKD 
can safely undergo surgery with appropriate medical management.

 PREOPERATIVE EVALUATION
A complete renal history should be obtained for patients with chronic 
kidney disease, including disease etiology, onset, severity (e.g., CKD 
stage) history of renal transplant, and past renal complications (e.g., 
history of acute on chronic kidney injury). Additionally, the patient’s 
cardiovascular status should be considered due to the high preva-
lence of coronary disease and heart failure in this population.

Baseline creatinine and electrolytes should be documented or 
obtained for patients with chronic kidney disease. For patients with-
out known CKD but with risk factors, such as hypertension and dia-
betes, it is reasonable to screen for CKD prior to moderate or 
high-risk surgeries by obtaining baseline creatinine and electrolytes. 
There is no evidence to screen asymptomatic individuals without 
CKD risk factors [4].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_38&domain=pdf
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 PERIOPERATIVE MANAGEMENT
 CONTRAST-INDUCED NEPHROPATHY
Patients with CKD are at increased risk for contrast-induced kidney 
injury. A meta-analysis of prospective controlled trials revealed incon-
clusive results [5], but a recent large randomized control trial of high-
risk renal patients undergoing angiography showed no difference in 
outcomes (death, need for dialysis, or persistent decline in kidney func-
tion at 90 days) between those that received NAC versus placebo [6]. 
Intravenous (IV) hydration both before and after contrast is likely ben-
eficial if the patient can tolerate volume expansion. Both isotonic 
sodium bicarbonate and isotonic normal saline are effective but iso-
tonic bicarbonate must be compounded and is usually more expensive. 
The same randomized control trial compared outcomes in high-risk 
renal patients receiving IV sodium bicarbonate versus IV sodium chlo-
ride and found no difference [6].

 When a Study or Procedure Requiring Contrast Is Proposed
■■ Consider the necessity of the procedure and alternative imag-
ing options (ultrasound, noncontrast CT scan, or MRI without 
gadolinium).

■■ Iso-osmolar or low osmolar-iodinated contrast agents are pre-
ferred over high osmolar-iodinated contrast; discuss options 
with the radiologist.

■■ If using normal saline to hydrate, give 1 mL/kg/hour for 
6–12 hours preprocedure, intraprocedure, and for 6–12 hours 
postprocedure [5].

 FLUID AND ELECTROLYTES
Patients who are above their dry weight are at risk of pulmonary 
edema and poorly controlled hypertension; those who are under their 
dry weight are at risk of hypotension in the postoperative setting. 
Common electrolyte derangements include hyperkalemia and meta-
bolic acidosis—monitor and treat in the pre- and postoperative set-
ting to reduce the risk of ventricular arrhythmia. See Chap. 55 for 
further discussion of common electrolyte abnormalities.

 MEDICATIONS
CKD affects renal drug elimination, drug absorption, drug distribu-
tion, and non-renal clearance [3]. Creatinine clearance (CrCl) is 
normally >100 mL/min. Most commonly used medications require 
dosage adjustments when the CrCl falls below 50 mL/min. 
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Glomerular filtration rate (GFR) and/or CrCl are estimated using 
the Modification of Diet in Renal Disease (MDRD) study or using 
the Cockcroft–Gault equation. These estimates are less accurate in 
certain circumstances, including when patients have more or less 
muscle mass than average [7].

It is crucial to review the patient’s preoperative medication list 
looking for drugs that may impair renal function postoperatively and 
noting which drugs may require dose adjustment if creatinine clear-
ance changes. Key points regarding medication management in 
patients with CKD:

■■ Angiotensin-converting enzyme inhibitors (ACE-Is) and angio-
tensin receptor blockers (ARBs) should generally be held on 
the morning of surgery (see Chap. 5).

■■ Avoid nonsteroidal anti-inflammatory agents (NSAIDs) 
perioperatively.

■■ Useful resources to determine appropriate dosing include 
Micromedex® and UpToDate.

■■ Clinical pharmacists are helpful resources for dose adjustment 
recommendations depending on the medication and the 
patient’s estimated CrCl.

■■ Nephrotoxic antibiotics (vancomycin, aminoglycosides, etc.) 
need dose adjustment and therapeutic level monitoring.

■■ Morphine and meperidine have metabolites that can accumu-
late with renal insufficiency. Hydromorphone and fentanyl are 
the preferred narcotic agents for patient with renal 
insufficiency.

■■ Enoxaparin clearance is impaired in renal insufficiency and 
dose adjustment is often necessary.

Use caution reinstituting ACE-Is and ARBs—monitor renal func-
tion and electrolytes closely in the postoperative period.

 ANEMIA AND COAGULOPATHY
Loss of erythropoietin production as renal function declines often 
leads to significant anemia. Anemia in CKD is defined as a hemoglo-
bin (Hb) concentration <13.0 g/dL in males and <12.0 g/dL in females 
[8]. In general, anemia is treated with supplemental iron (PO/IV) if 
serum transferrin saturation is ≤30% and ferritin is ≤500 ng/
mL. Erythropoietin-stimulating agents (ESAs) can be given to treat 
anemia when Hb concentrations are <10.0 g/dL [8]. Discuss options 
to optimize an anemic patient with their nephrologist, especially if 
the surgery is elective and there is time for ESAs and supplemental 
iron to have a meaningful effect. See Chap. 20 for more on the peri-
operative management of anemia.
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Patients with CKD demonstrate varying defects in hemostasis 
ranging from prothrombotic effects to dysfunctional platelets. As 
CKD progresses, prothrombotic effects persist; however, platelet dys-
function due to uremia increases the risk of perioperative cutaneous, 
mucosal, and serosal bleeding [9]. The risk of uremic bleeding can be 
reduced by administering desmopressin, cryoprecipitate, or transfu-
sion of blood products. Such strategies are best carried out in consul-
tation with a nephrologist or hematologist.

 HEMODIALYSIS-DEPENDENT 
CHRONIC KIDNEY DISEASE 
(END-STAGE RENAL DISEASE)
Care for patients with end-stage renal disease (ESRD) or history of 
renal transplant should be coordinated with a nephrologist [11]. 
Obtain the following information preoperatively:

■■ History of vascular or peritoneal access (anatomic location, 
history of clotting or stenosis).

■■ For peritoneal dialysis (PD): the number of exchanges and 
dwell time—the number of exchanges can be increased the 
week prior to surgery in case resumption of PD is delayed post-
operatively, although there are no published data to support 
this practice [10].

■■ For hemodialysis: the patient’s usual dialysis days and dialysis 
session length—ideally hemodialysis (HD) should be done the 
day before surgery to minimize fluid imbalance, electrolyte, 
blood pressure, and uremia-related complication [11].

■■ The patient’s “dry weight” prior to surgery, to guide manage-
ment of volume status.

Postoperatively, a nephrologist should be involved in the patient’s 
care to help with resumption of dialysis. Most ESRD patients will 
require a diet that is low in potassium, phosphate, and sodium.

KEY CLINICAL PEARLS
 ³ Note the high risk of cardiovascular disease in patients with CKD 
and perform a careful history and physical to assess risk for heart 
disease.
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 ³ Review medications daily and adjust dosages if needed if the glo-
merular filtration rate is changing.

 ³ For patients on dialysis, coordinate preoperative and postopera-
tive dialysis schedule with the patient’s nephrologist—ideally 
patients will be dialyzed the day before their surgery.
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 BACKGROUND
Acute kidney injury (AKI) is a common postoperative complication 
that results in significant morbidity and mortality. The incidence of 
AKI after surgery ranges from 7% to 75% depending on the criteria 
used to define AKI and the type of surgery [1–3]. Prior criteria used 
to define AKI focused on the need for renal replacement therapy 
(RRT) and consequently underestimated the incidence of renal injury 
[1, 2]. The development of postoperative AKI is associated with an 
increased risk of progression to chronic kidney disease (CKD) (Chap. 
38) [1], need for dialysis after discharge [1], risk of cardiovascular 
complications, including acute coronary syndromes and heart failure 
[3], sepsis [4, 5], and mechanical ventilation [5]. AKI is also associ-
ated with higher incidence of readmissions [6], length of stay [3, 4, 7], 
and increased short- and long-term mortality [1, 3–5, 7]. This increase 
in mortality is evident even with small increases in serum creatinine 
(sCr) and despite renal recovery [5]. The severity of AKI is directly 
proportional to the risk of adverse outcomes [2, 4, 5, 7]. Therefore, it 
is important for the medicine consultant to identify risk factors for 
postoperative AKI, take preventative measures, and mitigate injury 
when AKI occurs.

 PREOPERATIVE EVALUATION
Several prediction models have been developed for identifying 
patients at risk for postoperative AKI, but there is no expert consen-
sus to endorse the use of any one model. These risk prediction models 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_39&domain=pdf


308 THE PERIOPERATIVE MEDICINE CONSULT HANDBOOK

are not well validated, predict only AKI requiring dialysis, or have 
only limited applicability to specific surgical populations [8–10]. 
Nevertheless, it is useful for the medicine consultant to identify high- 
risk patients by considering surgical and patient-specific risk factors 
(Table 39.1).

Emergency, cardiac, major vascular, intraperitoneal, and trans-
plant surgeries are associated with higher risk of postoperative AKI 
[8–11]. Patient-specific risk factors differ subtly for different surger-
ies. Generally, older patients with preexisting comorbidities are more 
prone to develop postoperative AKI [8–11]. Preoperative laboratory 

TABLE 39.1 PATIENT AND SURGICAL RISK FACTORS FOR POSTOPERATIVE AKI

Patient 
characteristics

Surgical 
characteristics Other

Advanced age [4, 5, 
8–11]
Male sex [4, 5, 7]
Obesity [11, 12, 13]
Higher ASA status [3]
Comorbidities:
  CKD [1, 11, 8]
  DM [3, 5, 11, 8, 10]
  Cardiovascular 

disease (heart 
failure, CAD)  
[3, 8–10]

  Atrial fibrillation 
[3, 5]

  PVD [4, 12]
  Hypertension [8, 9]
  COPD [5, 7, 8]
  Liver disease [5]

Type of surgery:
  Emergency 

surgery [4, 8, 9, 
11, 12]

  Major vascular 
surgery [8, 9, 11]

  Cardiac surgery 
[8, 9, 11]

  Valvular surgery 
[8, 9, 11]

  Intraperitoneal 
surgery [8, 9, 11]

  Transplant surgery 
[12]

Intraoperative 
factors:
  Use of IABP [11]
  Aortic cross- clamp 

time [11]
  Use of and time 

on CPB [4, 8]
  Blood transfusions 

[9, 14]

Preoperative lab 
findings:
  sCr > 1.2 mg/dL [9]
  Proteinuria without 

CKD [1]
  Liver dysfunction [9]
  WBC > 12 

or < 1.5 × 103 cell/mL 
[8, 13]

  Hypoalbuminemia 
[7, 8]

  Anemia [4, 15, 14]
Use of:
  Colloidal fluids  

[11, 12, 13]
  Diuretics [13]
  NSAIDs [11]
  High-dose IV 

contrast [11]

ASA American Society of Anesthesiologists, CKD chronic kidney disease, 
DM diabetes mellitus, CAD coronary artery disease, PVD peripheral vas-
cular disease, COPD chronic obstructive pulmonary disease, IABP intra- 
aortic balloon pump, CPB cardiopulmonary bypass, sCr serum Cr, WBC 
white blood cell, NSAIDs nonsteroidal anti-inflammatory drugs, IV 
intravenous
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findings such as anemia, hypoalbuminemia, and proteinuria also 
predict postoperative AKI [8, 9, 11].

Preoperative anemia is one of the few risk factors that can be 
modified to decrease the risk of postoperative AKI. Medicine consul-
tants should consider working up anemia and correcting any underly-
ing causes to reduce the need for perioperative red blood cell (RBC) 
transfusions (Chap. 20). Perioperative RBC transfusions may increase 
the risk of postoperative AKI in patients undergoing cardiac and vas-
cular surgery [11].

 PERIOPERATIVE MANAGEMENT
 DEFINITION OF ACUTE KIDNEY INJURY (AKI)
Even slight changes in sCr or transient decreases in urine output 
(UOP) can be harbingers of renal failure and loss of function. In 2012, 
KDIGO (Kidney Disease: Improving Global Outcomes) proposed cri-
teria for AKI that included absolute and relative changes in sCr and 
UOP (Table 39.2) [11].

 PREVENTION OF POSTOPERATIVE KIDNEY INJURY
There is currently no convincing evidence to support the use of 
any medications to reduce the incidence of postoperative AKI. A 
2013 Cochrane systematic review found that no pharmacologic 

TABLE 39.2 KDIGO CRITERIA FOR AKI

KDIGO 
stage Serum creatinine (sCr) Urine output

1 Increased sCr 1.5–1.9× that is known or 
presumed to have occurred within the 
preceding 7 days or
Increased sCr ≥ 0.3 mg/dL within 
48 hours

<0.5 mL/kg/h for 
≥12 hours

2 Increased sCr 2–2.9× <0.5 mL/kg/h for 
≥12 hours

3 Increased sCr 3× or
sCr ≥ 4 mg/dL or
Initiation of RRT or
GFR decrease to < 35 mL/min in 
patients < 18 years old

<0.3 mL/kg/h for 
≥24 hours or
Anuria 
for ≥ 12 hours

KDIGO Kidney Disease Improving Global Outcomes, AKI acute kidney 
injury, RRT renal replacement therapy, GFR glomerular filtration rate
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interventions (including dopamine, diuretics, calcium channel 
blockers, angiotensin-converting enzyme inhibitors (ACE-I), 
N-acetyl cysteine, antioxidants, erythropoietin, and select IV flu-
ids) reliably prevented the development of renal failure in patients 
with or without preexisting renal failure [16]. In non-vascular 
surgeries, there is low-quality evidence that atrial natriuretic pep-
tide may have some protective effect [17]. In patients undergoing 
cardiovascular surgery, there is conflicting evidence on the role of 
statins [17], though most recent meta-analyses have argued 
against statin use for this indication [18].

The role of different types of intravenous fluids (IVFs) has been an 
area of intense research. Starch-based colloid fluids have a negative 
effect on kidney function. Among crystalloids, there is currently 
insufficient evidence to suggest the use of balanced crystalloids (e.g., 
lactated Ringer’s or Plasmalyte-A) over chloride-rich crystalloids (e.g., 
normal saline) in the perioperative period [19].

Since there are currently no proven medications to decrease the 
incidence of AKI, non-pharmacologic preventative measures and 
early detection are key [17]. Several novel imaging techniques (e.g., 
renal resistive index measured by Doppler ultrasound, contrast- 
enhanced ultrasound, and blood oxygenation level-dependent mag-
netic resonance imaging) and biomarkers (e.g., cystatin C, tissue 
inhibitor of metalloproteinases-2, and neutrophil gelatinase- 
associated lipocalin) have been proposed for earlier detection of AKI 
[1, 12, 17]. However, these new tools are not well validated, expensive, 
and not widely available. In general, we recommend the following 
principles to mitigate the risk of postoperative AKI:

■■ Maintain euvolemia based on ongoing clinical assessment – 
predetermined IVF rates may overshoot or undershoot actual 
fluid requirements [11, 12, 14].

■■ Avoid overzealous fluid administration as this can result in 
volume overload, which increases risk of postoperative AKI 
and is associated with increased mortality in patients with AKI 
[2, 3, 12, 17, 20].

■■ Avoid diuretics unless they are needed to treat intravascu-
lar  hypervolemia or the patient is known to be diuretic 
dependent [11].

■■ Maintain cardiac output – hypotension can lead to acute tubu-
lar necrosis (ATN), a common cause of postoperative 
AKI. Perioperative goal-directed therapy, fluid, or vasopressor 
administration titrated to cardiac output decreases the risk of 
postoperative AKI [21]. While invasive monitoring is not avail-
able outside of the ICU, maintenance of mean arterial  pressures 



311CHAPTER 39: ACUTE KIDNEy INjURy

(MAPs) > 60–65 mmHg (or >75 mmHg in patients with chronic 
hypertension) is recommended [11].

■■ Our practice is to hold ACE-Is and angiotensin receptor block-
ers (ARBs) 24 hours prior to surgery unless the patient is per-
sistently hypertensive with a systolic blood pressure > 180 mmHg 
(see Chap. 5). A 2017 prospective cohort study demonstrated 
that withholding ACE-Is/ARBs prior to major non-cardiac sur-
gery is associated with nearly 20% relative risk reductions in 
both the composite outcome of death, stroke and myocardial 
infarction and the incidence of intraoperative hypotension 
[22], which is associated with higher risk of postoperative 
AKI. In addition, observational data suggest that older patients 
and patients with underlying CKD who continue ACE-Is peri-
operatively are at higher risk of perioperative AKI [17].

■■ Maintain euglycemia – tight glucose control reduces the inci-
dence of AKI after cardiac surgery but should be weighed 
against risks of hypoglycemia. KDIGO Work Group recom-
mends a target blood glucose of 110–150 mg/dL [12].

■■ Correct preoperative anemia and avoid unnecessary RBC 
transfusions – both perioperative anemia and perioperative 
RBC transfusions are risk factors for AKI [11, 12, 15].

■■ Use contrast judiciously to mitigate the risk of contrast- 
induced nephropathy [11].

 EVALUATION OF POSTOPERATIVE ACUTE KIDNEY INJURY
Table 39.3 outlines some considerations of the etiology and workup 
of AKI specific to the postoperative setting. The standard approach to 
AKI in the medical patient is applicable (e.g., considering pre-, intra-, 
and post-renal etiologies), but specific attention should be paid to the 
patient’s additional perioperative risk factors (Table 39.3). Further 
workup should include the following:

■■ Urinalysis: Muddy brown, granular, and epithelial cell casts 
suggest ATN, the most common cause of postoperative AKI 
[23]; microscopic hematuria may suggest nephrolithiasis, ure-
teral trauma, intrinsic renal insult, or rhabdomyolysis (if there 
is occult blood without red blood cells); eosinophiluria may 
indicate interstitial nephritis.

■■ Urine labs: High urinary specific gravity, low urinary sodium, 
and fractional excretion of sodium (FENa) < 1% support the 
diagnosis of a pre-renal etiology.

■■ Serum labs: Complete blood count, basic metabolic panel.
■■ Studies to consider: Bladder scan for post-void residual (in and 
out catheterization if bladder scan values suggest urinary 
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retention), retroperitoneal ultrasound (US) or computed 
tomography (CT) scan to assess for hydronephrosis and fluid 
collections, and bladder pressure to evaluate for intra- 
abdominal hypertension.

 PRINCIPLES OF MANAGEMENT
Treatment and further workup are based on the working diagnosis. 
Nephrology consultation may be required if establishing euvolemia or 
relieving urinary tract obstruction does not result in improvement or if 
there is an indication for acute RRT (i.e., severe acidosis, volume over-
load compromising organ function, significant hyperkalemia, or symp-
tomatic uremia). Key points in management include the following:

TABLE 39.3 CAUSES OF POSTOPERATIVE AKI

Causes Evaluation

Pre-renal
Drugs – NSAIDs, ACE inhibitors/ARBs
Contrast dye
Volume depletion
  High nasogastric tube output
  High drain output
Intra-abdominal compartment 
syndrome

FENa <1%
High urine specific gravity
Urinalysis may show 
hyaline casts Bladder 
pressure > 20 mm H2O

Intra-renal
Contrast-induced AKI
ATN
AIN (antibiotics, NSAIDs)
Antibiotic induced (aminoglycosides, 
vancomycin) Atheroembolism (after 
cardiac and vascular surgery)
Rhabdomyolysis

FENa 1–2%
Urinalysis
  ATN – muddy brown casts
  AIN – may see eosinophils

Post-renal
Bladder outlet obstruction
  Mechanical – e.g., BPH
  Medication induced
Ureteral obstruction – bleeding, etc.
Nephrolithiasis

FENa is variable
Bladder US – urinary 
retention
Retroperitoneal US – 
hydronephrosis
CT scan – hydronephrosis, 
nephrolithiasis

NSAIDs nonsteroidal anti-inflammatory drugs, ACE angiotensin- 
converting enzyme, ARB aldosterone receptor blockers, FENa fractional 
excretion of sodium, ATN acute tubular necrosis, AIN acute interstitial 
nephritis, CK creatine kinase, BPH benign prostatic hyperplasia, US 
ultrasonography, CT computed tomography
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■■ Closely monitor UOP and place a urinary catheter if UOP is 
difficult to quantify. Remove the catheter as soon as possible to 
prevent catheter-associated infections.

■■ In the case of intravascular volume depletion, resuscitate with 
crystalloids with frequent clinical re-assessment of volume 
status and UOP.

■■ In the case of volume overload and congestive heart failure 
(CHF), diurese in the usual fashion. Work up for myocardial 
infarction if CHF is new for the patient.

■■ If there is obstruction that is not relieved by a urinary catheter, 
this usually merits rapid surgical or percutaneous 
intervention.

KEY CLINICAL PEARLS
 ³ Review preoperative risk factors (e.g., older age, medical comor-
bidities, emergency, and major vascular surgery) and the intraop-
erative hemodynamic record (e.g., intraoperative hypotension, use 
of cardiopulmonary bypass in cardiac surgery, and blood transfu-
sions) to identify patients at higher risk for postoperative AKI.

 ³ Maintain euvolemia and avoid hypotension to prevent postopera-
tive AKI.

 ³ If obstruction is not relieved by placement of a urinary catheter, 
rapid surgical or percutaneous intervention should be 
considered.
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40

 BACKGROUND
Patients with rheumatoid arthritis (RA) may be at increased periop-
erative risk because of systemic complications of their underlying 
disease or treatment with immunomodulatory therapies. Targeted 
evaluation by the perioperative consultant to detect specific joint 
involvement, such as the presence of cervical spondylitis or cricoary-
tenoid arthritis, is crucial to avoid operative airway complications 
and brain stem or spinal cord injury during airway manipulation. 
Immunomodulatory therapy presents a unique challenge in the peri-
operative period. Recently published recommendations from the 
American College of Rheumatology and the American Association of 
Hip and Knee Surgeons provide guidance for medication manage-
ment surrounding elective hip and knee arthroplasty, but data to 
guide management in non-orthopedic procedures is lacking. The risk 
of infection and poor wound healing must be balanced with the risk 
of disease flare, which may impair functional outcome. Management 
must be individualized, and coordinating perioperative care with the 
patient’s rheumatologist is recommended.

 PREOPERATIVE EVALUATION
 GENERAL PRINCIPLES
Patients with RA should receive the same preoperative cardiovascu-
lar, pulmonary, and other risk assessments as the general population. 
However, certain RA patients may be at increased risk for periopera-
tive complications because of systemic complications of their 
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 underlying disease, medication effects, cervical spine instability, and 
other specific joint issues [1].

■■ Assess disease activity. In general, elective surgery during 
uncontrolled disease or active flares should be avoided.

■■ Evaluate for signs or symptoms of pre-existing cardiovascular 
disease and pulmonary complications.

■■ Perform additional targeted history and physical exam to iden-
tify specific joint involvement requiring additional periopera-
tive consideration.

■■ Obtain detailed medication history with specific attention to 
current and previous steroid use and dosing schedule of bio-
logic DMARDs, if applicable.

■■ Determine the level of immunosuppression to assess infection 
risk.

 CARDIOPULMONARY EVALUATION
Patients with RA, particularly those with systemic involvement or 
poorly controlled disease, have nearly twofold increased risk of car-
diovascular disease (CVD) as compared to the general population, 
equivalent to the risk of CVD for patients with diabetes mellitus [2, 
3]. Risk of heart failure both in the presence and absence of coronary 
artery disease is also substantially increased and may occur early in 
disease [4]. Due to a paucity of validity evidence for disease-specific 
CVD risk prediction models, cardiovascular risk stratification should 
follow current American College of Cardiology/American Heart 
Association guidelines (see Chap. 6). Limited physical mobility may 
make assessment of cardiovascular capacity difficult; pharmacologic 
stress testing may be necessary in some cases for risk stratification.

Pulmonary involvement in RA is common due to the disease itself 
as well as to the therapies used in treatment. Pleural disease is com-
mon but usually subclinical [5]. Interstitial lung disease, bronchiecta-
sis, and obliterative bronchiolitis can occur and, depending on 
severity, may impact perioperative pulmonary status. Symptoms sug-
gestive of underlying lung disease such as unexplained dyspnea, 
cough, recurrent pulmonary infection, or an abnormal pulmonary 
exam require further investigation.

 CERVICAL SPINE DISEASE
Patients with cervical spondylitis are at risk of brain stem or spinal cord 
injury during neck manipulation for intubation or positioning. Patients 
with RA may have cervical instability from atlantoaxial subluxation or 
impaction, or subaxial subluxation. Asymptomatic cervical spine sub-
luxation in RA patients awaiting orthopedic surgery is common [6]. 
Those with longer disease duration, younger age of RA onset, and 
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 markers of more severe disease (erosive or nodular disease, elevated 
inflammatory markers, or higher disease activity scores) are at greatest 
risk [7]. All patients with RA undergoing surgery should be screened for 
cervical disease by history and neurologic exam. Neutral position radio-
graphs are insensitive and underestimate degree of subluxation [8]; 
obtain lateral flexion/extension cervical radiographs in any patient with 
neck pain or crepitus on ROM testing, radicular pain, or abnormality 
on exam localizing to the cervical spine. Additionally, consider screen-
ing radiographs in any patient with a diagnosis of RA > 5 years and 
poorly controlled disease < 5 years or those undergoing orthopedic 
surgery specifically for rheumatologic disease, as this alone suggests 
more severe disease. If plain films are abnormal, discussion with 
patient’s rheumatologist and anesthesiologist is recommended to deter-
mine if a cervical spine MRI should be obtained and/or if specific posi-
tioning or precautions (e.g., soft or hard neck brace) should be taken. 
Neurosurgical or orthopedic spine consultation may be necessary.

 CRICOARYTENOID ARTHRITIS
The cricoarytenoid joints assist in vocal fold mobility and may be 
affected in RA. Patients with cricoarytenoid involvement may experi-
ence difficult intubation and are at risk for potentially fatal upper air-
way obstruction due to superimposed edema from endotracheal 
intubation [9]. Symptoms are usually absent until significant obstruc-
tion occurs, but all patients should be screened for early symptoms, 
including voice hoarseness, dysphagia, odynophagia, pain with cough-
ing or speaking, stridor, exertional dyspnea, or inspiratory difficulty. 
Further evaluation is required if cricoarytenoid arthritis is suspected.

 HISTORY
Specific considerations in preoperative history taken for the patient 
with RA include the following:

■■ Duration of disease
■■ Specific joints affected
■■ Extra-articular manifestations of disease
■■ History suggestive of cervical spine disease (neck pain, radicu-
lar pain, motor weakness)

■■ History suggestive of cricoarytenoid arthritis (see above)
■■ Current functional status
■■ Current medications and dosing schedule of biologic DMARDs, 
if applicable

■■ Previous and current use of steroids, including pulses of ste-
roids within the last year, even if the patient is no longer taking 
steroids (see Chap. 14)

■■ Previous experience or complications with surgery
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 PHYSICAL EXAM
Pay particular attention to the following parts of the preoperative 
physical exam for the patient with RA:

■■ Assessment for active synovitis that could indicate flare or 
uncontrolled disease

■■ Active and passive range of motion of cervical spine
■■ Neurologic exam with attention to motor weakness, sensation, 
hyperreflexia, or signs suggestive of cervical spine disease

■■ Attentive listening to voice, upper airway noises including stri-
dor, or other signs of cricoarytenoid involvement

 LABORATORY TESTING AND IMAGING
Consider the following preoperative tests:

■■ Complete blood count (CBC) to evaluate for leukopenia or 
anemia

■■ Basic metabolic panel (BMP) if on potentially nephrotoxic 
therapy

■■ Liver function test (LFTs) if on potentially hepatotoxic therapy 
(specifically, patients on methotrexate typically have LFTs Q3 
months if on stable dose, 1 month after dose increases, or 
more often if LFTs are abnormal)

■■ Ambulatory pulse oximetry (SpO2), if history of, or concern for, 
pulmonary complications of RA

■■ Lateral flexion/extension neck radiographs or MRI c-spine, if 
concern for cervical disease

■■ Inspiratory/expiratory flow-volume loop, contrast-enhanced 
high-resolution chest CT, or laryngoscopy, if concern for crico-
arytenoid involvement

 PERIOPERATIVE MANAGEMENT
Patients with RA may be at increased risk for postoperative complica-
tions. Higher rates of prosthetic joint infections [10, 11] and postop-
erative pneumonia [12] occur in patients with RA undergoing 
arthroplasty as compared to matched controls with osteoarthritis. 
Rheumatoid arthritis is also associated with an increased risk of 
venous thromboembolism (VTE) [13] in general, but population- 
based cohort studies do not show excess risk of VTE in hospitalized 
RA patients [14] or in those undergoing knee arthroplasty [15] as 
compared to the general population.

Patients with RA should receive routine postoperative care with 
special attention to the following:
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■■ Early mobilization and involvement of physical or occupa-
tional therapy

■■ Attention to thromboembolism prophylaxis
■■ Pulmonary hygiene
■■ Monitoring anemia (especially if preoperative diagnosis of the 
same)

■■ Monitoring for signs of infection

 MEDICATION MANAGEMENT
Primary considerations in perioperative management of immunosup-
pressive medications include balancing the risk of infection and poor 
wound healing against the risk of flare if medications are withheld, 
as disease flare can impair rehabilitation or adversely affect func-
tional outcome. Guidelines from the American College of 
Rheumatology/American Association of Hip and Knee Surgeons 
(ACR/AAHKS) published in 2017 specifically address medication 
management in adult patients undergoing elective total hip or knee 
arthroplasty and are based largely on expert opinion and moderate- 
to low-quality evidence.

There is little to no data on which to base medication management 
in non-orthopedic procedures. In the absence of data, caution is 
advised against extrapolation of guideline recommendations to other 
orthopedic procedures or non-orthopedic surgery; discussion with 
the patient’s rheumatologist for other procedures is recommended.

 Specific Medication Guidelines for Elective Total Hip Arthroplasty 
(THA) or Total Knee Arthroplasty (TKA)
ACR/AAHKS guidelines pertinent to RA for those undergoing elective 
THA or TKA are summarized below [16]. Medication dosing and 
schedule should be confirmed with the patient’s pharmacy and/or 
rheumatologist.

■■ Optimization should include tapering glucocorticoid dose 
to < 20 mg/day of prednisone equivalent prior to surgery.

■■ Continue the current daily dose of glucocorticoids rather than 
perioperative stress dosing as long as the steroid dose is equiv-
alent to or less than 16 mg/day of prednisone. Note that this is 
for anticipated uncomplicated elective THA/TKA; for pro-
longed or intensive procedures, stress dosing may be appropri-
ate (see Chap. 14).

■■ Continue current dose of methotrexate, leflunomide, hydroxy-
chloroquine, and/or sulfasalazine.

■■ Withhold all current biologic agents prior to surgery and plan 
surgery at the end of the dosing cycle for that specific medica-
tion. Withhold tofacitinib for at least 7 days prior to surgery.
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■■ Restart biologic therapy in patients for whom it was withheld 
when the wound shows evidence of healing (typically at least 
10–14 days), all sutures/staples are removed, and there is no 
evidence of surgical site or non-surgical site infection.

See Figs. 40.1 and 40.2 for further information to guide medication 
management decisions in orthopedic and non-orthopedic procedures; 
we recommend discussion with patient’s rheumatologist and surgeon.

Medication
Elective Orthopedic

Procedures 
Non-Orthopedic Procedures and Special

Considerations
Methotrexate

Continue

*If anticipating
extensive or
complicated

procedure, discuss
with patient’s

rheumatologist.

Generally acceptable to continue.
Consider holding if: surgery is being done for
serious infection, post-operative infection,
acute kidney injury, prolonged NPO state, or
age >70 years.

Leflunomide Consider holding if large wounds anticipated.
Note that the long half-life (2 weeks) may
make complete discontinuation problematic.

Sulfasalazine Generally acceptable to continue.

Hydroxychloroquine Generally acceptable to continue.

Fig. 40.1 Perioperative considerations for conventional disease-modifying 
antirheumatic drugs

Medication Elective
Orthopedic
Procedures

Non-Orthopedic
Procedures

Special Considerations

TUMOR NECROSIS
FACTOR-alpha
INHIBITORS
adalimumab, certolizumab,
etanercept, golimumab,
infliximab

Withhold all
biologic agents
prior to surgery

and plan surgery at
end of dosing

cycle for that drug.
For example: if

medication dosed
every 4 weeks,

hold and schedule
surgery

for week 5. 

No data at present to
guide management for

non-orthopedic
surgery. Discussion

with patient’s
rheumatologist is
recommended. In

general, we
recommend timing
elective surgery at

end of dosing interval
(at nadir of drug

effect) rather than
using half-life to

estimate duration of
immunosuppressant

effect.

Available data on perioperative infection
risk is conflicting.

ABATACEPT (Orencia®):
CTLA4-IgG fusion protein

No available perioperative data. 

TOCILIZUMAB
(Actemra®): anti-IL6
monoclonal antibody

Post-operative inflammatory marker
suppression in case-control study raises
concern that signs/symptoms of surgical
site infection may be masked resulting in
delayed diagnosis [17].

TOFACITINIB (Xeljanz®):
Janus-associated kinase
inhibitor

Withhold at least 7 days prior to surgery.
Little is known about duration of 
immunosuppressant effect. No studies in
surgical patients. Indirect evidence
suggests infection risk may be similar to
TNF-alpha inhibitors [18].

ANAKINRA (Kineret):
anti-IL1 recombinant
antibody
RITUXIMAB: anti-CD20
antibody

No specific perioperative data available.

One observational study found spine
surgery is associated with postoperative
complications. Complication rate not found
to be related to time interval since last
infusion [19].

Fig. 40.2 Perioperative considerations for biologic disease-modifying anti-
rheumatic drugs
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KEY CLINICAL PEARLS
 ³ Screen all RA patients for cervical disease with history and physi-
cal exam, which should include passive and active range of 
motion, strength, and reflex testing.

 ³ Obtain patient’s biologic DMARD dosing schedule, including last 
date received and anticipated next dose, to determine optimal tim-
ing for elective procedures.

