64
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KEY POINTS

!□! Degenerative joint disease is the foremost medical condition leading to operations in the United

States. With continued population growth and an increasing percentage of older people, a fivefold
increase in the demand for hip and knee arthroplasty and spine procedures is projected by 2030.
!□! Many orthopedic operations including total joint arthroplasties and spine surgeries are classified as intermediate surgical risk, with 30-day cardiac death or myocardial infarction occurring
with an incidence of 1% to 5%. Since preoperative cardiac risk evaluation is often inconclusive in
high-risk patients with limited mobility, a higher level of monitoring and perioperative troponin
measurements should be considered to assess for perioperative cardiac events.
!□! Comprehensive preoperative geriatric assessment is increasingly used in the perioperative care
of older patients who may have multiple comorbid conditions and who have suffered fragility
fractures. Prehabilitation programs can be useful in these patients to reduce frailty and improve
surgical outcome.
!□! Fractures of the proximal femur following falls are common in older patients and are associated
with high morbidity and mortality. Early surgery (<24 hours) has been associated with reduced
pain and length of hospital stay. Patients with significant medical comorbidities that delay
surgery for more than 4 days have a higher mortality.
!□! As compared to the lateral position, beach chair position offers superior surgical exposure and
access for most shoulder surgeries, less distortion of muscle anatomy, and less tension on the
brachial plexus. Cerebral perfusion pressure can decrease by 15% in sitting patients under general anesthesia, and in patients with cerebrovascular disease detrimental decrease in cerebral
blood flow can occur if the systemic pressure is not carefully monitored and maintained. The role
of the sitting position on postoperative neurologic outcome remains, however, controversial.
!□! The most common complications after total hip arthroplasty and total knee arthroplasty are
cardiac events, pulmonary embolism, pneumonia and respiratory failure, and infections. Older
patients with major comorbidities including cardiac disease, pulmonary disease, and diabetes
should have a complete preoperative medical evaluation.
!□! Cemented fixation of the femoral prosthesis can be complicated by the bone-cement implantation syndrome, resulting in intraoperative hypotension, hypoxia, or even cardiac arrest. Invasive
hemodynamic monitoring with an arterial catheter and possibly also a central venous catheter
should be considered. Treatment with a potent inotropic agent such as epinephrine may be
required. Pulsatile lavage of the femoral canal and drilling a vent hole in the femur before
prosthesis insertion can also ameliorate the hemodynamic consequences of this devastating
complication.
!□! Correction of spinal deformities can be associated with large intraoperative blood loss, and
measures to minimize blood transfusion should be considered. Deliberate controlled hypotension has been employed but must be used with caution in older adults, those with cardiovascular disease, or those at risk for ischemic complications and postoperative vision loss. Antifibrinolytic agents may be considered to limit blood loss but should be avoided in patients with a
history of thromboembolic events, coronary stents, or renal impairment.
!□! Intraoperative neurophysiologic monitoring is increasingly employed for spine surgeries and
is currently recommended for procedures with increased risk for spinal cord injury including
correction of spine deformities, resection of intramural tumors, unstable spine trauma, Chiari
malformation, spinal cord vascular malformations, as well as those with risk for root damage
and in patients with significant risk for compression neuropathies.
!□! Perioperative visual loss after spine surgery can be caused by anterior or posterior ischemic
optic neuropathy, retinal ischemia, cortical blindness, or posterior reversible encephalopathy.
Direct pressure on the eye should be avoided and patients should be positioned so that the
head is level with or higher than the heart. The patient’s head should be maintained in a neutral
forward position without significant neck flexion, extension, lateral flexion, or rotation. Staged
spine surgery procedures can reduce the risk of perioperative visual loss and should be considered in high-risk patients.
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Fig. 64.1 Population aged ≥65 years for the United States 2012 to 2050 in millions (A) and percent of total population (B). (With permission from United
States Census Bureau. Ortman JM, Velkoff VA, Hogan H. An aging nation: The older population in the United States; May 2014. https://www.census.gov/library/
publications/2014/demo/p25-1140.html.)

Preoperative Evaluation
EPIDEMIOLOGY AND DEMOGRAPHICS OF
ORTHOPEDIC SURGERY
Orthopedic operations represent the most frequently performed
procedures in U.S. hospitals. Arthroplasty of the knee was the
single operation performed most often during U.S. hospital stays
in the year 2012, amounting to 700,100 operating room procedures (223 per 100,000 population). Hip replacement surgery with 468,000 operations (149 per 100,000 population)
was the fourth most frequent operation and spinal fusion, with
450,900 operations (144 per 100,000 population), the fifth.1
These statistics highlight the magnitude of degenerative
joint disease, or osteoarthritis (OA), as the foremost medical
condition leading to operations in U.S. hospitals. OA is the most

common form of arthritis, affecting over 54 million U.S. adults
according to 2018 data (78 million U.S. adults are expected to
be affected in the year 2045).2 The lifetime risk of developing
OA of the knee is about 46%, and that of the hip is 25% according to the Johnston County Osteoarthritis Project.3,4
With age as a prominent risk factor for developing osteoarthritis and with an increasing percentage of elderly people in
general, termed population aging (we are expecting 83.7 million US citizens older than 65 years in 2050, almost double the
2012 estimate of 43.1 million for that age group) (Fig. 64.1A
and B),5 the demand for primary total knee arthroplasty is projected to increase by the year 2030 by approximately 5-fold,
amounting to 3.4 million surgeries expected to be performed
annually in the US (Fig. 64.2A and B).6,7
Given the increasing number of patients and volume-based
need for orthopedic surgery, every anesthesiologist will sooner

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

3500

Annual number of procedures
(x 1000)

Annual number of procedures
(x 1000)

Anesthesia for Orthopedic Surgery

THA
TKA

3000
2500
2000
1500
1000
500
0
2005

2010

2015

2020

2025

2030

Year

A

2073

300
THA
250

TKA

200
150
100
50
0
2005

2010

2015

2020

2025

2030

Year

B

Fig. 64.2 The projected numbers of primary (A) and revision (B) total hip arthroplasties (THA) and total knee arthroplasties (TKA) in the United States
from 2005 to 2030. (With permission from Kurtz S, Ong K, Lau E, et al. Projections of primary and revision hip and knee arthroplasty in the United States from
2005 to 2030. J Bone Joint Surg Am. 2007;89(4):780–785.)

or later become an orthopedic anesthesiologist. Population
aging with the corresponding low support ratio (defined by
the number of workers divided by retirees) will also inevitably
cause political and financial pressures on public healthcare
systems.8 In particular, financial pressures will certainly intensify and be passed on to orthopedic surgery and anesthesia
with its age-related increase in frequency and volume.
It is not surprising that in 2013 the OA-attributable medical costs in the United States were estimated to be $140
billion, with the total medical expenditures and earning
losses as high as $304 billion.9 When conservative therapy
including physical activity with muscle strengthening, flexibility and balance exercises, weight control, pain medications, and other personal coping strategies fail to control
the symptoms of OA, joint replacement surgery is often the
last option for patients suffering from OA to relieve pain and
regain mobility.
Using the traditional accounting method, the total cost
per hip replacement was recently estimated to be 22,000
to 27,000 USD,10,11 and for the total cost per knee replacement, 29,500 USD.11 It is, therefore, not surprising that
OA is among the most expensive medical conditions to
treat when joint replacement surgery is required. In fact,
OA was, following septicemia, the second most expensive
health condition treated at U.S. hospitals in 2013. In that
year, OA accounted for $16.5 billion, or 4.3% of the combined costs of all U.S. hospitalizations. OA was also the most
expensive condition for which privately insured patients
were hospitalized, accounting for over $6.2 billion in hospital costs and amounting to 3.6% of the combined costs for
all private hospitalizations.12
In the past, there was a natural reluctance to perform
total joint arthroplasties on very old patients. Older studies
reported not only limited evidence of favorable pain and functional outcome of these procedures in patients aged 80 years
or older, but also higher rates of complications and mortality.13-18 Some of these studies were undersized, only used a
descriptive or retrospective design, and were also challenged
by case-control or prospective community-based studies
that failed to report higher complication rates in older age
groups.19-21 The main conclusion of these authors was that
with increased life expectancy and elective surgery improving the quality of life, age alone is no longer a factor that
affects the outcome of total joint arthroplasty and should,

therefore, not be a limitation when deciding who should
receive this surgery. Over the past 20 years, arthroplasties
in octogenarians and even nonagenarians have become
routine procedures in many orthopedic institutions. Nevertheless, a recent study including 7569 patients reported
a greater risk of perioperative mortality (relative risk [RR]
3.69; confidence interval [CI], 1.37-9.93), pneumonia, and
urinary tract infection in patients 80 years of age or older
undergoing aseptic revision total hip arthroplasty (THA).22
This same study also found general anesthesia compared
with epidural, spinal, regional, or monitored anesthesia care
to be an independent risk factor for serious adverse events in
these patients (RR 1.90; 95% CI, 1.29-2.79).
Considering this enormous financial expenditure combined with the increased age and accompanying comorbidities of the orthopedic patients, anesthesiologists must
be highly skilled and apply their utmost vigilance when
planning the anesthetic course, including counseling the
patient, identifying at-risk patients, and selecting appropriate perioperative anesthetic management and postoperative care.!