 ³ Restart biologic therapy in those for which it was held when the 
wound is healing and all sutures/staples removed (usually at least 
10–14 days), provided there is no infection.
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 BACKGROUND
Patients with systemic lupus erythematosus (SLE) undergoing 
 surgery are at increased risk for perioperative complications and 
mortality compared to controls. SLE is a heterogeneous disease, and 
while many patients may have only skin and joint involvement, others 
will develop severe internal organ involvement with organ failure 
over time [1, 2]. Kidneys are the most common internal organ 
affected by SLE. Patients with SLE also have an increased risk of 
cardiovascular disease and thrombosis. In patients with antiphospho-
lipid syndrome (APS), there is also an increased risk for developing 
heart valve disease and pulmonary hypertension [3–5].

Musculoskeletal damage is common in patients with active disease, 
with higher rates of avascular necrosis (AVN), osteoporosis, and frac-
tures requiring orthopedic procedures [6]. Patients with SLE are typi-
cally younger than the general population at the time of arthroplasty, 
though the age of patients undergoing arthroplasty is increasing and 
shifting from causes such as AVN to comorbid osteoarthritis [6].

The SLE patient with mild disease may only have been treated 
with hydroxychloroquine and is at low risk of perioperative prob-
lems. The presence of multiorgan disease places patients with SLE at 
increased risk of perioperative complications. In SLE patients with a 
history of potent immune-suppressing treatment with steroids and 
disease-modifying antirheumatic drugs (DMARDs), an increased risk 
of perioperative infection is to be anticipated. They are also at high 
risk of thrombosis and disease flare at the time of surgery. Patients 
with a history of moderate to severe disease activity may be at 
increased risk of perioperative myocardial infarction [7], renal 
 complications including acute renal failure [8–10], pneumonia and 
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sepsis [9], infections [10], pulmonary embolism (PE) and stroke [6], 
and mortality [7–9]. In addition, patients with APS are at increased 
risk of perioperative complications of thrombosis, catastrophic exac-
erbation, or bleeding [11]. In a systematic review, despite the 
increased risk of these complications, most studies report good func-
tional outcome [6].

 PREOPERATIVE EVALUATION
Patients with SLE are at increased risk of perioperative complica-
tions due to a baseline higher risk of coronary disease, multiorgan 
disease involvement, and use of steroids and other immunosuppres-
sive medications [12], and thus the preoperative evaluation should 
focus on assessing these factors.

 HISTORY
The patient interview should focus on symptom manifestations, cur-
rent disease control, and medication management. It should include 
an assessment for typical and disease-specific risk factors for throm-
boembolic and cardiac diseases. The following should be assessed:

■■ History of cardiovascular disease and signs/symptoms of coro-
nary artery disease (CAD) or valvular disease

■■ History of thromboembolic disease and signs/symptoms of 
thrombosis or APS

■■ History of renal disease, hematologic abnormalities, and prior 
infections

■■ History of Raynaud’s phenomenon (this is important as peri-
operative protection of extremities from cold is imperative to 
avoid potential digital ischemia)

■■ Functional status
■■ Traditional cardiovascular and thrombotic risk factors: Tobacco 
use, oral contraception (OCPs), hypertension, high cholesterol

■■ Lupus-specific risk factors for thrombosis: Antiphospholipid 
antibodies (APLA) antibodies, particularly those with lupus 
anticoagulant or who are triple- positive, and hospitalization in 
the previous 6 months [9]

■■ Current or prior use of steroids, which increases cardiovascu-
lar disease risk

■■ Accurate medication reconciliation, particularly for those that 
increase risk of immunosuppression and cytopenia

■■ Whether patients are being treated for severe or not severe 
SLE (see Table 41.1)
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 PHYSICAL EXAM AND TESTING
A careful examination should include an evaluation for cardiopulmo-
nary disease and multiorgan involvement:

■■ A grade 2 murmur or greater in a patient with APS should be 
evaluated with a transthoracic echocardiogram, especially if 
the patient has symptoms that may be related to valvular 
disease.

■■ A grade 3 or greater murmur in a patient without APS should 
be evaluated with a transthoracic echocardiogram.

■■ Assess for signs of active inflammation: Hair loss, inflamma-
tory arthritis, facial rash, signs of pulmonary hypertension on 
cardiac exam, lower extremity edema.

Preoperative lab testing for markers of active disease and to obtain 
a baseline for postoperative comparison should include the following:

■■ Basic metabolic panel for renal function and electrolytes, com-
plete blood count, and coagulation panel.

TABLE 41.1 DEFiNiTioN oF SEVERE SLE AND NoN-SEVERE SLE

Severe lupus

Currently treated for severe organ manifestations, including:
  Hematologic disease: Hemolytic anemia, thrombocytopenia, 

leukopenia
  Vascular disease: Vasculitis including enteritis, pulmonary 

hemorrhage, venous thrombosis, ulceration
  Renal: Nephritis, end stage renal disease (ESRD)
  Neurologic: Neuritis, cognitive impairment, psychosis, seizure, 

cerebrovascular accident (CVA), neuropathy
  Cardiovascular and pulmonary: Myocarditis, cardiomyopathy, 

myocardial infarction, pneumonitis, pulmonary fibrosis, 
pulmonary hypertension

  Musculoskeletal: Myositis with muscle weakness, active synovitis
  Gastrointestinal: Pancreatitis, cholecystitis, hepatitis, protein-

losing enteropathy, peritonitis
  Ophthalmic: Orbital inflammation/myositis, keratitis, posterior 

uveitis, scleritis, optic neuritis, anterior ischemic optic neuropathy
  Mucocutaneous: Scarring, skin or mucosal ulceration

Non-severe lupus

Not currently treated for manifestations of severe SLE

Definitions adapted from disease activity indices: SELENA–SLEDAI 
(Safety of Estrogens in Lupus Erythematosus National Assessment ver-
sion of the Systemic Lupus Erythematosus Disease Activity Index) [19] 
and BILAG 2004 (British Isles Lupus Assessment Group) [20]
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■■ Additional tests to measure current disease activity may be 
considered, such as dsDNA and complement levels, if recom-
mended in consultation with the patient’s rheumatologist.

■■ Patients with APLA or lupus anticoagulant should undergo 
d-dimer testing unless already on chronic anticoagulation for a 
previous thrombotic event; the presence of an elevated d-dimer 
may suggest higher risk and these patients should have more 
aggressive postoperative thrombosis prevention [13].

 RISK ASSESSMENT
Patients with lupus have at least twice the risk of CAD than age- 
matched controls [14], most notable among younger patients, and 
they are at increased risk of perioperative cardiovascular events [15].

■■ A cardiovascular risk assessment should be performed follow-
ing the same principles as with other patients (see Chap. 6). If 
deemed high risk, additional testing should be undertaken to 
evaluate for cardiac disease prior to surgery.

■■ Patients with dyspnea on exertion or a grade 3 murmur or 
greater (grade 2 in patients with APS) should undergo a trans-
thoracic echocardiogram for evaluation of valvular structural 
disease and for pulmonary hypertension.

■■ SLE patients can occasionally have interstitial lung disease and 
if rales are heard on examination and there is no history of 
cardiac disease, a high-resolution chest CT should be obtained.

 PREOPERATIVE MANAGEMENT
Management of patients with SLE may be complicated by multiorgan 
involvement and complex medication regimens. The decision to 
undergo elective surgery in patients with severe SLE should be dis-
cussed with the patient’s rheumatologist. Elective surgery should be 
postponed in patients who do not have adequate disease control [16].

 PERIOPERATIVE MANAGEMENT
 CARDIOVASCULAR RISK MANAGEMENT

■■ Hydroxychloroquine (HCQ) reduces disease activity and car-
diovascular risk and should be continued in the perioperative 
period [12].

■■ Given elevated cardiovascular risk, patients on aspirin should 
be continued on this if there are no major surgical contraindi-
cations [12].
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■■ For additional preoperative cardiovascular risk reduction, 
manage cardiovascular risk factors (such as lipids and blood 
pressure) according to guidelines and consider initiating 
HCQ [12].

 ANTICOAGULATION AND THROMBOTIC RISK MANAGEMENT
■■ Primary prophylaxis for thrombosis in patients with SLE and 
known APS consists of low-dose aspirin and hydroxychloro-
quine [17], which should be continued.

■■ Patients with APS who are on anticoagulation for secondary 
prophylaxis should have time off anticoagulation minimized 
and receive bridging anticoagulation [18]. (See Chap. 26 for 
additional information about bridging therapy.)

■■ Gualtierotti et al. supports the use of bridging anticoagulation 
for patients with high-risk APLA (triple positivity or lupus anti-
coagulant) and other risk factors for thrombosis (arterial 
hypertension, smoking, use of oral contraception, obesity, dia-
betes, neoplasm) [12]. In these high-risk patients, additional 
input from a specialist should be sought before elective 
surgery.

■■ Patients with APLA without additional risk factors for throm-
bosis should use prophylactic anticoagulation for thrombosis 
in line with care for other patients.

■■ All other SLE patients should receive the same prophylactic 
doses of anticoagulation for deep vein thrombosis (DVT) pre-
vention as those for non- SLE patients [18].

 RHEUMATOLOGIC MEDICATION MANAGEMENT
The American College of Rheumatology published recommendations 
for the management of rheumatologic medications perioperatively for 
orthopedic surgeries [16]. Currently, there are no guidelines for medi-
cation management in non-orthopedic surgeries, but these recommen-
dations may be able to be extrapolated to the management of patients 
undergoing other types of surgery in consultation with the patient’s 
rheumatologist. Please see Figure 40.1 and 40.2 (see Chap. 40) for spe-
cific recommendations for synthetic DMARDs and biologic agents.

Though there is little data on perioperative medication manage-
ment in patients with SLE, the medication management summarized 
below is recommended to decrease the risk of infectious complica-
tions. In severe SLE (see Table 41.1), patients are at risk of postopera-
tive disease flares, which could be organ threatening. The risk of 
postoperative complications and infections must be weighed against 
the risk of disease flares when deciding whether or not to hold SLE 
medications [16].
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■■ Patients on steroids should be tapered to a daily dose less than 
or equal to 20 mg/day before undergoing surgery in consulta-
tion with their rheumatologist and continued on steroids post-
operatively. See Chap. 14 for discussions on indications for 
stress-dose steroids that are not routinely needed.

■■ Typically, patients with severe SLE manifestations (Table 41.1) 
undergoing arthroplasty should be continued on SLE-specific 
DMARDs (mycophenolate mofetil, azathioprine, cyclosporine, 
and tacrolimus) throughout the surgical period [16].

■■ Patients without severe disease can discontinue SLE-specific 
DMARDs 1 week prior to surgery except for tacrolimus, which 
can be continued; restart these medications 3–5 days after sur-
gery if there are no additional wound healing or infectious 
complications [16].

■■ There is limited data supporting perioperative use of biologic 
agents in SLE; however, following recommendations similar 
for other rheumatologic conditions, biologics should be 
stopped prior to elective surgery and held until wounds are 
healed, which can be about 14 days [16].

 POSTOPERATIVE MONITORING
Patients with SLE are at increased risk of infection, cardiac disease, 
thrombotic events, renal disease, and death. Patients with APS are at 
additional risk for recurrent thrombosis, bleeding, and catastrophic 
exacerbation after surgery. Careful monitoring is needed to evaluate 
for these complications, including the following:

■■ Anticoagulation should be managed as above.
■■ Patients should be monitored for signs and symptoms of 
hemodynamic instability and the use of stress-dose steroids 
should be considered on a case-by-case basis.

■■ Review records of intraoperative reports of hypotension and 
blood loss in patients who develop acute renal injury (see 
Chap. 39).

■■ In patients with Raynaud’s phenomenon, hypothermia periop-
eratively should be limited to avoid digital ischemia.

■■ Surgery can be a precipitating factor of catastrophic antiphos-
pholipid syndrome, which is the rapid onset of thrombotic 
microangiopathy with at least three organs involved in the 
presence of APLA. Consultation with a specialist is needed to 
evaluate and direct management in these cases, which may 
include heparin, steroids, intravenous immunoglobulin (IVIG), 
and rituximab [16].
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KEY CLINICAL PEARLS
 ³ Taper prednisone dose to a daily dose less than or equal to 20 mg/
day before elective surgery in consultation with the patient’s 
rheumatologist.

 ³ Review disease and non-disease cardiovascular risks.
 ³ Postpone elective surgery in patients who have signs and symp-
toms of active inflammation until better control is obtained.

 ³ Avoid prolonged reversal of anticoagulation in patients with a his-
tory of thrombosis and in over-hydrating patients with a history of 
renal or heart disease and keep the extremities warm.

 ³ Disease activity and severity should be considered in managing 
DMARDs perioperatively in consultation with the patient’s 
rheumatologist.
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 BACKGROUND
Surgery is a risk factor for the development of crystal arthropathy or 
for a flare of a preexisting crystal arthropathy [1]. Gout or pseudog-
out should be considered in patients with joint pain, unexplained 
fever, leukocytosis, or difficulty with physical therapy. It is vital not to 
ignore the patient’s joint exam, especially in patients who are slow to 
mobilize or who cannot give a history. Both gout and pseudogout are 
in the differential diagnosis of postoperative fever and of acute arthri-
tis. Correctly diagnosing postoperative gout or pseudogout may lead 
to earlier treatment of the patient and help prevent barriers to post-
operative recovery.

 PREOPERATIVE EVALUATION
Assess the patient for a history of gout, including frequency of flares, 
what joints affected in past, medication regimen (including frequency 
of steroid use), whether there were any previous postoperative gout 
attacks, and uric acid levels (if appropriate). Examine the patient for 
any signs of joint redness or swelling suggestive of an acute flare. If 
such signs are present, consider initiating workup and treat flare (if 
it is in fact a crystal arthropathy) prior to surgery.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_42&domain=pdf
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 PERIOPERATIVE MANAGEMENT
 PREVENTION OF FLARES
Generally, continue prophylactic medications (e.g., allopurinol) up 
until surgery and resume these postoperatively as soon as possible. 
Pay attention to adequate hydration and mobilize patients as able. Be 
aware that some new medications may induce a gouty attack (e.g., 
diuretics, cyclosporine), especially in a susceptible patient with a his-
tory of gout. Mobilization can be helpful for prevention.

 DIAGNOSIS OF PERIOPERATIVE FLARE
Gout should be on the differential diagnosis for acute arthritis in the 
postoperative setting.

For an acute arthritis in the postoperative setting, consider the 
following:

■■ Location—crystal arthropathies are often in large joints (e.g., 
knee, ankle) and/or in joints that were previously involved in 
flares [2].

■■ Assess clinical suspicion for septic joint—arthrocentesis is 
often needed and indicated to rule out infection, as well as to 
diagnose crystal disease [3].

 DISTINGUISHING GOUT FROM PSEUDOGOUT
Pseudogout is common. It can be important to distinguish from gout 
to avoid unnecessary uric acid-lowering therapy for the long-term. 
Gout should be considered in patients with a history of gout, obesity, 
chronic kidney disease, or use of diuretics or calcineurin inhibitors. 
Flares tend to occur within 8 days after surgery [2]; however, they can 
occur up to 3 weeks postoperatively. Uric acid levels can vary in either 
direction (increased or decreased) at the time of an attack; the level 
should not be used to make or exclude the diagnosis. Pseudogout can 
also occur postoperatively. X-rays may show calcium pyrophosphate 
deposition, but this finding is neither specific nor sensitive for 
pseudogout.

■■ Arthrocentesis with examination of fluid for crystals remains 
the gold standard for diagnosis and distinguishing between 
gout and pseudogout.

 TREATMENT OF POSTOPERATIVE GOUT OR PSEUDOGOUT
The principles of management are generally the same for both gout 
and pseudogout. Importantly, the typical medications used to treat 
acute crystal arthropathy may be relatively contraindicated in the 
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immediate postoperative period, so working closely with the surgery 
team to make the best treatment decision is important.

■■ Consider intra-articular injection, especially if flare is limited 
to one joint. This can be especially useful if the other typical 
oral medications cannot be used in the postoperative period.

■■ Nonsteroidal anti-inflammatory medications: May be contra-
indicated if renal failure or surgical bleeding risk [3].

■■ Prednisone: May be contraindicated for concerns of wound 
healing, hyperglycemia, and infection risk.

■■ Colchicine: Gastrointestinal side effects may limit the use in 
patients after abdominal surgery.

■■ Interleukin-1 inhibitors (Anakinra): May be contraindicated 
because of concerns about effects on wound healing; medica-
tion is expensive. Recommend involving rheumatology service 
if this medication is considered.

KEY CLINICAL PEARLS
 ³ Surgery is a risk factor for the development of crystal arthropathy 
or for a flare of a preexisting crystal arthropathy.

 ³ Be aware that some new medications may induce a gouty attack 
(e.g., diuretics, cyclosporine), especially in a susceptible patient 
with a history of gout.

 ³ Typical medications used to treat acute crystal arthropathy may be 
relatively contraindicated in the immediate postoperative period, 
so working closely with the surgery team to make the best treat-
ment decision is important.
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 BACKGROUND
Surgeons are responsible for obtaining informed consent from 
patients for the procedures that they perform. Medical consultants 
are sometimes asked to help assess a patient’s capacity (or lack 
thereof) to consent to evaluation and/or treatment. This occurs infre-
quently, since patients are presumed to possess decision-making 
capacity unless a clinical evaluation suggests that it is lacking [1–3]. 
However, clinicians frequently fail to recognize when patients lack 
decision-making capacity [1, 3]. Often, the decision-making capacity 
of patients is questioned only when one of the following “red flags” 
are noted:

■■ The decision to be made is particularly risky or complex.
■■ The decision that a patient has made is in conflict with what a 
provider has recommended [2, 3].

■■ The patient seems passive or “agrees to everything” with con-
crete/simple answers [4].

Rather than relying on the “red flags” listed above, clinicians 
should actively consider whether their patient has risk factors sug-
gesting that they may lack medical decision-making capacity [2, 3]. 
Important risk factors include:

■■ Developmental delay
■■ Intellectual disability
■■ Alzheimer’s disease and other forms of dementia or cognitive 
impairment

■■ Psychiatric illness (depression, bipolar disorder, schizophre-
nia, etc.)

■■ Residence in a skilled nursing facility (SNF)

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_43&domain=pdf
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■■ Parkinson’s disease
■■ Hospitalization for medical illness
■■ Diagnosis of brain tumor or traumatic brain injury

Note, however, that a significant percentage of patients with these 
risk factors will possess decision-making capacity.

 PREOPERATIVE EVALUATION
 A PREOPERATIVE EVALUATION MAY REVEAL THAT A PATIENT 
HAS DEMENTIA OR IS AT RISK OF DEMENTIA. DO THESE 
PATIENTS ALWAYS LACK DECISION-MAKING CAPACITY?
No. Measures of cognitive function such as the Mini-Mental Status 
Examination (MMSE) can help you decide if a formal evaluation 
is needed as it correlates with decision-making capacity at high 
scores (>24 indicates that the patient is more likely to have capac-
ity) and low scores (<20 indicates that the patient is less likely to 
have capacity). However, patients with low scores may still possess 
decision- making capacity, and patients with high scores may lack 
it. MMSE scores between 20 and 24 have no effect on the likeli-
hood that the patient has decision-making capacity [1, 3, 5]. 
Having insight into one’s diagnosis of dementia and presence of 
memory problems are positively correlated with intact decisional 
capacity [4].

Decision-making capacity is influenced by time and situation 
 [1–3]. For example, a patient may lack capacity while suffering from 
delirium, but regain full decision-making capacity when recovered 
from acute illness. Of note, given the waxing and waning nature of 
delirium, patients may have decisional capacity during episodes of 
clearer mental status. Consent in these situations should attempt to 
include both the surrogate and the patient.

Patients may also have limited decision-making capacity, depend-
ing upon the complexity of and the risks associated with the decision 
to be made. For example, a patient may have the capacity to make 
choices regarding diet, but lack capacity to elect major surgery with 
the attendant morbidity and mortality risks.

During the preoperative evaluation, it is important to elicit the 
patient’s values and preferences regarding their medical care. This 
is also an opportunity to identify surrogate decision-makers in 
advance of any potential loss of capacity in the postoperative 
period.
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 PERIOPERATIVE MANAGEMENT
 HOW DO I DETERMINE IF MY PATIENT HAS DECISION-MAKING 
CAPACITY? [1, 3]
The provider must determine if the patient demonstrates the follow-
ing four elements:

 1. Understand relevant information (risks/benefits/alternatives) 
regarding a proposed test or a treatment as well as the conse-
quences of no treatment

 2. Appreciate the current situation and anticipated outcomes
 3. Manipulate information rationally
 4. Communicate a choice that is stable over time

It should be emphasized that while patients must demonstrate the 
ability to reason and communicate in order to make their own medi-
cal decisions, they are NOT required to make what the healthcare 
provider considers a “good” decision. In addition, take care to exclude 
the possibility of “pseudo-incapacity.” Pseudo-incapacity is the inap-
propriate determination of incapacity due to a provider’s excessive 
use of medical jargon or information, or a provider’s use of a com-
munication strategy that does not appreciate language barriers or 
allow sufficient time for discussion and questions [3]. Patient and 
provider risk factors for pseudo-incapacity include:

■■ Impairment of vision or hearing
■■ Native language other than the provider’s language
■■ Low literacy and/or low health literacy
■■ Lack of provider training or skill in cultural literacy

 WHAT TOOLS ARE AVAILABLE TO HELP ASSESS  
THE DECISION- MAKING CAPACITY OF PATIENTS?
If the patient does not demonstrate the aforesaid four elements of 
decision-making capacity, the Aid to Capacity Evaluation (ACE) is 
one of many available tools that can be performed within 30 minutes, 
has been validated against a clinical gold standard, has a reasonable 
level of evidence to support its use, and is available online for free:

http://www.jcb.utoronto.ca/tools/ace_download.shtml [3, 6, 7].
Other advantages of this tool include the availability of free train-

ing materials, its focus on the actual decision to be made by your 
patient, and its facilitation of clinical documentation [2, 3, 7]. If the 
capacity assessment is complex, consider involving an appropriate 
specialty consultant or ethics committee [1–3].

http://www.jcb.utoronto.ca/tools/ace_download.shtml
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 WHAT SHOULD I DO IF MY PATIENT LACKS DECISION-MAKING 
CAPACITY?
If a patient is found to lack capacity, identify and treat any reversible 
contributing causes [1–3]. Potentially thought-altering medications, 
such as opiates or benzodiazepines, should NOT be withheld for the 
purposes of obtaining consent, as long as they are being administered 
properly and for an appropriate indication; withholding them can be 
construed as coercive. Moreover, pain and anxiety can actually con-
tribute to incapacity, if left untreated. Strategies to optimize potential 
for improving capacity [3, 8] include:

■■ Address reversible causes: Pain, fever, hypoxemia, uremia, 
sedation, delirium, psychosis, undiagnosed depression

■■ Optimize potential to improve thought processing and com-
munication: For example, evaluate medication timing and dos-
ing in patients with Parkinson’s disease

■■ Optimize visual/hearing impairments with assistive devices
■■ Speak in plain language
■■ Shorten or simplify information
■■ Use proper translation and interpretation services
■■ Use diagrams and other communication tools
■■ Engage family members and caregivers: Acknowledge that 
fear, anxiety, and the illness itself can affect capacity

■■ Obtain collateral information from friends and family: This 
can be helpful in determining capacity

■■ Use teach-back methods
■■ Allow sufficient time and space for discussion, questions, and 
decision-making

■■ Repeat the evaluation

 WHAT IF MY PATIENT LACKS CAPACITY DESPITE ADDRESSING 
POTENTIALLY REVERSIBLE CONDITIONS?
What to do if incapacity is established varies by state and typically 
involves identification of an appropriate surrogate decision-maker or 
a guardian. Advance directives from the patient, if applicable, should 
be executed. In case of true emergency (and no appropriate directive 
or surrogate is available), it is generally acceptable to provide the 
evaluation and/or treatment to which a “reasonable person” would 
have consented [1]. Note that in some areas, surrogate decision- 
makers cannot legally give consent for certain “high-stakes” treat-
ments, such as sterilization, amputation, or electroconvulsive therapy; 
in these cases, a court order may be required.
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KEY CLINICAL PEARLS
 ³ Decision-making capacity is usually presumed to be intact but 
incapacity is frequently missed.

 ³ Decision-making capacity is specific to time and situation. To have 
intact capacity, a patient must be able to:
 – Understand relevant information (risks/benefits/alternatives) 

regarding a proposed test or a treatment as well as the conse-
quences of no treatment.

 – Appreciate the current situation and anticipated outcomes.
 – Manipulate information rationally.
 – Communicate a choice that is stable over time.
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Chapter
Perioperative Care of Elderly  
Patients

Sabeena Setia, Mehraneh Khalighi, and George Alec Rooke

 BACKGROUND
The effect of aging on surgical risk is difficult to quantify. Frailty is a 
much more useful concept to help assess surgical risk in older 
patients. Frailty refers to the state of diminished physiological reserve 
across multiple organ systems that leads to an overall increased vul-
nerability to stress [1]. Comorbidities and age strongly interact to 
increase the rate of perioperative complications with the effect of 
comorbidities becoming more pronounced with increasing age. Frail 
individuals are less able to adapt to and recover from stressors such 
as acute illness or trauma and are more vulnerable to adverse health 
outcomes including procedural complications, falls, institutionaliza-
tion, disability, and death [2, 3]. There is no “gold standard” for 
detecting frailty, but many different frailty screening tools have been 
developed to identify patients at increased risk for adverse outcomes. 
The American College of Surgeons and the American Geriatrics 
Society recommend that a frailty assessment be part of the preopera-
tive process for older surgical patients [4].

The prevalence of frailty is difficult to assess because of lack of a 
standardized screening tool. Population studies estimate the preva-
lence of frailty in the United States to range from 4% to 16% in men 
and women aged 65 and older. The prevalence of frailty increases 
with age; 10% of those aged 65–75 years are considered frail com-
pared to 40% of those 80 years and older [5]. In older patients with 
cancer, prevalence of frailty is estimated to be >40%. The number of 
persons aged 65 or older rose 16% from 2010 to 2016 and comprised 
15.2% of the population in 2016 [6].

As the population ages, increasing numbers of frail patients are 
requiring surgery and other interventions. Frailty has a strong 
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 association with adverse surgical outcomes, increased postoperative 
length of stay (LOS), and 30-day readmission as well as increased 
postoperative mortality [7, 8]. Frail patients are more likely to be 
discharge to a skilled nursing facility. Although there is no single 
frailty screening tool that is considered the “gold standard,” the 
original frailty phenotype identified by Fried [9] provides a solid 
framework for robust frailty assessment and is the basis of most 
frailty tools currently in use. The challenge remains in how to 
modify frailty and what preoperative interventions may improve 
outcomes in this high-risk population.

 PREOPERATIVE EVALUATION
Various tools have been developed to measure frailty and surgical 
risk. These range from single measures of function such as grip 
strength or Timed Up and Go (TUG), multi-domain indices such as 
the Edmonton score, and detailed comprehensive geriatric assess-
ments that include measures of cognitive ability [10–12] (Table 44.1). 
The targeted geriatric assessment (TaGA) is a recently validated 
instrument to measure frailty which promises practical and effi-
cient comprehensive screening for frailty [13]. However, the predic-
tive value of the TaGA and its effect on surgical outcome is not 
known and the assessment may be cumbersome to perform. The 
FRAIL scale is a relatively newer tool that, although requires fur-
ther study, shows promise in predicting frailty [14]. Based on the 
original Fried phenotype, this tool incorporates functional status, 
deficit accumulation, and comorbidities. It is easy to administer by 
nonmedical staff, can be filled out by a patient, and can measure 
degrees of frailty in a dose-response fashion. We recommend the 
FRAIL scale [15] (Table 44.2) as an easy- to- use tool that has strong 
validity  evidence [16].

 PREOPERATIVE HISTORY AND PHYSICAL EXAMINATION
In addition to the standard preoperative evaluation, attention should 
be given to the following issues:

■■ History of surgical or anesthetic complications.
■■ Identifying patients with likely diastolic dysfunction from 
echocardiography or a history of “heart failure” after surgery.

■■ Nutritional status: Calculate body mass index (BMI) and docu-
ment unintended weight loss >10–15% within 6 months (see 
Chap. 19).
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TABLE 44.1 Tools To MEAsURE fRAilTy

Method of 
measuring frailty

Impact of frailty on 
surgical outcome

Surgical 
population 
studied Authors

Grip strength Increased 
postoperative 
complications
Increased LOS

All ages
Elective 
major 
abdominal 
surgery

Klidjian 
et al. [10]

Timed Up and Go 
(TUG)

Increased 
postoperative 
complications and 
1-year mortality

Elective 
colorectal 
and cardiac
≥65 years 
old

Mathias 
et al. [11]

7 Frailty traits:
TUG ≥ 15 sec
Katz score ≤ 5
Mini-Cog ≤ 3
Charlson index ≥
Hematocrit < 35%
Albumin < 3.4
Falls score > 1

Increased 
postoperative 
complications, 
increased length of 
stay (LOS), higher 
30-day readmission 
rates

Elective 
colorectal 
or cardiac 
surgery

Robinson 
et al. [12]

Edmonton frail scale
Cognition
General health
Functional 
independence
Social support
Medication use
Nutrition
Mood
Continence
Functional 
performance

Postoperative 
complications
Prolonged LOS
Increased rate of 
institutionalization

≥70 years 
old
Lower limb 
orthopedic 
surgery
Spinal 
surgery
Abdominal 
surgery
Vascular 
surgery

Dasgupta 
et al. [2]

Fried criteria
Weight loss
Decreased grip 
strength (weakness)
Exhaustion
Low physical 
activity
Slowed walking 
speed

Postoperative 
complications
Prolonged LOS
New 
institutionalization 
at discharge

≥65 years 
old
Elective 
surgery 
(major and 
minor)

Makary 
et al. [9]

Adapted with permission from Oxford University Press on behalf of the 
British Geriatrics Society [1]
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■■ Functional capacity and performance status: Document defi-
cits in vision, hearing, or swallowing; and document history of 
falls (“Have you fallen in the past year?”).

■■ Cognitive function: If suspicious of poor baseline cognitive 
function, perform Mini-Cog screen (or a full cognitive assess-
ment [e.g., MOCA or MMSE] if the patient has known  cognitive 
dysfunction or memory impairment, to document patient’s 
baseline status).

■■ Frailty: Among patients with multiple chronic diseases, con-
sider additional quantification of functional impairment using 
a frailty assessment tool such as the FRAIL scale (Table 44.2).

■■ Identifying alcohol and substance use: Among patients 65 years 
or older, the prevalence of binge drinking is as high as 14.5% 
among men and 3.3% among women [17].

■■ Use of multiple psychoactive medications.
■■ Sleep disturbances.

 PREOPERATIVE LABS AND STUDIES
■■ Consider screening for anemia in elderly patients, particularly 
those undergoing operations in which significant blood loss is 
expected, and in patients who have symptoms suggestive of 
severe anemia.

■■ Obtain renal function tests in all elderly patients; particularly 
important groups to screen include those undergoing high-risk 

TABLE 44.2 fRAil sCAlE

Fatigue Are you fatigued? (yes = 1 point)

Resistance Can you climb 1 flight of stairs? (no = 1 point)

Ambulation (or 
aerobic)

Can you walk one block or several hundred 
yards? (no = 1 point)

Illnesses Do you have more than 5 serious illnessesa? 
(yes = 1 point)

Loss of weight Have you lost more than 5% of your weight in the 
past year? (yes = 1 point)

Adapted with permission from Elsevier [3]
Scoring: ≥3 points = FRAIL, 1–2 points = prefrail, 0 points = not frail
aIllnesses: For 11 illnesses, participants are asked, “Did a doctor ever tell you 
that you have [illness]?” 1 = yes, 0 = no. The total illnesses (0–11) are recoded 
as 0–4 = 0 and 5–11 = 1. The illnesses include hypertension, diabetes, cancer 
(other than a minor skin cancer), chronic lung disease, heart attack, conges-
tive heart failure, angina, asthma, arthritis, stroke, and kidney disease
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surgery, patients with diabetes cardiovascular disease, or those 
using angiotensin-converting enzyme inhibitors (ACE-I), 
diuretics, or nonsteroidal anti-inflammatory drugs (NSAIDs).

■■ Consider checking serum albumin as a marker of frailty.
■■ See Chap. 3 for recommendations on obtaining preoperative 
electrocardiogram (ECG); consider this in some patients over 
the age of 70, as finding a significant abnormality on ECG may 
influence risk assessment and will provide a baseline to help 
interpret changes postoperatively. Importantly, recognize that 
most elderly patients will have age-related ECG abnormalities 
that will not change perioperative management.

 ORGAN SYSTEM-SPECIFIC RISKS IN THE ELDERLY
The medicine consultant should anticipate problems and complica-
tions and help outline a plan to prevent them. Specific considerations 
include the following:

■■ Increased risk of underlying coronary artery disease (CAD) 
including multivessel CAD; risk is greatest beyond 70 years of 
age.

■■ Decreased ability to tolerate extremes of volume status due to 
prevalence of diastolic dysfunction.

■■ Increased risk of renal drug toxicity; glomerular filtration rate 
(GFR) is reduced by approximately 10% per decade and should 
be assessed pre- and postoperatively in the elderly.

■■ Increased risk of delirium due to cognitive dysfunction, age, 
polypharmacy, poor nutrition, electrolyte abnormalities, hear-
ing/vision impairment, depression, sleep deprivation, and mul-
tiple comorbidities.

■■ Increased risk of pulmonary complications, due to small air-
way collapse from a loss of lung tissue elasticity, increased 
work of breathing due to increased chest stiffness and a barrel 
chest, and risk of aspiration from impaired swallowing and 
diminished airway protective reflexes.

■■ Higher risk of atelectasis, hypoxia, pneumonia, respiratory 
failure, prolonged ventilation, silent aspiration, and pneumo-
nia (see Chap. 32).

The stress of the proposed surgery must also be considered, espe-
cially if large fluid requirements are expected due to hemorrhage or 
third spacing. Recuperation time is typically longer in older patients 
and could represent an unacceptably high percentage of expected 
remaining life span. Less stressful palliative procedures may need to 
be considered. Remember that the goals of surgery are often different 
for elderly patients, where there is greater concern for preservation of 
function and independence rather than a focus on prolongation of life.
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 PERIOPERATIVE MANAGEMENT
 PREOPERATIVE MANAGEMENT
Once the decision is made to proceed with surgery, efforts should be 
made to prevent common complications in this age group. Although 
frailty indices may help to identify patients at higher risk, the chal-
lenge lies in whether this risk can be modified. Comprehensive geri-
atric assessments (CGA) and multidisciplinary geriatric interventions 
implemented preoperatively have been shown to reduce complica-
tions, including delirium, pneumonia, delayed mobilization, and 
length of stay in various surgical populations including oncology, 
orthopedic, and cardiothoracic patients [18, 19].

Preoperative exercise programs (“prehabilitation”) with the goal 
of improving strength and functional ability have also shown some 
benefit but need further study [20–22]. These interventions require 
coordination by a comprehensive care team, including geriatri-
cians, physical therapists, and social workers – medicine consul-
tants should explore what resources are available at their respective 
institutions. At a minimum, the medicine consultant should coor-
dinate with the patient’s primary care provider to discontinue non-
essential medications preoperatively and prepare the patient and 
family for the likely postoperative rehabilitation course. Frank and 
open communication with the surgery team regarding the appro-
priateness of alternate procedures, surgery-specific risks, and 
expected recovery time is essential in anticipating complications. 
The medical consultant, the primary care physician, and the sur-
geon should ideally reach consensus about the necessity, expected 
risks, and outcomes of the proposed procedure. Ultimately, shared 
medical decision-making will allow the patient and physician to 
develop a well-informed consent process and realistic expectations 
around surgical interventions [23].

 POSTOPERATIVE MANAGEMENT
 Minimize the Risk of Delirium (see Chap. 53)

■■ Encourage family to stay at bedside and overnight if possible.
■■ Avoid anticholinergics and antihistamines.
■■ Avoid benzodiazepines, unless absolutely necessary or part of 
the patient’s home regimen.

■■ Narcotics and sleep agents should be administered with 
caution.
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■■ Minimize polypharmacy in general – see updated Beers crite-
ria for medications that should be avoided [24].

■■ Ensure adequate quiet during sleep hours by clustering care as 
possible overnight.

■■ Frequent reminders for orientation.

 Optimize Pain Management (see Chap. 55)
Postoperative pain increases the risk of adverse outcome in elderly 
patients by contributing to cardiac ischemia, tachycardia, hyperten-
sion, hypoxemia, and delirium. Pain is often undertreated in the 
elderly out of concern for risks associated with opiates, including 
delirium and constipation. In conjunction with pain management 
services, the medicine consultant should make specific recommenda-
tions regarding analgesia:

■■ Avoid meperidine.
■■ Consider adjunctive therapies such as acetaminophen, gaba-
pentin, lidocaine or capsaicin patches, and local or regional 
anesthesia.

■■ Avoid NSAIDs in most cases.

 Other Measures Likely to be Salutary in the Elderly
■■ Aggressive pulmonary toilet and aspiration precautions to pre-
vent pulmonary complications.

■■ Aggressive prevention and treatment of constipation with rou-
tine stool softeners and encouraging oral hydration when 
possible.

■■ Frequent checks for signs of pulmonary congestion, especially 
on post-op day 2 or 3 when third space fluid is mobilized.

■■ Minimize the introduction of new medications to decrease risk 
of polypharmacy.

■■ Follow renal function.
■■ Having family members at bedside throughout patient’s hospi-
tal stay.

KEY CLINICAL PEARLS
 ³ Patients over the age of 65 undergoing elective surgery should be 
screened for frailty.

 ³ There are multiple validated frailty instruments that can predict 
outcomes in the at-risk elderly patients.
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 ³ The FRAIL scale based on the Fried criteria is a very simple and 
useful tool to predict frailty in the surgical population

 ³ Careful evaluation for alcohol and substance use as well as review 
of mental health history during preoperative evaluation can help 
estimate risk for delirium and other postoperative complications.
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 BACKGROUND
Transgender (trans) people experience many challenges in health- 
care settings, including difficulty accessing care and discrimination 
from health-care personnel [1]. Providers who care for trans individu-
als perioperatively can improve patient care by developing an aware-
ness of the challenges that trans patients experience in health-care 
settings, knowing and using appropriate terminology, and providing 
appropriate recommendations regarding perioperative management 
for patients on hormonal therapy. Some suggestions for best prac-
tices in care are included in Table 45.1.

The term “gender identity” refers to an individual’s internal 
sense of self as female, male, neither, both, or some other gender 
[2]. “Gender identity” may or may not reflect the biological sex 
assigned at birth. The term “transgender” is used to describe indi-
viduals whose gender identity is incongruent with the gender typi-
cally associated with their biological sex.

■■ A transgender woman (or transwoman) was assigned male sex 
at birth but identifies as a woman.

■■ A transgender man (or transman) was assigned female sex at 
birth but identifies as a man.

■■ Some individuals have a gender identity that is not the tradi-
tional binary of male and female, encompasses both, or may 
change over time; these individuals may identify as gender 
fluid or genderqueer.

■■ The term “trans” encompasses all non-binary genders, or gen-
der nonconforming identities, and will be used throughout this 
chapter.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_45&domain=pdf
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 BASICS OF HORMONE THERAPY 
FOR TRANSGENDER PEOPLE
Sex hormone therapy for transgender women (if used) includes anti-
androgen agents and exogenous estrogen agents. Antiandrogens sup-
press the effects of testosterone and its effects on masculine human 
features, such as facial hair growth. Typical antiandrogens include 
spironolactone, finasteride, and cyproterone acetate; these inhibit 
secretion of testosterone and its action at testosterone receptors. 
Should a transwoman elect to have gonadectomy, antiandrogens may 
be discontinued. Estrogen therapy both suppresses endogenous 
androgen secretion and causes body changes such as breast growth 
and muscle/fat redistribution. Typical regimens include transdermal 
estrogen, oral formulations (17-beta estradiol or conjugated estro-
gens), or parenteral estrogen (estradiol valerate or cypionate). Oral 
ethinyl estradiol should no longer be used as it is associated with a 
prohibitively increased risk of cardiovascular death and venous 
thromboembolism (VTE).

Sex hormone therapy for transgender men consists of exogenous 
testosterone, which suppresses estrogen’s effects leading to body changes 
associated with masculinity. Testosterone comes in many  available 

TABLE 45.1 CONSIDERATIONS FOR HEALTH-CARE PROVIDERS: CARING 
FOR TRANSGENDER PEOPLE

Learn if your medical record has a location for name, gender 
identity, and pronouns. Err on the side of respect and double check 
with your patient

When addressing any patient for the first time, respectfully ask your 
patient how they prefer to be addressed (e.g., “What name and pronouns 
do you use?”). Make sure your other staff members are also aware

Until you know your patient’s name and pronouns, use gender- 
neutral terminology, such as “We are ready for you in room 3” (instead 
of “Miss, we are ready for you in room 3”)

When taking a medical history, recognize that trans people (like all 
people) can have any sexual orientation (heterosexual, gay, bisexual, 
etc.). Do not assume the gender of your patient’s partner(s)

Recognize that many trans individuals lack trust in the health-care 
system; build trust by demonstrating humility and a commitment 
to your patient and their health. Apologize if you make a mistake of 
terminology or otherwise
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preparations, including depot injections, cutaneous gels, buccal tablets, 
or parenteral therapy. Transmen may elect to have oopherectomy or 
hysterectomy – this does not necessarily affect their testosterone therapy, 
though after oophorectomy continuing testosterone has the benefit of 
preventing osteoporosis and maintaining virilization.

All trans people are subject to unique adverse effects of hormone 
therapy and require routine monitoring for hormone levels and the 
presence of side effects. For the purposes of this chapter, we will 
focus on adverse effects that meaningfully affect perioperative 
management.

 PREOPERATIVE EVALUATION
■■ Several studies have shown an association between both estro-
gen- and testosterone-based therapy and changes in biochemi-
cal markers associated with the development of cardiovascular 
disease or related conditions, but there is a paucity of high- 
quality evidence suggesting a direct link between hormone 
therapy and cardiovascular disease [3–8].

■■ Trans patients on hormone therapy should therefore receive 
usual care for preoperative cardiac evaluation, including a 
careful history and exam for signs or symptoms of cardiovas-
cular disease, but no additional preoperative testing (such as 
laboratory evaluation, EKG, or other imaging) is recom-
mended based on the use of hormone therapy alone.

 PERIOPERATIVE MANAGEMENT
 TRANSGENDER WOMEN RECEIVING ESTROGEN THERAPY
Estrogen therapy is strongly associated with venous thrombosis [9]. 
The theoretical mechanism of action is an acquired resistance to 
activated protein C that leads to a disruption in normal functioning 
of serum coagulation factors [9, 10]. This effect is synergistic with 
other pro-thrombotic factors such as smoking, immobility, and the 
presence of inherited hypercoagulability. Rigorous, large-cohort ran-
domized clinical trials done on women receiving oral contraceptive 
pills (OCPs) and postmenopausal hormone replacement therapy 
(HRT) have shown a definitive link between exogenous estrogen use 
and the risk of VTE [10–12].
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■■ Expert opinion suggests discontinuation of estrogen therapy 
2–4 weeks prior to any major surgery, including sexual reas-
signment surgery (SRS). It should not be resumed until full 
mobilization, which is usually at least 3 weeks from surgery [8, 
9].

■■ Transwomen that remain on hormone therapy at the time of 
surgery should receive usual VTE prophylaxis (typically with 
low-molecular-weight heparin or unfractionated heparin at 
prophylactic doses) during hospitalization or while less mobile, 
and providers should remain vigilant for VTE given the 
increased risk in these individuals.

 TRANSGENDER MEN RECEIVING TESTOSTERONE THERAPY
■■ There are potential risks that may affect surgical candidacy in 
patients receiving exogenous testosterone therapy (polycythe-
mia, increased coronary disease risk), but no data to suggest 
those on testosterone require any additional perioperative 
evaluation.

■■ Transgender men do not need to stop testosterone therapy 
perioperatively.

KEY CLINICAL PEARLS
 ³ Trans people experience discrimination and face challenges 
accessing health care, and many health-care providers are not 
knowledgeable or experienced in caring for trans people. 
Perioperative providers can improve care by educating themselves 
about the challenges that trans patients experience in health-care 
settings, engaging with transgender patients with respect, and 
learning and using preferred names and pronouns.

 ³ Trans patients receiving hormone therapy with known or interme-
diate-high risk of cardiovascular disease should receive periopera-
tive risk assessment and workup similar to non- transgender 
patients at similar risk.

 ³ Expert opinion suggests that estrogen therapy should be discon-
tinued 2–4 weeks prior to any major surgery and should not be 
resumed until full mobilization.

 ³ Transgender individuals who take testosterone therapy do not 
need to stop this medication perioperatively.
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 BACKGROUND
The solid organ transplant recipient presents a unique challenge to 
the perioperative medicine consultant. Solid organ transplant recipi-
ents are living longer, increasing in number, and frequently undergo 
surgery that is unrelated to their transplant [1]. Concerns for periop-
erative complications in this patient population include the develop-
ment of graft dysfunction as well as the potential for infectious 
complications due to immunosuppression. The data supporting these 
risks is varied. For example, in abdominal solid organ transplant 
recipients (liver, kidney, pancreas) undergoing cardiac surgery, 
smaller case series and case-control studies showed varying out-
comes, while a larger study of 3535 patients demonstrated increased 
in-hospital mortality and incidence of acute renal failure, but no 
increase in infection [2]. One small series of solid organ transplant 
recipients undergoing diverticular surgery showed similar risk to 
non-transplant patients if the procedure was elective, but higher risk 
if urgent [3].

 PREOPERATIVE EVALUATION
While prospective data are lacking, individual operative risk likely 
depends on the surgical complexity, degree of immunosuppression, 
and graft function. A basic transplant history should be obtained by 
the medicine consultant (see Table 46.1). There are often organ- 
specific peri-operative issues that are not typically encountered by a 
generalist physician. For example, for heart transplant patients:

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_46&domain=pdf
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■■ Resting heart rates are often high because of absent vagal stimu-
lation. However, the heart rate may further increase in response 
to rejection, inflammation, infection, and other stresses.

■■ Allograft vasculopathy, a form of coronary artery disease in 
heart transplant recipients, is a common complication. 
Allograft vasculopathy does not often present with angina 
because of the transplanted heart’s denervation; the transplant 
cardiologist typically monitors for this via routine cardiac 
catheterization or stress testing. It is best to consult with the 
transplant team prior to moderate- to high-risk surgical proce-
dures and to be aware postoperatively that myocardial isch-
emia may not present with typical chest pain.

Lung transplant–specific evaluations include:
■■ Preoperative assessment of lung function by history, exam, and 
spirometry.

■■ Symptoms of dyspnea or cough, or decrease in spirometry, 
should be evaluated prior to elective surgery, as they may be 
indicators of chronic infection or the chronic rejection syn-
drome bronchiolitis obliterans.

Kidney transplant–specific considerations include:
■■ The transplanted kidney is usually in the lower pelvis, palpable 
on exam. If pre-transplant therapy included renal replacement 

TABLE 46.1 BASIC TRANSPLANT HISTORY

Information Example

Transplanted organ, indication, and 
date of transplant

Liver transplant for hepatitis C 
cirrhosis 3 years ago

Status of transplanted organ:
Current function Transaminases, liver synthetic 

function (bilirubin, prothrombin 
time/International Normalized 
Ratio (INR), albumin), 
creatinine
Last liver biopsy

Presence of recurrent disease in the 
transplanted organ

Recurrent hepatitis C 
successfully treated with 
antiviral therapy 1 year ago

Prior episodes of rejection and 
increased immunosuppression

One episode of rejection 2 years 
ago, treated with pulse steroids

Function of other organs that may 
be affected by immunosuppressive 
regimen or transplanted organ 
dysfunction

Chronic kidney disease 
from calcineurin inhibitor 
(tacrolimus)
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therapy, then the patient may still have an arterio-venous 
fistula.

■■ Renal function is usually monitored by serum creatinine and 
urine protein monitoring. BK virus, associated with graft dys-
function, may also be monitored by the renal transplant 
specialist.

It is usually best to confer with the patient’s transplant provider if 
there is any question as to how adequately prepared the patient is for 
surgery. Other key elements of the pre-operative evaluation include:

■■ Immunosuppressive regimen: Plan for perioperative manage-
ment, especially if patients are expected to be allowed nothing 
by mouth (NPO) or require feeding tubes postoperatively. 
Consult with a pharmacist experienced with the care of trans-
plant recipients.

■■ Corticosteroid use: Confirm the maintenance dose, ask about 
previous treatment with high-dose steroids for episodes of 
rejection, prior episodes of adrenal insufficiency with infec-
tion, or procedures.

■■ For higher risk surgeries or specific questions, involve the 
appropriate transplant/specialty service to evaluate the 
patient for a complete preoperative assessment, and plan for 
whether that specialist will need to follow the patient 
postoperatively.

 PERIOPERATIVE MANAGEMENT
 GRAFT FUNCTION

■■ Evaluate clinically for signs of graft dysfunction, which may 
include examination and laboratory monitoring (e.g., creati-
nine for renal transplant).

■■ Coordinate with the transplant specialist if there is any con-
cern for graft dysfunction, or recommendations pertaining to 
the management of immunosuppression dosing and 
monitoring.

 MEDICATION MANAGEMENT
■■ Consider supplemental (“stress”) dose steroids when indicated 
(see Chap. 14).

■■ Continue all usual immunosuppressant medications, including 
on the morning of surgery.

■■ If the patient receives prophylactic medications against oppor-
tunistic infections, continue them.
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■■ If NPO postoperatively, convert anti-rejection medications to 
IV. Table 46.2 shows general guidelines; consultation with a 
transplant pharmacist is recommended in most cases.

■■ Cyclosporine and tacrolimus have multiple drug interactions. 
A partial list is shown in Table 46.3. Review any new medica-
tion for possible interactions prior to starting it.

TABLE 46.2 COMMON ANTI-REJECTION MEdICATIONS: PO TO IV 
CONVERSION

Cyclosporine Give 1/3 of total daily oral dose as continuous 
infusion over 24 hours
(e.g., Usual dose of 75 mg oral 2 times daily
Total dose is 150 mg
1/3 of total dose = 50 mg, can give as 2.1 mg/hours. 
IV infusion)
Monitor levels daily
Note-when converting back to oral cyclosporine, the 
common oral formulations Neoral® and Gengraf® 
are not equivalent to Sandimmune® and should not 
be substituted for one another. It is best to maintain 
the patient’s usual formulation and consult with a 
transplant pharmacist

Mycophenolate Note different PO forms:
Mycophenolate mofetil (CellCept®, MMF) 
500 mg = Mycophenolate sodium (Myfortic®) 360 mg
IV and PO dose of CellCept generally considered 
equivalent

Tacrolimus 
(FK506)

Often not given IV due to difficulty in titrating the 
dose – must consult with transplant pharmacist and 
organ specialty service as appropriate. They may 
recommend using cyclosporine instead

TABLE 46.3 COMMON dRUg INTERACTIONS WITH CYCLOSPORINE ANd 
TACROLIMUS

Increase TAC and CsA levels Decrease TAC and CsA levels

Erythromycin
Azole antifungals
Diltiazem
Verapamil
Metoclopramide
Grapefruit juice

Rifampin
Phenytoin
Phenobarbital
Carbamazepine

TAC = tacrolimus, CsA = cyclosporine
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■■ Consider monitoring immunosuppression in hospitalized 
patients to ensure therapeutic levels. While daily trough levels do 
not always need to be monitored for inpatients, patients in the 
postoperative setting often have conditions that may affect drug 
levels, including NPO status, change in renal function, and drug 
interactions. Consult with the transplant specialist if possible 
fluctuation in immunosuppressant drug levels is a concern.

■■ Note that healing may be impaired in immunosuppressed 
patients. Sirolimus (Rapamune®) may cause a higher risk of 
wound complications; while the surgical team should be 
alerted to this concern, any change in the immunosuppression 
regimen should be made in discussion with the prescribing 
transplant/specialty service.

■■ Non-steroidal anti-inflammatory drugs (NSAIDs) should gen-
erally be avoided in patients who are concurrently taking cal-
cineurin inhibitors such as cyclosporine or tacrolimus, as the 
combination can increase renal toxicity.

 INFECTION
■■ The immunosuppressed patient may not present with typical 
features of infection such as fever or leukocytosis.

■■ Patients who have well-functioning grafts greater than 
6 months post-transplant tend to develop similar infections to 
patients without transplants. However, a poorly functioning 
graft or prior episodes of rejection are risk factors for opportu-
nistic infections at any time [4].

■■ Infections may progress rapidly due to immunosuppression.
■■ Consultation with transplant team/infectious disease team is 
appropriate for the evaluation and treatment of serious or 
opportunistic infections. Adjustments in the antibiotic or 
immunosuppressant regimen may be required.

 TRANSFUSION
■■ The use of blood products should be considered carefully. In 
addition to baseline risks of transfusion (see Chap. 20), trans-
mission of unusual infections does occur and, while rare, may 
be underreported in solid organ transplant recipients [5]. 
Graft-versus-host disease (GVHD) is a rare complication that 
may occur in immunosuppressed hosts who receive blood 
products.

■■ If transfusion is required, leukocyte-reduced blood products 
are recommended to reduce the risk of transmission of cyto-
megalovirus (CMV) and other infections [5].
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KEY CLINICAL PEARLS
 ³ Check for interactions with immunosuppressant medications 
before prescribing any new medications.

 ³ Assess graft function as part of the preoperative evaluation.
 ³ Signs of infection may be blunted because of immunosuppression.
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 BACKGROUND
Patients with chronic pain are at risk for difficult to control postop-
erative pain with consequent pulmonary and cardiovascular compli-
cations, slow resolution of pain, prolonged length of stay, unplanned 
admission after ambulatory procedures, and chronic postsurgical 
pain [1, 2]. Patients on chronic opioid therapy can present a particu-
lar challenge as they tend to report higher pain scores (both resting 
and dynamic), and may require up to three times greater opioid or 
epidural dosages compared to opioid naïve patients undergoing simi-
lar procedures [2]. Careful planning and counseling preoperatively as 
well as a multimodal approach to acute pain management in the 
perioperative period can help to mitigate these risks by supporting 
appropriate patient expectations and reducing pain to a level that 
allows functional recovery.

 PREOPERATIVE EVALUATION
The preoperative evaluation of chronic pain patients can be helpful to 
set the stage for a successful perioperative course, particularly for 
patients on long-term opioid therapy. In addition to gathering impor-
tant information about the pain history, the provider can help man-
age expectations around likely pain control strategies and what 
constitutes successful acute pain management. Where available, 
consultation with a pain specialist is recommended for patients with 
a high risk of inadequately controlled pain such as those with opioid 
tolerance or history of substance use disorder [3].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_47&domain=pdf
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 KEY QUESTIONS
A complete pre-operative history can help reduce delays in good post- 
operative pain care while also addressing the patient’s fears and anxi-
ety related to pain management.

■■ What medications is the patient currently taking for pain?
■■ What precise dose of opioid is the patient taking and when?
■■ Does the patient’s opioid use match what they are prescribed 
(as queried in state Prescription Monitoring Program or veri-
fied with their pharmacy)?

■■ What treatments have been successful or unsuccessful after 
previous procedures?

■■ What are the patient’s expectations regarding pain 
management?

■■ Is the procedure expected to reduce pain? How likely is this?
■■ For patients on opioid therapy, will the surgeon be prescribing 
pain medication for a period of time or will the patient be fol-
lowing up with their chronic opioid prescriber?

 PREOPERATIVE COUNSELING
Patients that have difficulty controlling pain prior to surgery are likely 
to have pain that is difficult to manage after surgery. In some elective 
cases, it may be worthwhile to postpone surgery until pain is better 
managed. If the patient has an untreated co-existing mood disorder or 
substance use disorder affecting their pain treatment, postponement 
may also be warranted (see Chap. 48). Assuming the patient proceeds 
with surgery the following counseling may be helpful:

■■ Emphasize that the goal of pain treatment post-operatively is to 
reduce pain to a tolerable enough level to facilitate recovery (e.g., 
able to participate in physical therapy, sleep adequately, etc.).

■■ Remind the patient that providers must be mindful of medica-
tion side effects and in some cases safety will limit treatment 
options (e.g., concern for respiratory depression with increas-
ing opioid doses).

■■ Do not promise the patient a particular “pain score” or to be 
“pain free.”

■■ Educate the patient about anticipated multimodal pain care: 
opioid and non-opioid medications, non-pharmacologic thera-
pies, and regional/epidural anesthesia when appropriate – con-
tact the surgical and anesthesiology teams if you are unsure of 
their plan.
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■■ Consider providing information on non-pharmacologic tech-
niques such as guided-imagery or relaxation techniques, as 
starting these modalities several days prior to surgery can 
reduce post-operative pain [3, 4].

■■ For patients on chronic opioid therapy, explain to the patient 
that they will receive instructions on how to taper opioids back 
to a target dose on discharge.

 PREOPERATIVE MEDICATION MANAGEMENT
Although it is commonly recommended, there is not sufficient 
evidence to endorse reducing opioid doses prior to surgery for 
those on chronic therapy. Patients should continue to take their 
usual opioids prescription up through the morning of surgery to 
ensure they have met their baseline opioid requirement, especially 
if on high-dose long-acting products. Patients should also be 
instructed to take their usual non-opioid pain medications up 
until surgery, keeping in mind any instructions given by their sur-
geons regarding non-steroidal anti- inflammatory drug (NSAID) 
use as this class of medication may need to be held for several 
days (see Chap. 5).

If the patient has an intrathecal pump or spinal cord stimulator in 
place they should be advised to bring in any associated remote con-
trols or chargers for the device. Additionally, verify with the patient 
when their intrathecal pump was last refilled to ensure they will have 
adequate medication to last through the hospitalization.

If the patient is on an unusual medication or medication not typi-
cally stocked at the hospital:

■■ The patient may wish to bring in their home supply that can 
then be administered by nursing per the individual hospital 
policy.

■■ Examples include certain opioid products such as tapentadol 
(Nucynta ©) and oxymorphone (Opana ©) or compounded 
oral or intranasal ketamine products.

■■ If the hospitalization is expected to be long, contact the hospi-
tal pharmacy to discuss whether a supply of the drug can be 
ordered ahead of time.

■■ Alternatively, counsel the patient that they may be provided 
with a different medication of similar potency and mechanism 
while hospitalized.
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 PERIOPERATIVE MANAGEMENT
The key to successful perioperative management of a patient with 
chronic pain is a multimodal approach including systemic pharma-
cologic management, procedural techniques, and nonpharmacologic 
cognitive and physical therapies, as summarized in Table 47.1.

 SYSTEMIC PHARMACOLOGIC MANAGEMENT
Opioid medications are an important component of multimodal anal-
gesia. Please refer to Chap. 56 for general considerations regarding 

TABLE 47.1 CoMPonEnTS oF MULTiMoDAL THERAPY

Systemic Pharmacologic Therapy

Opioids
NSAIDs
Acetaminophen
Gabapentin/pregabalin
IV ketamine infusion
IV lidocaine infusion
Procedural Techniques
Local anesthetic at incision
Intra-articular local anesthetic
Site-specific regional anesthesia block with local anesthetic
Epidural with local anesthetic ± opioid
Intrathecal opioid
Nonpharmacologic Cognitive Therapies
Guided-imagery
Relaxation
Hypnosis
Distraction
Music Therapy
Nonpharmacologic Physical Therapies
Transcutaneous electrical nerve stimulation (TENS)
Ice/Heat
Acupuncture
Massage
Continuous passive motion
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opioid management. Special considerations for the opioid-tolerant 
population include:

■■ Standard starting doses should be tried prior to escalation; 
opioid-tolerant patients may ultimately require much higher 
doses than the typical patient.

■■ Long-acting opioids should be restarted at their usual dose and 
scheduled as the patient’s baseline opioid requirement, as long 
as there is no concern for sedation or respiratory depression.

■■ Short-acting opioids or a Patient Controlled Analgesia (PCA) 
can be used in addition to long- acting opioids for acute pain.

■■ In patients on higher dose long-acting opioids who are unable to 
take any oral medications, a basal infusion may be considered 
(consultation with a pain specialist is recommended). Recall that 
this is NOT recommended in opioid naïve patients [5].

■■ Clarify with the surgical team, pain team, and primary care 
provider who is expected to prescribe opioids throughout 
recovery after discharge; often continuity providers prefer to 
see chronic pain patients in rapid follow-up and resume pre-
scribing opioids.

■■ Make a specific plan for what opioids the patient should take 
from their home supply versus from any additional post- 
operatively prescribed opioids.

Scheduled acetaminophen and scheduled or prn NSAIDs should 
be considered whenever feasible. In most cases, the use of NSAIDs for 
up to two weeks postoperatively is reasonable [6, 7]. In addition, use 
of a gabapentinoid such as gabapentin or pregabalin can be advanta-
geous. Please see Chap. 56 for details.

Intravenous ketamine and lidocaine infusions are also useful 
components of multimodal care for the opioid-tolerant population 
(although they can be used in opioid naïve patients as well). 
Ketamine is an NMDA antagonist. It has been shown to be analge-
sic, reduce opioid consumption, and prevent central sensitization in 
animal models. Ketamine-treated patients show better oxygen satu-
ration and greater wakefulness. Side effects include nightmares and 
hallucinations; ketamine should be avoided in those with a history 
of psychosis, though these side effects are uncommon with typical 
doses used postoperatively. Ketamine can also cause tachycardia 
and  hypertension at higher doses. It is usually run as infusion intra-
operatively and continued postoperatively for patients who are opi-
oid tolerant. In many institutions, ketamine or lidocaine may be 
started intraoperatively with continuation up to several days post-
operatively, which typically requires the involvement of a consulting 
pain service. Lidocaine is particularly helpful in reducing the 
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 duration of ileus as well as controlling post-operative pain in vis-
ceral surgeries [8]. Lidocaine should not be used in patients with 
known conduction block or in patients receiving continuous 
regional/epidural anesthesia. Lidocaine may rarely cause dizziness, 
seizures, and bradycardia.

 PROCEDURAL TECHNIQUES
A variety of procedural techniques are used as components of multi-
modal pain treatment, ranging from infiltration with local anesthetic, 
neuraxial or regional blockade, or topical local anesthetics. Please see 
Chap. 56 for more details.

Patients with chronic pain are among those most challenging to 
manage and therefore may require more components of multimodal 
therapy than the typical patient. Be mindful that patients receive 
local anesthetics or opioids through only one route.

For example:
■■ If a peripheral nerve catheter is infusing local anesthetic, avoid 
a systemic lidocaine infusion.

■■ If an epidural catheter with local anesthetic and opioid is 
infusing, additional oral or parenteral opioids should be 
avoided.

Consult with a hospital pharmacist or anesthesiologist about con-
current use of topical local anesthetics with peripheral nerve/ 
neuraxial catheter or lidocaine infusion.

 NONPHARMACOLOGIC THERAPIES
Both cognitive and physical nonpharmacologic therapies should be 
encouraged throughout the perioperative course. Modalities such as 
guided-imagery, relaxation, and hypnosis may require preoperative 
education and training to obtain best results [3] but may also be 
employed without any preparation. Music and distraction techniques 
such as coloring books or crossword puzzles can easily be imple-
mented postoperatively.

Among non-pharmacologic physical modalities, transcutaneous 
electrical nerve stimulation (TENS) has some of the best supporting 
evidence for efficacy. When applied around the surgical incision, 
patients using TENS units have significantly reduced postoperative 
analgesic use compared to sham TENS units [9]. TENS should typi-
cally be avoided in patients with pacemakers or implanted defibrilla-
tors. With all physical modalities including TENS, ice/heat, 
acupuncture, and massage caution should be taken to avoid areas of 
broken skin, rash, bleeding, or infection.
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KEY CLINICAL PEARLS
 ³ During preoperative visits, consider providing information on 
non-pharmacologic techniques such as guided-imagery or relax-
ation techniques.

 ³ If the patient is on an unusual medication for pain, ask them or a 
family member to bring in their home supply or ask the hospital 
pharmacy to order the drug ahead of time.

 ³ For patients chronically on long-acting opioids, the long-acting 
opioid should be restarted postoperatively at the usual dose and 
schedule, once there is no concern for sedation or respiratory 
depression.

 ³ Routinely consider acetaminophen, NSAIDS, and gabapentin/pre-
gabalin in addition to opioids as part of a multimodal acute pain 
regimen for all chronic pain patients.
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 BACKGROUND
Substance use disorders (SUDs) can be defined as dysfunction due 
to compulsive use of substances. Key characteristics of SUDs 
include cravings, loss of control, and social consequences related to 
substance use. SUDs are pervasive throughout society and are the 
leading preventable cause of mortality, contributing to approxi-
mately one-quarter of all deaths in the United States [1]. Despite 
such high prevalence, SUDs often go unrecognized in the periopera-
tive setting [2].

Substance use disorders (SUDs) pose numerous risks in the peri-
operative setting. Preoperative smoking status is associated with 
increased risk of postoperative problems including wound infections 
and pulmonary complications [3, 4]. Excessive alcohol use increases 
the risk of morbidity during surgery—including cardiopulmonary 
complications, infections, poor wound healing, bleeding, and neuro-
logic complications [5]. Especially in the context of the current opioid 
epidemic in the United States, it is important to recognize that 
patients with a history of tobacco, alcohol, or other drug use are par-
ticularly vulnerable to prolonged postoperative opioid use [6, 7].

Due to the stigma associated with drug use, patients with SUDs 
are at risk of receiving suboptimal medical care compared to the 
general population [8]. For this reason, as well as the many comor-
bidities associated with SUD, clinical and ethical dilemmas often 
arise when caring for this patient population [9]. Surgeries frequently 
present risks to patients with SUD, but undergoing a surgical inter-
vention may also provide patients with the motivation and opportu-
nity to spark behavior change [10].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_48&domain=pdf
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 PREOPERATIVE EVALUATION
 GENERAL CONSIDERATIONS
All patients should be assessed for current and previous use of alcohol, 
tobacco and other drugs. As many patients with addiction have prior 
negative experiences with the health care system, it is crucial that clini-
cians use medically accurate, person-first, non-judgmental language 
when interacting with this patient population (Table 48.1) [11]. This 
allows for development of a therapeutic alliance and combats the stigma 
frequently experienced by patients with substance use disorders [12, 13].

Single item screening tools for other substances involve asking 
“How many times in the past year have you used an illegal drug or 
used a prescription medication for nonmedical reasons?” This test is 
easy to use and highly accurate for the detection of a substance use 
disorder in a primary care setting, but has not been validated in the 
perioperative setting [14]. Once a possible SUD has been identified, 
clinicians should gather additional history regarding substances used, 
routes and frequency of use, and social or health consequences of use. 
For any patient with a history of injection drug use, inquire about:

■■ History of infectious complications
■■ Current symptoms of infection
■■ Any previously placed surgical hardware or prosthetic valves
■■ Current or prior treatment attempts
■■ Prior HIV and HCV testing

For patients who are not currently receiving treatment, the periop-
erative setting provides an important opportunity to refer patients to 
appropriate resources. For patients with opioid use disorder (OUD) 
and alcohol use disorders (AUD), medication treatments should be 
initiated [15]. If a SUD is identified, clinicians should become 
 familiar with associated withdrawal syndromes as well as the man-
agement strategies for these conditions (Table 48.2).