CARDIOVASCULAR COMORBIDITIES
Coronary Artery Disease
With regard to cardiac risk, surgical interventions can
be broadly divided into low-risk, intermediate-risk, and
high-risk groups with estimated 30-day cardiac events
(cardiac death and myocardial infarction) of less than
1%, 1% to 5%, and more than 5%, respectively.23 The
vast majority of orthopedic operations, such as total joint
arthroplasties and spine surgery, are considered and
classified as an intermediate surgical risk with 30-day
cardiac death or myocardial infarction occurring in 1%
to 5% of patients. In fact, most studies have reported a
primarily perioperative, acute myocardial infarction rate
after hip or knee arthroplasty of 0.3% to 1.8%.24-26 A
recent study defining the intrinsic cardiac risk of a single
specified operation rather than groups of operations to
improve upon current preoperative cardiac-risk assessment strategies also considered THA as an intermediate intrinsic cardiac risk with an odds ratio (OR) of 0.95
(95% CI, 0.83-1.08) relative to the statistically estimated
average procedure.27 Another interesting study, using
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Fig. 64.3 Adjusted hazard ratios (HR) for acute myocardial infarction
(AMI) in patients undergoing total hip replacement (THR) and total
knee replacement (TKR) with respect to time since the operation (mo
= months). (With permission from Lalmohamed A, Vestergaard P, Klop C,
et al. Timing of acute myocardial infarction in patients undergoing total
hip or knee replacement: a nationwide cohort study. Arch Intern Med.
2012;172(16):1229–1235.)

matched controls not undergoing surgery, demonstrated
an increased risk of acute myocardial infarction during
the first 2 weeks after total hip replacement (25-fold) and
after total knee replacement (31-fold). The association of
an increased cardiac risk and surgery was strongest in
patients 80 years of age or older. Interestingly, the risk of
acute myocardial infarction decreases significantly after
2 weeks, although it remains elevated during the first 6
weeks for total hip replacement patients (Fig. 64.3).28
Over the last 40 years, several indices and scores were
developed to better determine perioperative cardiac risk.29
The first was introduced in 1977 by Lee Goldman.30 The
most widely used of these risk indices today remains the
Revised Cardiac Risk Index (RCRI).31 More recently, a new
perioperative risk index known as the Gupta score was proposed using a new model and an up-to-date and simplified
approach, which is also available as a risk calculator on
the Internet.32 It was validated on a cohort of more than
400,000 patients of the National Surgical Quality Improvement Program database and uses the American Society of
Anesthesiologists (ASA) classification system, dependent
functional status, age, abnormal creatinine, and type of
surgery as main factors associated with cardiac risk after
surgery. In this study, the adjusted OR for myocardial infarction or cardiac arrest was estimated to be 2.22 (95% CI,
1.55-3.17) for orthopedic surgery and 1.24 (95% CI, 0.384.00) for spine surgery, compared with an OR of 4.96 for
aortic surgery. With a growing geriatric population and an
increase in elective noncardiac surgeries in these patients,
the necessity of having accurate estimations of the cardiac
risk for geriatric patients becomes obvious. For this reason,
the new geriatric-sensitive perioperative cardiac risk index
(GSCRI), derived solely from geriatric data, was developed
in 2017.33 The GSCRI model contains a total of seven variables, where the main three statistically important variables associated with cardiac risk in the older adult were
stroke history, ASA class, and surgical category. Compared
to the Gupta score, the GSCRI model considers heart failure,
stroke history, and diabetes mellitus status as additional

variables. The GSCRI has been shown to be a significantly
better predictor of cardiac risk in geriatric patients undergoing noncardiac surgery compared to the Gupta score
and RCRI. In the GSCRI, the OR for myocardial infarction
or cardiac arrest in orthopedic patients (OR, 2.99; 95% CI,
2.22-4.02) was higher than in the other two indices. The
underestimated cardiac risk in geriatric patients resulting
from these scores is likely due to estimates that were derived
from a younger population.33
During the last few years, the focus of cardiac risk has somewhat changed, and perioperative myocardial injury (PMI)
has gained increased importance as an additional risk factor
for postoperative cardiac events.34,35 High-sensitivity cardiac
troponin assays have been introduced as an important biomarker in routine clinical care. Such novel biomarkers can
detect patients at risk beyond established risk scores, and the
measurement of these troponins allows for detection of acute
cardiomyocyte injury during the perioperative period.35 PMI is
mainly defined by a perioperative increase of absolute or relative troponin values using delta or maximum postoperative
values. Despite the current lack of a clear and uniform international definition for PMI, this entity has recently been identified
as an important, yet often undetected, complication of noncardiac surgery that is strongly associated with 30-day mortality.34,36,37 In the most recent study on PMI, Puelacher and
coauthors defined PMI as an absolute increase in high-sensitivity cardiac troponin of 14 ng/L or greater from preoperative
to postoperative measurements in high-risk patients 65 years
or older or in patients 45 years or older with a history of preexisting coronary artery disease, peripheral artery disease, or
stroke.38 In their study population of over 2000 patients, they
found an incidence of PMI in orthopedic patients undergoing
an intermediate-risk surgical procedure (e.g., total hip or knee
replacement) of 20% and for spinal surgery an incidence of PMI
of 15% (Table 64.1). With PMI being associated with an overall
substantial 30-day mortality as high as 9% and 1-year mortality as high as 22%, recommendations have already been published for screening high-risk patients for PMI.39 The Canadian
Cardiovascular Society Guidelines on perioperative cardiac
risk assessment and management of patients undergoing noncardiac surgery already explicitly recommend obtaining daily
troponin measurements for 48 to 72 hours after noncardiac
surgery in high-risk patients.40 These perioperative troponin
measurements may be particularly useful in high-risk orthopedic patients, since the preoperative cardiac risk evaluation is
often inconclusive due to the limited mobility in these patients.!

Other Cardiac Comorbidities
Coronary artery disease is probably the single most
important cardiac risk factor in orthopedic patients.
However, other cardiac diseases such as valvular heart
disease or pulmonary hypertension are also important
to detect and assess during the preoperative evaluation.
Pulmonary hypertension is particularly important in
orthopedic patients. In light of the effect of a potentially
increased intrathoracic pressure on right heart diastolic
function during certain procedures and positioning,
the increased risk of venous thromboembolism and the
risk of pulmonary embolism of intramedullary contents
including fat, bone debris, and cement possibly exacerbating and worsening preexisting right heart strain need
to be considered.
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TABLE 64.1 Incidence of Perioperative Myocardial Injury in Patients with Increased Cardiovascular Risk (Patients Aged ≥65
Years or Patients with Preexisting Coronary Artery Disease, Peripheral Artery Disease, or Stroke)
ESC/ESA SURGICAL RISK
Incidence of PMI [95% CI]

<1%

1-5%

>5%

All surgical specialties

16% [14-17] (397/2546)

9% [9-13] (79/833)

17% [19-23] (248/1432)

25% [28-39] (70/281)

Orthopedic

16% [12-20] (50/315)

10% [6-18] (12/115)

20% [15-26] (36/183)

12% [2-36] (2/17)

Trauma

18% [15-22] (83/455)

12% [8-17] (22/188)

23% [19-29] (61/260)

0% [0-41] (0/7)

Spinal

15% [11-19] (55/372)

19% [6-44] (3/16)

15% [11-19] (52/356)

0% [0] (0/0)

CI, confidence interval; ESA, European Society of Anaesthesiology; ESC, European Society of Cardiology; PMI, perioperative myocardial injury.
From Puelacher C, Lurati Buse G, Seeberger D, et al. Perioperative myocardial injury after non-cardiac surgery. Circulation. 2018;137:1221–1232.

Pulmonary hypertension is hemodynamically defined
as a resting mean pulmonary arterial pressure of 25 mm
Hg or greater and is classified into five groups: (1) patients
with primary pulmonary arterial hypertension, (2) patients
with pulmonary hypertension due to left heart disease, (3)
patients with pulmonary hypertension due to chronic lung
disease and/or hypoxia, (4) patients with chronic thromboembolic pulmonary hypertension, and (5) patients with
unclear, mixed, or multifactorial reasons for pulmonary
hypertension.41 A number of retrospective studies reported
the considerable risk of morbidity and mortality in patients
with pulmonary hypertension undergoing noncardiac surgery with mortality ranging from 3.5% to 18%.42,43 Major
or emergency surgery, long procedure (more than 3 hours),
high ASA class score, concomitant cardiovascular disease,
poor exercise tolerance, higher preoperative pulmonary
artery pressure, and the diagnosis of primary arterial hypertension have all been associated with adverse outcomes in
these patients.43,44 Ramakrishna and associates retrospectively identified 146 patients with pulmonary hypertension
undergoing various noncardiac surgical interventions and
reported a mortality rate of 7%. When the authors stratified
risk by type of surgery, they found that 17% of patients undergoing low-risk surgical procedures experienced morbidity
compared with 48% of those undergoing orthopedic surgery. This suggests that patients with pulmonary hypertension undergoing orthopedic surgery represent an especially
vulnerable group.45 Other authors examined 1359 patients
with pulmonary hypertension undergoing THA and 2184
patients with pulmonary hypertension undergoing TKA.
In-hospital mortality rates among patients with pulmonary
hypertension increased by a factor of 3.72 (95% CI, 2.136.39) for the cohort undergoing hip arthroplasty compared
with controls and by a factor of 4.55 (95% CI, 2.16-9.39) in
patients undergoing TKA.44 The highest rate of in-hospital
mortality with 5% was reported in patients with primary pulmonary hypertension undergoing hip arthroplasty.
A thorough clinical examination of a patient with pulmonary hypertension should focus on the nature of symptom
progression, exercise tolerance, signs of right ventricle failure,
heart rate, blood pressure, electrocardiogram (ECG), chest
radiography and biomarkers (B-type natriuretic peptide and
high-sensitivity cardiac troponins). Further investigations
may include arterial blood gases, echocardiography with
estimation of pulmonary artery pressure, computed tomography (CT), coronary angiography, or even advanced and
invasive hemodynamic measurements of pulmonary artery
pressures and cardiac output depending on the severity of

the disease.42 Mortality of these surgical procedures can be
reduced with careful planning, ideally in tertiary nationally
designated pulmonary hypertension centers with close preoperative, intraoperative, and postoperative hemodynamic
monitoring to prevent a pulmonary hypertension crisis.
Finally, it is important to also consider the noncardiac risks
in the orthopedic population. At the moment, there is a lack
of data on how noncardiac risk factors such as preoperative
mental status, level of dependency, anemia, extreme low or
high body weight, pulmonary risk factors, and immune status interact with the cardiovascular risk factors described earlier and how they impact the outcome of orthopedic surgery.
There is a need for more general risk scores that can predict the
outcome and mortality from noncardiac causes.23 Therefore,
in geriatric orthopedic patients it might be beneficial to obtain
a more comprehensive estimation of a patient’s functional
reserves during the preoperative evaluation. This would also
include noncardiac risk factors, rather than focusing on single-organ function and biomarkers alone. Too many healthcare systems are still organized around single-system illnesses.
Today, frailty is increasingly recognized as an age-associated,
multidimensional syndrome and a unique domain of health
status that can be a valid marker of decreased reserves and of
resulting perioperative vulnerability and unfavorable postoperative outcome in older patients.46,47!