TABLE 48.1 PREFERRED VERSUS NON-PREFERRED TERMINOLOGY WHEN 
EVALUATING PATIENTS WITH SUBSTANCE USE DISORDERS

Preferred Non-preferred

Substance use disorder Substance abuse

Person with substance use disorder Addict, user, IVDUer

Negative/positive urine drug test Clean/dirty urine drug test

In recovery, in remission Clean, sober

Treatment attempt Treatment failure

Return to use Relapse, slip-up
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TABLE 48.2 COMMON WITHDRAWAL SYNDROMES AND WITHDRAWAL 
MANAGEMENT STRATEGIES

Substance Withdrawal syndrome
Withdrawal 
management

Tobacco Symptoms include 
dysphoria, irritability, 
restlessness, insomnia, 
and increase appetite
Symptoms typically 
peak within 3 days and 
subside after several 
weeks

Combination 
nicotine replacement 
therapy (patch + 
gum/lozenge) is most 
effective, if permitted 
by surgeon
Varenicline and 
bupropion may also 
be effective

Alcohol Acute alcohol 
withdrawal generally 
starts 6–24 hours after 
the patient takes the last 
drink of alcohol
Signs and symptoms 
include: Restlessness, 
agitation, anxiety, 
nausea, vomiting, 
tremor, increased blood 
pressure, hyperthermia, 
delusions, delirium, 
seizures.

Monitoring and 
benzodiazepine 
treatment using 
symptom-triggered 
CIWA-Ar protocols.
Consider 
phenobarbital

Opioids Timing depends on 
duration of action of 
opioid used
Tachycardia, 
hypertension, 
hyperthermia, 
insomnia, enlarged 
pupils, diaphoresis, 
hyperreflexia, increased 
respiratory rate, 
abdominal cramps, 
nausea, vomiting, 
diarrhea, muscle pain, 
and anxiety

Treat with opioids 
(typically low- dose 
methadone for 
hospitalized  
patients)
Consider 
consultation with 
a pharmacist for 
additional questions

(continued)
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 TOBACCO
Many surgeons defer elective operations until the patient has quit 
smoking for several weeks. The use of nicotine replacement therapy 
(NRT) to aid in smoking cessation preoperatively is controversial and 
there is little evidence in human studies to suggest that systemic NRT 
positively or negatively impacts healing or cardiovascular outcomes 
[16, 17]. Although one study suggested a short duration of smoking 

TABLE 48.2 (CONTINUED)

Substance Withdrawal syndrome
Withdrawal 
management

Benzodiazepines Timing depends on 
duration of action of 
benzodiazepine used
Sleep disturbance, 
irritability, anxiety, panic 
attacks, tremors, nausea, 
vomiting, palpitations, 
headaches, and potential 
delirium, and seizures

Begin a slow taper 
based on patient’s 
assessed use of 
medications, 
consider switching 
to a benzodiazepine 
with a longer half-life 
(e.g. diazepam)
In some cases 
phenobarbital may 
be considered

Stimulants 
(cocaine, 
methamphetamine)

Onset generally within 
several hours of last use, 
depending on duration/
intensity of use
Depression, insomnia, 
fatigue, anxiety, 
paranoia, increased 
appetite.

Withdrawal is 
usually not medically 
dangerous, although 
catecholamine 
depletion can affect 
hemodynamics
Management is based 
on patient symptoms; 
for example, 
antihistamines can 
be used for insomnia 
and anxiety

Marijuana Onset generally within 
several hours of last use, 
depending on duration/
intensity of use
Irritability, aggression, 
depressed mood, 
restlessness, weight loss, 
headaches, sweating, 
fever, chills, sweating

Withdrawal usually 
does not involve 
medical danger and 
management is based 
on patient symptoms
Evidence is limited 
on pharmacologic 
treatments 
for marijuana 
withdrawal
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cessation could increase perioperative pulmonary risks, subsequent 
studies have not borne out this concern [18–20]. Clinicians should 
counsel all patients who use tobacco products about cessation and, if 
there aren’t other contraindications, prescribe varenicline or combi-
nation NRT (patch plus gum or lozenges), in consultation with the 
surgeon [21]. Either option is reasonable with similar efficacy rates, 
so ultimately it is the patient’s preference regarding route that should 
determine the medication that is recommended.

 ALCOHOL
The AUDIT-C questionnaire is a validated tool to screen for unhealthy 
alcohol use and higher scores are associated with increased postop-
erative complications [22, 23]. In heavy alcohol users (five or more 
drinks a day), research demonstrates that 4 weeks of preoperative 
abstinence decreases the risk of postoperative complications [24]. All 
patients with unhealthy alcohol use should be counseled about the 
perioperative risk and advised to cut back or stop drinking prior to 
surgery. Although some patients may be concerned about precipitat-
ing withdrawal during the preoperative period, the risks of with-
drawal during the postoperative period are likely more worrisome. If 
moderate or severe alcohol use disorder (AUD) is present, medication 
treatment may be indicated. First-line therapy for AUD is naltrexone, 
an opioid antagonist that could complicate perioperative pain con-
trol. A reasonable approach would be to start naltrexone to help 
decrease alcohol use perioperatively, but discontinue at least 24 hours 
before surgery. Alternative medication options include acamprosate 
and disulfiram, although evidence is weaker for these agents so they 
should be reserved as second-line agents or when surgery is more 
urgent. Disulfiram should not be started while the patient is intoxi-
cated as this could precipitate withdrawal. Additionally, patients with 
alcohol use disorder, particularly those with a history of withdrawal 
syndrome, should be advised about the need for close monitoring 
using Clinical Institute Withdrawal Assessment for Alcohol (CIWA) 
protocol as well as symptom-triggered treatment with benzodiaze-
pines (see below). As a rule, patients should not be treated with etha-
nol for alcohol withdrawal.

 OPIOIDS
Patients should be asked about their preoperative use of prescribed 
or non-prescribed opioids. It may be difficult to distinguish between 
patients who are physiologically dependent due to chronic opioid 
therapy and patients with opioid use disorders (OUDs). The key fac-
tors suggesting OUD include loss of control, compulsive use, and 
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consequences of opioid use. All states now have prescription drug 
monitoring databases and it may be informative to review this infor-
mation prior to surgery to identify concerning prescribing patterns or 
unreported use.

Patients on medications for addiction treatment (methadone, 
buprenorphine-naloxone, or extended-release naltrexone) pose par-
ticular challenges during perioperative management (Table 48.3). 
Generally, it is preferable to avoid interrupting addiction treatment 
whenever possible; however, final pain management decision may 
depend on the severity of anticipated surgical pain and the patient’s 
stability in treatment. Clinicians should strongly consider consulta-
tion with experienced providers, such as anesthesia/pain medicine, 
addiction medicine, or psychiatry.

TABLE 48.3 CONSIDERATIONS IN PERIOPERATIVE MANAGEMENT OF 
PATIENTS ON MEDICATIONS FOR ADDICTION TREATMENT

Methadone
Buprenorphine-
naloxone

Extended-release 
naltrexone

Whenever 
possible, continue 
on outpatient 
dose without 
interruption
Verify dose 
with outpatient 
treatment program
Use short-acting 
opioids as needed 
for postoperative 
pain. Higher 
doses and longer 
duration may be 
needed due to 
tolerance
If difficulty 
tapering short- 
acting opioids, 
consider dose 
increase of 
methadone (in 
coordination 
with outpatient 
treatment 
program)

Whenever possible, 
continue on outpatient 
dose without 
interruption
For minor procedures, 
consider dose increase 
and more frequent 
dosing (e.g., BID or 
TID) to help with pain 
control
For major 
surgeries, continue 
buprenorphine and 
use high-affinity, short-
acting agents (fentanyl, 
hydromorphone) 
as needed for 
postoperative pain
Alternatively, consider 
discontinuation for 
24 hours preoperatively 
and use short-acting 
opioids. Higher doses 
and longer duration 
may be needed due to 
tolerance

Whenever possible 
(planned elective 
procedure), 
discontinue at least 
30 days prior to 
surgery
For urgent/emergent 
surgery, consider use 
of high-affinity, short- 
acting agents (fentanyl, 
hydromorphone). High 
dosages and close 
monitoring may be 
necessary
Strongly consider 
involvement of pain 
medicine specialist
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 PERIOPERATIVE MANAGEMENT
 TOBACCO
In the immediate postoperative setting patients who abruptly discon-
tinue tobacco use may exhibit a range of withdrawal symptoms 
including irritability, insomnia, and depressed mood. Nicotine 
replacement therapy, if acceptable to the surgeon, may alleviate these 
symptoms. A combination of transdermal and transmucosal (e.g. 
patch and gum or lozenges) will be the most effective at alleviating 
symptoms and promoting longer term abstinence.

 ALCOHOL
Alcohol withdrawal is a potentially life-threatening complication and 
should be rapidly identified and treated. Typical withdrawal signs 
and symptoms, such as tremor, tachycardia, and agitation, usually 
manifest within 24 hours of last drink or a significant reduction in 
consumption (Table 48.2). The cornerstone of alcohol withdrawal 
management involves benzodiazepine treatment protocols, which 
utilize the Clinical Institute Withdrawal Assessment for Alcohol, 
revised (CIWA-Ar) paired with symptom-triggered use of benzodiaz-
epines [25]. Typically diazepam, lorazepam or chlordiazepoxide are 
used, although other agents may be considered (e.g. oxazepam may 
be preferred in the setting of hepatic failure due to lack of active 
metabolites). There is emerging data around the use of phenobarbi-
tal, either as adjunctive treatment for severe withdrawal or even as 
the primary agent [26].

 OPIOIDS
Patients with OUD who are not engaged in outpatient treatment 
should be offered methadone or long acting opioids to prevent opioid 
withdrawal. Methadone 20–40 mg per day is a typical dose that can 
treat acute opioid withdrawal symptoms. When necessary, short act-
ing opioids can also be used to treat postoperative pain, but caution 
should be used to avoid over-sedation or other adverse effects. Long- 
acting opioids (such as methadone) should be discontinued at time of 
discharge if the patient does not plan on continuing treatment as an 
outpatient; however, this can complicate postoperative pain control. 
Ideally, the patient will continue engaging with treatment and transi-
tioned directly to a methadone maintenance or buprenorphine treat-
ment program.

The postoperative setting is also a high-risk time for developing or 
worsening an opioid use disorder. In addition to a history of depression, 
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a history of any substance use disorder appears to increase the risk of 
prolonged opioid use, regardless of whether the patient underwent 
major or minor surgery [5]. Multimodal pain control (see Chaps. 47 and 
56) and judicious opioid prescribing are important methods of mitigat-
ing the risk of opioid misuse and overprescribing. Whenever possible, 
clinicians should start with smaller quantities and follow-up frequently 
to reassess patients’ pain control.

 OTHER RECREATIONAL OR ILLICIT DRUGS
 Benzodiazepines
Chronic use of benzodiazepines decreases the brain’s GABAnergic 
activity, placing patients at risk of a life-threatening withdrawal syn-
drome that may involve seizures, delirium and hemodynamic insta-
bility. Similar to management of alcohol withdrawal, patients should 
be treated with long-acting benzodiazepines and monitored very 
closely. Phenobarbital may be used as an alternative if there are con-
traindications to benzodiazepine use or symptoms are not controlled 
with typical doses. In the presence of chronic, high-level use, medica-
tions used to treat withdrawal may need to be tapered over a period 
of weeks.

 Stimulants
The acute and chronic use of stimulants such as cocaine and meth-
amphetamine can pose significant challenges to adequate control of 
hemodynamics. The anesthesiology team should be notified of the 
use or suspicion of use of these substances. While acute stimulant 
intoxication can increase anesthetic requirements, long-term stimu-
lant use can markedly decrease anesthetic requirements. This is pre-
sumably due to catecholamine depletion and can manifest as 
refractory hypotension [27].

 Marijuana
There is mixed evidence regarding the long-term health consequences 
of marijuana use and hardly any studies examine the effect of mari-
juana use during the perioperative period. Chronic marijuana use has 
been associated with a well-described withdrawal syndrome. Given 
deposition of marijuana in adipose tissues, the timing and duration 
of symptoms can be somewhat unpredictable. Management of with-
drawal is generally supportive and no medications are approved for 
the treatment of cannabis use disorders or marijuana withdrawal. 
There is no evidence to support the use of dronabinol for the manage-
ment of patients experiencing marijuana withdrawal.
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KEY CLINICAL PEARLS
 ³ Clinicians should use medically accurate, non-judgmental lan-
guage and attitudes when caring for patients with substance use 
disorders.

 ³ Whenever possible, patients with substance use disorders should 
be connected with longitudinal treatment around the time of 
surgery.

 ³ Incorporate screening for substance use disorders into the preop-
erative assessment, using validated tools such as the AUDIT-C for 
alcohol use.

 ³ Treat opioid withdrawal with opioids (either methadone, short-
acting full agonists, or buprenorphine) and use the opportunity to 
engage patients in addiction treatment.
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 BACKGROUND
Medicine consultants are often called upon to collaborate on the care 
of patients in the immediate postoperative period. Attention to medi-
cal comorbidities, operative and anesthetic course, and a thoughtful 
postoperative history and physical examination can help provide 
optimal care and reduce complications.

 POST-ANESTHESIA CARE UNIT 
ASSESSMENT
Most patients who receive anesthesia are monitored after operative 
procedures in a post-anesthesia care unit (PACU), under the primary 
responsibility of an anesthesia service [1]. Collaborative care between 
surgery, anesthesia, internal medicine teams and the recovery room 
staff can help avert complications and enhance continuity of care. 
Medical consultants should consider the following elements when 
evaluating a patient with medical comorbidities in the PACU.

 CHART REVIEW, DATA GATHERING, AND COLLABORATION
■■ Perioperative documentation: Review the patient’s chart for 
medical comorbidities and any formal preoperative evalua-
tions, if performed. Note the preoperative administration of 
any medications such as antibiotics, steroids, or blood pres-
sure agents.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_49&domain=pdf
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■■ Surgical documentation: Review surgical records to clarify the 
exact nature of the procedure, and if there were any unantici-
pated changes to the surgical plan or complications.

■■ Anesthesia records: Review duration of anesthesia, estimated 
blood loss (EBL), amount and type of fluids received, intraop-
erative hemodynamics, type and difficulty of airway manage-
ment, and medications given in the operating room. This data 
is typically found in the anesthesia record or the operating 
note.

■■ While reviewing the documentation is helpful, oftentimes 
direct communication with the surgical team or anesthesiol-
ogy team is optimal, especially when the operative/anesthetic 
course is unclear. PACU nurses, anesthesiologists, surgeons, 
and other care team members often have helpful information 
and/or questions for the medical consultant.

 BEDSIDE EVALUATION
 History
Assess for the following once the patient is sufficiently interactive 
after anesthesia:

■■ Chest pain and/or shortness of breath
■■ Presence of nausea and/or vomiting
■■ Level of pain, and trajectory of pain control
■■ Level of anxiety
■■ Review of self-administered medications taken on the day of 
surgery

■■ Brief review of any new symptoms prior to surgery

 Exam
A focused physical exam in the recovery room can help identify early 
complications and establish their immediate postoperative baseline.

■■ Respiratory rate, oxygen saturation, and airway patency
■■ Temperature: Postoperative patients are often hypothermic, 
which increases their risk of complications. PACU nurses are 
usually attuned to this and will put a warming blanket or 
device on the patient. Hyperthermia is also associated with 
postoperative complications. If either hypothermia or hyper-
thermia is detected, communicate directly with anesthesiology 
for management.

■■ Heart rate, blood pressure, and volume status: Blood pressure 
can be quite labile as the effects of anesthesia are wearing off. 
Patients may have transient hypertension (e.g., due to pain) or 
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hypotension (e.g., due to volume depletion, epidural cathe-
ters). Assure pain is controlled before embarking upon aggres-
sive blood pressure management. Shivering or tremors can 
also lead to spuriously elevated blood pressure readings on an 
automatic cuff. When in doubt, check blood pressure manu-
ally, and in both arms.

■■ Responsiveness and orientation
■■ Assessment of neuromuscular function: Consider a focused 
neurologic exam especially in patients with prolonged opera-
tive time, intraoperative hemodynamic instability, history of 
neuromuscular or neurovascular disease, or procedures that 
may subject patients to intraoperative stroke.

■■ Level of pain
■■ Make note of tubes, drains, lines, catheters, and dressings.
■■ Additional targeted exam based on medical comorbidities.

The medical consultant should be aware of common (and rare but 
serious) postoperative complications, which are detailed in Chap. 4.

 POST-ANESTHESIA CARE UNIT – PREPARATION FOR DISCHARGE
Readiness for discharge from the PACU is generally determined by 
the PACU team, often involving the use of scoring systems for stabil-
ity. Common items to review and act upon prior to discharge from the 
PACU include:

■■ Check the PACU and/or pending admission orders to make 
sure that orders are appropriate based on your knowledge of 
the patient’s medical comorbidities.

■■ Medication orders should be carefully reviewed and compared 
with preoperative medications. Provide guidance on resuming 
outpatient medications when appropriate, and if changes are 
made from the outpatient regime provide an explanation 
about why the change was made and recommendations for 
follow up. For example, medications that impact blood pres-
sure should be cautiously resumed with holding parameters 
for hypotension. Please refer to Chap. 5 for guidance on 
restarting outpatient medications.

■■ If patient is discharging to home (or elsewhere in the commu-
nity), consider providing a “warm handoff” with their primary 
care provider, to share an update, and pass along any follow-up 
issues.

■■ If the patient’s condition warrants a change in post-PACU care 
(e.g., requiring ICU or telemetry), make those recommenda-
tions and call the anesthesia and surgical teams directly.
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 DAILY POSTOPERATIVE 
EVALUATION
Many medical consultants follow post-surgical patients longitudi-
nally while inpatient, providing recommendations or primary man-
agement. Common postoperative issues are discussed in greater 
detail throughout this handbook. The following general principles 
apply to all postoperative patients for daily care:

■■ Review interval history, examination, medication list, and labs/
studies.

■■ Review drains, catheters, and dressings.
■■ What is the surgery team’s plan for the day? It is often best to 
discuss directly with the surgery team, particularly if surgical 
notes are terse or unfamiliar abbreviations are used.

■■ Clarify current and anticipated diet orders (if NPO, can they 
receive oral medications?).

■■ Ask about side effects of pain medications, sedatives, and 
anti-emetics.

■■ Ask about anticipated and current bowel function; review 
bowel regimen.

■■ Ask about sleep quality.
■■ Review a standard “checklist” for prevention of complications, 
including
 – Venous thromboembolism (VTE) prophylaxis.
 – Lung expansion maneuvers, if indicated (if ordered, are 

they being practiced correctly and routinely?).
 – Delirium precautions (see Chap. 53).
 – Tubes and lines (can any be removed?).
 – Review postsurgical activity and position restrictions.
 – Recommendations for position changes, head of bed eleva-

tion, frequent turns, and early mobility.
 – If applicable, coordinate with the surgical team and nurs-

ing to optimize quality rest during recovery through bun-
dling of nursing care, minimizing interruptions 
overnight.

■■ Focus the remainder of your evaluation on each medical prob-
lem you are asked to evaluate (or, major medical comorbidities 
that need attention).
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 NEW POSTOPERATIVE 
CONSULTS
For the new post-op consult, the above information still needs to be 
gathered. In addition, make sure of the following:

■■ Obtain name, service, and contact information for the refer-
ring provider and any covering providers.

■■ Ask for clarification on the clinical question if it is unclear.
■■ Give the requesting provider a time frame in which you expect 
to see the patient and contact that provider.

■■ Review the surgical procedure – were there complications? 
Review the EBL, duration, and method of anesthesia.

■■ Postoperative course to date – have there been complications? 
Is the recovery going as expected? You should have a general 
sense of the common surgical complications, length of stay, 
and recovery period for the procedure; keep in mind that there 
may be site-specific and patient-specific differences. If in 
doubt, ask your surgical colleagues.

■■ You may need to seek other information – the patient may have 
post-operative delirium or still be recovering from anesthesia. 
If you need a better history, you may need to seek out the 
patient’s family, the surgeon, and nursing staff.

■■ The preoperative med list may not be accurate. You may need 
to double check the patient’s baseline meds.

KEY CLINICAL PEARLS
 ³ Careful review of anesthesia/operating room records for fluids, 
blood loss, medications administered, and hemodynamic instabil-
ity as well as direct communication with surgical and anesthesia 
teams can be helpful for the medical consultant in providing opti-
mal guidance.

 ³ Medication orders should be carefully reviewed and compared 
with preoperative medications; medication errors are a common 
source of perioperative complications.

 ³ Any new medications (or changes in existing medications) should 
be communicated to primary care teams upon discharge from the 
hospital.
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 BACKGROUND
Tachycardia is usually defined as a ventricular rate greater than 100 
beats per minute. A tachycardic patient can be asymptomatic, but 
findings such as hypotension, altered mental status, or other evidence 
of hypoperfusion could be present. The underlying rhythm may be 
sinus or an atrial or ventricular arrhythmia. For purposes of this text, 
when tachycardia is specifically caused by an underlying atrial or 
ventricular arrhythmia, it will be referred to as tachyarrhythmia.

Tachycardia is a frequent postoperative finding. Sinus tachycardia 
tends to occur most commonly (although the actual incidence is dif-
ficult to estimate), followed by atrial tachyarrhythmias, while ven-
tricular tachyarrhythmias are relatively rare. Reported incidence of 
post-operative tachycardia varies widely by the underlying rhythm 
identified, patient population, and type of surgery, as well as the 
mode and length of post-operative monitoring employed. It is esti-
mated that around 7% of patients develop new-onset arrhythmias 
after major non-cardiothoracic surgeries [1].

Tachycardia may reflect an appropriate physiologic response to 
pain, stress, or hypovolemia, though it can also be a sign of post-
operative complications including infection, anemia, myocardial 
necrosis/infarction, or pulmonary embolism [1–4]. Importantly, the 
presence of tachycardia has implications for patient morbidity and 
mortality, though generally a concurrent medical problem is the 
proximate cause of death and not the tachycardia itself [2, 5]. For 
example, the presence of perioperative atrial tachyarrhythmia is asso-
ciated with prolonged hospitalization [4], higher mortality [5], and 
increased long-term risk of ischemic stroke [6].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_50&domain=pdf
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Therefore, it is important for the internal medicine consultant to 
consider post-operative tachycardia a potential marker of increased 
morbidity and mortality and to appropriately assess for and manage 
any underlying precipitant identified.

 PREOPERATIVE EVALUATION
Since post-operative tachycardia can result from a myriad of etiolo-
gies, it is difficult to predict the risk of occurrence. There are spe-
cific risk calculators available to estimate the risk of post-operative 
atrial fibrillation, in particular after cardiac surgery, but they may 
not have stronger predictive ability than patient age alone [7]. 
Therefore, while attempting to predict tachycardia beforehand may 
not be meaningful, it is important for the medicine consultant to 
consider patient and surgery-specific risk factors that may lead to 
tachycardia.

 PATIENT-SPECIFIC RISKS
The presence of co-morbidities, especially with regard to pre-existing 
cardiac disease, may influence the development of post-operative 
tachycardia and should be evaluated as part of the preoperative 
assessment. Post-operative atrial tachyarrhythmias are associated 
with older patient age, heart failure, significant valvular disease, and 
history of arrhythmia [2, 4, 8].

 SURGERY-SPECIFIC RISKS
The following types of surgeries have been associated with higher risk 
of post-operative tachyarrhythmia [2, 4, 6]:

■■ Cardiac surgery, including coronary artery bypass grafting
■■ Thoracic surgery, including resection of mediastinal mass, 
lobectomy or pneumonectomy, esophagectomy

■■ Abdominal surgery
■■ Vascular surgery, including abdominal aortic aneurysm

For patients with a history of significant arrhythmia undergoing 
non-cardiac non-low risk operation, obtaining a baseline resting 
12-lead electrocardiogram (ECG) is reasonable, per the 2014 American 
College of Cardiology and American Heart Association guidelines 
(Class IIa, level B) [9].
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 PERIOPERATIVE MANAGEMENT
 PREVENTION OF ATRIAL FIBRILLATION
A Cochrane Review found evidence that prophylactic interventions 
such as beta-blockers, sotalol, magnesium, amiodarone, atrial pac-
ing, and posterior pericardiectomy significantly reduce atrial fibrilla-
tion after cardiac surgery but had no significant effect on all-cause 
mortality [10]. Caution should be used in extrapolating these results 
to patients undergoing non-cardiac surgery as a subsequent Cochrane 
Review analysis found association between beta-blocker use and 
increased all-cause mortality and stroke [11].

■■ Prophylactic medication recommendations should be dis-
cussed with cardiothoracic surgeons for patients undergoing 
cardiac surgery.

■■ See Chap. 5 for recommendations regarding the management 
of beta-blockers and antiarrhythmic medications, and Chap. 9 
for more on atrial fibrillation.

 EVALUATION OF POSTOPERATIVE TACHYCARDIA
The first step in evaluation is to establish the stability of the patient:

■■ Obtain complete set of vital signs to evaluate for hypotension, 
hypoxia, tachypnea, fever.

■■ If the patient is in severe respiratory distress or obtunded, 
definitive airway should be established as appropriate with the 
patient’s goals of care.

■■ If there is no palpable pulse, advanced cardiac life support 
(ACLS) protocol should be initiated.

If the patient does not meet criteria for ACLS protocol, continue 
assessment with the following:

■■ Physical exam with specific focus on evidence of hypoperfu-
sion (strength of peripheral pulses, skin exam, mental status, 
neurologic exam) as well as cardiopulmonary exam (cardiac 
murmurs or extra heart sounds, jugular venous pressure, 
peripheral edema, pulmonary edema) and assessment of the 
surgical wound site.

■■ 12-lead electrocardiogram – examine the p wave morphology, 
QRS complex duration, and regularity of the rhythm. Table 50.1 
outlines the common classification of arrhythmias using this 
method.
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 SINUS TACHYCARDIA
Postoperative tachycardia may be an appropriate response to an 
inciting physiologic stressor. Table 50.2 lists common post-operative 
etiologies for tachycardia, using the mnemonic TACHYCARDIC. The 
medicine consultant should be facile in assessing for these common 
etiologies. In addition to the electrocardiogram, key elements include:

■■ Serum labs: Complete blood count, metabolic panel including 
magnesium level

■■ Medication review and reconciliation

Other studies to consider based on the clinical presentation:

■■ Serum lactate to evaluate for evidence of hypoperfusion
■■ Serum troponin to evaluate for cardiac ischemia
■■ Sepsis workup including blood cultures, chest imaging, uri-
nalysis, and treatment with empiric antibiotics

■■ Transthoracic echocardiogram to evaluate for structural heart 
disease, wall motion abnormalities, or volume status

■■ Computed tomography angiogram (CTA) to evaluate for pul-
monary embolism

TABLE 50.1 ECG dETERMiNATioN oF TACHyARRHyTHMiAs

Narrow QRS Complex, Regular Rhythm
Sinus tachycardia
Atrioventricular nodal reentrant tachycardia (AVNRT)
Atrioventricular reentrant tachycardia (AVRT)
Ectopic atrial tachycardia
Atrial flutter

Narrow QRS Complex, Irregular Rhythm

Atrial fibrillation
Atrial flutter
Multifocal atrial tachycardia

Wide QRS Complex, Regular Rhythm

Ventricular tachycardia
Supraventricular tachycardia with aberrant conduction
Supraventricular tachycardia with a pacemaker
Antidromic AVRT

Wide Complex, Irregular Rhythm

Polymorphic ventricular tachycardia
Pre-excited atrial fibrillation
Atrial fibrillation with aberrant conduction
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If no underlying physiologic stressor is identified, the presence of 
tachyarrhythmia may represent an uncovered electrophysiologic abnor-
mality requiring more specialized intervention. Additional workup and 
management can be completed as outlined below and in Fig. 50.1.

 ATRIAL TACHYARRHYTHMIAS
Atrial tachyarrhythmias include atrial fibrillation with rapid ventric-
ular response (RVR), atrial flutter, ectopic atrial tachycardia, multifo-
cal atrial tachycardia, and reentry tachycardias such as atrioventricular 
reentrant tachycardia (AVRT) and atrioventricular nodal reentrant 
tachycardia (AVNRT).

Management of atrial tachyarrhythmias summarized from the 
2015 ACC/AHA/HRS guidelines [12]:

■■ Urgent synchronized cardioversion should be considered if the 
patient has evidence of hypoperfusion such as hypotension, 
flash pulmonary edema, decreased mental status, or active 
ischemia; cardiology consultation is strongly advised for the 
management of these patients.

■■ For atrial fibrillation and atrial flutter, if cardioversion is to be 
performed, the use of therapeutic anticoagulation is strongly 

TABLE 50.2 PHysioLoGiC sTREssoRs THAT CoMMoNLy CAUsE PosT-
oPERATivE TACHyCARdiA: TACHyCARdiC

Thrombosis (Deep Vein Thrombosis/Pulmonary Embolism)

Anemia (related to surgery, intra-operative, drains, surgical site, 
stress-related GI bleed, retroperitoneal or thigh bleed related to 
anticoagulation)

Catecholamines (post-operative stress, inflammation)

Hypokalemia/hypomagnesemia/hypoglycemia

hYpovolemia/dehydration

CHF/volume overload

Anxiety

Retention (urinary)

Drug or alcohol withdrawal

Infection (surgical site, sepsis)

Constipation
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encouraged to decrease the risk of embolic stroke, especially if 
the duration of the arrhythmia is longer than 48 hours. The 
risks and benefits of therapeutic anticoagulation in the post- 
operative setting require careful consideration.

■■ If there is no evidence of hypoperfusion, rate control can often 
be achieved with AV nodal blockade using beta-blockers or 
calcium-channel blockers (refer to chart in Chap. 9 for detailed 
dosing).

Special considerations:
■■ For AVRT/AVNRT, vagal maneuvers are recommended (Class I, 
Level B-R).

■■ For AVRT/AVNRT, adenosine is recommended for acute treat-
ment (Class I, Level B-R) and acutely terminates AVNRT in 
95% of patients.

Heart Rate > 100bpm

Loss of Pulse or 
Unstable 
Airway?

Initial evaluation includes complete set of vital signs 
and physical exam to assess for signs/symptoms of 
hypoperfusion as well as 12-lead  electrocardiogram 

to identify underlying rhythm

Initiate ACLS 
Protocol

yes

no

Identify 
Underlying

Rhythm

Sinus 
Tachycardia Evaluate for precipitants listed in Table 50.2

Additional evaluation can include: volume status 
exam, wound evaluation, laboratory studies (CBC, 

chemistry panel), infectious workup (chest xray, 
urinalysis, blood cultures), CTA

Atrial 
Arrhythmia

Ventricular 
Arrhythmia

Promptly seek additional 
specialty Cardiology assistance

Hemodynamically 
stable?

Regular wide complex 
QRS (VTach): 
Immediate synchronized 
cardioversion 

Irregular wide complex 
QRS (Polymorphic 
VTach, TdP): Immediate 
defibrillation

Atrial 
Fibrillation 
with RVR 

Atrial Flutter

AVRT/AVNRT

Monitor closely

Consider antiarrhythmics 
(procainamide, 
amiodarone, sotalol) 

Evaluate for precipitants

no yes

*Treat underlying cause* 
Unstable: Synchronized 
cardioversion (note increased 
CVA risk; recommend 
Cardiology consultation) 
Stable: AV Nodal-Blockade 
medications 

Multifocal Atrial 
Tachycardia 

Unstable: Synchronized 
cardioversion 

Stable: 
Vagal maneuvers 
Adenosine
AV Nodal-Blockade Not commonly associated 

with hemodynamic 
instability 

Evaluate for 
cardiopulmonary disease

AV-Nodal Blockade can be 
used if symptomatic 

Fig. 50.1 Management of Post-Operative Tachycardia
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■■ For multifocal atrial tachycardia, perform a thorough cardio-
pulmonary exam. Most instances do not result in hemody-
namic collapse.

■■ For pre-excited atrial fibrillation, standard AV-nodal blocking 
medications are NOT indicated and can lead to circulatory col-
lapse and ventricular fibrillation. Cardiology consultation is 
advised.

 VENTRICULAR ARRHYTHMIAS
Ventricular tachyarrhythmias include monomorphic or polymorphic 
ventricular tachycardia and can be associated with underlying struc-
tural heart disease. Ventricular fibrillation is a non-perfusing rhythm 
and should be managed via ACLS protocol. Stable patients with sus-
tained ventricular tachyarrhythmias should be monitored closely with 
continuous cardiac telemetry and frequent reassessment as rapid 
clinical deterioration can occur. Due to these risks, cardiology consul-
tation should be obtained for the management of these patients.

Management of ventricular tachyarrhythmias summarized from 
the 2017 AHA/ACC/HRS Guideline [13]:

■■ Patients presenting with ventricular arrhythmias with hemo-
dynamic instability should undergo direct current cardiover-
sion (Class I, Level A).

■■ In patients with hemodynamically stable ventricular tachycar-
dia, administration of intravenous procainamide can be useful to 
attempt to terminate ventricular tachycardia (Class IIa, Level A).

■■ In patients with hemodynamically stable ventricular tachycar-
dia, administration of intravenous amiodarone or sotalol may 
be considered to attempt to terminate ventricular tachycardia 
(Class IIb, Level B-R).

KEY CLINICAL PEARLS
 ³ Post-operative tachycardia is an important marker for potential 
morbidity and mortality; a careful evaluation is mandatory

 ³ Common post-operative precipitants of tachycardia can be evalu-
ated using the TACHYCARDIC mnemonic

 ³ Prompt cardioversion to restore sinus rhythm is indicated for 
unstable tachyarrhythmias
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 BACKGROUND
Hypoxemia is a common and underrecognized postoperative compli-
cation that is associated with significant morbidity. Hypoxemia 
occurs when the arterial partial pressure of oxygen (PaO2) falls below 
80 mmHg, which typically corresponds to a peripherally measured 
oxygen saturation (SaO2) of < 95%. For most patients, clinically sig-
nificant hypoxemia occurs when the SaO2 < 90% (PaO2 < 60 mmHg). 
The incidence of postoperative hypoxemia ranges from 18% to 37% 
[1–3]. Routine vital sign checks underestimate the frequency, dura-
tion, and severity of postoperative hypoxemia, missing up to 90% of 
hypoxemic events [1]. Hypoxemia is associated with poor wound 
healing, delirium, and cardiac dysfunction [1–4].

 CAUSES OF POSTOPERATIVE 
HYPOXEMIA
Postoperative hypoxemia is associated with a multitude of postopera-
tive pulmonary complications (PPCs) [1, 5] and is typically caused by 
physiological changes that occur with anesthesia or surgery. PPCs 
broadly describe impairments of the respiratory system after an 
operation. While formal definitions of PPCs vary, they encompass 
disorders such as atelectasis, pulmonary embolism (PE), pneumonia, 
and pulmonary edema [6, 7]. Disease states that cause a low mixed 
venous oxygen content (e.g., low cardiac output, anemia, high fever, 
or sepsis) can exaggerate the hypoxemic effect of any existing PPCs 
[15]. Chapter 32 broadly describes a perioperative approach to 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_51&domain=pdf
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 mitigating the risk of PPCs; this chapter focuses on managing hypox-
emia in the post-operative patient.

In the immediate postoperative period, hypoxemia can result from 
perioperative changes in respiratory physiology and direct injury 
from mechanical ventilation [6]. The duration and severity of changes 
in respiratory physiology depend on the type of anesthesia and sur-
gery [2]. General anesthesia impairs pulmonary mechanics for up to 
2 weeks after surgery and reduces sputum clearance by decreasing 
mucociliary clearance [7]. Major surgery and anesthesia additionally 
blunt ventilatory responses to hypercapnia and hypoxia, an effect 
that can persist for weeks [2, 7]. These perioperative changes contrib-
ute to postoperative atelectasis and hypoventilation, the most com-
mon causes of transient hypoxemia in the early postoperative period 
[3]. Patients with preexisting pulmonary disease are at highest risk, 
but these physiologic changes can cause hypoxemia even in patients 
with healthy lungs.

Other causes of postoperative hypoxemia include bronchospasm, 
pleural effusions, pulmonary edema, acute respiratory distress syn-
drome (ARDS), transfusion-related complications, PE, pneumonia, 
aspiration, upper airway obstruction, and exacerbation of chronic 
pulmonary diseases (Table 51.1). Important points to remember 
include:

■■ Patients with preexisting reactive airway disease or smoking 
history are at highest risk for bronchospasm.

■■ Patients may develop postoperative cardiogenic pulmonary 
edema from overaggressive hydration (unmasking underlying 
diastolic dysfunction) or perioperative cardiac dysfunction [3, 9].

■■ Negative pressure pulmonary edema is a relatively rare cause 
of noncardiogenic pulmonary edema. It occurs with deep 
inspiration against an obstructed upper airway (e.g., laryngo-
spasm) in the immediate postoperative period [3].

■■ Transfusion-associated circulatory overload (TACO) or 
transfusion- related acute lung injury (TRALI) typically occur 
within 6 hours of a transfusion [3].

■■ PE is a major cause of postoperative mortality with the inci-
dence of fatal PE reported as high as 10% [10].

■■ Most postoperative pneumonias are polymicrobial infections 
[12]. Common pathogens include gram negative rods, 
Pseudomonas, Staphylococcus aureus, and Streptococcus 
 pneumoniae [11].

■■ Upper airway obstruction in patients without sleep apnea may 
occur from airway edema, loss of pharyngeal muscle tone, or 
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TABLE 51.1 PosToPERATivE PULmoNARy ComPLiCATioNs

Incidence/
Timing Causes

Evaluation/
Management

Atelectasis Up to 90% [19]
Most common 
POD1–2, can 
persist for 
weeks [2]

Compression 
atelectasis
Bronchial 
obstruction from 
mucus plugging

Chest imaging 
(CXR, CT)
Lung expansion 
and airway 
clearance [4]

Broncho-
spasm

1.8% [20]
Common in 
the immediate 
and early 
postoperative 
(POD0–1) 
setting

Airway 
stimulation 
(aspiration, 
intubation)
Exacerbation of 
RAD
Medications that 
cause histamine 
release (e.g., 
morphine)

Short-acting β2 
agonist ± 
anticholinergic 
inhalers
Racemic or IV 
epinephrine if  
life-threatening

Pulmonary 
edema

2.4–7.6% [9, 11]
Cardiogenic: 
Within 36 hours 
after surgery [9]

Cardiogenic: 
Overhydration, 
HF, TACO
Noncardiogenic: 
NPPE, TRALI, 
ARDS

Chest imaging, 
BNP, TTE
Cardiogenic: 
Diuresis, NIV
Noncardiogenic: 
Supportive, LPV 
in ARDS

Pulmonary 
embolism

0.7–24% [10]
Peak incidence 
of all VTE occur 
POD5–10 [10]

Orthopedic 
surgeries are 
highest risk [10]
Fat or bone 
cement emboli 
can occur in 
orthopedic 
surgeries

CTPA, VQ scan
Anticoagulation
Supportive care 
in FES and bone 
cement emboli

Pneumonia 1.3–17.5% [11, 
12, 21]
Typically occurs 
within first 
5 days after 
surgery [12]

Often 
polymicrobial
Common 
pathogens: 
GNRs, 
Pseudomonas, S. 
aureus, and S. 
pneumoniae [13]

Chest imaging, 
cultures
Antibiotics 
should cover 
hospital-acquired 
organisms if 
pneumonia 
develops after 
POD2

(continued)
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extrinsic compression [3]. Airway edema can occur in patients 
who are in prone or Trendelenburg positions or receive overly 
aggressive resuscitation [3]. Loss of pharyngeal tone may be 
from persistent effects of anesthetics, neuromuscular blocking 
drugs (NMBs), or opioids [3]. Localized tissue edema or hema-
tomas from head and neck surgeries can cause extrinsic airway 
compression [3].

TABLE 51.1 (CoNTiNUED)

Incidence/
Timing Causes

Evaluation/
Management

Aspiration Pneumonia: 
0.4% [20]
More common 
in the 
immediate 
to early 
postoperative 
setting

Altered mental 
status
Sedatives, 
opioids
GI, esophageal, 
or neuro-bulbar 
abnormalities

Pneumonitis: 
Supportive, 
routine steroids 
and antibiotics 
are not 
recommended
Pneumonia: 
Antibiotics

Hypo-
ventilation

More common 
in the 
immediate 
to early 
postoperative 
setting

Residual 
anesthetics, 
opioids and 
anxiolytics
Splinting from 
inadequate 
analgesia

Consider reversal 
agents for NMBs, 
opioids, and 
benzodiazepines
Multimodal 
analgesia
Bilevel ventilation

Upper 
airway 
obstruction

Immediate 
to early 
postoperative 
setting

Patients with 
undiagnosed 
OSA at highest 
risk
Residual 
anesthetics, 
opioids
Airway edema 
[8]

Consider reversal 
agents for NMBs, 
opioids, and 
benzodiazepines
Oropharyngeal/
nasopharyngeal 
airway, jaw thrust 
maneuvers
CPAP

POD postoperative day, RAD reactive airway disease, HF heart failure, 
TACO transfusion-associated circulatory overload, NPPE negative pres-
sure pulmonary edema, TRALI transfusion-related acute lung injury, 
ARDS acute respiratory distress syndrome, BNP brain natriuretic peptide, 
TTE transthoracic echocardiogram, VTE venous thromboembolism, 
CTPA CT pulmonary angiogram, VQ scan ventilation-perfusion scan, LPV 
lung protective ventilation, GNRs gram negative rods, FES fat emboli 
syndrome, OSA obstructive sleep apnea, CPAP continuous positive airway 
pressure
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■■ Obstructive sleep apnea (OSA), use of opioids, and residual 
NMBs are risk factors for aspiration [6].

■■ Hypoventilation may be caused by residual NMB, respiratory 
depressants, and restrictive physiology (from postoperative 
abdominal binding or abdominal distention) [3].

 PERIOPERATIVE MANAGEMENT
 PREVENTION OF POSTOPERATIVE HYPOXEMIA
Preventive measures include preoperative optimization of preexist-
ing comorbidities, intraoperative minimization of surgical and anes-
thetic impairments on respiratory physiology, and postoperative 
strategies. Preoperative pulmonary optimization is further discussed 
in Chap. 32. Key concepts include smoking cessation and treatment 
of preoperative pulmonary infections or exacerbations of chronic 
lung disease [6]. Preoperative physiotherapy (PT) can significantly 
reduce PPCs, including pneumonia, after upper abdominal surgery 
[13]. Neuraxial or regional anesthesia, in place of general anesthesia 
when possible, is an important intraoperative strategy to reduce 
PPCs [6].

Several post-operative strategies can decrease the risk of hypox-
emic PPCs:

■■ Lung expansion techniques – incentive spirometry, deep 
breathing exercises, cough assist, chest PT, and continuous 
positive airway pressure (CPAP) – decrease the risk of PPCs by 
preventing and reversing atelectasis. There are no significant 
differences in efficacy between different lung expansion tech-
niques [2, 3, 6].

■■ Consider CPAP in patients who are unable to perform other 
lung expansion exercises or have diagnosed or suspected OSA 
[6]. CPAP use in the immediate postoperative period decreases 
the incidence of reintubation in patients undergoing abdomi-
nal and cardiac surgery, but not in patients undergoing lung 
resection [14, 15].

■■ Patients with diagnosed or suspected OSA should be observed 
with continuous pulse oximetry for at least 6 hours after 
ambulatory surgery [6].

■■ There is limited evidence on the efficacy of early ambulation 
alone on preventing atelectasis and PE [6]. When used as a 
part of a postoperative protocol that also includes lung expan-
sion techniques, early ambulation decreases PPCs [16].
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■■ Venous thromboembolism (VTE) prophylaxis should be started 
as soon as possible after surgery to decrease the risk of PE.

■■ Use nasogastric tubes (NGTs) selectively in patients with 
symptomatic abdominal distention. Avoiding routine use of 
NGTs after abdominal surgery shows a trend toward reducing 
PPCs [17].

■■ Postoperative neuraxial and regional analgesia decreases 
the risk of PPCs compared with systemic opioids, especially 
in patients undergoing thoracic and upper abdominal 
 procedures [6].

 EVALUATION OF POSTOPERATIVE HYPOXEMIA
Key steps in the initial evaluation:

■■ Determine the adequacy of oxygenation, ventilation, and work 
of breathing to identify patients who require urgent airway 
intervention.

■■ Correct hypoxemia while assessing for the underlying cause. 
A non-rebreather mask (NRB) can be used as a rescue form of 
oxygen delivery when a patient’s oxygen needs are unknown. 
Persistent hypoxemia despite oxygenation with an NRB, which 
delivers close to 100% FiO2, suggests that hypoxemia is from a 
large shunt (e.g., diffuse pulmonary edema, lobar or lung col-
lapse, large aspiration event, a right to left intracardiac shunt).

■■ An initial exam includes obtaining vital signs and assessing 
airway patency, neurologic status, use of accessory muscles, 
and volume status.

■■ Patients with suspected upper airway obstruction from OSA or 
loss of pharyngeal muscle tone (e.g., from residual anesthetics 
or opioids) benefit from jaw thrust or CPAP [3].

■■ Key findings on cardiopulmonary exam that may help discern 
the etiology of hypoxemia: Absent breath sounds may suggest 
a pneumothorax; diminished breath sounds can suggest a 
pleural effusion or significant bronchoconstriction leading to 
poor air movement; wheezing is seen with bronchoreactivity 
or pulmonary edema (cardiac wheeze).

Patient co-morbidities, surgical procedure and approach, type of 
anesthesia, and intraoperative and postoperative events can narrow 
the differential for postoperative hypoxemia (Table 51.2). The timing 
of postoperative hypoxemia can provide clues to diagnosis but 
should not supersede clinical judgement. Upper airway obstruction, 
atelectasis, hypoventilation, aspiration, and pulmonary edema gen-
erally occur in the immediate to early postoperative period. 
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Postoperative pneumonia and PE are more common after postopera-
tive day (POD) 2–3.

Initial diagnostic evaluation may include the following:
■■ Chest X-ray imaging (CXR) – identifies any alveolar filling 
process (e.g., pulmonary edema, aspiration, pneumonia, 
atelectasis).

■■ Arterial (ABG) or venous blood gas analysis (VBG) – can iden-
tify if hypoventilation is significantly contributing to hypox-
emia. An ABG confirms true hypoxemia, quantifies severity, 
and allows calculation of the Alveolar-arterial (A-a) gradient. 
A normal A-a gradient suggests that hypoxemia is completely 
explained by hypoventilation.

■■ Electrocardiogram – detects any arrhythmias or cardiac isch-
emia that may be contributing to new heart failure.

■■ B-type natriuretic peptide or troponin – helpful adjuncts in 
patients with suspected heart failure or cardiac ischemia.

Pursue advanced testing such as CT pulmonary angiography, or 
ventilation-perfusion scan if there is clinical concern for PE, for 
example, unexplained sinus tachycardia or hypoxemia not otherwise 

TABLE 51.2 KEy CoNsiDERATioNs iN THE iNiTiAL EvALUATioN oF THE 
HyPoxEmiC PosT-oPERATivE PATiENT

Patient 
co-morbidities

Common issues with 
specific types of surgeries

Perioperative 
factors

Chronic lung 
disease, reactive 
airway disease
Cardiac disease, 
heart failure
Renal dysfunction
Liver disease
Neuromuscular 
disorders
OSA – independent 
risk factor for 
aspiration and  
PE [11]
Obesity
Chronic opiate 
use or opioid 
dependence

Neurosurgery – 
aspiration, PE
Head and neck – airway 
obstruction from local 
edema or hematomas, 
neuromuscular weakness 
from hypocalcemia, 
recurrent laryngeal nerve 
injury
Thoracic – atelectasis
Abdominal – atelectasis
Orthopedic – PE, FES

Volume of fluids 
and blood products
Type of anesthesia 
(general or regional)
Use of paralytics 
and reversal agents
Endotracheal 
intubation
Major operative 
events – ACS, 
aspiration events
Dose and frequency 
of opioids, 
anxiolytics
Other recent drugs 
given

PE pulmonary embolism, FES fat emboli syndrome, ACS acute coronary 
syndrome
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explained by CXR findings. Given the high incidence of postoperative 
PE, we generally have a low threshold for evaluating PE in unex-
plained hypoxemia with concomitant tachycardia.

 PRINCIPLES OF MANAGEMENT
Management of postoperative hypoxemia should focus on both treat-
ing the underlying cause (Table 51.1) and improving oxygenation 
and ventilation. Address any factors that may exaggerate or exacer-
bate existing causes of hypoxemia: Correct anemia, improve cardiac 
output with fluid resuscitation or vasopressor/inotropic support, and 
stop any unnecessary medications that blunt hypoxic vasoconstric-
tion (e.g., amlodipine for hypertension). Patients with hypercapnic 
respiratory failure require ventilatory support with bag-mask, 
bilevel, or mechanical ventilation. Methods to improve oxygenation 
include conventional oxygen therapy, high flow nasal cannula 
(HFNC), and CPAP.

■■ Conventional oxygen therapy includes nasal cannula, oxygen 
reservoir cannula, simple face masks, venturi masks, and 
NRB. These forms of oxygen delivery, except for venturi masks, 
deliver variable FiO2’s of oxygen depending on a patient’s work 
of breathing.

■■ Venturi masks deliver a fixed FiO2 at higher flow rates. They 
are useful in patients with obstructive lung disease, where 
stable oxygen delivery is important to avoid over-oxygenation 
which can suppress respiratory drive [15].

■■ HFNC delivers humidified air at high flow rates up to 60 L/
min. In a 2017 meta-analysis that included both surgical and 
nonsurgical patients with acute respiratory failure, HFNC 
decreased the need for intubation and reintubation after extu-
bation compared to conventional oxygen therapy [18]. HFNC 
is not superior to noninvasive ventilation (NIV) but is often 
better tolerated and can be considered an alternative to NIV 
post-extubation [18].

■■ Patients who undergo head and neck surgery may not be can-
didates for oxygen delivery by face mask or nasal cannula 
because these devices can put pressure on incision sites. Face 
tent or blow-by systems should be used as alternatives.

■■ Reintubation is sometimes needed in the immediate postop-
erative period. If measures to improve oxygenation are not 
quickly effective, it is generally better not to continue to 
temporize.
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KEY CLINICAL PEARLS
 ³ Atelectasis, upper airway obstruction, hypoventilation, aspiration, 
and pulmonary edema are more common causes of hypoxemia in 
the immediate and early postoperative period as these are fre-
quently related to residual anesthetic effects or intraoperative 
interventions. Pneumonia and pulmonary emboli are more com-
mon after POD2–3.

 ³ Early initiation of lung expansion techniques and VTE prophylaxis 
are important preventative measures against PPCs.

 ³ Postoperative pulmonary edema may result from volume overload 
and unmasked underlying diastolic dysfunction or can, less com-
monly, result from noncardiogenic causes such as transfusion 
reactions or negative pressure pulmonary edema.

 ³ In patients who develop hypoxemia after head and neck surgery, 
evaluate for upper airway obstruction from local edema, hemato-
mas, or from recurrent laryngeal nerve injury.
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 BACKGROUND
Postoperative fever is common, occurring in 10–40% of surgical 
patients [1, 5], depending on the temperature threshold used to 
define fever. While most early postoperative fever is due to cytokine 
release and resolves spontaneously [2, 3], the possibility of infection 
should always be considered. The absence of fever does not rule out 
infection, especially with advanced age, corticosteroid or nonsteroi-
dal anti-inflammatory use, renal replacement therapy, and other risk 
factors [6]. Infection may also occasionally present with 
hypothermia.

 PREOPERATIVE EVALUATION
The preoperative history and physical examination should include 
assessment for signs and symptoms of occult infection that may 
manifest as postoperative fever. The patient should be queried regard-
ing constitutional symptoms (fever, night sweats, etc.), cough, dys-
pnea, chest pain, abdominal pain, diarrhea, dysuria, skin ulceration, 
or rash. Any history of common or serious noninfectious causes of 
postoperative fever should be sought, including medication sensitivi-
ties (especially family or personal history of malignant hyperthermia) 
or history of hyperthyroidism, malignancy, thrombophilia, or con-
nective tissue disease.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_52&domain=pdf
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 PERIOPERATIVE MANAGEMENT
 DEFINITION OF POSTOPERATIVE FEVER
Although there is no consensus definition of fever, many use a tem-
perature of ≥38.3 °C/101.0 °F [6]. A cutoff of 38.0 °C/100.4 °F is often 
used for immunocompromised patients. Pulmonary artery thermis-
tors, and bladder, esophageal or rectal probes are invasive, but pro-
vide the most accurate approximation of core temperature. Oral 
thermometers and infrared ear thermometry probes are susceptible 
to error but more practical and generally reliable. Axillary and tem-
poral artery estimates and chemical dot measurements are unreliable 
and should not be used [6].

 PREVENTION OF POSTOPERATIVE INFECTION AND FEVER
After most uncomplicated surgeries, prophylactic antibiotics should 
be discontinued upon closure of the incision in the operating room 
(or at least within 24 hours), even in the presence of a drain [7, 8]. 
Hypersensitivity reactions to antibiotics are a leading cause of non-
infectious fever—which can lead to unnecessary evaluation and 
treatment, and delays in hospital discharge. To reduce the risk of 
drug fever, stop antibiotics and other unnecessary medications.

Surgical site infections are a common cause of infectious postop-
erative fever. Several strategies may reduce the risk of wound infec-
tions. First, hand hygiene is a key infection prevention strategy [9]. 
To optimize tissue oxygen delivery to the surgical site, maintain 
perioperative normothermia and euvolemia, and administer 
increased FIO2 during surgery and for 2–6 hours after surgery [7, 8]. 
Blood glucose control is important for wound healing and decreas-
ing the risk of infection; control blood glucose during the immediate 
postoperative period (BG < 180–200 mg/dL), both in diabetics and 
nondiabetics [7, 8].

Several measures can be taken to mitigate the risk of infections 
associated with catheters, intravenous lines, and endotracheal intu-
bation. Assess daily (ideally with stop orders or automated decision 
support) for adherence to guidelines, which recommend discontinu-
ation of catheters and tubes as soon as possible—or the use of less 
risky alternatives:

■■ Discontinue a urethral catheter within 24 hours of surgery 
unless there is a clear indication for it to remain in place, such 
as acute urinary retention, critical illness (requiring precise 
measurement of urine output), incontinence in the setting of 
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open sacral or perineal wounds, prolonged immobilization, 
and end-of-life care [10, 11].

■■ Avoid the femoral site for central venous catheters. The subcla-
vian site is recommended over the internal jugular site to mini-
mize infection risk, but site-specific complication risk should 
also be considered. If the internal jugular is used, the catheter 
should be placed with ultrasound guidance [12, 13].

■■ Implement a plan to reduce ventilator-associated pneumonia, 
including sedation vacations, weaning plan, and elevation of 
the head >30 degrees. Use noninvasive positive pressure venti-
lation in place of intubation, when possible [14, 15].

■■ Use enteral nutrition, when possible, instead of total paren-
teral nutrition.

Instruct patients at high risk for developing pneumonia in the use 
of incentive spirometry [15]. This includes anyone undergoing gen-
eral anesthesia, abdominal or thoracic surgery, particularly patients 
who are elderly or functionally dependent. Other risk factors for 
pneumonia include protein–calorie malnutrition, steroid use, recent 
alcohol use, smoking within the past year, COPD, history of stroke 
with residual deficits, and impaired sensorium.

 EVALUATION OF POSTOPERATIVE FEVER
The timing of the onset of fever is a major key to determining its 
cause (see Table 52.1). Common immediate causes of fever include 
cytokine release and medications. Atelectasis does not cause fever; it 
can, however, cause hypoxia and should still be treated [6, 16]. 
Important life-threatening causes of early fever that should not be 
missed include:

■■ Malignant hyperthermia
■■ Neuroleptic malignant syndrome
■■ Serotonin syndrome
■■ Necrotizing fasciitis
■■ Transfusion reaction

A brief bedside evaluation has the highest yield for determining 
the etiology of a fever [5]. Cultures have little utility within the first 
48 hours after surgery, unless there is suspicion for antecedent 
infection [5, 6]. Signs that raise concern for infection include 
tachycardia, tachypnea, hypotension, mental status changes, and 
reduced urine output. These findings, however, are nonspecific and 
are often present in the early postoperative period as a result of 
bleeding third- spacing, pain, or other noninfectious cause. Fever 
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TABLE 52.1 CAUsEs oF PosToPERATivE FEvER BY TiME AFTER sURGERY

Immediate (within 
hours)

Acute (within the 
first week)

Subacute (1–4 weeks 
out)

Trauma/cytokine 
release

Surgical site infection 
(after 48 hours)

Surgical site infection 
(SSI)

Environment (Bair 
hugger, etc.)

Pneumonia or 
pneumonitis

Thrombophlebitis/DVT/
PE

Transfusion 
reaction

Urinary tract 
infection (CAUTI)a

C. difficile

Necrotizing 
skin and soft 
tissue infection 
(Clostridium, GAS, 
etc.)

IV catheter infection 
(CLABSI)

Drug reactionb

Adverse medication 
events: malignant 
hyperthermia, 
neuroleptic 
malignant 
syndrome, 
serotonin 
syndrome or other 
causes of drug 
fever
Infection 
(influenza, 
aspiration), DVT/
PE, or other cause 
acquired prior to 
or during surgery

Noninfectious: MI, 
DVT/PE, CVA/SAH, 
thrombophlebitis, 
hematoma, 
pancreatitis, alcohol 
withdrawal, gout, 
gut ischemia, TTP, 
hyperthyroidism, 
adrenal insufficiency, 
transfusion or 
medication reaction, 
retained foreign body 
or inflammatory 
reaction to implanted 
hardware

Nosocomial or other 
infections: Pneumonia, 
UTI, IV catheter, 
intra-abdominal 
abscess, sinusitis, otitis 
media, osteomyelitis, 
endocarditis, 
cholecystitis (can be 
acalculous), etc.c

Neoplasia or collagen- 
vascular diseases

GAS Group A Streptococcus, CAUTI catheter-associated urinary tract 
infection, CLABSI central line-associated bloodstream infection, MI myo-
cardial infarction, DVT/PE deep venous thrombosis/pulmonary embo-
lism, CVA/SAH cerebrovascular accident/subarachnoid hemorrhage
aIt is unusual for UTI to be the cause of fever or bacteremia in a postop-
erative patient, unless urinary obstruction is present or the urinary tract 
was instrumented or manipulated as part of the procedure [6]
bImplicated medications include beta-lactam antibiotics and phenytoin. 
Rash and/or eosinophilia are commonly absent [6]
cWatch for surgery-specific causes: i.e., meningitis after neurosurgery, 
toxic shock after nasal or vaginal packing, parotitis after oral surgery, 
allograft rejection after transplant surgery, fat emboli after orthopedic 
surgery, infected hardware or graft material, etc.
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occurring after postoperative day 3, multiple days of fever, and 
maximum temperature of greater than or equal to 39C are predic-
tors of infection [4].

After 48–72 hours (or sooner if there is high clinical concern for 
infection), important considerations include surgical site infections, 
pneumonia, urinary tract infections, intravascular catheter infec-
tions, and many noninfectious causes [6]. Consider ordering the fol-
lowing tests, using the bedside evaluation—with careful examination 
of the surgical site and all indwelling catheter sites—and clinical 
context as a guide [6]:

■■ Complete blood count with differential ± other blood tests, as 
indicated by the situation.

■■ Blood culture when fever is present (draw two sets peripher-
ally; or one from central line, one peripheral).

■■ Urinalysis, Gram stain, urine culture. If a urinary catheter is 
present, remove the catheter and obtain a clean catch speci-
men; if unable to remove the catheter, then obtain sample from 
the catheter port (not the urine bag).

■■ Chest X-ray ± sputum gram stain and culture if pneumonia 
suspected.

■■ Seek and tap fluid collections or sterile spaces that may have 
become contaminated (pleural, peritoneal, joint, CSF, etc.) for 
cell count, chemistries, gram stain, and culture, as appropri-
ate. Superficial wound cultures are rarely helpful.

■■ Directed imaging (i.e., CT or ultrasound for abdominal pain, 
CT pulmonary angiogram if pulmonary embolism is sus-
pected, etc.).

■■ Stool for C. difficile if watery diarrhea (≥3 loose stools in 
24 hours) is present provided the patient is not receiving 
laxatives.

■■ Some centers offer serum procalcitonin testing to differentiate 
bacterial infections from other causes of fever; this technique 
is best studied in respiratory syndromes, and should be 
ordered judiciously in accordance with institutional protocols 
and policies.

In low-risk patients, a standardized fever protocol (in which test-
ing and/or treatment is ordered only for localizing physical examina-
tion findings or for fever>101 °F occurring >48 hours out from 
surgery) can limit unnecessary tests and antibiotics without increas-
ing morbidity [17].
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 PRINCIPLES OF MANAGEMENT
The mainstay of management of postoperative fever is the identifica-
tion and treatment of the underlying cause. Several principles should 
be kept in mind [6]:

■■ Avoid empiric antibiotics unless there is a specific indication 
such as neutropenic fever, hemodynamic instability, or suspi-
cion of a high-risk diagnosis such as meningitis.

■■ If empiric antibiotics are given, stop or narrow these after 
48 hours if the patient is stable and cultures remain sterile.

■■ Infected wounds and fluid collections require debridement 
and/or drainage.

■■ Aggressive pulmonary hygiene should be provided to patients 
with increased respiratory secretions or impaired airway 
clearance.

■■ Remain alert for noninfectious causes of fever, as per Table 52.1.
■■ Acetaminophen may be given for comfort (appreciating the 
potential for hepatotoxicity with liver disease or starvation); use 
aspirin and NSAIDs only with caution (increases the risk of 
renal failure, GI ulceration, or bleeding at the surgical site) [18].

KEY CLINICAL PEARLS
 ³ A brief bedside evaluation has the highest yield for determining 
the etiology of a fever.

 ³ Atelectasis in itself does not cause fever. It does, however, cause 
hypoxia, increases risk for pneumonia, and should be treated with 
lung expansion maneuvers.

 ³ The incidence of wound and nosocomial infections increases once 
the patient is out from surgery for 48 hours or more.
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 BACKGROUND
Delirium is a common and serious altered mental state that may 
develop due to a wide variety of medical conditions or drug side 
effects. The Diagnostic and Statistical Manual of Mental Disorders, 
5th Edition (DSM-V) defines delirium as an acute and fluctuating 
disorder of attention, awareness, and cognition with evidence of an 
underlying organic cause or causes [1]. The pathogenesis of delirium 
is poorly understood and most likely multifactorial. Delirium is the 
most common surgical complication among older adults and may 
occur in up to 70% of post-surgery patients [2, 3]. The incidence var-
ies widely with both patient- and surgery-specific risk factors. Meta- 
analyses have produced the estimates of incidence shown in Table 53.1 
[4]. Delirium is underrecognized and underdocumented, with studies 
suggesting that only 12–35% of cases are recognized [5]. While many 
clinicians assume delirium will always be transient and cognition will 
return to baseline quickly, symptoms often persist; a meta-analysis 
showed persistent delirium in 33% of patients 1 month after  discharge 

TABLE 53.1 ESTIMATES OF INCIDENCE OF DELIRIUM IN INPATIENTS

Type of surgery/reason for admission Incidence of delirium

ICU care (surgical and medical patients 
>65-year- old) [3]

70–87%

Elective vascular surgery [1, 2] 34.5% (29–39%)

Cardiac surgery [12] 32% (0–73%)

Hip fracture [13] 21.7% (4–53%)

Elective hip or knee replacement [3] 12.1% (9–28%)

Major elective surgery [1, 2] 10% (9–17%)

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_53&domain=pdf
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and in 21% a year after discharge [6]. Perioperative delirium is asso-
ciated with greater cost, longer length of stay, greater morbidity, 
increased likelihood of subsequent institutionalization, prolonged 
functional decline, development of dementia, and mortality [2].

 PREOPERATIVE EVALUATION
 PATIENT-SPECIFIC RISKS
Older, frail patients with multimorbidity, functional impairment, 
dementia, or mild cognitive impairment are at the highest risk of 
developing postoperative delirium. Patients with a prior history of 
delirium are much more likely to develop delirium again. Caregiver 
support is associated with lower odds of postoperative delirium [7]. 
Other inherent risk factors are shown in Table 53.2.

Perioperative care teams should strive to assess and document the 
patient’s preoperative mental status for postoperative comparison. In 
a preoperative visit or during the first visit post-surgery, all patients 
over 65 or their caregivers should be asked about a history of cogni-
tive impairment or dementia. During a preoperative visit, all elders 
who do not report a history of cognitive impairment or dementia 
should be screened with the Mini-Cog instrument [8]. The Mini-Cog 
combines clock drawing with a three-item recall, and poor 
 performance of this instrument is associated with an increased inci-
dence of postoperative delirium and a 6-month mortality [9]. Patients 
at high risk of delirium and their family members should be coun-
seled about the increased risk of delirium during surgery; this should 
be factored into any decisions about proceeding with surgery, and the 
preventative measures detailed below should be implemented.

TABLE 53.2 PATIENT RISK FACTORS FOR DELIRIUM

Patient 
characteristics Comorbidities Other factors

Age > 65
Male gender
Prior history of 
delirium

Cognitive dysfunction, 
especially dementia
Prior stroke
Depression
HIV
Renal or liver disease
Drug, alcohol, and 
tobacco abuse

Vision and hearing 
impairment 
malnutrition
Functional disability
Preoperative 
psychotropic drug use
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 SURGERY-SPECIFIC RISKS
The duration and physiologic stressor of the surgery influence 
the likelihood of precipitating delirium. Patients undergoing vascu-
lar surgery may be at particularly high risk of delirium [7]. 
Cardiopulmonary bypass may be a surgery-specific risk factor for 
delirium associated with more protracted cognitive dysfunction, but 
studies in this area are heterogeneous [10]. Single-incision laparo-
scopic surgery for colon cancer may reduce the incidence of postop-
erative delirium compared to conventional laparoscopic surgery [11]. 
Total ischemic time and total time with a mean arterial pressure less 
than 60 were found to increase the risk of delirium in a cohort of 
patients undergoing lung transplant [12].

 PERIOPERATIVE MANAGEMENT
 PREVENTION
Prevention trials utilizing behavioral and environmental approaches 
implemented by a multidisciplinary team have demonstrated a reduc-
tion in delirium incidence (absolute risk reduction 5–18%) [13]. 
A number of studies have shown that these multicomponent interven-
tions can reduce the risk of falls in the hospital in addition to reduc-
ing the incidence of delirium [14]. Geriatric consultation has also 
been shown to be helpful [13]. Reduction of psychoactive medica-
tions before, during, and after surgery (especially benzodiazepines, 
antihistamines, and sedative-hypnotics) and optimization of pain 
control are key components of both nonpharmacologic multicompo-
nent interventions and geriatric consultation interventions.

Meta-analyses show that prophylactic antipsychotics do not 
reduce the incidence, duration, or severity of delirium in hospitalized 
patients [15, 16]. The use of prophylactic melatonin, melatonin- 
receptor antagonists, and anticholinesterase inhibitors has also been 
studied and has not been shown to prevent delirium [16]. During 
postoperative intensive care unit (ICU) care, use of dexmedetomidine 
instead of benzodiazepines for sedation has been associated with 
lower rates of delirium in the ICU, but it is only recommended for use 
for the first 24 hours of sedation and may be associated with brady-
cardia [17, 18].

Interventions that have been shown to decrease the incidence and/
or severity of delirium fall into the following categories: Normalizing 
the patient’s environment as much as possible, avoiding potential 
deliriogenic medications, and maintaining physiologic homeostasis. 
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Geriatric consultation has been proven effective in some studies. 
Regional anesthesia for pain control may be helpful and should be 
discussed before the surgery. Effective prevention strategies are 
detailed in Table 53.3.

 DIAGNOSIS
When delirium is suspected, the Confusion Assessment Method 
(CAM) is a helpful bedside diagnostic tool and defines delirium as 
follows [19]:

■■ Acute onset and fluctuating course and inattention

and either

■■ Disorganized thinking or
■■ Altered level of consciousness

Administering the CAM as part of a structured 3-minute diagnostic 
interview known as the 3D-CAM may increase sensitivity; the 3-D 
CAM adds specific guidelines for testing inattention and disorganized 
thinking and showed a sensitivity of 95% and specificity of 94% in a 
prospective validation study [20]. Instructions for administering the 
3-D CAM are shown in Table 53.4 [2, 20]. The manifestations of 
 hypoactive delirium are subtle and may be missed or confused with 
fatigue or depression; using a structured diagnostic tool is particu-
larly important when suspecting hypoactive delirium.