FRAILTY
It has long been known that older patients are at increased risk
for postoperative complications, possibly due to reduced physiologic reserves to withstand an operation. Linda Fried was the
first to use a validated scoring system to define this vulnerability (or frailty) in a more standardized manner and found that
such preoperative characterization of frailty using five domains
(weight loss, decreased grip strength, exhaustion, low physical
activity, and slowed walking speed) could predict surgical outcomes such as postoperative complications, length of hospital
stay, and discharge to a skilled- or assisted-living facility. Her
frailty score also augmented other risk-assessment models such
as the ASA score, the RCRI, or the Eagle’s cardiac risk index.46
Since the first description of this frailty concept in surgical
patients, many additional frailty scores and scales including a
vast diversity of variables have been proposed in the literature.
In orthopedic surgery, the Clinical Frailty Scale,48 the
FRAIL scale,48 the modified Frailty Index (mFI),49 the
Groningen Frailty Indicator (GFI) questionnaire,50 and the
Frailty Phenotype and Frailty Index have all been used.51
Flexman and associates showed in 52,671 patients that
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approximately 4% of the spine surgery population is frail
and that the mFI independently predicted major postoperative complications (unadjusted odds ratio 1.58), prolonged
length of stay (unadjusted odds ratio 1.89), discharge to a
higher level of care (unadjusted odds ratio 2.29), and 30-day
mortality (unadjusted odds ratio 2.05 for every 0.1 increase
in frailty score) in patients undergoing surgery for degenerative spine disease.49 In another study to assess feasibility
and validity of the GFI questionnaire in patients undergoing total hip or knee arthroplasties, the authors reported
that 33% of patients with hip OA and 24% of patients with
knee OA were frail.50 All studies examining frailty in elderly
orthopedic patients reported a significant association with
adverse postoperative outcomes such as surgical complications, hospital length of stay, discharge to post-acute institutional care, and readmission rate within 30 days.48,51
It has to be pointed out that frailty scales should be accompanied by a thorough clinical examination and comprehensive geriatric assessment including examining the burden
of comorbidity, polypharmacy, physical function, psychological status, nutrition, risk of postoperative delirium, and
social support to add further insights into the actual risk and
the patient’s real expectations.52-54 Well-crafted comprehensive geriatric assessments can be a more powerful predictor of perioperative risk than the ASA score.55 A study in
older patients with a mean age of 78 years examining the
prediction of postoperative morbidity and mortality using a
comprehensive geriatric assessment reported a significantly
higher risk for postoperative death or post-discharge institutionalization for orthopedic surgery compared with abdominal, thoracic, or other surgeries.52 As such, the value of a
comprehensive geriatric assessment has been particularly
recognized as a promising system of care for complex older
patients who have suffered fragility fractures.56
While frailty is increasingly acknowledged as a marker of
functional decline, it remains a potentially modifiable risk factor.
As such, preoperative rehabilitation programs have been introduced into clinical practice with the idea to reduce frailty and
thereby improve surgical outcome. However, today the results
of such prehabilitation programs remain controversial.57-59!

NEUROLOGIC COMORBIDITIES
Stroke is a feared and devastating complication in the perioperative period and is associated with a high rate of morbidity and
mortality.60,61 Large studies have identified a rate of 0.2% for
perioperative stroke following total joint arthroplasty, the incidence doubling to 0.4% in patients aged 75 years or older.60,62
Mortazavi and associates reported advanced age, a history of
cerebrovascular, coronary artery, atherosclerotic or cardiac valvular disease, atrial fibrillation or other intraoperative arrhythmias, urgent surgery, and general anesthesia as independent
risk factors for stroke in patients undergoing total joint arthroplasties.60 Compared with matched control subjects not undergoing surgery, Lalmohamed and associates reported a 4.7-fold
increased risk of ischemic stroke and a 4.4-fold increased risk for
hemorrhagic stroke during the first 2 weeks after THA. The risk
remained significantly elevated for at least 6 weeks for ischemic
stroke and 12 weeks for hemorrhagic stroke.63 Since previous
strokes represent a significant risk factor, a thorough evaluation
of patients with neurologic diseases undergoing surgery can
reduce perioperative morbidity and mortality.64

Postoperative delirium is recognized as the most common surgical complication in older adults, occurring in 5%
to 50% of older patients after surgery. It is associated with
major postoperative complications, including postoperative cognitive dysfunction and even death.65 The main risk
factors for postoperative delirium are well established and
include among others age of 65 years or older chronic cognitive decline or dementia, poor vision or hearing, severe illness, and the presence of infection. In order to successfully
prevent, predict, and manage postoperative delirium, different delirium risk scores were developed of which two were
validated in orthopedic surgical patients.66 Kalisvaart and
associates implemented and validated a medical risk factor
model in 603 hip surgery patients aged 70 years or older
containing four factors: cognitive function at admission,
visual impairment, acute physiologic and chronic health
status, and blood urea nitrogen (BUN) to creatinine ratio.67
One point was assigned for each of the four risk factors present, resulting in three groups: a low-, an intermediate-,
and a high-risk group with incidences of delirium of 3.8%,
11.1%, and 37.1%, respectively. Cognitive impairment and
age were the most important risk factors for delirium in this
population of hip surgery patients. Postoperative delirium
was four times as frequent in acute hip fracture patients as
in elective hip replacement patients. Another study in elective hip or knee arthroplasty patients suggested the use of
the Delirium Elderly At-Risk (DEAR) assessment, which
incorporates the following risk factors: age, visual or hearing impairment, dependence in more than one activity of
daily living, a low mini-mental state score on admission or
a previous episode of postoperative delirium, and benzodiazepine or alcohol abuse.68 A score of two or more using
this tool was associated with a greatly increased risk of
delirium. Logistic regression models showed the strongest
associations of substance abuse and cognitive impairment
with the development of postoperative delirium. In a prospective matched controlled cohort study, Kat and colleagues showed that the risk of dementia or mild cognitive
impairment at 30 months follow-up is almost doubled in
hip surgery patients aged 70 years or older with postoperative delirium compared with at-risk patients without
delirium.69 In addition, a recent study reported poor performance on a preoperative cognitive screening test in older
patients undergoing hip or knee arthroplasties as a predictor of postoperative complications such as the development
of postoperative delirium, a longer hospital stay, and a lower
likelihood to return home in good health upon hospital discharge.70 Postoperative delirium is also common after spine
surgery in older adults and is also associated with increased
length of stay, increased costs, and decreased odds of discharge to home.71 All these studies clearly show the importance of incorporating the assessment of risk of delirium in
the preoperative evaluation of elderly orthopedic patients.!

THROMBOEMBOLIC DISEASE
Thromboembolic complications remain one of the leading
causes of morbidity and mortality after orthopedic surgery.
Antithrombotic guidelines are continuously updated and published by the American College of Chest Physicians (ACCP).72 A
systematic review and meta-analysis including 7 million pooled
total joint arthroplasty patients found that cardiovascular
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disease, previous history of venous thromboembolism, neurologic disease, and ASA score were significant and independent
risk factors for venous thromboembolism after joint arthroplasties.73 Two large studies published after the last update of the
ACCP guidelines suggested aspirin to be an effective, safe, convenient, and inexpensive alternative to low-molecular weight
heparin or to rivaroxaban for extended thromboprophylaxis
after joint arthroplasties.74,75 In an evolving field with many
new anticoagulation drugs available, accurate risk stratification would be helpful for physicians as well as patients. While
the widely-used Caprini score risk assessment model for thromboembolic disease in the general surgical population failed to
provide clinically useful risk stratification information in total
joint arthroplasty patients,76 a more individualized risk model
improved the efficacy of preventing venous thromboembolism
in these patients.77 In spine surgery, venous thromboembolism
prophylaxis remains even more controversial. An algorithmic
approach to this problem was recently published to establish a
more specific venous thromboembolism prophylaxis risk/benefit score for spinal surgery.78
With the increased use of percutaneous coronary interventions and other vascular stents, and the widespread use
of oral anticoagulant drugs for atrial fibrillation or peripheral
vascular disease, anesthesiologists are commonly involved in
the perioperative management of patients with antiplatelet
or anticoagulation therapy.79 Moreover, a growing number of antiplatelet and anticoagulation therapies, including
the non-vitamin K oral anticoagulants (novel or direct oral
anticoagulants),80-82 with unique pharmacodynamic and
pharmacokinetic properties complicates the perioperative
management of these patients. The timing of discontinuation and postoperative restart of antithrombotic or anticoagulant therapy must be carefully planned and should always
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be evaluated against the risks of bleeding and cardiac events.
An interdisciplinary approach to the perioperative coagulation management involving the surgeons, anesthesiologists,
cardiologists, and hematologists may sometimes be required.
Patient-specific factors (e.g., age, renal function, vascular
and cardiac comorbidities) as well as the surgical factors
(urgency, type, risk of bleeding) must be carefully evaluated
for individualized risk assessment.79
For this reason, we provide only a summary of current
antiplatelet and anticoagulant drugs (Tables 64.2 and 64.3).
In general, arthroplasties are considered as having a moderate risk of bleeding, whereas vertebrospinal surgery is associated with a high risk of bleeding.81 In a brief and simplified
summary for both types of operations, it is recommended
that aspirin should be discontinued 5 days before surgery
and until 7 days after surgery in patients with a low- to moderate cardiovascular risk (e.g., in patients taking aspirin as a
primary prophylaxis). In patients with a high cardiovascular
risk (e.g., patients with known coronary artery disease but an
acute coronary syndrome >12 months preoperatively, drugeluting stent >6 months, bare-metal stent >1 month, cardiac
bypass surgery >6 weeks), aspirin can be continued during
arthroplasty surgery. However, additional antiplatelet drugs
should be discontinued according to their pharmacology and
the renal function of the patient. For vertebrospinal surgery,
it is advised that both drugs of a dual antiplatelet therapy are
adequately stopped. Elective orthopedic surgery is not recommended without optimization in patients with a very high
cardiovascular risk (acute coronary syndrome <12 months
preoperatively, drug-eluting stent <6 months, bare-metal
stent <1 month, cardiac bypass surgery <6 weeks, cerebrovascular accident <4 weeks); such surgery should be delayed
when possible.81,83-85

TABLE 64.2 Summary of the Characteristics of Currently Available Antiplatelet Drugs
Aspirin

Clopidogrel

Route of
administration

Oral once
daily

Oral once daily, (iv
Oral once
under investigation) daily

Oral twice
daily
iv

Bioavailability

68%

50%

80%

36%

Plasma peak level

30-40 min

1h

30 min

1.5 h

Time to plasma
steady state

Prasugrel Ticagrelor Cangrelor

Abciximab

Eptifibatide

Tirofiban

iv

iv

iv

Seconds

Dose
dependent

Dose dependent Dose
dependent

2-8 h

30 min-4 h 30 min-2 h Seconds

Initial bolus
and
continuous
application

Initial bolus and
continuous
application
4-6 h

Initial bolus
and continuous application 10 min

2-5 min

10-15 min

2.5 h

2h

Plasma half-life

15-30 min

8h

7h

7h

Plasma proteinbinding

Strong

Strong

Strong

Strong

Time from last dose 7-10 days
to offset

7-10 days

7-10 days

5 days

60 min

12 h

2-4 h

2-4 h

Reversibility of
platelet inhibition

No

No

Yes

Yes

Yes

Yes

Yes

7 days

10 days

7 days

1-6 h

48 h

8h

8h

No

Recommended
0-5 days
period of discontinuation prior to
surgical intervention

iv, intravenous.
From Koenig-Oberhuber V, Filipovic M. New antiplatelet drugs and new oral anticoagulants. Br J Anaesth. 2016;117(suppl 2):ii74–ii84.
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ORAL

PARENTERAL
Fondaparinux
(sc)

Argatroban
(iv)

Bivalirudin
(iv)

Direct inhibition Xa>IIa

Direct inhibition Xa

Direct inhibition Ila

Direct inhibition Ila

30%

90%

100%

100%

100%

7-10 h

1h

4h

17 h

50 min

24 min

24 h

24 h

Dose dependant (sc)

Dose dependant

48-96 h

2-4 h

1h

2.5-4 h

1-2 h

1-3 h

4 h (sc)

3h

2h

80% renal

25% renal

50% renal

50% renal, 50%
hepatic

Reticuloendothelial
system

Hepatic
metabolism, renal
excretion
10%

Renal

P-glycoprotein
inhibitors

CYP3Y4,
P-glycoprotein
inhibitors

P-glycoprotein
inhibitors

Strong CYP3A4
inhibitors or
inducers and
P-glycoprotein
inhibitors

Warfarin

Dabigatran

Apixaban

Edoxaban

Rivaroxaban

UFH (sc/iv)

LMWH (sc)

Mechanism of
action

Vitamin K
antagonist

Direct inhibition Ila

Direct inhibition Xa

Direct
inhibition Xa

Direct inhibition Xa

Direct inhibition Xa=IIa

Bioavailability

80%

6%

66%

62%

80%

Plasma halflife

20-60 h

12-14 h

8-15 h

10-14 h

Duration of
action from
last dose

48-96 h

48 h

24 h

Peak plasma
level

Variable

2h

Elimination

Metabolism

Drug interaction

CYP2C9,
CYP3A4,
CYP1A2

iv, intravenous; LMWH, low molecular weight heparins; sc, subcutaneous; UFH, unfractionated heparin.
From Koenig-Oberhuber V, Filipovic M. New antiplatelet drugs and new oral anticoagulants. Br J Anaesth. 2016;117(suppl 2):ii74–ii84.

0.25-2 h
65% feces,
22% urine

20% renal
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Similar to patients on antiplatelet therapy, the management of patients under direct oral anticoagulant drugs or
vitamin K antagonists also requires consideration of the individual risk of thromboembolic events balanced against the
bleeding risk of surgery. Appropriate use of direct oral anticoagulants is particularly important with respect to regional
anesthesia in orthopedic patients.86 The recommendations of
the timing of the preoperative interruption of such treatment
is somewhat different in Europe (Table 64.4A) and the United
States (Table 64.4B).80,82,87-89 More recently, the American
Society of Regional Anesthesia and Pain Medicine (ASRA) in
conjunction with the European Society of Anaesthesiology
convened a Consensus Conference on Regional Anesthesia
and Anticoagulation that updated the available data, representing the collective experience of recognized experts in the
field of neuraxial anesthesia and anticoagulation.89 These
guidelines provide a comprehensive summary of evidencebased reviews, but emphasize that the decision to perform spinal or epidural anesthesia and the timing of catheter removal
in a patient receiving antithrombotic therapy should be made
on an individual basis, weighing the risks of spinal hematoma
with the benefits of regional anesthesia for each individual.!

PULMONARY, RENAL, HEMATOLOGIC, ENDOCRINE
DISEASES, AND NUTRITIONAL STATUS
While cardiac diseases may be the most important considerations determining the overall outcome in high-risk orthopedic patients, other comorbidities such as pulmonary, renal,
hematologic, endocrine, and nutritional diseases must also
be examined during the preoperative evaluation of orthopedic patients. Although many studies examined postoperative
pulmonary complications after noncardiothoracic surgery,
they mainly focused on vascular, abdominal, or general surgical patients, and few studies focused on orthopedic surgery
cases.90 In one such orthopedic study, patients suffering from
chronic obstructive pulmonary disease who underwent total
hip replacement were found to have a longer hospital length
of stay, were more likely to be discharged to an extendedcare facility, and were at a significantly increased risk for any
other complication such as mortality, myocardial infarction,
pneumonia, and septic shock.91 Another study in patients
undergoing hip or knee replacements also reported a higher
postoperative complication rate in patients with obstructive
sleep apnea.92 In addition, since spine surgery in the prone
position is accompanied by a decreased respiratory compliance,93,94 patients after major spine surgery are at increased
risk of postoperative pulmonary complications. Therefore, a
thorough pulmonary evaluation and physical examination,
including a detailed history, and subsequent medical optimization are critical steps in the preoperative management of
orthopedic patients.95 In selected patients, additional investigations such as chest radiography, spirometry, and assessments of arterial blood gases, albumin levels (OR for pulmonary
complications of 2.53 with an albumin level <3.5 g/dL), and
BUN (OR 4.81 with a BUN level >7.5 mmol/L) should be considered.96 In patients scheduled for major scoliosis operations,
preoperative fluoroscopy or magnetic resonance imaging
to evaluate diaphragm and chest wall movements and preoperative pulmonary function testing might be indicated.97
The risk of postoperative pulmonary complications can also
be estimated with easy-to-use risk scores.98,99 A strong body
of evidence suggests that lung expansion therapy, such as
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TABLE 64.4A Timing of Preoperative Interruption of
Direct Oral Anticoagulants in Europe
eGFR
Bleeding Risk Low
(mL/min) to Moderate (h)

Bleeding
Risk High (h)

Dabigatran

≥50
30-50
<30

≥24
48
≥72

48
72
≥120

Factor Xa-inhibitors
(rivaroxaban,
apixaban,
edoxaban)

≥30
<30

≥24
≥72

48
≥72

eGFR, estimated glomerular filtration rate.
From Yurttas T, Wanner PM, Filipovic M. Perioperative management of antithrombotic therapies. Curr Opin Anaesthesiol. 2017;30(4):466–473.

TABLE 64.4B Timing of Preoperative Interruption of
Direct Thrombin Inhibitor (Dabigatran) and Factor Xa
Inhibitors (Rivaroxaban, Apixaban) in the United States
DIRECT THROMBIN
INHIBITOR
Creatinine
Clearance Bleeding
(mL/min) Risk Low

Bleeding
Risk High

Bleeding
Risk Low
≥1 day

>80

≥1 day

≥2-3 days

50-80

≥1-2 days

≥3-4 days

N/A

N/A

Bleeding
Risk High
≥2 days
≥2-3 days

≥4 days

30-49
15-29

FACTOR XA INHIBITORS

≥3-4 days
≥36 h

≥4 days

N/A, Not applicable.
From Arnold MJ, Beer J. Preoperative evaluation: a time-saving algorithm. J
Fam Pract. 2016;65(10):702–710.

incentive spirometry or deep breathing exercises, can reduce
postoperative pulmonary risk.
Today, with medical advancements leading to improved
survival and function, an increasing number of patients with
chronic kidney disease present for elective orthopedic surgery.100 There is some discrepancy in the literature with respect
to outcome of elective orthopedic surgery in patients with endstage renal disease (ESRD). Two large retrospective studies
failed to show an increased incidence of surgical site infections,
thromboembolic events, and 90-day mortality in patients with
ESRD undergoing hip replacement surgery.101,102 Other investigators found higher rates of postoperative complications such
as cardiovascular, pulmonary, infectious, and thromboembolic events as well as an increased readmission and mortality
rate in patients with ESRD who underwent joint replacement
surgery.103,104 The main concerns for the anesthesiologist in
these patients include timing of preoperative and postoperative dialysis to avoid hypervolemia, hyperkalemia, and acidosis; cardiovascular assessment and blood pressure control;
electrolyte management, anemia, drug metabolism, and the
balance between thromboembolic complications and higher
bleeding risk, both of which can be increased in patients with
ESRD. The pathophysiology of bone disease represents another
important factor to consider preoperatively, since both low
and high abnormal bone turnover contribute to the poor bone
strength in these patients. Poor bone quality could lead to challenging surgical conditions requiring the use of locking plates
or screws, cement fixation, and less rigorous postoperative
ambulation, all of which potentially contribute to an increased
rate of postoperative complications.100
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No

Hb<12 g/dL for females
Hb<13 g/dL for males

No action required

Yes
Evaluation necessary

Iron status?