Confirm the diagnosis of delirium by excluding other neurologic 
and psychiatric conditions. Then, focus on identifying precipitants 
with history, medication review, physical exam (particularly neuro-

TABLE 53.3 INTERvENTIONS SHOWN TO PREvENT DELIRIUM IN POSTOP-
ERATIvE PATIENTS

Providing patient’s glasses and hearing aids when appropriate

Early mobilization

Avoid volume depletion and electrolyte abnormalities

Discontinue or substitute psychoactive medications

Frequent reorientation

Maintain day/night cycle by limiting naps, opening blinds, and 
avoiding nighttime interruptions

Adequate pain control without oversedation

Reduction of sedation in the intensive care unit (ICU)

Regional anesthesia for pain control

Consider geriatric consultation

Use of earplugs for sleep in the ICU
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logic and cognitive exam), and basic lab tests (complete blood count 
(CBC), Chem 7). Ideally, postoperative providers will refer to docu-
mentation of the patient’s preoperative mental status and be aware of 
any patients they are caring for who have a history of dementia or 
cognitive impairment. When appropriate, urinalysis, electrocardio-
gram (ECG), chest X-ray (CXR), drug levels, or a toxin screen may 
confirm a suspected precipitant. Remember that the underlying 
cause of delirium may be multifactorial. Head computed tomography 
(CT) is rarely helpful in the workup for delirium, but is indicated if 
there is a risk factor for intracranial bleeding (e.g., history of head 
trauma or anticoagulant use) or evidence of new focal neurologic 
impairment. Lumbar puncture for cerebrospinal fluid (CSF) analysis 

TABLE 53.4 THE 3-D CAM DIAGNOSTIC INTERvIEW FOR DELIRIUM

Assessment

Feature 1: 
Acute onset 
and fluctuating 
course

Feature 2: 
Inattention

Feature 3: 
Disorganized 
thinking

Feature 4: 
Altered  
level of 
consciousness

Patient 
responses 
to direct 
interviewer 
question

Has patient 
felt confused, 
seen 
hallucinations, 
or not been 
oriented to 
place?a

Can patient 
do digit 
span of 
three digits 
backward, 
days of 
week or 
months 
of year 
backward?

Is patient 
oriented to 
year, day of 
week, and 
type of place 
(hospital)?

Interviewer 
observation

Does patient’s 
cognition 
or level of 
consciousness 
fluctuate?

Did patient 
seem easily 
distractible 
during the 
interview?

Is the patient’s 
flow of ideas 
unclear, 
illogical, 
rambling, or 
tangential, or 
do they have 
paucity of 
speech?

Was the 
patient 
somnolent or 
hypervigilant?

Instructions: Make sure the patient is wearing his/her glasses and/or hear-
ing aid. Each question can be stated twice; “I don’t know,” no response or 
an unintelligible response all count as incorrect. Features 1 through 3 can 
be scored positive by either interviewer observation or patient response 
to questions
aCan also be assessed by asking family member or healthcare provider
CAM is positive when features 1 and 2 and either 3 or 4 are positive
Adapted from Marcantonio [2] and Palihnich et al. [23]
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is usually not indicated as part of delirium evaluation in the postop-
erative population unless the patient has undergone neurosurgical/
spinal intervention.

 PRECIPITATING ETIOLOGIES
Many medications and medical conditions can contribute to the 
development of delirium. Use of deliriogenic medications is the most 
common reversible precipitating factor [2]. Among frail elderly 
patients, delirium is commonly a multifactorial syndrome without a 
clear single etiology. Although the following list is not comprehensive, 
consider the following common precipitants:

■■ Medications: Sedative-hypnotics, barbiturates, antidepres-
sants, anticholinergics, opioid analgesics, antipsychotics, anti-
convulsants, antihistamines, corticosteroids, fluoroquinolones 
(relatively rare with levofloxacin, more common with cipro-
floxacin in the setting of reduced glomerular filtration test 
(GFR)), and anti-Parkinsonian agents

■■ Acute medical conditions: Fluid, electrolyte and metabolic 
abnormalities (sodium, glucose, calcium, urea), vitamin defi-
ciency (thiamine), uncontrolled pain, hypoxemia, hypercarbia, 
fever, hypotension, anemia, infections (urinary tract infection 
(UTI), pneumonia, catheter-associated bloodstream infec-
tions), myocardial infarction, alcohol and drug withdrawal, 
constipation, and urinary retention

■■ Iatrogenic: Sleep cycle disruption, catheters and other “tethers” 
(intravenous (IV) lines, ECG leads, and restraints), lack of 
access to hearing aids, glasses, interpreter services, food, and 
water

 MANAGEMENT
Delirium is often reversible if the precipitating factors are addressed, 
but it can take weeks to months to resolve completely and some 
patients never fully recover. Identifying and treating underlying 
causes of delirium are essential to increase the chance that the 
patient will recover. Simultaneously, implement environmental mea-
sures to improve the patient’s orientation and reduce sensory depriva-
tion, such as frequent orientation by staff and family, provision of the 
patient’s glasses and hearing aids, bright light during the day and 
dark and quiet at night. Physical and occupational therapies should 
be implemented or reimplemented if they have been interrupted dur-
ing the hospital stay. Continuous observation by “sitters” or family is 
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often necessary. Physical restraints can cause injury and should be 
avoided unless absolutely necessary for the patient’s safety.

Antipsychotics should not be used routinely in the treatment of 
delirium; there is no strong evidence to suggest an effect on delirium 
duration, severity, or hospital or intensive care unit length of stay 
[11, 21]. Risks of antipsychotic treatment include extrapyramidal 
side effects, hypotension, arrhythmias, aspiration pneumonia, falls, 
and sudden cardiac death. Antipsychotics may play a limited role in 
the management of severe behavioral or emotional symptoms, espe-
cially hallucinations or delusions. Second-generation antipsychotics 
are not superior to haloperidol, except when there is concern for 
extrapyramidal symptoms or QTc prolongation [22]. EKG monitor-
ing is recommended for patients receiving IV haloperidol and for 
patients with cardiac disease taking oral antipsychotics. 
Antipsychotics should generally be avoided in patients with a QTc 
>500, but may be considered as a palliative measure after a risk–ben-
efit discussion with the decision maker in patients experiencing 
considerable suffering from their symptoms of delirium. Quetiapine 
is more sedating than haloperidol and can be helpful when sedation 
is desired, but is not available in an intravenous form. Avoid using 
more than one agent at a time and do not add sedating medications 
such as sleep aids in addition to the antipsychotics. Antipsychotics 
should be started at a very low dose, titrated up slowly if necessary, 
and stopped as soon as possible. In most cases, antipsychotics 
should be used for just a few days.

Given the side-effect and risk profile of these medications, families 
should be counseled on the risks and benefits of their use. 
Antipsychotics should only be used if the patient’s delirium is hinder-
ing his/her recovery or he/she is suffering as a result, acknowledging 
that there are small but significant short-term risks and potentially 
increased mortality with long-term use. If antipsychotics are thought 
to be essential for symptom control upon discharge, a clear plan for 
discontinuing them should be communicated to the accepting physi-
cian. Detailed treatment recommendations are shown in Table 53.5.

Patients can often be discharged home before the delirium has 
fully resolved if they have appropriate caregiving support; some 
patients may recover more quickly in the familiar home environment. 
Discharging providers should always communicate the diagnosis of 
delirium and its precipitating factors and treatment in their discharge 
summary; this information can help inform prevention and treat-
ment plans during a future hospitalization or surgery.
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TABLE 53.5 TREATMENT OF DELIRIUM

Supportive care
Delirium can lead to injury or 
irreversible functional decline.
Prevention of such sequelae includes 
the following steps:

Optimize nutrition and avoid 
dehydration
Mobilize frequently to prevent 
pressure ulcers and functional 
decline
Prevent aspiration with head 
of bed precautions when 
appropriate
Optimize bowel regimen
Fall and wander precautions 
when appropriate
Treat pain, hypoxia, and 
hypercarbia

Behavioral control
The first principle of behavioral 
management is to utilize 
environmental or social measures 
rather than pharmacologic or 
physical restraints whenever possible.

Frequent orientation, including 
posting of calendar and clock
Involve family and consistent 
providers to provide familiar 
context
Maintain night/day cycle
Provide constant observer or 
wander guard
Consider securing or protecting 
vulnerable lines, drains, 
and wounds from harmful 
manipulation

Pharmacologic treatment
If behavioral interventions fail or 
agitated delirium is life-threatening 
(such as in the ICU), consider the 
following:

Low-dose haloperidol (0.5–1 mg 
PO/IM/IV q hs to bid PRN) or 
quetiapine (12.5 mg po qhs to 
bid PRN)
Recall that these are 
contraindicated in patients 
with neuroleptic malignant 
syndrome, prolonged QTc, or 
Parkinsonism
Reassess behavior frequently 
and stop the antipsychotic 
medication a few days after 
delirium has resolved
Benzodiazepines worsen 
confusion and sedation and 
should not be used
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KEY CLINICAL PEARLS
 ³ Postoperative delirium is common, leads to morbidity and mortality, 
can persist for months after hospitalization, and in some patients 
never fully resolves.

 ³ The structured 3D-CAM interview has good sensitivity and speci-
ficity for the detection of delirium.

 ³ The detection of delirium should trigger a search for an underlying 
medical cause and the treatment of that cause if possible.

 ³ Treat delirium with supportive care and behavioral control 
measures.

 ³ Antipsychotics should not be used routinely in the treatment of 
delirium, but do play a limited role in the control of severe behav-
ioral or emotional symptoms.
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 BACKGROUND
It is normal for postoperative patients to have “physiologic” arrest of 
gastrointestinal (GI) tract motility in response to surgical stress. 
Ileus, on the other hand, is a state of prolonged pathologic dysmotil-
ity beyond the expected timeframe. It is unknown why physiological 
postoperative GI tract dysmotility progresses to postoperative ileus 
(POI) in some patients. It is a multifactorial process, and several 
mechanisms have been identified, including autonomic nervous sys-
tem dysfunction, inhibitory autonomic neural reflexes, inflamma-
tion, gastrointestinal neurohumoral peptides, fluid and electrolyte 
imbalance, systemic opioids, and surgical technique [1–3].

Unfortunately, there is a lack of consensus in the literature defin-
ing the “normal” expected timeframe for resumption of GI transit 
(ROT). Thus, the threshold distinguishing “normal” dysmotility 
from pathologic “prolonged” postoperative ileus (POI) is unclear. 
Lack of a universal definition has made it difficult to reliably and 
consistently estimate true POI incidence (often quoted at between 3 
and 32%), identify risk factors, and reproduce and compare studies 
investigating preventative or therapeutic interventions [4]. POI rates 
are estimated at 10–25% following major abdominal surgery, and 
less commonly following orthopedic, urologic, and gynecologic 
operations [1].

An international consensus panel has defined POI as the occur-
rence of two or more of the following signs and symptoms on postop-
erative day 4 or after [4]:

■■ Nausea or vomiting
■■ Inability to tolerate an oral diet over the preceding 24 hours
■■ Absence of flatus over the preceding 24 hours

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_54&domain=pdf
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■■ Abdominal distention
■■ Radiologic confirmation

Postoperative ileus not only increases patient discomfort, dissatis-
faction, and immobility, but is also associated with an increased rate 
of postoperative complications, length of stay (LOS), and readmis-
sion rates [1, 5, 6]. POI is the most important factor prolonging 
length of stay after GI surgery, increasing hospital stay duration by an 
average of 4–6 days thereby increasing direct health care costs by 
approximately $9000 per hospital stay [2, 7, 8]. The economic conse-
quences of postoperative ileus following abdominal surgery on the 
US health care system are estimated to reach close to $1.5 billion 
annually [7]. Tolerance of solid food and passage of stool best reflects 
ROT and therefore should be used as the primary outcome measure 
in future clinical trials on POI [9].

 PREOPERATIVE EVALUATION
It is difficult to predict which patients will develop POI, but the medi-
cine consultant can anticipate that selected patients are at increased 
risk and should consider initiating preventative strategies. While 
studies use heterogenous definitions of POI, the most important risk 
factors for POI generally include [3, 5, 10, 11]:

Patient factors:
■■ Electrolyte abnormalities
■■ Studies have been inconsistent regarding obesity, some have 
found an association between POI and obesity, and some 
have not

■■ Lower preoperative albumin level

Operative factors:
■■ Longer operative times for abdominal or pelvic surgery
■■ Lower gastrointestinal surgery
■■ Open operative approach
■■ Increased intraoperative small bowel manipulation
■■ Bowel resection surgery

Postoperative factors:
■■ Greater duration of nasogastric (NG) tube use
■■ Delayed enteral nutrition
■■ Perioperative infection
■■ Perioperative decrease in hemoglobin or perioperative 
transfusion
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■■ Greater use of systemic opiates
■■ Inadequate or excessive fluid resuscitation perioperatively

There has been extensive research into POI and colorectal surgery 
because of the high incidence in this population. Therefore, multiple 
risk factors unique to colorectal surgery have been identified. These 
are included below [1, 8, 10, 12].

Patient factors:
■■ Male gender
■■ Age > 73
■■ Smoking
■■ Peripheral vascular disease
■■ Respiratory comorbidity/Chronic Obstructive Pulmonary Disease
■■ Presence of ascites
■■ Diagnosis of Crohn’s disease or volvulus
■■ Previous abdominal surgery
■■ Carcinomatosis

Preoperative factors:
■■ Preoperative chemotherapy
■■ Lack of mechanical bowel preparation
■■ Lack of oral preoperative antibiotics

Operative factors:
■■ Emergency surgery
■■ Ileocolic anastomosis
■■ Stoma creation
■■ Larger incisions

For urologic surgery, urine in the operating field, higher Clavien–
Dindo score (classification scoring system of the therapy needed to 
correct surgical complications), advanced age, and obesity may con-
tribute to POI [3, 13]. For gynecologic surgery, additional POI risk fac-
tors include cystotomy, lysis of adhesions, and bowel resection [14, 15].

 PERIOPERATIVE MANAGEMENT
 EFFECTIVE INDIVIDUAL PREVENTION STRATEGIES [1, 3]

■■ Minimally invasive and minimally traumatic surgical tech-
niques: Laparoscopic surgery is associated with a shorter time 
to recovery of bowel function.

■■ Epidural local anesthetic: Mid-thoracic infusion for 2–3 days 
postoperatively reduces spinal inhibitory neural reflexes to the 
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gut thereby blunting the surgical stress response and decreas-
ing the need for systemic opiates, and has been shown to accel-
erate the return of bowel function by 1–2 days. This intervention 
has mostly been studied with intra-abdominal surgeries includ-
ing vascular, gynecologic, and urologic procedures.

■■ Alvimopan (peripherally acting mu-opioid receptor antago-
nist): Multiple trials have shown decreased time to first stool 
and tolerance of diet, as well as shortened hospital stay dura-
tions. However, due to concern for cardiovascular adverse 
effects, its use is currently limited to short-term use (15 doses) 
at hospitals registered in ENTEREG Access Support and 
Education (EASE) Program, and only to patients following 
bowel resection with primary anastomosis. The first dose is 
given between 30 min and 5 hours prior to surgery and then 
twice daily postoperatively.

■■ Postoperative gum chewing: Meta-analyses reveal shorter ROT 
and decreased LOS.

■■ Avoidance/reduction of systemic opioids: Opiate use increases 
the risk of POI; acetaminophen, nonsteroidal anti- inflammatory 
drugs (NSAIDs), tramadol and other non-opioid pain medica-
tions can minimize the need for opioids. NSAIDs must be used 
with caution due to potential gastrointestinal and renal toxic-
ity. In addition, NSAIDs increase risk of postoperative anasto-
motic leak and are only safe for up to 48 hours of use in 
patients after colorectal surgery. Preemptive use of medica-
tions to prevent central sensitization, such as gabapentin and 
dexamethasone, appear to be effective in minimizing postop-
erative pain if initiated before surgery [16, 17].

■■ Early enteral feeding: Many studies, including two separate 
Cochrane reviews, have deemed early enteral feeding to be safe 
after abdominal and gynecologic surgeries. A recent study of 
patients undergoing colorectal anastomosis found signifi-
cantly shorter ROT in patients who began feeding on 
 postoperative day 1 versus feeding after complete resumption 
of GI transit [18].

■■ Restrictive fluid management: There is limited literature spe-
cifically looking at restrictive fluid management and POI; 
however, one study demonstrated shortened duration of POI, 
and other studies have documented harm associated with lib-
eral fluid administration.

■■ Electrolyte correction: Many studies have demonstrated 
increased rate of POI with hypokalemia, hypocalcemia 
and hyponatremia; however, it is not clear which condition 
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precipitates the other (i.e., the fluid sequestration which 
occurs in POI may perpetuate the electrolyte changes and not 
the other way around) [6].

■■ Daikenchuto (DKT): A recent meta-analysis demonstrated 
decreased rates of POI with perioperative administration of 
this traditional Japanese herbal medicine [19].

■■ Postoperative coffee consumption: One study showed earlier 
ROT following open colectomy with postoperative coffee con-
sumption [20].

■■ Laxative use: Data is limited but suggest benefit with no obvi-
ous harm. One trial following hysterectomy found the sched-
uled use of milk of magnesia and biscolic suppositories 
significantly minimized time to first bowel movement [21].

■■ Intravenous lidocaine: Studies have shown improved pain con-
trol and shorter ROT; however, there are concerns about inad-
equate documentation of side effects and lack of consensus on 
infusion recommendations.

■■ Intravenous magnesium: A randomized control trial (RCT) 
demonstrated shorter ROT [22].

 EFFECTIVE BUNDLED PREVENTION APPROACH: MULTIMODAL 
SURGICAL FAST TRACK/ENHANCED RECOVERY AFTER SURGERY 
(ERAS) PROTOCOLS
Many surgical centers utilize fast track/enhanced recovery pro-
grams for colorectal surgery, which are bundled interventions to 
optimize the surgical patient experience and reduce postoperative 
complications. The principles of these multimodal fast track/
enhanced recovery programs are widely accepted [23]. ERAS proto-
cols for colorectal surgery have clearly demonstrated shorter length 
of stay, cost reduction, and improved patient experience, and now a 
recent study found that adherence to >85% of the protocol protected 
patients from POI [24]. Most ERAS protocols are composed of the 
following interventions [3]:

■■ Preoperative phase: Patient information about the surgical 
procedure as well as the ERAS protocol, sweetened oral liquids 
on the morning of surgery, no bowel preparation, avoidance of 
routine anxiolytic premedication, reduction of preoperative 
fasting period to 2 hours for liquids and 6 hours for solids

■■ Intraoperative phase: Preference for laparoscopic approach, 
avoidance of bladder, gastric and abdominal drains, optimal 
fluid replacement based on suitable monitoring, avoidance of 
long-acting opioids, active measures to combat hypothermia, 
nausea, and vomiting
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■■ Postoperative measures: Early mobilization, immediate post-
operative removal of NGT, early enteral nutrition, multimodal 
analgesic program, removal of the bladder catheter on postop 
day 1, limitation of postoperative intravenous fluids, thrombo-
prophylaxis, digestive stimulation with gum chewing and car-
bohydrate loading

 EVALUATION OF PATIENT WITH SUSPECTED POI
 History and Physical Examination
Patients with POI will often complain of diffuse abdominal pain/dis-
tention, nausea, emesis, inability to pass flatus or stool, or inability to 
tolerate a normal diet. Beware of signs suggesting bowel ischemia or 
perforation (fever, tachycardia, or peritoneal signs) that require emer-
gent surgical evaluation. Alternative diagnoses should be considered 
including gastroparesis in patients with long standing diabetes, and 
small bowel obstruction (SBO) in patients with previous abdominal 
surgeries, areas of potential hernia formation, abdominal masses, 
large tumor burden, stomas, or Crohn’s disease. SBO should also be 
considered in the case of patients with intense colicky pain or fecu-
lent emesis. Other etiologies to consider include constipation/stool 
impaction, acute colonic pseudo-obstruction, toxic megacolon, volvu-
lus, anastomotic leak, intra-abdominal infection or abscess, and large 
bowel obstruction. Also, be mindful of other contributors to ileus 
such as medications or other medical conditions as discussed below.

Review the medication list for possible contributors to ileus:
■■ Opiates
■■ Anticholinergics
■■ Antihistamines
■■ Steroids
■■ Tricyclic antidepressants
■■ Calcium channel blockers
■■ H2 blockers

Common exam findings for POI include:
■■ Decreased, or absent, bowel sounds
■■ Abdominal distension
■■ Mild diffuse tenderness
■■ Tympany

 Laboratory and Imaging Work-Up
Labs should be obtained to identify reversible factors leading to an 
ileus such as those listed below. Correction of the primary underlying 
problem should be treatment enough to resolve the ileus.



429CHAPTER 54: PosToPERATivE ilEus

■■ Leukocytosis: Consider sepsis, abdominopelvic abscess, chole-
cystitis, appendicitis, or bowel ischemia secondary to SBO.

■■ Hemoglobin/hematocrit: Consider intra-abdominal or retro-
peritoneal bleeding if decreased; consider dehydration if 
elevated.

■■ Chemistry panel: Evaluate for electrolyte imbalances associ-
ated with ileus including hypokalemia, hypomagnesemia, 
hyponatremia, hypocalcemia, uremia; consider sepsis or bowel 
ischemia secondary to SBO in the case of metabolic acidosis.

■■ Elevated liver function panel: Consider gallstones or 
pancreatitis.

■■ Elevated amylase/lipase: Consider pancreatitis.
Imaging should begin with supine and upright plain abdominal 

radiographs (“obstruction series”) to distinguish between ileus and 
other pathologies. Common patterns include:

■■ Dilated loops of bowel (>3 cm): Seen in ileus or SBO.
■■ Paucity of gas in the colon: Seen in ileus or SBO.
■■ Air-fluid levels suggest SBO, but may also be seen in ileus.
■■ Pneumoperitoneum: Concerning for bowel perforation or 
recent insufflation during laparoscopy. On supine films, look 
for Rigler’s sign (double wall sign) which is a sign of lucency 
(gas) on both sides of the bowel wall. On upright films, look for 
free air under the diaphragm.

■■ Mucosal thickening (thumbprint sign): Suggests bowel inflam-
mation; concerning for bowel ischemia.

■■ Large bowel dilatation (>6 cm or >9 cm at the cecum): Suggests 
large bowel obstruction or acute colonic pseudo-obstruction.

■■ Dilation of transverse colon/splenic flexure >6 cm, with altera-
tion of normal wall contour (effacement or thumbprinting), 
intraluminal gas, and possibly pneumoperitoneum: Concerning 
for toxic megacolon.

■■ Dilated twisted loop of colon (coffee bean sign): Seen in 
volvulus.

Plain films, however, are often indeterminate. If you have clinical 
suspicion for a more serious problem, consider obtaining a computed 
tomography (CT) abdomen/pelvis with oral contrast. Abdominal CT 
can also often identify secondary causes of ileus, such as abscess. If 
diagnosis after CT is still uncertain, consider upper gastrointestinal 
contrast studies with water-soluble contrast.

 TREATMENT OF POI
■■ Nil per os (NPO) except sips of clears.
■■ Intravenous fluid (IVF) as needed.



430 THE PERIOPERATIVE MEDICINE CONSULT HANDBOOK

■■ Replete electrolytes as needed.
■■ Treat concomitant constipation with appropriate agents.
■■ Ambulate regularly.
■■ Replace gastrointestinal fluid losses with a balanced isotonic 
crystalloid solution (such as Ringer’s Lactate or Plasma-Lyte 
148) over 0.9% saline [6].

■■ Minimize opiates as able, and consider scheduled acetamino-
phen, tramadol, and judicious NSAID use (avoiding gastroin-
testinal and renal toxicity).

■■ Utilize alvimopan if available.
■■ Perform serial clinical evaluations and reimage for worsening 
or persistence.

■■ Do not routinely place a nasogastric (NG) tube, but if the 
patient has significant vomiting, distension, or pain consider 
inserting one and putting it on low-intermittent wall suction 
(after checking with the surgical team to ensure that it is safe 
to do so).

■■ If patient has not had adequate oral intake for 7 days, start 
parenteral nutrition [6].

■■ Once bowel function resumes, remove the NG tube (if present) 
and advance the diet as tolerated, beginning with clear 
liquids.

KEY CLINICAL PEARLS
 ³ The most significant risk factors for ileus are an open surgical 
approach, abdominal surgery, longer operative times, increased 
handling of the small bowels, perioperative blood loss, duration of 
NGT, systemic opioids, and factors that create bowel wall edema 
(lower albumin levels, electrolyte abnormalities, and liberal fluid 
administration).

 ³ Utilization of enhanced recovery after surgery protocols is the 
most successful prevention approach, as these protocols employ 
many strategies that have each demonstrated faster ROT times 
(laparoscopic approach, epidural anesthesia, early feeding, early 
mobilization, immediate removal of NGT after surgery, restrictive 
fluid management, etc.).

 ³ It is very important to rule out obstruction and reversible factors 
contributing to ileus (such as infection, electrolyte abnormalities, 
medications) when evaluating a postoperative patient with abdom-
inal pain, distention, nausea, emesis, and decreased flatus/stool.
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Chapter
Postoperative Electrolyte  
Abnormalities

Michael F. Krug

 BACKGROUND
Electrolyte abnormalities are common in the hospital. Studies have 
estimated the incidence of hyponatremia as high as 38% among inpa-
tients [1]. Hypokalemia and hyperkalemia are also common with 
incidences in one study of 13 and 7%, respectively [2]. Postoperative 
patients are particularly susceptible due to the perioperative use of 
intravenous fluids (IVF) and blood transfusions, hormonal responses 
to surgical stress, the loss or third spacing of body fluid, and periop-
erative medication use. Electrolyte abnormalities, especially if 
untreated, can lead to severe neurologic, cardiac, intestinal, and mus-
cular sequelae. This chapter provides an overview of some common 
postoperative metabolic and electrolyte derangements.

 PREOPERATIVE EVALUATION
Most patients do not need to have electrolytes checked preoperatively 
(see Chap. 3), but in some cases a preoperative basic metabolic panel 
(possibly including calcium, magnesium, and phosphate) should be 
checked:

■■ Patients with chronic kidney disease (CKD) (see Chap. 38)
■■ Patients taking diuretics, angiotensin converting enzyme 
(ACE) inhibitors, angiotensin-II receptor blockers (ARBs), 
aldosterone antagonists, or using nonsteroidal anti- 
inflammatory drugs (NSAIDs) frequently
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■■ Patients with a history of electrolyte derangement
■■ Patients with recent significant malnutrition, vomiting, or 
diarrhea

 PERIOPERATIVE MANAGEMENT
 HYPONATREMIA
 Common Etiologies

■■ Release of antidiuretic hormone (ADH; i.e., vasopressin) in 
response to surgical stress. This is particularly common and 
worrisome after neurosurgical procedures.

■■ Hypotonic intravenous fluid use. The use of dextrose and 
water solutions, 0.45% sodium chloride, or large volume infu-
sion of modestly hypotonic balanced solutions such as lactated 
Ringers, can cause or contribute to hyponatremia (see 
Table 55.1).

■■ Intravasation of hypotonic fluids used for irrigation during the 
operation.

 Management
Acute postoperative hyponatremia is most often related to ADH 
release and/or the use of hypotonic intravenous fluids (IVF). Be sure 
to discontinue hypotonic IVF in patients with hyponatremia (see 
Table 55.1). If chronic hyponatremia is suspected or if an alternative 
etiology is suspected, the typical workup includes a focused history 
and assessment of volume status, plasma osmolality, urine osmolality, 
and urine sodium.

Most mild (Na ≥ 130) postoperative hyponatremia will resolve 
with an oral diet and/or a switch to isotonic IVF as the ADH response 
to surgical stress dissipates.

TABLE 55.1 COMPOSITION OF COMMONLY USED CRYSTALLOIDS [3]

Na+

(mmol/L)

K+

(mmol/L)

Buffer

(mmol/L)

Plasma 135–145 3.5–5.3 23–30 (HCO3−)

0.9% Sodium chloride 154 0 0

0.45% Sodium chloride 77 0 0

Lactated Ringer’s 130 4 28 (lactate)

Plasma-Lyte 148 140 5 50 (acetate)
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Patients with more significant hyponatremia (Na <130) or patients 
with hyponatremia after brain injury/surgery require careful manage-
ment. The approach to management depends on the acuity and etiol-
ogy of the hyponatremia, the presence or absence of symptoms, and 
the patient’s volume status. In general, aggressive measures such as 
infusion of hypertonic saline are considered if the patient has acute 
neurologic symptoms or if the sodium is less than 120. The rate of 
sodium increase should not exceed 6–8 mEq/L/24 hours regardless of 
duration of hyponatremia due to the risk of central pontine myelin-
olysis [4]. Frequent lab draws and adjustment of IVF are crucial to 
avoid overly rapid correction.

 HYPOKALEMIA
 Common Etiologies

■■ Gastrointestinal fluid losses due to nasogastric suction or 
diarrhea

■■ Release of aldosterone in response to surgical stress
■■ Mobilization of third-spaced fluids and the consequent 
auto-diuresis

■■ Medications such as potassium-wasting diuretics, laxatives, 
and glucocorticoids

■■ Hypomagnesemia

 Management
Potassium can be repleted intravenously, enterally, or via a combina-
tion of both routes. Severe hypokalemia is typically treated with intra-
venous replacement (typically in addition to scheduled enteral 
replacement) and potassium values should be rechecked frequently to 
ensure improvement. Every 10 mEq of potassium administered should 
raise the serum potassium by roughly 0.1 mEq/L. Hypomagnesemia 
must be corrected to facilitate correction of hypokalemia.

 HYPERKALEMIA
 Common Etiologies

■■ Acute renal failure
■■ Medications such as trimethoprim, succinylcholine, ACE inhib-
itors, ARBs, aldosterone antagonists, calcineurin inhibitors

■■ Large volume red blood cell transfusion

 Management
Patients with mild, asymptomatic hyperkalemia may improve with 
addressing the underlying cause. Strategies for removing potas-
sium in cases of significant hyperkalemia include loop diuretics, 
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gastrointestinal potassium binders such as sodium polystyrene 
sulfonate, or hemodialysis. Patients with signs or symptoms of 
severe hyperkalemia (muscle weakness, arrhythmia, electrocardi-
ography (ECG) changes) or who have a potassium 6.5 mEq/L or 
greater should receive rapid temporizing measures in addition to 
employing strategies for potassium removal from the body. Rapid 
temporizing measures include calcium to counter the cardiac 
membrane effects of hyperkalemia, insulin with glucose, and 
sodium bicarbonate for patients with concomitant acidosis.

 METABOLIC ACIDOSIS
 Common Etiologies

■■ Lactic acidosis due to intraoperative tissue hypoperfusion, 
sepsis, blood loss, or under-resuscitation

■■ Diabetic ketoacidosis
■■ Renal failure (acute or chronic)
■■ Rhabdomyolysis

 Management
Metabolic acidosis is suspected when the serum bicarbonate level is 
low. The anion gap should be calculated and a delta-delta calculated 
if applicable to establish the differential for the acidosis. An arterial 
blood gas (ABG) should be obtained if the metabolic acidosis is 
severe or if a mixed picture is suspected. Additional labs including a 
serum lactate, urinalysis looking for ketones, and/or serum ketones 
can be helpful if the etiology is unclear.

Metabolic acidosis is primarily managed by addressing the under-
lying cause. A bicarbonate infusion can be considered in cases of 
severe acidosis (i.e., pH <7.1), especially in patients with concurrent 
acute kidney injury [5]. Lactic acidosis is managed by identifying and 
treating the underlying cause and trending serum lactate levels to 
ensure resolution. See below for management of rhabdomyolysis.

 REFEEDING SYNDROME
 Typical Electrolyte Abnormalities

■■ Hypophosphatemia
■■ Hypocalcemia
■■ Hypokalemia

As malnourished patients resume nutritional intake after surgery, 
they are at risk of the refeeding syndrome which is a set of often 
severe electrolyte deficiencies related to intracellular shift of electro-
lytes. The most common and worrisome feature of the refeeding 
syndrome is hypophosphatemia which can be severe and lead to 
 critical cardiac, neurologic, and muscular complications. 
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Malnourished patients should have their electrolytes (including Mg, 
and Phos) checked prior to reintroducing nutrition, and deficiencies 
should be aggressively replete and monitored.

 RHABDOMYOLYSIS
 Common Electrolyte Abnormalities

■■ Hypovolemia
■■ Hypocalcemia
■■ Hyperkalemia
■■ Hyperphosphatemia
■■ Metabolic acidosis

Rhabdomyolysis can develop after traumatic injury, or it can 
develop after a surgical insult such as prolonged muscle compression, 
tourniquet use, or compartment syndrome. It is diagnosed when a 
serum creatine kinase level is at least five times the upper limit of 
normal. Rhabdomyolysis is treated by addressing the underlying 
cause, and by aggressively treating with fluid, electrolyte repletion, 
and careful monitoring.

 COMMON INDICATIONS FOR DAILY (AT LEAST) ELECTROLYTE 
MONITORING [6]

■■ Fluid resuscitation
■■ Reliance on maintenance fluid or total parenteral nutrition
■■ Severe organ dysfunction
■■ Increased bodily fluid losses (nasogastric tube, high ostomy 
output, etc.) or insensible losses (burns, open surgical site)

■■ Ileus or bowel obstruction
■■ Traumatic or surgical neurologic insult
■■ Continuous bladder irrigation
■■ Significant volume blood transfusion
■■ Renal failure—acute or advanced chronic

KEY CLINICAL PEARLS
 ³ Postoperative hyponatremia is most commonly due to release of 
ADH in response to surgical stress, or the use of hypotonic IVF.

 ³ Advanced hyponatremia must be managed carefully to improve 
symptoms and sodium level while avoiding central pontine 
myelinolysis.

 ³ Check a magnesium level in patients with advanced or refractory 
hypokalemia.



438 THE PERIOPERATIVE MEDICINE CONSULT HANDBOOK

REFERENCES
 1. Wald R, Jaber BL, Price LL, Upadhyay A, Madias NE. Impact of hospital- associated hypo-

natremia on selected outcomes. Arch Intern Med. 2010;170(3):294–302.
 2. Nilsson E, Gasparini A, Arnlov J, Xu H, Henricksson KM, Coresh J, et al. Incidence and 

determinants of hyperkalemia and hypokalemia in a large healthcare system. Int J Cardiol. 
2017;245:277–84.