SF<30 µg/L
and/or TSAT <20%

SF 30–100 µg/L
and/or TSAT <20%

Serum creatinine,
glomerular filtration rate

SF>100 µg/L
and/or TSAT>20%

Abnormal

Normal

Vitamin B12
and/or folic
acid

Rule out iron
deficiency

Normal

Chronic kidney
disease

Iron deficiency
Consider referral to
gastroenterologist to
rule out malignancy

Consider
referral to
nephrologist

No response

Iron therapy
(i) Oral iron in divided doses
(ii) I.V. iron if intolerance to oral iron,
gastrointestinal uptake problems (hepcidin),
or short timeline before surgery

Low

Anemia of
chronic
disease

Folic acid and/or
vitamin B12 therapy
Erythropoiesisstimulating agent
therapy

Fig. 64.4 Proposed algorithm for the detection, evaluation, and management of preoperative anemia. SF, Serum ferritin; TSAT, transferrin saturation. (With
permission from Goodnough LT, Maniatis A, Earnshaw P, et al. Detection, evaluation, and management of preoperative anaemia in the elective orthopaedic
surgical patient: NATA guidelines. Br J Anaesth. 2011;106(1):13–22.)

The overall incidence of anemia in the general population
increases with age and is estimated to be 10% to 11% in the
older adult aged 65 years or older. Until recently, anemia in
older adults was often viewed simply as an abnormal laboratory
test value with limited consequences. But today, substantial
evidence in the literature reveals that previously undiagnosed
anemia is common in elective orthopedic patients, and importantly is associated with increased likelihood of blood transfusion and increased perioperative morbidity and mortality.105
The preoperative evaluation of anemia should, therefore,
include considerations to optimize the endogenous red blood
cell mass through targeted stimulation of erythropoiesis and
treatment of modifiable underlying disorders.106 Efforts should
be made to diagnose and start appropriate treatment of preoperative anemia and minimize perioperative blood loss. This can
be achieved through vigilant adherence to protocols including

the measurement of hemoglobin, serum ferritin, transferrin
saturation, transferrin receptor index, reticulocyte hemoglobin, vitamin B12, folic acid, serum creatinine, and glomerular filtration rate starting as early as 28 days before surgery
(Fig. 64.4).105,106 Implementation of such anemia prevention
and management in elective orthopedic patients can improve
patient safety and outcomes. The preoperative administration
of iron carboxymaltose in anemic patients undergoing major
orthopedic surgery resulted in a significant decrease in postoperative infectious complications from 12.0% to 7.9%. Moreover, hospital length of stay was shortened by 1 day.107
In addition to the well-recognized risks of antiplatelet and
anticoagulant therapy discussed earlier, some orthopedic
patients present with impaired primary hemostasis. Since
the management of impaired primary hemostasis is no different in orthopedic surgery than in other surgical fields with
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TABLE 64.5 Questionnaire for the Detection of an
Increased Risk of Bleeding
1. Have you ever experienced strong nose bleeding without prior
reason?
2. Did you ever have—without trauma—“blue spots” (hematomas) or
“small bleedings” (on the torso or other unusual regions of the body)?
3. Have your gums ever bled for no apparent reason?
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assessment by a dietician prior to surgery. The risks and benefits of delaying elective surgery until the nutritional status
has improved should be discussed with the patient. Similarly,
delaying elective orthopedic surgery in patients with diabetes mellitus with an increased level of hemoglobin A1C (>7%)
until after a better glycemic control has been obtained may
reduce risk of surgical wound infection and improve outcome.!

4. How often do you have bleedings or “blue spots” (hematomas):
1 to 2 times a week or more often?

COMPLICATIONS AND OUTCOME

5. Do you have the impression that you have prolonged bleedings
after minor wounds (e.g., razor cuts)?

A very interesting study in more than 100,000 patients
identified the determinants of 30-day postoperative mortality and long-term survival after major surgery exemplified
by eight common operations, one being total hip replacement.115 These authors found in a sample size of 12,184
patients undergoing total hip replacement a 30-day mortality rate of 1% and a mortality rate at any time during an
average follow-up time of 8 years of 20%, compared with
a 30-day mortality rate of 3% and 36% during the 8-year
follow up in the whole study population. After a 10-year
follow up, the survival rate in the hip replacement surgery
patients was still almost 75%. The main complications in
hip replacement surgery were urinary tract infection, deep
vein thrombosis (DVT), pneumonia, superficial wound
infection, deep wound infection, prosthesis failure, pulmonary embolism, myocardial infarction, and peripheral
nerve injury. With the presence of any of these complications, the 30-day mortality rate increased from 1% to 6.4%.
The occurrence of a postoperative pneumonia increased
the 30-day mortality rate to 16.4% and the 5-year mortality rate to 62.7%, and the occurrence of a perioperative
myocardial infarction increased the 30-day mortality rate
to 29.2% and the 5-year mortality rate to 52.1%.115 Given
these high numbers of adverse outcomes after the occurrence of complications in total joint arthroplasty patients,
every effort must be made during the preoperative evaluation to detect patients at risk, to treat potential underlying conditions, and to optimize the health status of patients.
Preoperative medical assessment is an important part of
the surgical plan. Identifying and treating modifiable risk
factors in the preoperative setting can decrease the risk of
surgical complications. A standard protocol that involves a
multidisciplinary approach to patients in the preoperative,
operative, and postoperative periods may ultimately lead to
better outcomes and reduced costs.116!

6. Did you have prolonged or severe bleedings after or during operations (e.g., tonsillectomy, appendectomy, or during labor)?
7. Did you ever have prolonged or severe bleedings after a tooth
extraction?
8. Did you ever receive blood transfusions or other blood products
during an operation? If so, please define the operation(s):
9. Is there a history of bleeding disorders in your family?
10. Do you take analgesic drugs or drugs against rheumatic disease?
If so, please specify:
11. Do you take other drugs? If so, please specify:
12. Do you have the impression that you have prolonged menstruation (>7 days) and/or a high frequency of tampon change?
From Koscielny J, Ziemer S, Radtke H, et al. A practical concept for preoperative identification of patients with impaired primary hemostasis. Clin Appl
Thromb Hemost. 2004;10(3):195–204.

associated bleeding risks, such as neurosurgery, we will only
briefly summarize here some relevant ideas. Based on robust
evidence in the literature, it is recommended that patients
with an increased risk of bleeding complications are identified
using a standardized questionnaire and, only if indicated, the
measurement of platelet count, prothrombin time, activated
partial thromboplastin time, PFA-100 platelet function analyzer test, and von Willebrand factor (Table 64.5).108,109
Finally, endocrine and nutritional aspects also have an
impact on outcome in orthopedic surgery. For severely obese
patients, spine surgery is associated with decreased quality of
preoperative and intraoperative imaging, surgical limitations
due to inadequate operative exposure, increased anesthetic
risk such as esophageal reflux and ventilation-perfusion mismatches, and an increased risk of perioperative complications
such as wound infection, increased blood loss, venous thrombosis, pneumonia, and nerve injuries as a result of positioning
difficulties.110,111 Conversely, malnutrition is also associated
with increased pulmonary risk, increased risk of surgical
site infection, and poor surgical outcomes both in spinal and
arthroplastic surgery.90,112,113 Screening for malnutrition in
orthopedic surgery includes the measurement of body mass
index, anthropometric measurements such as calf or arm
muscle circumference, and triceps skinfold, and the determination of serologic laboratory values such as total lymphocyte
count (<1500 cells/mm3), serum albumin (<3.5 g/dL), prealbumin (<16 mg/dL), transferrin (<200 mg/dL), and zinc levels
(<66-95 µg/dL).112 Various scoring systems have been used
to detect malnutrition in orthopedic surgery. The Mini Nutritional Assessment is a simple and effective tool for identifying
patients at severe nutritional risk.113,114 While routine enteral
or parenteral nutrition does not reduce perioperative risks,
patients with severe malnutrition should undergo nutritional

Special Considerations for
Conditions Leading to
Orthopedic Surgery
OSTEOARTHRITIS
OA is a degenerative joint disease characterized by articular
cartilage loss and osteophyte formation, most often in the
hands, knees, hips, feet, and spine. Symptoms include joint
pain, which is typically worse with activity, and decreased
range of motion. OA is one of the most common causes of
chronic pain and disability among older individuals and
is the most common reason that patients present for total
knee and hip replacement surgery (USBJI). After age, the
most important risk factors for OA include obesity and joint
trauma or malalignment.
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Although OA has no systemic manifestations, medical
comorbidities such as cardiac disease and diabetes are common in these patients, and the combination of OA with one
of these chronic conditions is associated with a greater degree
of physical activity limitation.117 Preoperative evaluation
should take this into account. Patients with chronic pain
related to OA, especially those with chronic opioid use, may
benefit from a multimodal perioperative analgesic regimen.
Patients who frequently take nonsteroidal antiinflammatory
drugs (NSAIDs) should be questioned about symptoms of
peptic ulcer disease and gastroesophageal reflux. Extra care
should be taken when positioning these patients for surgery,
being mindful of painful, stiff joints, and existing orthopedic
hardware. Severe OA of the cervical spine may affect airway
management, whereas severe disease of the thoracic or lumbar spine may make neuraxial techniques more challenging.!