 3. Moritz ML, Ayus JC. Maintenance intravenous fluids in acutely ill patients. NEJM. 
2015;373:1350–60.

 4. Aldrogue H, Madias NE. Diagnosis and treatment of hyponatremia. Am J Kidney Dis. 
2014;64(5):681–4.

 5. Paugam JS, Futier E, Lefrant JY, Lasocki S, Lescot T, Pottecher J, et al. Sodium bicarbonate 
therapy for patients with severe metabolic acidemia in the intensive care unit (BICAR-ICU): 
a multicenter, open-label, randomized controlled, phase 3 trial. Lancet. 2018;392(10141):31.

 6. Siparsky N, Sanfey H, Sterns RH, Collins KA. Overview of postoperative electrolyte abnor-
malities. UpToDate [Internet]. 2018; [cited 2018 May]. Available from: https://www.uptodate.
com/contents/overview-of-postoperative-electrolyte-abnormalities.

https://www.uptodate.com/contents/overview-of-postoperative-electrolyte-abnormalities
https://www.uptodate.com/contents/overview-of-postoperative-electrolyte-abnormalities


439© Springer Nature Switzerland AG 2020
M. B. Jackson et al. (eds.), The Perioperative Medicine Consult Handbook, 
https://doi.org/10.1007/978-3-030-19704-9_56

Chapter
Acute Pain Management

Preetma Kooner and Katherin Peperzak
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 BACKGROUND
Pain is defined as an unpleasant sensory and emotional experience 
associated with actual or potential tissue damage. Acute pain has a 
direct cause—injury or disease—and serves a biological purpose [1]. 
Acute nonsurgical pain is usually limited to 1 month. Once surgical 
pain outlasts the usual healing time known for that specific proce-
dure, it is often defined as chronic pain (see Chap. 47). Chronic pain 
no longer serves a purpose as an alarm system and often does not 
have a cure [2].

Acute pain treatment in the surgical setting can actually begin 
preoperatively and is managed intraoperatively by the anesthesiolo-
gist. The current model for the postoperative pain control is known 
as multimodal analgesia. The goal of multimodal analgesia is to treat 
pain through several modalities in order to create antinociception 
through multiple receptors which cascade into several known (and 
some yet to be elucidated) pathways in the creation of pain.

Postsurgical pain is treated to improve quality of life by reducing 
suffering, to optimize conditions for mobility postoperatively, and to 
avoid surgical complications such as pneumonia, deep vein thrombo-
sis (DVT), and ileus. It is increasingly understood that the develop-
ment of chronic pain after surgery might be partially due to 
undertreated acute postoperative pain [3].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_56&domain=pdf
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 PREOPERATIVE EVALUATION
 RISK ASSESSMENT
It can be extremely helpful to identify patients preoperatively that are 
at risk of requiring more complex postoperative pain management. If 
these risk factors are identified early, interventions can be planned 
during the anesthetic and the early postoperative period to optimize 
a multimodal approach. Also, patients can be counseled regarding 
management of expectations regarding pain control after surgery.

Risk factors for difficult to control postoperative pain [4] include:
■■ Type of surgery: Abdominal (open), orthopedic, thoracic
■■ Age: Negative correlation (the younger the patient increased 
risk of postoperative pain)

■■ Psychiatric conditions (anxiety is the most common predictor 
of postoperative pain)

■■ Catastrophizing: Magnification of the level of threat caused by 
pain, fear or rumination about potential pain

■■ Preexisting pain: Not necessarily in the area of the operation
■■ Opioid tolerance: Patients on opioids for an extended period of 
time prior to surgery often require greater amounts of medica-
tion to reach therapeutic effect

Preoperative evaluation and counseling should include a compre-
hensive history and physical exam. Please see Chap. 47 for a guide to 
key questions and counseling.

 PERIOPERATIVE MANAGEMENT
There are several medications, procedures, and nonpharmacological 
approaches to managing postoperative pain. The focus of this chapter 
will be medications (opioids and adjuncts) as well as inpatient proce-
dures used in the acute postoperative period. See Chap. 47 for further 
discussion, in particular in the context of underlying chronic pain.

 OPIOIDS
Opioids have been an intrinsic part of acute pain management since 
opium was cultivated in ancient Mesopotamia. In the last two 
decades, deaths tied to opioid use have been rising as have addiction 
rates. Therefore, it is crucial that perioperative practitioners under-
stand the benefits and risks of opioid treatment. Some important 
aspects of opioid treatment include the following:
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■■ Opioids are associated with respiratory depression, sedation, 
nausea and vomiting, constipation, and potential for addiction 
and abuse.

■■ The risk of oversedation and respiratory depression is 
increased with concurrent use of psychoactives, especially 
benzodiazepines [5].

■■ Patient-controlled analgesia (PCA) with an opioid is a reason-
able option for those unable to tolerable oral medications or 
poorly controlled pain on an oral regimen.

■■ Basal PCA infusions should be avoided in opioid naïve 
adults [6].

■■ Oral administration is the preferred route for patients who can 
take oral medications.

■■ Long-acting opioid formulations should NOT be started for 
acute pain.

Opioids are most often administered intravenously (IV), intrathe-
cally, and orally. PCAs were invented in the 1980s as a way for 
patients to give self-administered boluses with or without a back-
ground continuous infusion. Patient-controlled analgesia is consid-
ered the safest and most effective way to administer IV opioids. PCA 
nomenclature can be confusing, but the standard prescription is writ-
ten as x/y/z: x = dose with one button push, y = number of minutes 
between doses, and z = specified 1 hour dose limit. Basal infusions 
are no longer recommended, due to an increased risk of adverse 
events without demonstrated functional benefit.

PCAs offer rapid pain relief with decreased risk of side effects, but 
there are noteworthy barriers to PCA use. Some teaching is required: 
Patients may not actually be pushing the button when they think they 
are, they may be afraid to push button and “overdose”, or may be 
physically unable push the PCA button. There is the risk of inappro-
priate use of the PCA, which could include others pushing the button 
for the patient, or the patient setting timers to remind them to push 
the button if they fall asleep.

Once a patient is tolerating a diet, it is ideal to switch from IV to 
PO short-acting opioids to achieve a more even steady state of anal-
gesia. Long-acting opioids should not be started in the postoperative 
period as they are difficult to safely titrate in the acute setting. 
Conservative conversion from IV to PO opioid dosing is recom-
mended because of theoretical cross tolerance and expected improve-
ment in pain in the days following the surgery. Ongoing down-titration 
may require the aid of a pain physician once the patient is 
discharged.
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 ADJUNCT MEDICATIONS
Multimodal analgesia is based upon the theory that there are several 
neurotransmitters and receptors involved in the experience of pain. 
The goals of utilizing nonopioids as a component of postoperative 
pain control include a reduction in opioid consumption as well as 
more balanced pain control (with fewer unwanted side effects).

Nonopioids are becoming a greater component of postoperative 
pain management as adjuncts in multimodal pain control. Depending 
on the class of drug, they can be started preoperatively, used in the 
OR, and/or used in the postoperative period.

Nonopioid adjuncts
■■ N-methyl-D-aspartate (NMDA) receptor antagonists
■■ Nonsteroidal anti-inflammatory drugs (NSAIDs)
■■ Acetaminophen
■■ Calcium channel blockers
■■ Local anesthetics
■■ Tricyclic antidepressants1

■■ Serotonin and norepinephrine reuptake inhibitors (SNRIs)1

One of the most widely used NMDA receptor antagonists is ket-
amine, which is particularly helpful in the opioid tolerant population 
(see Chap. 47).

Acetaminophen is a centrally acting medication that is available in 
several forms. It has been shown to augment opioid analgesia if taken 
scheduled. Keep the following in mind:

■■ Typical acetaminophen dose should range from 500 to 1000 mg 
PO q6hr.

■■ Acetaminophen doses should be reduced in those with history 
of Hepatitis C, liver dysfunction or cirrhosis, and the geriatric 
population.

■■ There is no clear difference in pain relief between IV and oral 
administration of acetaminophen.

NSAIDs work on the prostaglandin pathway to reduce systemic 
tissue inflammation peripherally.

■■ Some observational studies reveal concerns over bone healing 
in fractures and spinal fusion and anastomotic healing in 
colon surgery with NSAID use [7]—discuss with the surgical 
team prior to ordering.

■■ Caution should be used with prolonged NSAID use due to risk 
of GI bleed, ulceration, cardiovascular events, and renal 

1  Used more commonly in the outpatient setting for chronic pain.
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 dysfunction, though selective COX-2 inhibitors reduce the risk 
of GI events.

■■ Addition of a proton pump inhibitor (PPI) to NSAIDs is recom-
mended in selected patients: Those also taking aspirin, advanced 
age, concomitant use of corticosteroids or anticoagulants, and 
history of prior gastrointestinal bleeding.

Calcium channel blockers, such as gabapentinoids, were initially 
designed to prevent seizures. These drugs structurally resemble 
gamma-aminobutyric acid (GABA), but are not active in GABA neu-
ronal systems. They inhibit calcium channels, stabilizing neuron 
membranes and helping to decrease neuropathic pain.

A Cochrane review concluded that gabapentin is effective if given 
preoperatively as preventative analgesia or in established acute post-
operative pain [8]. Higher doses of preoperative gabapentin (1200 mg 
per dose) are significantly more effective than lower doses. Continuing 
gabapentin postoperatively is more effective than a single preopera-
tive dose because of varied absorption and the several half-lives 
needed to reach therapeutic effect. One reasonable approach is to 
give one dose of gabapentin preoperatively (generally ranging 
 600–1200 mg) and continue gabapentin 300 mg q8h in the postopera-
tive period with escalation to 600 mg or 900 mg q8h if tolerated. 
Disadvantages to gabapentin include the lack of an IV formulation 
that could be given to nil per os (NPO) patients, the need for renal 
dosing, and commonly reported side effects including dizziness and 
sedation.

 PROCEDURAL TECHNIQUES
Procedural techniques involve the deposition of local anesthetics and 
adjuncts through an injection or catheter in the region where postsur-
gical pain is expected. Anesthesia or pain service colleagues may 
place a site-specific regional block or epidural catheter, depending on 
type and location of surgery. Epidurals are characterized as neuraxial 
analgesia but differ from intrathecal analgesia as medication is deliv-
ered to the epidural space instead of into the cerebrospinal fluid.

Local anesthetics may also be used when surgeons infiltrate local 
anesthetic at the incision site or intra-articularly. These options will 
have analgesia limited to the expected duration of action of the local 
anesthetic. For example, injection with lidocaine 2% may provide 
analgesia for 1–2 hours while ropivacaine 0.5% may last 5–12 hours 
depending on site. Topical local anesthetics such as 4% liposomal 
lidocaine gel or eutectic mixtures of local anesthetics applied 
directly to painful areas can also be utilized, and do not require 
specialty care.
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 Epidurals
Epidurals provide anesthetic to block the sensory and motor nerves 
in a targeted area. This can result in pain control but at the thoracic 
level can result in a block of the sympathetic trunk. Sympathetic 
inhibition has benefits such as decreased catecholamine production 
and side effects such as exaggerated blood pressure response in the 
setting of hypovolemia. Thoracic epidurals have been shown to 
reduce risk of pneumonia by improved cough mechanisms, decreased 
risk of perioperative myocardial infarction (MI), and decreased 
length of postoperative ileus due to vasodilation of splanchnic vascu-
lature [9, 10].

The volume and concentration of epidural medication impacts the 
spread and density of the block. If the analgesia is not as expected, 
testing sensation to temperature and pain over the region of interest 
to can help guide changes to the epidural infusion.

Along with local anesthetic, often a small amount of opioid such 
as fentanyl or hydromorphone can be added to the epidural. PCEA 
(patient-controlled epidural analgesia) allows the patient to self-
bolus both local and opioid in the epidural space as a continuous 
infusion is running. The goal of adding an opioid is to provide anal-
gesia at a targeted level with the aim of reducing systemic effects of 
opioids [11].

Limitations of epidurals depend on the level of placement. 
Thoracic epidurals can cause worsening hypotension in the setting of 
hypovolemia. Therefore, it is important to ensure that postoperative 
patients are appropriately volume loaded with fluids or blood prod-
ucts if appropriate. Epidurals are often discontinued due to hypoten-
sion; however, the subsequent improvement in blood pressure may be 
secondary to worsening pain. Rather than stopping it altogether, first 
consider decreasing the concentration and volume of the epidural 
infusion.

Contraindications to neuraxial include patient refusal, infection at 
the insertion site, coagulopathy, or evidence of increased intracranial 
pressure (ICP). Because of the devastating consequences of spinal 
hematoma, institutional guidelines are usually available for the tim-
ing and appropriateness of anticoagulation before during and after 
neuraxial procedures. Patients who are on chronic anticoagulation 
(other than aspirin) will often need to be off anticoagulation prior to 
the procedure and potentially during the time an epidural is in place. 
Standard DVT prophylaxis is most likely safe while an epidural is in 
place; however, it is best to confirm this based on institutional neur-
axial guidelines.
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 Peripheral Nerve Blocks
Peripheral nerve blocks can be placed using landmarks and nerve 
simulation, but are usually done under ultrasound guidance. Local 
anesthetics and possible adjuncts such as clonidine, dexamethasone, 
or epinephrine can be delivered as a “single shot” or via continuous 
infusion with catheter placement. These blocks are not considered 
neuraxial procedures; however, they still carry the risk of local anes-
thetic toxicity, infection, and bleeding.

The potency of a nerve block will depend on whether it was used 
as part of the surgical anesthetic (complete motor and sensory block) 
or placed primarily for pain (motor sparing with partial sensory 
block). They are most beneficial for lower and upper extremity pro-
cedures. Often patients can be discharged with an infusion pump and 
the catheter still in place.

 NONPHARMACOLOGIC THERAPIES
Both cognitive and physical nonpharmacologic therapies should be 
encouraged throughout the perioperative course. Effective tech-
niques include guided imagery, relaxation, distraction techniques, 
use of TENS, ice, heat, and acupuncture among other modalities 
(see Chap. 47).

KEY CLINICAL PEARLS
 ³ Avoid concurrent treatment with opioids and benzodiazepines as 
this increases the risk for respiratory depression.

 ³ Opioid use should decrease during the subacute postoperative 
period; consider a taper plan.

 ³ Consider adjunct treatments for patients who are already on opi-
oids prior to surgery.

 ³ The acute postoperative period is not the time to start new long-
acting opioids.
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 BACKGROUND
The following sections describe typical, uncomplicated postoperative 
courses for a variety of selected common surgeries. These briefings 
are presented from a medical, rather than a surgical, point of view. 
Our goal is to give the internist a general sense of the typical postop-
erative course and to highlight surgical issues that may impact medi-
cal diagnoses and treatments.

 DENTAL SURGERY
Preoperative evaluation for patients with multiple medical comor-
bidities who are to undergo general anesthesia for dental extractions 
should perform a complete history and physical exam and ensure 
that there are no active or decompensated medical problems. Patients 
on warfarin typically remain on anticoagulation as long as the inter-
national normalized ratio (INR) is <3.0, and the bleeding risk is not 
greater than average, but it is recommended to confirm that this is 
acceptable with the surgical provider.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-19704-9_57&domain=pdf
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 HEAD AND NECK SURGERY
 TRACHEOTOMY (NEW)

Typical 
length

15–30 min/typically general anesthesia (GA) can be done 
under local anesthesia

Blood loss 
pattern

Minimal

Tips May be straightforward or complex depending on the 
patient’s anatomy and previous operations, if any
Common early complications are obstruction or 
displacement of the tracheostomy tube
If acute airway obstruction is suspected, the inner 
cannula of the tracheostomy tube may be removed
Also, direct suctioning through the tracheostomy tube 
can alleviate mucus plugging that can cause obstruction

POD 0 POD 1

Intensive care unit (ICU) or 
other specialized ward for 
airway monitoring

May be transferred to floor if doing 
well; usually other reasons for 
continued admission

 HEAD AND NECK CANCER RESECTION/MICROVASCULAR FREE 
FLAP/LARYNGECTOMY

Typical 
length

8+ hours/GA

Blood 
loss 
pattern

Variable
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Tips Can be extensive operations of long duration, although fluid 
shifts are typically minimal given the anatomical location
Most patients are in the ICU initially if a new tracheotomy is 
involved or a microvascular free flap is placed
Free flaps are commonly harvested from the forearm, lower 
leg (fibula), and thigh. Flaps may also be harvested from the 
chest, abdomen, or back. Frequently drains are present in 
multiple sites
Free flap patients are often started on aspirin POD#1 
to optimize blood flow through flap, but reinitiation of 
anticoagulation may be delayed depending on the comfort of 
surgical team
For patients undergoing resection and reconstruction of 
the oral cavity or pharynx, nutrition is commonly initially 
provided via a nasogastric tube to avoid damage to the 
oral cavity or pharyngeal reconstruction. If the patient is 
at high risk of prolonged dysphagia from the procedure, a 
gastrostomy tube maybe placed
Laryngectomy patients are typically not permitted oral 
intake for a week postoperatively and are either fed through 
a nasogastric tube, gastrostomy tube, or potentially a 
tracheoesophageal catheter placed intraoperatively
Communication may be difficult with patients due to 
alteration of anatomy
Alcohol withdrawal and chronic obstructive pulmonary 
disease (COPD) are common given the patient population’s 
comorbid risk factors
Overall hospital stay is approximately 7 days

 HEAD AND NECK DISSECTION

Typical 
length

2–4 h/GA

Blood loss 
pattern

Minimal

Tips Can be an extensive operation of long duration, although 
fluid shifts are typically minimal given the anatomical 
location
May be admitted to the floor if shorter duration of 
operation and no tracheostomy
Hospital stay is typically 2–3 days
Alcohol withdrawal and COPD are common given the 
patient population’s comorbid risk factors
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 GENERAL SURGERY
 GASTRIC BYPASS, LAPAROSCOPIC

Typical 
length

2–3.5 h/GA

Blood 
loss 
pattern

20–50 mL

Tips Open gastric bypass surgeries are seldom electively done, 
but laparoscopic gastric bypass surgeries may be converted 
to open if there are hepatomegaly, prohibitively thick 
abdominal wall, adhesions, or complications that require 
direct visualization
In diabetic patients, insulin requirements quickly decrease 
and oral intake will be greatly curtailed relative to baseline
Insulin dosages on discharge are difficult to predict and 
home monitoring with early follow-up is the best strategy
Often, oral antihyperglycemic medications are not resumed 
on discharge, but there is wide practice variation

POD 0 POD 1 POD 2

Admission to 
general surgical 
ward; sleep 
apnea monitoring 
per protocol. 
Encourage 
ambulation/IS

Start bariatric clear liquid diet and 
ADAT to full/pureed liquids. Start 
oral medications (no need to crush 
pills). Encourage ambulation. Urinary 
catheter out. PT/OT, dietician consults. 
Discharge in evening, if nausea/pain 
controlled and tolerating diet

Discharge 
home

 SLEEVE GASTRECTOMY

Typical length 1–2 h/GA

Blood loss pattern 5–20 mL

Tips Consider staple line leak if tachycardic or 
disproportionate pain

POD 0 POD 1

Admission to 
general surgical 
ward; sleep apnea 
monitoring per 
protocol. Encourage 
ambulation/IS

Start bariatric clears diet and ADAT to full 
liquids/pureed. Start oral medications (no 
need to crush pills). Encourage IS/ambulation. 
Urinary catheter removed. PT/OT consult. 
Dietician consult. Discharge in evening if nausea/
pain controlled and tolerating liquid/pureed diet
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 LAPAROSCOPIC BAND (OR BAND REMOVAL)

Typical 
length

1 h/GA

Blood loss 
pattern

Minimal

Tips Less frequently performed at many institutions
May be admitted to limited stay units, started on clear liquids, 
rapidly advanced to full liquids and discharged on POD0-1

 ESOPHAGECTOMY

Typical 
length

4–6 h/GA + epidural – varies by approach (open, 
laparoscopic, or minimally invasive)

Blood 
loss 
pattern

Variable

Tips Can have many serious complications, including acute 
respiratory distress syndrome (ARDS), pericarditis, 
pneumothorax, pneumonia, and anastomotic leak
Widened mediastinum on chest X-ray (CXR) may be 
due to postoperative changes, and small pneumothorax 
is expected given approach; check with surgery team 
regarding imaging changes
Transhiatal approach involves an abdominal incision and a 
left neck incision. Proximity to heart and great vessels may 
cause intraoperative hypotension and arrhythmias
Post-op atrial fibrillation is very common; NPO status may 
complicate treatment
Most patients have some degree of chest or shoulder pain 
post-op due to the location of the surgery
Some surgeons will not use BiPAP/CPAP initially after 
esophagectomy
Do not reposition or move NG tube
Medications typically need to be crushed, and thus may 
require changes in formulation of outpatient medications 
(e.g., switch from long-acting to short-acting version)

POD 0 POD 1–5 POD 5–7

ICU for some 
patients, 
depending on 
patient and 
institutional 
factors; may have 
chest tubes

Mobilize; transfer to 
floor when possible. 
Strict NPO typically for 
several days. Enteral 
feeds may be started 
earlier, if intraoperative 
feeding tube placed

UGI series. 
Postesophagectomy 
diet and/or 
TF. Possible discharge
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 PANCREATICODUODENECTOMY (WHIPPLE PROCEDURE)

Typical 
length

8–12 h/GA + epidural

Blood loss 
pattern

EBL 500–1000 mL

Tips Usually prolonged postoperative course, initially in ICU, 
with prolonged return of bowel function
Often J tubes are placed for enteral nutrition
Increased drain output may be from thoracic duct 
(chylous), pancreatic, or biliary leak
Some patients develop insulin-dependent DM 
postoperatively, depending on the extent of the pancreatic 
resection
If a patient returns from surgery very quickly, it likely 
means that there was unresectable disease and no further 
operation was performed. Wait for the surgeon to discuss 
intraoperative findings
Complications include line infection, pneumonia, 
ARDS, portal vein thrombosis, pulmonary embolism, 
gastroduodenal artery stump hemorrhage, and lateral 
cutaneous nerve injury from retractors

 GYNECOLOGY AND 
GYNECOLOGY–ONCOLOGY 
SURGERY
 LAPAROSCOPIC TOTAL ABDOMINAL HYSTERECTOMY-BILATERAL 
SALPINGO-OOPHORECTOMY (TAH-BSO): ROBOT ASSIST  
OR CONVENTIONAL

Typical 
length

1–3 h/GA

Blood loss 
pattern

EBL < 100 mL

Tips An increasing percentage of hysterectomies are now done 
robotically
For laparoscopic or robotic, patients may have shoulder pain 
from gas under the diaphragm, but they are able to ambulate 
and have earlier return of bowel function than with a TAH-BSO
Some patients are discharged on the same day as surgery, 
but some obese patients may require an overnight ICU stay 
due to prolonged Trendelenburg positioning
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POD 0 POD 1

Can advance diet if no 
nausea/vomiting post-op

Diet advanced; PO pain medications; 
Foley out and discharge

 VAGINAL HYSTERECTOMY WITH PELVIC ORGAN PROLAPSE 
REPAIR (E.G., ANTERIOR AND POSTERIOR REPAIR, VAGINAL VAULT 
SUSPENSION, SLING FOR URINARY INCONTINENCE)

Typical 
length

2–3 h/GA or regional

Blood loss 
pattern

EBL < 200 mL

Tips Only about 1/3 of women void adequately on POD 1 after 
complex vaginal repairs. 2/3 go home with a catheter

POD 0 POD 1

Advance diet if 
tolerated.

Diet advanced; change to PO pain medications
Voiding trial done with checking of post-void residual 
volume

 OPEN TAH-BSO

Typical 
length

2–4 h/GA, longer for surgeries for malignancy

Blood loss 
pattern

EBL 100–1000 mL, higher for surgeries for malignancy

Tips Open TAH-BSOs are rarely done for benign conditions 
such as fibroids; most of these procedures are now 
laparoscopic and robotic surgeries
In some cases, it is unknown whether a tumor is benign or 
malignant preoperatively
These procedures tend to have earlier return of bowel 
function than general surgery cases that involve more of 
the GI tract, but later than minimally invasive procedures
If done for malignancy, depending on tumor burden, this 
operation may be longer and involve bowel resection, 
lymph node dissection, and/or omentectomy, with a higher 
EBL and longer duration: There may be delayed return of 
bowel function as a result
Depending on the type of hysterectomy, there may be a 
need for prolonged urinary catheterization
If malignancy, there is increased venous thromboembolic 
events (VTE) risk, so VTE prophylaxis is often continued 
after discharge
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POD 0 POD 1–2 POD 2–3

If there has been an intestinal 
anastomosis, then NPO until 
flatus; otherwise diet advanced

Diet advanced as 
above, Foley out, 
change to PO pain 
meds

Discharge 
home

 OVARIAN TUMOR DEBULKING OR CYTOREDUCTION (PELVIC 
EXENTERATION RARELY DONE)

Typical 
length

7–10+ h/GA + epidural

Blood loss 
pattern

EBL 1000+ mL

Tips Commonly observed in the ICU postoperatively, often in 
the hospital 7–14 days
Expect extensive blood loss and fluid shifts requiring 
additional resuscitation; electrolyte abnormalities are 
common
Patients with advanced ovarian cancer may have 
significant ascites
Exenteration typically results in ileostomy/colostomy and 
urostomy
May have prolonged ileus requiring parenteral nutrition. 
Complications include sepsis/ARDS, urinoma/ureter 
disruption, VTE, pelvic abscess, as well as atrial  
fibrillation

 NEUROSURGERY
 CRANIOTOMY

Typical 
length

3–12 h/GA

Blood 
loss 
pattern

Variable
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Tips Variable course, depending on the extent of surgery and 
condition necessitating surgery
Initially admitted to ICU, may have ICP monitor, often still 
intubated
First few days post-op may have labile blood pressures, 
hyponatremia. Neurosurgery team will often administer 
mannitol if ICP elevated and salt tabs for cerebral salt 
wasting, and order serial CT scans
Watch for ICU complications such as VTE, line infections, 
and PNA
May have a great deal of facial swelling postoperative 
cerebrospinal fluid (CSF) leak requires over sewing of 
wound due to risk of meningitis
ICP monitors include external ventricular drains that 
measure. ICP and permit CSF drainage and “bolt-type” ICP 
pressure wires that measure pressure only. Prophylactic 
antibiotics are not indicated while in place, though they 
represent a small risk of ventriculitis/meningitis

 VENTRICULOPERITONEAL (VP) SHUNT

Typical 
length

1–2 h/GA

Blood loss 
pattern

EBL 5–10 mL

Tips Often admitted to ICU for frequent neuro checks for first 
24 hours post-op
In hospital for 1–3 days for pain control, return of bowel 
function
Postoperative ileus can occur. Treat as usual postoperative 
ileus
Rarely bowel/bladder injury during peritoneal exposure or 
catheter placement can occur. Daily abdominal exam is a 
useful measure
Any acute neurological exam worsening after shunt 
placement raises suspicion for acute shunt failure 
(breakage of hardware or clogging of valve/catheters)
Watch for ileus, surgical site infection, and spinal 
headache

 LUMBAR DRAINS

Typical 
length

<1 hour, may be placed by IR or at the bedside in 
addition to OR

Blood loss 
pattern

Minimal
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Tips Risk of infection/meningitis including Gram-negative 
organisms due to site of placement
Must be clamped before mobilizing patient so that 
overdrainage does not occur
Overdrainage can precipitate postural headache and 
in extreme cases subdural hematoma intracranially or 
herniation syndrome. Initial management: Immediately 
return patient to supine position and clamp drain

 ENDOVASCULAR TREATMENT FOR ANEURYSMS (COILING) 
AND ACUTE STROKE

Typical 
length

Duration varies by complexity/GA

Blood 
loss 
pattern

Minimal

Tips Know the surgical plan—This is often a precursor to open 
clipping
Often a 24-hours admission for hourly neuro checks then home.
Watch for hypertension, new neurological findings, groin 
hematomas, or hypotension, which may indicate a large 
retroperitoneal hemorrhage from common femoral artery 
puncture site
Radial artery access is commonly performed in lieu 
of femoral artery access; in such cases, check affected 
extremity and hand for capillary refill and signs of normal 
tissue perfusion
Neurosurgeons may monitor for vasospasm in subarachnoid 
hemorrhage patients with transcranial Dopplers. Initial 
treatment is medical: Euvolemia, induced hypertension
Refractory or severe vasospasm is treated with balloon 
angioplasty and/or intra-arterial vasodilator therapy in the 
angiography suite
For diagnostic cerebral angiography, spinal angiography 
or neurointerventional procedures, ASA, and clopidogrel 
are typically NOT held preoperatively as these agents are 
typically needed for the procedures or healing process
Usually the treating interventionalist will manage the 
duration and dosing of antiplatelet agents
Postthrombectomy acute stroke patients often require 
permissive hypertension. Neurological worsening might 
indicate reperfusion intracerebral hemorrhage (ICH); IV tPA 
usage can potentiate ICH and puncture site hemorrhages
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 OPHTHALMOLOGIC SURGERY
 CATARACT SURGERY

Typical 
length

1–2 hours local anesthesia or MAC

Blood 
loss 
pattern

Minimal

Tips Typically, a same day outpatient procedure
Indication for surgery dependent upon patient’s ability to 
attend to the needs of daily living rather than any objective 
findings
Requires preoperative H&P, although no specific additional 
testing has been shown to improve outcomes
Antiplatelet or anticoagulation at therapeutic doses can be 
continued perioperatively (although should confirm with 
surgeon)
Alpha-1 antagonists (like tamsulosin) have been associated 
with intraoperative floppy iris syndrome. It is important 
for the surgeon to be aware, but there is no perioperative 
benefit to discontinuing the medication as the effects of the 
medication can last for years
Usually able to resume regular light activities by evening 
of surgery, with resumption of lifting >20 pounds and/or 
physical exertion in 2 weeks

 RETINA SURGERY

Typical 
length

2–3 h/GA, MAC, or regional anesthetic block

Blood 
loss 
pattern

Minimal
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Tips Diabetic retinopathy can lead to proliferation of abnormal 
vasculature and vision loss from vitreous hemorrhage 
and tractional retinal detachment. This often requires 
a vitrectomy to remove opacities and to relieve vitreous 
traction, as well as provide adequate retinal ablation.
It is important to note that patients with advanced disease 
often have significant comorbidities, including poorly 
managed diabetes with microvascular and macrovascular 
complications—comorbidities are important to note for 
anesthesia purposes
If surgery is being performed for nonclearing vitreous 
hemorrhage and/or diabetic retinopathy with neovascular 
proliferation, it is preferable for anticoagulation to be held
However, if medical indications outweigh, the procedure 
can be done without holding anticoagulation (should be 
discussed with surgeon)
If intraocular gas is used during the procedure, there may 
be postoperative face down positioning requirements per 
surgeon instruction

 GLAUCOMA SURGERY

Typical 
length

MAC or local

Blood loss 
pattern

Minimal

Tips Evaluation and medical management are very similar to 
that of cataract surgery
Even with surgical treatment of open angle glaucoma, 
many patients still require lifelong eye drops to control 
intraocular pressures. Advising ongoing adherence in this 
chronic disease is important
Usually able to resume regular light activities by evening 
of surgery, with resumption of lifting >20 pounds and/or 
physical exertion in 2 weeks

 ORTHOPEDIC SURGERY
 GENERAL CONSIDERATIONS
Total knee arthroplasties (TKAs) and total hip arthroplasties (THAs) 
are two of the most common elective surgeries performed. It is 
important for the medicine consultant to be aware of the typical 
 postoperative course after these surgeries (see below). In addition, 
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there are several considerations common to both of these types of 
surgeries:

■■ The use of narcotics prior to joint replacement is associated 
with clinical dissatisfaction after surgery. Consider minimizing 
narcotics to lowest tolerable dose in advance of elective sur-
gery—See Acute Pain and Chronic Pain chapters for further 
reading.

■■ Depression can also hinder postoperative recovery—ideally, 
depression should be reasonably controlled preoperatively.

■■ Revisions of prior joint replacements typically are more com-
plex, take longer, and have more intraoperative blood loss.

■■ Hypotension is common on the night of surgery (POD 0), espe-
cially if insufficient volume is given intraoperatively or if 
indwelling epidural catheters are used. Holding antihyperten-
sives and giving IV fluid boluses (as tolerated by intravascular 
volume status) are typically sufficient to support blood pres-
sure through this phase.

■■ Avoid 1/2 normal saline for IVF maintenance immediately 
postoperatively as this may lead to hyponatremia; rather, nor-
mal saline or lactated ringers are appropriate.

■■ A “cell saver” system may be used intraoperatively to filter and 
reinfuse drained blood.

■■ Patients may have drains placed, including a Hemovac drain 
(connected to a cylinder with springs to provide suction) or 
Jackson-Pratt drain (shaped like a hand grenade).

■■ Prophylactic antibiotics should be discontinued within 24 hours 
postoperatively, unless otherwise indicated; typically the surgical 
team is responsible for this and may lengthen the course of anti-
biotics based on presence of drains or intraoperative findings.

■■ Some centers use multimodal analgesic approaches, including 
long-active oral analgesics, nonsteroidal anti-inflammatory 
drugs (NSAIDs), and prophylactic antiemetics (see Acute and 
Chronic Pain chapters).

■■ Use caution when introducing long-acting narcotics in 
narcotic- naïve and older patients.

■■ Modality of deep vein thrombosis (DVT) prophylaxis is typi-
cally the surgeon’s choice, but it is important to discuss with the 
surgeon if the patient’s risk for DVT is higher than average.