should be questioned about neck range of motion and any
symptoms of pain or radiculopathy. However, significant cervical disease may exist in the absence of symptoms. Radiography of the cervical spine may be considered, and if obtained
should include lateral views in flexion and extension, frontal view of the entire cervical spine, and frontal open-mouth
odontoid view. If the distance between the posterior border of
the odontoid process and the anterior aspect of the posterior
arch of C1 is less than 14 mm, a degree of spinal cord compression is likely present (Fig. 64.6).120

RHEUMATOID ARTHRITIS
Rheumatoid arthritis (RA) is an autoimmune inflammatory
disease that affects the joints and often other organ systems.
It affects approximately 1% of the population in developed
nations, is twice as common in women as in men, and most
often presents between 60 and 80 years of age.118 Most
patients have detectable autoantibodies such as rheumatoid
factor and anticitrullinated protein antibody. Articular manifestations include synovial inflammation and hypertrophy
and destruction of cartilage and bone. This presents clinically
as painful joint swelling, stiffness, and progressive deformity.
In contrast to OA, the pain and stiffness of RA are typically
worse after periods of rest and improve with activity. RA most
commonly affects the small joints of the hands and feet in a
symmetric fashion but may progress to involve larger joints
and atypical joints such as the temporomandibular and cricoarytenoid joints. Cervical spine involvement occurs in up to
80% of RA patients. Because RA is a systemic disease, anesthetic considerations can be complex (Table 64.6).
Similar to patients with OA, patients with RA require careful attention to positioning for surgery, especially if cervical
spine disease is suspected. Cervical instability is common in
RA, affecting up to 61% of RA patients undergoing elective
total joint replacement in one study.119 Instability may result
from atlantoaxial or subaxial subluxation, and places the
patient at risk for spinal cord compression if the neck is malpositioned (Fig. 64.5). No guidelines exist for preoperative
cervical spine evaluation in RA patients. Certainly, patients

Fig. 64.5 Magnetic resonance image of a patient with advanced rheumatoid arthritis shows invagination of the odontoid process of C2 (arrow)
through the foramen magnum, compressing the brainstem. Notice the
degeneration of C4 and C5, a common problem in rheumatoid arthritis.

TABLE 64.6 Anesthetic Considerations for Patients
With Rheumatoid Arthritis
Airway

Limited TMJ movement
Narrow glottis opening

Cervical spine

Atlantoaxial instability

Cardiac

Pericarditis
Pericardial fluid with tamponade physiology

Eyes

Sjögren syndrome

Gastrointestinal

Gastric ulcers secondary to ASA or steroids

Pulmonary

Diffuse interstitial fibrosis

Renal

Renal insufficiency secondary to NSAIDs

ASA, acetylsalicylic acid; NSAIDs, nonsteroidal antiinflammatory drugs; TMJ,
temporomandibular joint

Fig. 64.6 Computed tomography scan of the neck shows moderate subluxation of C1 and C2. The odontoid (single arrow) tends to
compress the spinal cord (double arrow) against the posterior arch of
C1, especially during neck flexion.
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If cervical instability is suspected, airway management
should proceed cautiously with minimal manipulation
of the neck. Even in the absence of cervical spine disease,
patients with RA may present with challenging airways
due to temporomandibular joint disease that limits mouth
opening or cricoarytenoid joint stiffness that impedes passage of the endotracheal tube. Fiberoptic intubation or
regional techniques with a natural airway may be attractive options for these patients.
Extraarticular manifestations of RA are common and
are associated with increased morbidity and mortality,
primarily related to cardiovascular disease.121 The systemic inflammation caused by RA contributes to premature atherosclerosis. As a result, the risk of myocardial
infarction, congestive heart failure, and stroke is twice as
high in patients with RA compared to individuals without
RA.122 Pericarditis is the most common cardiac manifestation of RA but rarely results in clinically significant disease.
Although RA has not been shown to be an independent
risk factor for perioperative mortality or adverse cardiovascular events,123 thorough preoperative cardiovascular
risk assessment is warranted in these patients. Pulmonary
involvement of RA is also relatively common in the form of
pleural effusions and interstitial lung disease. Severity varies from subclinical to, rarely, severe. Preoperative chest
radiography or pulmonary function tests may be informative when significant pulmonary disease is suspected. Other
extraarticular manifestations of RA include subcutaneous
rheumatoid nodules on bony prominences or extensor surfaces, small- to medium-vessel vasculitis, and hematologic
abnormalities such as anemia and thrombocytosis.
Treatment for RA focuses on early initiation of diseasemodifying antirheumatic drug (DMARD) therapy, with
the goal of achieving clinical and radiographic disease
remission. In addition to conventional DMARDs such as
methotrexate, hydroxychloroquine, sulfasalazine, and
leflunomide, many patients benefit from treatment with
an ever-growing arsenal of biologic agents that use monoclonal antibodies or receptor proteins to inhibit inflammatory cytokines or cell lines. A notable risk with DMARDs is
immunosuppression and possibly impaired wound healing.
Current evidence supports continuation of methotrexate
perioperatively but is inconclusive about the effect of other
agents on perioperative infection and wound complication
rates. A conservative approach is to hold biologic agents
for at least one dosage cycle prior to surgery and resume
once wound healing has progressed.124 In each case, the
benefit of improved immune function and wound healing
must be balanced with the risk of disease flare, and it may be
appropriate to continue DMARDs perioperatively for some
patients. This plan should be developed with input from
the patient’s rheumatologist and surgeon. Patients taking
corticosteroids for RA may require stress-dose steroids perioperatively. They should be questioned about symptoms
of gastroesophageal reflux, as should patients who take
NSAIDs chronically.!
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It affects men disproportionately and most often presents between the ages of 20 to 30 years. Inflammation
in affected joints leads to formation of fibrocartilage and
ectopic bone, and ultimately fusion of the joint. The classic “bamboo spine” appearance seen radiographically in
advanced disease is caused by ossification of the vertebral
ligaments. This in combination with osteoporotic compression fractures can result in rigid kyphosis that may require
surgical correction (Fig. 64.7).
Despite their rigidity, the spines of patients with advanced
ankylosing spondylitis are also quite fragile. Vertebral fractures may occur spontaneously or with minimal trauma;
the cervical spine is a common site.125 Obviously, this has
serious implications for intraoperative positioning and airway management. Neck range of motion and preexisting
neurologic deficits should be thoroughly evaluated preoperatively, and adequate neck support must be provided at all
times to avoid hyperextension. Cervical kyphosis may make
direct laryngoscopy difficult or impossible, and temporomandibular joint disease may limit mouth opening. Awake
fiberoptic intubation may be the safest option in patients
with severe cervical disease, as it allows for spontaneous
ventilation as well as neurologic monitoring throughout
intubation. Video laryngoscopy has also been used successfully in ankylosing spondylitis patients.126 The laryngeal
mask airway (LMA) may be useful in cases where endotracheal intubation is not required, or as a bridge to intubation
if an intubating LMA is used.127
The spinal pathology of ankylosing spondylitis may also
result in difficulty with neuraxial techniques. Furthermore,
the incidence of epidural hematoma after neuraxial anesthesia is higher in ankylosing spondylitis patients than in the general population. This may be related to an increased incidence
of traumatic needle placement, the prevalence of NSAID use
among ankylosing spondylitis patients, or narrowing of the

ANKYLOSING SPONDYLITIS
Ankylosing spondylitis is an autoimmune seronegative
spondyloarthropathy that typically affects the spine and
sacroiliac joints but may involve peripheral joints as well.

Fig. 64.7 Patient with ankylosing spondylitis, exhibiting significant kyphosis of the spine. Note significant kyphosis in the lateral
radiograph.
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epidural space that makes symptomatic spinal cord compression more likely when a hematoma occurs.128 If neuraxial
anesthesia is indicated, ultrasound or fluoroscopic guidance
may facilitate placement. Subsequently, vigilance should be
maintained for symptoms of epidural hematoma.
Extraarticular manifestations of ankylosing spondylitis
occur more often in patients with severe disease. Inflammation and fibrosis of the ascending aorta and aortic root
can lead to aortic insufficiency, and extension to the conduction system may result in heart block or supraventricular arrhythmias. The prevalence of aortic insufficiency
and conduction abnormalities in ankylosing spondylitis
patients increases with duration of disease, occurring in
3.5% and 2.7%, respectively, after 15 years and 10% and
8.5%, respectively, after 30 years.129 As in RA, patients
with ankylosing spondylitis also have an elevated risk of
atherosclerosis.130 Pulmonary manifestations of ankylosing spondylitis include restrictive lung disease due to
kyphosis and chest wall rigidity. Pulmonary fibrosis may be
seen in advanced disease. The duration and severity of disease should inform the extent of preoperative cardiopulmonary evaluation, which might include electrocardiography,
echocardiography, and/or pulmonary function testing.!