■■ Know that there are differences between the American 
Academy of Orthopedic Surgeons (AAOS) and the Chest 
(ACCP) guidelines on DVT prophylaxis. Common agents are 
low- molecular- weight heparins, warfarin, and aspirin (in addi-
tion to TEDs and SCDs).
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 TOTAL KNEE ARTHROPLASTY (TKA)

Typical 
length

2 hours general anesthesia (GA) or regional

Blood loss 
pattern

Less than 100 mL during procedure but can be quite high 
(500–1500 mL) over first post-op day into drains (or into 
the knee, if no drains)

Tips Minimally invasive total knee arthroplasty (TKA) (MIS or 
quad sparing) may discharge earlier
Continuous passive motion (CPM) machine is sometimes 
used
Most primary (and some revision) TKAs are weight 
bearing as tolerated (WBAT)

POD 0 POD 1 POD 2–3

IVF, diet advanced. 
Patient-controlled 
analgesia (PCA) and/
or regional anesthesia 
(femoral block or 
catheter) and Foley. 
Usually able to restart 
PO meds

Diet advanced if not yet 
done. Stop IV fluids if 
doing well with oral intake. 
Knee range of motion 
emphasized. Out of bed and 
walking with PT. Foley out. 
Transition from PCA to PO 
pain meds. VTE prophylaxis

D/C to home. 
Extended VTE 
prophylaxis on 
discharge

 TOTAL HIP ARTHROPLASTY (THA)

Typical 
length

2 hours general anesthesia (GA) or regional

Blood 
loss 
pattern

Around 300 mL during procedure, plus additional blood 
loss over first post-op day into drains

Tips More blood loss may occur postoperatively than 
intraoperatively
Patients will be taught “hip precautions”—avoidance of 
flexion/rotation, avoidance of deep flexion, and others—to 
minimize the likelihood of dislocation of the hip prosthesis
Patients who have undergone minimally invasive approach 
may go home on POD1–2
Most primary (first-time) total hip arthroplasties (THAs) 
are WBAT, but many revision THAs will be partial or 
protected weight bearing
Be aware of hip precautions when examining patients—
they may be prohibited from crossing legs initially. Check 
with the orthopedic surgeon if you need to move the 
patient for an examination
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POD 0 POD 1 POD 2–3

IVF, diet 
advanced. 
PCA and 
Foley. Usually 
able to restart 
PO meds

Diet advanced if not 
yet done. Stop IV fluids 
if doing well with oral 
intake. Remove drains 
and Foley catheter 
if possible. Consider 
transition to PO pain 
meds. VTE prophylaxis

Stop PCA, change to PO 
pain meds if not already 
done. Extended VTE 
prophylaxis. Discharge 
to skilled nursing facility 
for rehabilitation and 
therapy often required

 HIP FRACTURE REPAIR

Typical 
length

1–3 h/GA or regional

Blood 
loss 
pattern

EBL 300 mL

Tips Options for operative repair include intramedullary (IM) 
nail, dynamic hip screw, and hemi- or total arthroplasty.
Preoperative evaluation should include cardiovascular 
risk stratification, assessment for the presence of medical 
factors contributing to fracture (e.g., seizure or syncope), 
and recommendations for perioperative medication 
management
Surgery should not be delayed for minor medical conditions 
(e.g., poorly controlled hypertension without hypertensive 
urgency or emergency)
If surgery is to be delayed, VTE prophylaxis should be 
encouraged, as there is risk of VTE from the fracture itself 
even without surgery

 TOTAL SHOULDER ARTHROPLASTY (TSA)

Typical 
length

3 h/GA (occasionally regional)

Blood 
loss 
pattern

EBL ~150 mL
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Tips Except in high-risk patients, pharmacologic VTE prophylaxis 
is not used if patients are ambulating
Postoperative bleeding/hemarthrosis is not uncommon. In 
patients who are on therapeutic anticoagulation (for atrial 
fibrillation, heart valve, history of VTE, others) work closely 
with the patient’s surgeon and primary cardiologist (if 
applicable) to determine the best time to resume therapeutic 
anticoagulation. Ideally, avoid anticoagulation in the first 
72 hours postoperatively unless the risk of clot is exceedingly 
high (e.g., mitral valve prosthesis)
If an interscalene block is used, adverse effects include 
hypotension, bradycardia, Horner’s syndrome, and phrenic 
nerve involvement, causing diaphragmatic paralysis, and 
sudden onset of pain late in the night or early morning as 
block wears off

POD 0 POD 1–2

Advance diet. Stop IV fluids if doing well with 
oral intake. PCA for initial pain control, with 
transition to oral medications the evening of 
surgery. Continuous passive motion (CPM) 
machine commonly used

Continued physical 
therapy, CPM 
machine. Discharge 
home

 MAJOR SPINE SURGERY

Typical 
length

7–10+ h/GA

Blood 
loss 
pattern

EBL 2000–3000 mL

Tips These are high-risk operations due to blood loss and duration
EBL can reach as much as 5 L
Often operations are accomplished in 2–3 stages
Patients are at risk for multiple complications including 
venous thromboembolic events (VTE), myocardial infarction, 
pneumonia, disseminated intravascular coagulation, dilutional 
coagulopathy, posterior ischemic optic neuropathy (blindness—
rare, but devastating), dural leak, cerebrospinal fluid leak, 
(may be difficult to detect), hematoma, secondary meningitis 
(can be subtle—may present with confusion, low-grade fever, 
headache), facial/airway edema from prone position, and ileus.
In case of neurological deficits: Patients may receive high 
doses of steroids and MAP goal of >80 is instituted for the 
first 24 hours
Discharge to rehab/skilled nursing facility is common
Spine precautions—patients commonly require a brace
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POD 0 POD 1–2 POD 3–7

ICU care until stabilized. 
Remain intubated for airway 
protection and pain control. 
Often require additional 
transfusions. Drain care

Extubate when 
stable; transfer 
to floor. VTE 
prophylaxis when 
possible, drain care

Mobilization 
using brace, 
drain care

 OTHER SPINE SURGERIES
■■ Lumbar spine decompressions/fusions are of intermediate 
risk, typically involve a several-day hospital stay, and patients 
are admitted directly to the floor.

■■ Anterior C-spine decompressions often have a smaller EBL 
and shorter length of stay, for example, 24–48 hours.

■■ Microdecompressions/endoscopic decompression surgeries 
typically are same-day (or limited-stay) procedures.

 ORTHOPEDIC TUMOR SURGERY

Typical 
length

4+ h/GA

Blood loss 
pattern

Highly variable

Tips Complex and varied. Range from peripheral tumors to 
combined procedures with general surgery and urology in 
the pelvic and abdominal cavity
Many have long duration, high EBL, and long length of 
stay, similar to major spine operations
Tumors are often highly vascular, contributing to higher 
EBLs and drain output
Sudden increase in drain output after pelvic surgery may 
be a sign of ureter disruption
Surgical service may be reluctant to initiate heparin-based 
VTE prophylaxis due to wound drainage; discuss with 
primary team
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 UROLOGIC SURGERY/
PROCEDURES
 CYSTECTOMY, RADICAL
Removal of the bladder and prostate in men; removal of the bladder, 
possibly uterus and ovaries, possibly anterior vaginal strip in women. 
Urinary diversion with ileal conduit, neobladder to the urethra, or 
cutaneous neobladder to the abdominal wall.

Typical 
length

6+ hours (varies, longer for robotic)/GA + epidural

Blood loss 
pattern

EBL 500–1500

Tips Generally no per rectum (PR) meds initially
Delayed postoperative ileus often occurs (and may last a 
week or more), even after apparent return of bowel function.
High risk for VTE events, patients usually discharge 
with a month of low-molecular-weight heparin (LMWH) 
prophylaxis

POD 0 POD 1–3 POD 4–5

NPO NPO, follow drain output; some 
urologists give early clears, regular 
diet POD 2

Bowel function 
usually returns

 PROSTATECTOMY, RADICAL

Typical length 2–5 h/GA

Blood loss 
pattern

EBL 200–1000 mL

Tips Typical length of stay is 1–2 days for robotic or open.
Main issue is attention to blood loss; this is less of an 
issue now that many are done robotically

 TRANSURETHRAL RESECTION OF PROSTATE

Typical length 1 hour or less/GA or spinal

Blood loss pattern EBL minimal to 300

Tips Many go home on the same day, especially if they 
had a greenlight laser TURP
Watch for obstructing clots, problematic on 
continuous bladder irrigation
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 NEPHRECTOMY WITH INFERIOR VENA CAVA THROMBECTOMY

Typical 
length

4–8 h (depending on the height of the thrombus)/
GA + epidural/EBL

Blood 
loss 
pattern

Variable, often >1 L

Tips Often require ICU care postoperatively (unless thrombus is 
small)
Liver surgeon may assist if there is need for mobilization of 
the liver
Thoracic surgeon may perform part of the thrombectomy 
via sternotomy if thrombus extends above the diaphragm
Intraoperative concern for emboli from manipulation of 
inferior vena cava (IVC) thrombus
Watch for pneumothorax, pleural effusion, hemothorax, 
hepatic dysfunction, sequela of intraoperative emboli 
from manipulation of thrombus, ileus; also, other ICU 
complications such as pneumonia, catheter-associated 
infections, and so on
Often greater bowel manipulation than radical nephrectomy 
without thrombectomy
High risk for VTE events, patients may discharge with a 
month of LMWH prophylaxis

 OPEN NEPHRECTOMY, RADICAL

Typical length 3–4 h/GA + epidural

Blood loss pattern 300 mL

Tips POD 1–3 advance diet when bowel function returns.
Anticipate increased creatinine/renal dosing of 
medications
Diet can usually be advanced expeditiously, if bowel 
is not manipulated

 LAPAROSCOPIC NEPHRECTOMY

Typical length 4 h/GA

Blood loss 
pattern

100 mL

Tips POD 0—Diet may be advanced
In some cases, patients may be discharged on  
POD 1
Anticipate increased creatinine/renal dosing of 
medications
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 OPEN PARTIAL NEPHRECTOMY

Typical 
length

3–4 h/GA + epidural

Blood loss 
pattern

300 mL

Tips POD 1–3 advance diet when bowel function returns
Usually no increased creatinine or need for renal dosing 
of medications; look for other causes, if kidney injury 
develops
Main issues are bleeding and urinary leak: Usually on 
bed rest for 24–48 hours with drain in place

 LAPAROSCOPIC/ROBOTIC PARTIAL NEPHRECTOMY

Typical 
length

4–6 h/GA

Blood loss 
pattern

100 mL

Tips POD 0—Diet may be advanced
In some cases, patients may be discharged on POD 1, 
but usually 2–3 days for drain/Foley management and 
observation for bleeding
Usually no increased creatinine or need for renal dosing 
of medications (look for other causes)
Main issues are bleeding and urinary leak: Usually on bed 
rest for 24–48 hours with drain in place

 CYSTOSCOPY, TRANSURETHRAL RESECTION OF BLADDER 
TUMOR (TURBT), LITHOTRIPSY

Typical 
length

Moderate sedation to GA, usually <1 hour

Blood loss 
pattern

Usually minimal

Tips Typically, outpatient or limited-stay procedures
Note that cystoscopy may have risk of increased vagal 
tone, bradycardia, and hypotension, despite being 
considered a low-risk procedure



467CHAPTER 57: SuRgiCAl PRoCEduRES ovERviEw

 VASCULAR SURGERY
 GENERAL CONSIDERATIONS

■■ Continue preoperative beta blockade in the postoperative 
setting.

■■ Almost all patients undergoing vascular surgical procedures 
should continue aspirin perioperatively, but this should be 
discussed with the surgeon.

■■ Decisions about anticoagulants and antiplatelet agents are 
made based on the procedure and the patient’s individualized 
risk of thrombotic and/or bleeding complications.

■■ Statins are associated with reduction in cardiovascular events 
and thought to play a beneficial role in atherosclerotic plaque 
stability and possibly rate of aneurysm degeneration. As such, 
most vascular surgery patients should be on a statin unless 
specifically contraindicated.

 CAROTID ENDARTERECTOMY (CEA)

Typical 
length

3–4 h/GA

Blood loss 
pattern

150 mL

Tips Procedure carries risk of myocardial infarction, stroke, 
and cranial nerve injury
Postoperative blood pressure control can require IV 
medications as endarterectomy can alter function of the 
baroreceptor in the carotid sinus
Needs postoperative blood pressure control and close 
neurologic examinations

POD 0 POD 1 POD 2

ICU Remove urinary catheter, advance diet
Transfer to floor, possible discharge home

Discharge

 ABDOMINAL AORTIC ANEURYSM (AAA) REPAIR, OPEN

Typical 
length

6 h/GA

Blood loss 
pattern

EBL 400–1000 mL
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Tips Variable length of ICU stay
Level of proximal aortic cross clamp predicts morbidity 
of the operation. Infrarenal is least stressful, suprarenal 
is more stressful, and supravisceral (aka supra-celiac) is 
most stressful
Nonoliguric acute renal failure can occur with 
suprarenal cross-clamping of the aorta. Reviewing the 
operative note is helpful
Other severe complications include bowel infarction and 
spinal cord infarct

POD 0 POD 1–3 POD 4–6

ICU; may come out of 
OR still intubated

Stabilize, 
transfer to floor

Epidural out, then 
urinary catheter out

 AAA REPAIR, ENDOVASCULAR

Typical 
length

3 h/GA

Blood loss 
pattern

EBL 50–200 mL

Tips Much lower level of overall physiologic stress than open 
repair, therefore less time in ICU and shorter overall 
hospital course
Patients require lifelong follow-up after discharge for 
monitoring for stent migration or endoleak, usually CT 
at 1 month, then at 6–12 months, and annually thereafter 
(but imaging schedule may differ per surgeon)
Severe complications include groin hematoma, endoleak, 
kidney injury from embolization or contrast, bowel 
ischemia, and spinal cord infarct (rare)

POD 0 POD 1

ICU. Short post-op hydration for 
IV contrast load, but rarely require 
resuscitation

Foley out in AM. Check renal 
function. Regular diet. Often 
go home

 PERIPHERAL VASCULAR DISEASE (PVD) BYPASS, SUPRAINGUINAL

Typical 
length

4–6 h/GA

Blood loss 
pattern

EBL 250–1000 mL
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Tips Similar to open AAA repair, but usually reserved for 
healthier patients with PVD
Clamp is most often below the renal arteries, so 
typically better tolerated than AAA repair

POD 0 POD 1–2 POD 3–5

ICU. May come out 
of OR intubated. 
Resuscitation

Stabilize, wean 
resuscitation by 
48 hours. To floor

Resume diet. Epidural 
and Foley out. 
Walking. Discharge 
planning

 PVD BYPASS, INFRAINGUINAL

Typical length 4–5 h/GA

Blood loss pattern EBL 200–400 mL

Tips Length of stay is often a function of mobility 
status and foot wounds/ulcerations

POD 0 POD 1

ICU for pulse checks. Do not need 
resuscitation

Floor. Wound care. Foley 
out
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A
Abdominal aortic aneurysm 

(AAA) repair, 467–468
ACE inhibitors (ACE-I), 40, 41
Acute coronary syndrome (ACS), 

167
Acute kidney injury (AKI)

definition, 309
incidence, 307
postoperative evaluation, 311, 
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preoperative evaluation, 

307–309
prevention, 309–311
principles, 312

Acute normovolemic hemodilution 
(ANH), 177

Acute pain management
chronic pain, 439
cognitive and physical 

nonpharmacologic 
therapies, 445

multimodal analgesia, 439
non-opioids

acetaminophen, 442
calcium channel blockers, 

443
gabapentin, 443
goals, 442
multimodal pain control, 442

NMDA receptor 
antagonists, 442

NSAIDs, 442, 443
opioids, 440, 441
procedural techniques

epidurals, 444
local anesthetics, 443
peripheral nerve blocks, 445
type and location of 

surgery, 443
risk factors, 440

Acute respiratory distress 
syndrome (ARDS), 267

Acute stroke, 456–457
Acute viral hepatitis, 144
Adrenal insufficiency, 119–122
Albuterol, 275
Alcoholic hepatitis, 144
Alcohol use disorder (AUD), 375
Allergic reactions, 31
American College of Cardiology/

American Heart 
Association (ACC/AHA), 
99

American College of Surgeons 
(ACS), 18, 51

American Society of Anesthesia 
(ASA)

checklist, 280
scores, 4, 26, 160
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Anemia, 163
intraoperative management, 

165, 166
optimal transfusion threshold, 

166, 167
postoperative management, 

166
preoperative evaluation

history and physical, 163
laboratory, 164

preoperative management, 164
ESA, 165
folate deficiency, 165
iron deficiency, 165
vitamin B12 deficiency, 165

red blood cell transfusion
effect of, 167
risks of, 167, 168

Anesthesia
anesthesiologist, 29, 30
perioperative management

anesthetic complications, 
27, 30–32

general anesthesia, 27, 28
moderate sedation, 28
monitored anesthesia, 28
regional anesthesia, 28

preoperative evaluation, 25–27
Anesthesiology-led preoperative 

clinics, 4
Aneurysms, 456–457
Angiotensin receptor blockers 

(ARBs), 40, 41
Antibiotic prophylaxis, 104
Anticholinergics, 252
Anticoagulation, VTE, 208, 209

DOACs, 201
IVC filters, 201
SSPE, 210
surgical patients, 205
warfarin, 199, 200

Anti-emetics, 253
Antifibrinolytic agents, 177
Aortic regurgitation, 103
Aortic stenosis (AS)

echocardiogram, 100

intra- and postoperative 
considerations, 101

perioperative risk 
stratification, 100

preoperative considerations, 
101

preoperative evaluation, 99
Apixaban, 209
Apomorphine, 252
ARISCAT (Canet) Risk index, 269
Aromatase inhibitors (AIs), 126, 

128
Arterial blood gas (ABG), 401, 436
Aspiration, 398
Asthma, 267

See also Chronic obstructive 
pulmonary disease

Atelectasis, 267, 269, 270, 397
Atrial fibrillation

perioperative management
antiplatelet agents, 74–76
DOACs, 77
molecular weight heparin 

vs. IV unfractionated 
heparin, 76, 77

rhythm and rate control, 74
warfarin, 76

postoperative management
new onset management, 

78–80
recommendations, 75, 77

preoperative evaluation, 73, 74
Atrial tachyarrhythmias, 391–393
Autonomic dysreflexia (AD), 260, 

262
AutoPAP (APAP), 282

B
Balloon valvotomy, 101
Bare metal stents (BMS), 61
Basal, Bolus (prandial), and 

Correctional insulin 
(B-B-C) strategy, 108, 112

Basal insulin therapy, 107–110, 
112, 116
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Basic metabolic panel (BMP), 152
Benzodiazepines, 243, 378
Berlin Questionnaire, 280
Bi-level positive airway pressure 

(BPAP), 282
Bioimpedance measurement, 90
Bleeding, 181–184

disorders, 189, 191, 192
risk, 182

Blood glucose monitoring, 116
Blood transfusion, see Jehovah’s 

Witnesses, blood 
transfusions

Bronchospasm, 267, 397
B-type natriuretic peptide, 401

C
Carbapenem, 244
Cardiac disease, 324
Cardiac implantable electronic 

device (CIED) therapies, 
68

Cardiac resynchronization 
therapy (CRT)

leadless pacemakers, 92
subcutaneous ICD system, 91

Cardiac risk stratification
patient history, 54–56
preoperative cardiac 

evaluation
clinical tools, 50, 51
evidence-based approach, 

47, 48
exercise tolerance, 49
functional capacity, 49
surgical stress, 47, 48
surgical urgency, 48, 49

preoperative cardiac testing
ETT, 52
pharmacologic stress 

studies, 53
recommendations, 51, 52
stress test findings, 53, 54

Cardiovascular disease (CVD), 316
Carotid endarterectomy (CEA), 467

Cataract surgery, 457
Catechol-O-Methyl Transferase 

(COMT) inhibitors, 253
Cerebrovascular accident (CVA), 

234, 235
Cerebrovascular disease (CVD)

perioperative management, 
235

preoperative evaluation
physical examination, 234, 

235
risk stratification,  

general considerations, 
233, 234

Cervical spine disease, 316, 317
Charlson Comorbidity Index, 147
Chest X-ray imaging (CXR), 401
Child–Turcotte-Pugh (CTP) 

classification, 144
Chronic anticoagulation

perioperative management
DOACs, 222, 223
LMWH, 220, 222
minor procedures, 222
neuraxial procedures and 

nerve catheter 
placement, 225

reversal strategies, 222, 
224–225

risk stratification for 
bridging patients, 220, 
221

preoperative evaluation, 219, 
220

thrombophilia, 215
Chronic kidney disease (CKD)

contrast-induced nephropathy
anemia and coagulopathy, 

303, 304
fluid and electrolytes, 302
medications, 302, 303
NAC, 302
procedure, 302

ESRD, 304
morbidity, 301
preoperative evaluation, 301
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Chronic obstructive pulmonary 
disease (COPD), 267

preoperative evaluation, 273, 
274

preoperative management, 275
Chronic pain

opioid/epidural dosages, 363
perioperative management

nonpharmacologic 
therapies, 368

procedural techniques, 368
systemic pharmacologic 

management, 366–368
preoperative evaluation

counseling, 364, 365
medication, 365
patient’s fears and anxiety, 

364
Cirrhosis, 144, 145, 147
Coagulopathy, 193, 194
Cochrane Library, 119
Cockcroft–Gault equation, 303
Comanagement model, 2
Comprehensive geriatric 

assessments (CGA), 346
Confusion Assessment Method 

(CAM), 416
Consultative model, 1, 2
Continuous positive airway 

pressure (CPAP), 282
Continuous pulse oximetry, 283
Cosyntropin stimulation test, 135
Craniotomy, 240, 454–455
Creatinine clearance (CrCl), 302
Cricoarytenoid arthritis, 317
Crohn’s disease (CD), 151, 152
Crystal arthropathy, 331
Cytoreduction, 454

D
Dabigatran, 209
Daily postoperative evaluation, 

384
Decision-making capacity

patient’s capacity, 335

perioperative management, 
337, 338

preoperative evaluation, 336
red flags, 335, 336

DEEP brain stimulator (DBS), 
253

Deep vein thrombosis (DVT), 197, 
201, 207

central line-associated DVT, 
211

isolated distal DVT, 210, 211
Delirium, 255

diagnostic tool, 416–418
estimates of incidence, 413
etiology, 418
management, 418–420
pathogenesis of, 413
patient risk factors, 414
prevention trials, 415, 416
surgery-specific risk  

factor, 415
Dental surgery, 447
Dental/lip/tongue injuries, 30, 31
Desmopressin, 178, 192
Diabetes

glycemic control, 107
postoperative management

bariatric surgery, 115, 116
B-B-C strategy, 112
follow-up, 116
glucose monitoring, 116
NPO with institutional IV 

insulin protocol, 112
NPO without IV insulin 

infusion protocol, 114
steroid, 116
total parental nutrition, 114
tube feeds, 114, 115
U200 Degludec, 116

preoperative evaluation, 107, 
109

preoperative management, 
109, 110

insulin, 111
oral and non-insulin 

injectable agents, 110
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Direct oral anticoagulants 
(DOACs), 77, 201, 205, 
215, 216, 222, 223

Disease-modifying antirheumatic 
drugs (DMARDs), 323

Disorders of hemostasis, see 
Hemostatic disorders

Diuresis, 284
Dobutamine stress echo, 53
Dopamine agonists, 252
Dopamine precursor, 250
Drug-eluting stents (DES), 60, 61
Dual antiplatelet therapy (DAPT), 

60, 61
Duke Treadmill Score, 52
Dyspareunia, 126
Dysphagia, 248

E
Edoxaban, 209
Elderly patients

frailty, 341
postoperative management, 

346, 347
preoperative evaluation

FRAIL scale, 342
history and physical 

examination, 342, 344
organ system, 345
preoperative labs and 

studies, 344
TaGA, 342
tools, 343

preoperative management, 346
Electrocardiogram, 401
Electrolyte abnormalities

hyperkalemia, 435, 436
hypokalemia, 435
hyponatremia, 434, 435
indications, 437
metabolic acidosis, 436
pre-operative evaluation, 433, 

434
refeeding syndrome, 436, 437
rhabdomyolysis, 437

Electromagnetic interference 
(EMI), 89–92, 95

Electronic medical record (EMR), 
7

Endocarditis prophylaxis, 105
Endotracheal tube (ETT), 27
End-stage renal disease (ESRD), 

304
End-tidal carbon dioxide level 

(ETCO
2), 294

Enhanced recovery after surgery 
(ERAS), 109

Enteral nutrition, 160, 161
Epilepsy, 241

perioperative complications, 
240

perioperative management, 242
treatment, 243, 244

ERAS protocols, 427, 428
Erythropoiesis-stimulating agents 

(ESA), 165, 176
Esophagectomy, 451–452
Estrogen, 125–128, 353, 354
Etomidate, 121, 122
Euthyroid sick syndrome, 134
Evidence-based guidelines, 161
Exercise Tolerance Test (ETT), 52
Expiratory positive airway 

pressure (EPAP), 282
Extrapulmonary lung disease

peri-operative complications, 
293

postoperative care, 295
preoperative evaluation, 294, 

295
restriction, 293, 294

Eye injury, 31

F
Female reproductive hormone 

therapy, 127
Folate deficiency, 165
Fondaparinux, 209
Fresh frozen plasma (FFP), 193, 

194
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G
Gamma-aminobutyric acid 

(GABA), 443
Gastric bypass surgery, 450
General anesthesia, 27, 28
Glaucoma surgery, 458
Glucocorticoids, 119, 153
Glucose monitoring, 116
Gout

perioperative management, 
332, 333

preoperative evaluation, 331
risk factor, 331

Graft-versus-host disease 
(GVHD), 361

Graves’ disease, 137, 139

H
Head and neck surgery, 448–449
Heart failure (HF)

cardiomyopathies, 65
etiologies, 65
heterogeneity of, 65
medicare patients, 65
perioperative management

for decompensated HF, 69
HFrEF, 67
neurohormonal blockade, 

67
for stable HF, 68

post-operative period, 70
preoperative evaluation

diagnostic testing, 67
history, 66, 67
physical exam, 67

Heart failure with reduced 
ejection fraction 
(HFrEF), 67

Hemodialysis (HD), 304
Hemoglobin based oxygen 

carriers (HBOCs), 178
Hemophilia, 190, 194
Hemopure, 178
Hemostatic disorders

perioperative management
acquired disorders of 

coagulation, 193

FFP transfusions, effect of, 
193, 194

hemophilia, 194
vitamin K deficiency, 193
VWD, 192, 193

preoperative evaluation
history and physical exam, 

189, 190
platelet count, 191
PT/INR and PTT, 191

Hepatitis, 144
Hepatopulmonary syndrome, 143
High flow nasal cannula (HFNC), 

402
Hip fracture repair, 461
Homozygous sickle cell anemia 

(HbSS), 227, 228
Hormone therapy

aromatase inhibitors, 128
cardiovascular risks, 126
testosterone, 126
venous thromboembolism, 126
women

HRT, 127
OCPs, 127
SERMs, 127, 128
venous thromboembolism, 

127
Hydroxychloroquine (HCQ), 326
Hyperglycemia, 107–110, 112, 116
Hyperkalemia, 435, 436
Hypertension

blood pressure, 83
perioperative management, 84
postoperative management, 86
preoperative evaluation, 83
preoperative management

ACE-I/ARBs, 84, 85
beta blockers, 85
clonidine, 84, 85
diuretics, 84, 85
principles, 84, 85

Hyperthyroidism
nonthyroid surgery, 136, 137
perioperative complications, 137
perioperative management, 138
thyroid storm, 139
thyroid surgery, 137, 139
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Hypoalbuminemia, 268
Hypogonadism, 125
Hypokalemia, 435
Hyponatremia, 243, 434, 435
Hypotension, 30
Hypothalamic-pituitary-adrenal 

(HPA) axis, 119, 120, 152
Hypothyroidism

cardiovascular surgery, 135
critical illness, 134, 135
myxedema syndrome, 135, 136
perioperative complications, 

134
perioperative management, 

133
surgery, 133, 134
thyroid hormone replacement 

therapy, 132
Hypo-ventilation, 398
Hypoxemia

causes of, 395–399
evaluation, 400–402
management of, 397–398, 402
preventive measures, 399, 400

Hypoxia, 291

I
Ileal pouch-anal anastomosis 

(IPAA), 152
Immune thrombocytopenia (ITP), 

184
Immunomodulatory medications, 

154
Implantable cardioverters, 91
Infective endocarditis, 105
Inferior vena cava (IVC) filters, 

201
Inflammatory bowel disease 

(IBD)
patient specific risks

history and physical 
examination, 152

laboratory work-up, 152
perioperative medication 

management, 153, 154
postoperative complications, 

prevention of, 154, 155

surgery specific risks
emergency colectomy, 153
IPAA, 152
risk stratification, 153
simple laparoscopic 

resection, 152
Inherited thrombophilias, 214

chronic anticoagulation, 215
preoperative evaluation, 214
VTE, 215, 216

Inspiratory positive airway 
pressure (IPAP), 282

Insulin
B-B-C strategy, 108
onset, peak and duration 

effect, 113
oral and non-insulin injectable 

agents, 110
preoperative management, 111
total parental nutrition, 114
transitioning from IV to SC 

insulin, 112
tube feeds, 115

Internal cardioverter- defibrillators 
(ICDs)

complications, 89
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leadless pacemaker, 92
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recommendations, 92
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perioperative risks, 297
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preoperative evaluation, 298, 

299
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Iron deficiency, 165
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medication management, 61, 62
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perioperative management, 
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blood conservation 
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Liver disease
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postoperative management, 
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Severe hypothyroidism, see 
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Sex hormone therapy, 352
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intraoperative 

management, 229
postoperative management, 
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preoperative management, 

228, 229
preoperative evaluation, 227, 
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perioperative management
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gastrointestinal 
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neurogenic bladder, 264
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262
pain management, 264
pressure ulcer prevention, 
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and morbidity, 260
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pulmonary morbidity, 261
spasticity, 261
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Spine surgery, 462–463
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Stress-dose steroids

perioperative management, 
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Subsegmental pulmonary 
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peri-operative management
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benzodiazepines, 378
marijuana, 378
OUD, 377, 378
stimulants, 378
tobacco, 377

pre-operative evaluation
alcohol, 375
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OUD, 375, 376
preferred vs. non- preferred 
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tobacco, 374, 375
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wound infections and 
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perioperative management
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management, 326
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management, 326
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390
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ventricular tachyarrhythmias, 
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Tachy therapy, 95
Tamoxifen, 127
Targeted geriatric assessment 
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Testosterone, 125

HRT, 127
therapy, 126, 354
venous thromboembolism, 126
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definition, 181
perioperative management

ITP, 184
platelet dysfunction, 183
platelet transfusions, effect 

of, 183
postoperative, 184

preoperative evaluation
bleeding risk, 182
history and physical exam, 

181, 182
testing, 182

Thromboembolic disease, 324
Thrombophilias, see Inherited 

thrombophilias
Thrombosis, 213, 216
Thyroid gland disorders
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perioperative management (see 

Hyperthyroidism)
preoperative evaluation

patients not known with 
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patients with known 
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patients with known 
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Thyroid storm, 139
Thyroid surgery, 137, 139
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Tranexamic acid, 177
Transcutaneous Electrical Nerve 

Stimulation (TENS), 368
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transfusion (see 
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blood transfusions)

platelet, 183
red blood cell

effect of, 167
hemoglobin, 167
risks of, 167, 168

Transfusion-associated 
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(TACO), 396

Transfusion-related acute lung 
injury (TRALI), 396
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estrogen therapy, 353, 354
health care personnel, 351
preoperative evaluation, 353
sex hormone therapy, 352, 353
testosterone therapy, 354
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Transurethral resection of bladder 
tumor (TURBT), 
466–467

Tremor, rigidity, akinesia, and 
postural/gait instability 
(TRAP), 248

Tresiba®, 116
Troponin, 401
Tube feeds, 114, 115
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U200 Degludec, 116
Ulcerative colitis (UC), 151, 152
Unfractionated heparin (UFH), 

205, 209
Upper airway obstruction, 398
Urologic surgery
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cystoscopy, 466–467
lithotripsy, 466–467
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thrombectomy, 465

laparoscopic nephrectomy, 
465–466

open nephrectomy, radical, 
465

open partial nephrectomy, 
466

robotic partial 
nephrectomy, 466

prostatectomy, radical, 464
transurethral resection of 

prostate, 464–465
TURBT, 466–467
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Vaginal dryness, 125–126
Valvular heart disease

ACC/AHA perioperative 
cardiac risk, 99

aortic regurgitation
perioperative management, 

103
preoperative evaluation, 

102, 103
aortic stenosis

echocardiogram, 100
intra and postoperative 

considerations, 101
perioperative risk 

stratification, 100
preoperative 

considerations, 101
preoperative evaluation, 99

endocarditis  
prophylaxis, 105

mitral regurgitation
echocardiogram, 104
perioperative management, 

104
preoperative evaluation, 

103
mitral stenosis

perioperative management, 
102

preoperative evaluation, 
101, 102

prosthetic heart valves (see 
Prosthetic heart valves)
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Vascular surgery, 467
AAA repair, 467–468
CEA, 467
PVD bypass, 468–469

Vasodilator myocardial perfusion 
imaging (MPI), 53

Vasomotor symptoms, 125
Vaso-occlusive pain episodes 

(VOEs), 228–230
Venous blood gas analysis (VBG), 

401
Venous thromboembolism (VTE), 

125–128, 213, 215, 318
acute postoperative VTE

apixaban, 209
central line-associated DVT, 
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dabigatran, 209
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edoxaban, 209
fondaparinux, 209
immediate management, 

207, 208
isolated distal DVT, 210, 

211
long-term management, 

209, 210
rivaroxaban, 209
SSPE, 210

anticoagulation
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IVC filters, 201

surgical patients, 205
warfarin, 199, 200

Caprini risk assessment model, 
198–199

patient factors, 197
surgical factors, 197
thrombophilia, 215, 216
VTE prophylaxis

for neuraxial procedures 
and nerve catheter 
placement, 205–207

recommendations, 202–204
Venous thromboembolism (VTE) 

prophylaxis, 155, 
202–207

Ventricular tachyarrhythmias, 
393

Ventriculoperitoneal (VP) shunt, 
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Vision loss, 31
Vitamin B12 deficiency, 165
Vitamin K antagonists, 199
Vitamin K deficiency, 193
Von Willebrand disease (VWD), 
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Von Willebrand factor (VWF), 
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