ACHONDROPLASIA
Achondroplasia is characterized by disproportionately short
stature, lumbar lordosis, large head, midface hypoplasia,
short hands, and normal cognitive development. Its incidence is estimated at 1 in 10,000 to 1 in 30,000. Although
it is an autosomal-dominant condition, the majority of cases
occur as a result of a de novo genetic mutation.131 Patients
with achondroplasia may present for orthopedic surgery as
children or adults for correction of associated abnormalities
such as tibial bowing and spinal stenosis.
The primary anesthetic challenge in patients with
achondroplasia is airway management. Midface hypoplasia with a pharynx that is small in proportion to the tonsils,
adenoids, and tongue makes these patients prone to upper
airway obstruction and may hinder direct laryngoscopy. A
flat nasal bridge and large mandible may make it difficult to
obtain an adequate seal for mask ventilation. Hyperextension of the neck should be avoided due to the possibility of
foramen magnum stenosis. Video laryngoscopy or fiberoptic intubation should be considered for these patients, and
a range of endotracheal tube sizes should be on hand, as
many patients require a size smaller than what would be
expected based on age. Other anesthetic considerations in
patients with achondroplasia include the possibility of difficult neuraxial anesthesia due to spinal deformity or stenosis, and cardiopulmonary sequelae such as restrictive lung
disease, central and obstructive sleep apnea, and resultant
pulmonary hypertension.132 Preoperative echocardiogram
to assess for pulmonary hypertension should be considered
prior to major surgery.!

Orthopedic Procedures in
Children with Special Conditions
The anesthetic management of children undergoing orthopedic surgery is beyond the scope of this chapter. However,

a number of musculoskeletal conditions will require multiple orthopedic surgeries during childhood and may pose
special challenges to the anesthesiologist.

JUVENILE IDIOPATHIC ARTHRITIS
Juvenile idiopathic arthritis (JIA) is the most common rheumatic disease in children. It is characterized by chronic
arthritis with onset before the age of 16 and encompasses
five distinct subtypes as described below. JIA may be seropositive or seronegative, is twice as common in girls as in
boys, and may persist into adulthood.133
1. Oligoarticular JIA: Involves fewer than 5 joints.
Accounts for at least 50% of JIA. Often has an indolent
presentation.
2. Polyarticular JIA: Involves 5 or more joints. Accounts
for 25% to 40% of JIA. Usually requires DMARD therapy.
3. Psoriatic JIA: Arthritis with psoriasis.
4. Enthesitis-related JIA: Affects the spine, sacroiliac joints,
and points of tendon attachment to bone.
5. Systemic-onset JIA: Presents with daily fever and rash.
As in adult arthritis, special care should be paid to joint
range of motion and intraoperative positioning for patients
with JIA. The cervical spine and temporomandibular joints
may be affected in JIA, especially in the polyarticular subtype, and appropriate precautions should be taken when
planning for airway management. In children, awake fiberoptic intubation may not be a feasible option. In this case,
fiberoptic intubation may be performed asleep with spontaneous ventilation maintained throughout induction. Common extraarticular manifestations of JIA include growth
abnormalities and uveitis. Pericarditis and pleural effusions
sometimes occur in systemic-onset JIA. Medical therapies
for JIA are similar to those for RA, including conventional
DMARDs and biologics, which raise similar considerations
for perioperative risks and management.!

OSTEOGENESIS IMPERFECTA
Osteogenesis imperfecta encompasses a group of heritable
bone dysplasias caused by mutations in collagen-related
genes. It occurs with an incidence of 1 in 10,000 and is
characterized by bone fragility resulting in deformity and
susceptibility to fracture. Secondary features include short
stature, blue or gray sclerae, conductive hearing loss,
abnormal dentin resulting in weak and discolored teeth,
foramen magnum stenosis, cardiac valvular abnormalities,
and bleeding diathesis. Although the most severe subtype
of osteogenesis imperfecta results in perinatal death, the life
expectancy for patients with other subtypes extends well
into adulthood.134
Patients with osteogenesis imperfecta may require a number of orthopedic surgeries such as fracture fixation, intramedullary rodding for correction of long-bone deformities,
spinal fusion for scoliosis, and joint replacement. Anesthetic
management may be challenging (Table 64.7). Utmost care
must be taken to avoid iatrogenic fracture when positioning
these patients for surgery. The area under the blood pressure
cuff should be padded or an arterial line placed to minimize
the risk of humeral fracture. Tourniquets must be managed
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TABLE 64.7 Anesthetic Considerations for Patients
With Osteogenesis Imperfecta
Airway

Risk for fractures of the mandible, maxillary
surface, and cervical spine

Bleeding

Platelet abnormalities

Cardiac

Congenital and valvular heart disease
Cystic degeneration of proximal aorta

Eyes

Exophthalmos
Risks associated with prone positioning

Hyperthermia

Malignant hyperthermia, hydration,
possible cooling

Positioning

Risk for fractures

Pulmonary

Kyphoscoliosis, restrictive lung disease

Regional anesthesia

Fractures, intraosseous injections

with similar care. Succinylcholine should be avoided in
patients with osteogenesis imperfecta because of the risk of
fracture upon fasciculation. Airway management must be
performed gently with minimal manipulation of the head
and neck to avoid cervical, facial, and dental fractures. Fiberoptic intubation may facilitate this. Neuraxial techniques
may be considered in patients with normal platelet function
but may be challenging due to scoliosis. Care must be taken
to avoid needle trauma to bone and intraosseous injection.
Several extraskeletal manifestations of osteogenesis imperfecta are relevant to the anesthesiologist. The same collagen
abnormalities that affect bone may also affect the cardiac
valves and aorta, resulting in regurgitant lesions, aortic root
dilation, and even aortic dissection. Restrictive or obstructive
lung disease may be present as a result of kyphoscoliosis or
chest wall deformity. In fact, pulmonary complications are
the leading cause of death in osteogenesis imperfecta. Preoperative echocardiography or pulmonary function testing
should be considered if a murmur or symptoms of cardiopulmonary disease are noted. Patients with osteogenesis imperfecta are at risk for increased surgical bleeding due to platelet
dysfunction and vessel fragility. Patients should be evaluated
for coagulopathy preoperatively, and if necessary, treated
with desmopressin (DDAVP) or platelet transfusion.
A link between osteogenesis imperfecta and malignant
hyperthermia (MH) has been suggested in the literature, but
the evidence for this association is weak. Intraoperative hyperthermia and metabolic acidosis have been observed in patients
with osteogenesis imperfecta, but in most cases, this was not
associated with other signs of hypermetabolism and resolved
with cooling measures alone. There is a lack of consensus on
the use of MH-triggering agents in patients with osteogenesis
imperfecta. The most conservative approach is to administer
a nontriggering anesthetic, but in cases where this presents
a significant challenge (as in an uncooperative child with difficult intravenous access), use of volatile anesthetics may be
considered. In all cases, patients should be carefully monitored
for hyperthermia and acidosis, and appropriate treatment
modalities should be readily available.135!

CEREBRAL PALSY
Cerebral palsy is the most prevalent cause of persistent
motor impairment in children, affecting 1 to 2 of every 1000
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live births in developed countries. It is caused by antenatal
or perinatal injury to the developing brain and is characterized by nonprogressive abnormalities of movement and posture such as spasticity, ataxia, and dyskinesias. The motor
deficit may be mild or severe, isolated, or accompanied by
other abnormalities including cognitive impairment, speech
disorders, and seizures. Patients with cerebral palsy often
require multiple orthopedic surgeries such as soft tissue
release and tendon lengthening for contractures, osteotomies for hip deformities, and spinal fusion for scoliosis.
Anesthetic management of patients with cerebral palsy
requires consideration of the psychosocial as well as medical aspects of their condition.136 Communication may be
challenging due to cognitive delay, behavioral problems,
or speech difficulties, necessitating special accommodations
and involvement of parents or caretakers in perioperative interactions. It is important to remember that speech
impairment does not necessarily imply cognitive impairment. In patients with seizures, antiepileptic drugs should
be continued perioperatively and inquiry made as to the frequency and semiology of seizures. Gastroesophageal reflux
is common in cerebral palsy and may be an indication for
rapid sequence intubation. Bulbar dysfunction can further
contribute to chronic aspiration and feeding difficulties that
sometimes requires gastrostomy tube placement. Chronic
aspiration, recurrent respiratory infections, and restrictive deficits due to kyphoscoliosis result in significant pulmonary morbidity in these patients. Airway management
may be challenging due to cervical kyphosis or dystonia,
temporomandibular joint dysfunction, or poor dentition.
Patients with cerebral palsy have a lower minimum alveolar concentration (MAC) than normal controls and may be
prone to intraoperative hypothermia due to hypothalamic
dysfunction. An association between cerebral palsy and
latex allergy has been noted, likely related to the multiple
surgical procedures many of these patients undergo.137!

SPINA BIFIDA
Spina bifida is a term that is broadly applied to a diverse
group of congenital malformations of the spine and spinal
cord. Embryologically, these conditions result from a failure of fusion of the neural tube. Discussion of spina bifida
is complicated by a lack of consistency in terminology and
classification, but malformations can be broadly divided into
open defects with exposed neural tissue such as myelomeningocele and myeloschisis, and closed defects with a skin
covering such as meningocele, tethered cord, and split cord.
Open defects are usually associated with a neurologic deficit and are almost always repaired perinatally, or with the
advent of fetal surgery, prenatally. Closed defects may have
an associated deficit or may be asymptomatic and undiagnosed until adulthood. Cutaneous abnormalities such as a
sacral dimple, hemangioma, or tuft of hair may raise suspicion for a closed defect, but these are not always present.138
Neurologic abnormalities associated with spina bifida
include motor and sensory deficits below the level of the
defect, Chiari II malformation, hydrocephalus, and neurogenic bladder. Patients with spina bifida may present for
orthopedic surgery for correction of congenital or acquired
limb deformities such as clubfoot or hip dislocation, spinal fusion for scoliosis, or release of contractures. Patients
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with tethered cord syndrome may present for cord release
as children or adults. As in cerebral palsy, repeated surgical exposures in spina bifida patients result in an increased
incidence of latex allergy.
The most significant anesthetic implications of spina bifida
are related to neuraxial anesthesia. Whether or not the patient
has undergone corrective spinal surgery, anatomic abnormalities in the spine can lead to an increased risk of inadvertent
dural puncture, failed block, and neurologic injury. For example, the ligamentum flavum may be malformed or absent,
precluding identification of the epidural space with loss-ofresistance technique. The epidural space may be abnormal
or nonexistent in patients who have undergone prior surgical
repair. Cord tethering can result in low termination of the spinal cord and posterior placement of neural elements within
the spinal canal, increasing the risk of neurologic injury with
spinal anesthesia or inadvertent dural puncture. Neuraxial
techniques should be approached with extreme caution in
patients with tethered cord syndrome, if at all.
If neuraxial anesthesia is indicated in a patient with spina
bifida, it should only be attempted if there is a thorough
understanding of the patient’s spinal anatomy. Magnetic
resonance imaging (MRI) of the spine should be obtained to
allow for examination of bony and ligamentous defects, the
level of termination of the spinal cord, and the presence of
masses such as lipoma or syrinx. Needle placement through
surgical scars should be avoided, and epidurals should be
placed above the level of the spinal defect. Smaller than
usual epidural boluses are recommended, as abnormal
anatomy might result in more extensive spread. Failed or
incomplete block may result in the need for rescue analgesia or conversion to general anesthesia.139!

DUCHENNE MUSCULAR DYSTROPHY
Duchenne muscular dystrophy (DMD) is an X-linked recessive neuromuscular disorder that occurs in 16 per 100,000
live male births in the United States. Mutations in the dystrophin gene result in muscular degeneration that is progressive and ultimately fatal. Weakness usually begins
in early childhood with loss of ambulation by age 8 to 12
years, respiratory insufficiency and cardiomyopathy by the
early 20s, and death before age 30 due to pulmonary complications or heart failure. However, with advancements in
care, the life expectancy for DMD is improving, and some
patients may survive into their 30s or 40s. Glucocorticoids
are the mainstay of treatment for DMD. Patients with DMD
may present for orthopedic surgery to correct lower extremity deformity, scoliosis, or contractures. These patients are
also prone to osteoporosis with increased risk of fractures
that may require operative fixation.
Patients with DMD have an elevated risk of perioperative cardiac and respiratory decompensation and should
undergo a thorough cardiopulmonary evaluation prior to
surgery. Depending on the stage of their disease, this may
include an electrocardiogram, echocardiogram, and pulmonary function testing. Extubation to noninvasive positive pressure ventilation is recommended for patients with
a forced vital capacity (FVC) less than 50% predicted, and
essential for those with an FVC less than 30% predicted.
Aggressive postoperative pulmonary hygiene should be
strongly encouraged.140

Use of succinylcholine is strictly contraindicated in
patients with DMD because of the risk of acute rhabdomyolysis. Inhaled anesthetics are also best avoided, as they
have been implicated in cases of perioperative metabolic
reactions ranging from intraoperative hyperthermia and
tachycardia to rhabdomyolysis to hyperkalemic arrest.
The mechanism of these reactions is thought to be distinct
from that of MH.141 Patients with DMD have both a delayed
onset time and prolonged recovery time with nondepolarizing neuromuscular blockers, which places them at risk
for residual neuromuscular blockade and recurarization.
Quantitative monitoring of neuromuscular blockade is recommended to ensure full reversal. Cholinesterase inhibitors are safe and effective for reversal in these patients, and
sugammadex has been used successfully as well.142!

ARTHROGRYPOSIS MULTIPLEX CONGENITA
Arthrogryposis multiplex congenita is characterized by
congenital nonprogressive contractures affecting at least
two different areas of the body. It occurs with an incidence
of about 1 in 4300 to 5100 live births. Arthrogryposis multiplex congenita is not a single disorder, as once thought,
but actually encompasses hundreds of conditions with distinct etiologies, both genetic and environmental. A common theme in most of these is decreased fetal movement,
which leads to abnormal joint development. Deformity may
be limited to the limbs or associated with spine and craniofacial abnormalities. Neurologic dysfunction is present in
some cases and portends a less favorable prognosis.143
Treatment of arthrogryposis multiplex congenita requires
early orthopedic intervention with splinting and surgery to
optimize a child’s ability to ambulate and perform activities
of daily living. The primary anesthetic challenge in arthrogryposis multiplex congenita is airway management, which
may be complicated by craniofacial abnormalities such as
small mouth opening, high arched palate, or micrognathia,
as well as limited cervical range of motion. These patients
are at risk of perioperative respiratory complications as a
result of restrictive thoracic deformities and increased sensitivity to opioids and neuromuscular blockers. This makes
regional and neuraxial anesthesia attractive options, but
these techniques may be challenging due to limb contractures, scoliosis, or associated spina bifida.144
Two cases of suspected MH have been reported in patients
with arthrogryposis multiplex congenita, as well as other
cases of perioperative hyperthermia and hypermetabolism
without skeletal muscle destruction. As such, succinylcholine should be avoided in these patients, and exposure to
volatile anesthetics should be minimized.135!

Perioperative Management of the
Orthopedic Patient
SPECIAL CONSIDERATIONS
In addition to the perioperative cardiovascular, pulmonary, renal, and hepatic considerations described earlier,
orthopedic procedures are associated with unique risks and
complications related to bone injury, immobilization, and
the use of implants and cement material. Bone hemostasis
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can be difficult, and without antifibrinolytic agents, even
primary hip and knee arthroplasties can be associated with
considerable bleeding requiring transfusion of blood products. Extensive review of these considerations is beyond
the scope of this chapter, but given the rising interest in the
literature and its clinical importance, perioperative use of
antifibrinolytic agents is summarized below, along with the
clinical presentation and management of fat embolism and
bone cement implantation syndrome.

Antifibrinolytic Drugs
Blood transfusions are associated with an increased risk
of adverse events including mortality, prolonged length of
hospitalization, and higher overall costs associated with
surgery. Antifibrinolytic agents, such as tranexamic acid
(TXA) and epsilon-aminocaproic acid (EACA), bind reversibly to plasminogen by its lysin-binding site, inhibiting its
association with fibrin. They also inhibit the proteolytic
activity of plasmin. Both TXA and EACA are effective in
reducing perioperative blood loss and the need for transfusion and reoperation for bleeding.
Among orthopedic surgeries, the strongest evidence
for the use of TXA and EACA is found in multilevel spine
surgeries and arthroplasties. Several comprehensive metaanalyses have examined the use of systemic TXA in these
procedures. Two meta-analyses studying the use of intravenous TXA in spine surgeries demonstrated significant
reductions in intraoperative and postoperative blood loss
and allogenic blood transfusion compared with placebo.
However, initiation doses (10-20 mg/kg, 100 mg/kg, or
1-2 g) and maintenance doses (1 mg/kg/h, 10 mg/kg/h,
and 100 mg/kg/h) were highly variable.145,146 Similar
results with regard to efficacy and safety have been shown
with the use of intravenous TXA in TKA and THA. TXA has
been shown to reduce total blood loss, postoperative bleeding, and the transfusion rate when given intraoperatively
with an intravenous infusion compared to a postoperative
administration. A common approach is to administer 10 to
15 mg/kg before the incision, followed by a 1 mg/kg/h infusion during the surgery.147,148 A recent meta-analysis also
demonstrated that TXA resulted in significant reductions
in total blood loss and transfusion requirements following
total shoulder arthroplasty.149 The rate of thromboembolic events was not significantly greater when the above
dose of TXA was administered in selective patients without
contraindications.
Topical administration of TXA, although not a US Food and
Drug Administration (FDA)-approved route of administration, has a theoretical safety benefit over intravenous administration. Topical TXA has shown superior efficacy to placebo
and similar efficacy (measured as reductions in total blood
loss and transfusion rates) to intravenous TXA in TKA and
THA. No difference in the rate of thromboembolic events has
been demonstrated when comparing topical TXA to placebo
or intravenous TXA. The doses of topical TXA used in studies
are highly variable and usually range from 1 to 3 g. Thus, a
standard topical dose has not yet been established.150-152
EACA has also been shown to decrease total blood loss
and need for transfusion among patients undergoing spine
surgeries.153 Among TKA and THA patients, however,
EACA did not reduce the need for blood transfusion.154,155
An increased risk of DVT and pulmonary embolism has not
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been reported following the use of EACA in THA,154 though
sufficient data in TKA or spine surgeries are not yet available. Loading doses (100-150 mg/kg or 5 g) with a continuous infusion ranging from 10 to 15 mg/kg/h during spine
surgeries have been used.153 For THA and TKA, weightbased (12.5-100 mg/kg) and fixed doses (5-10 g) of EACA
have been utilized.154
Although no increase in the incidence of venous thromboembolism was observed in the above randomized clinical
trials, it is important to note that high-risk patients were
excluded and none of the studies was adequately powered
to detect smaller but clinically relevant differences between
treatment groups. Therefore, because of concerns of venous
thromboembolism, antifibrinolytic agents are commonly
avoided in patients who have any of the following conditions: a history of arterial or venous thromboembolic disease; a recent placement of a cardiac stent; a history of
severe ischemic heart disease (NYHA Class III or IV) or
myocardial infarction; and history of cerebrovascular accident, renal impairment, or pregnancy. Currently, there is
limited data to support the use of EACA in spine surgeries,
THA, or TKA, whereas evidence for TXA is more robust. In
select patients who are at high risk for transfusion, intravenous or topical TXA should be considered.!

Fat Embolism Syndrome
The subclinical form of fat embolism occurs in nearly all
patients following long bone or pelvic fractures, as well as
after hip or knee replacement surgeries. A clinically significant fat embolism syndrome (FES) is present in up to 30%
of these patients.156,157 An increase in intramedullary pressure and a disruption of the venous sinusoids within the
long bones following a fracture or a surgical manipulation
such as reaming can result in fat and bone marrow debris
entering the venous circulation. The debris lodges in the
lung microvasculature, leading to a mechanical obstruction
of pulmonary circulation. Free fatty acids released following hydrolysis of fat globules trigger systemic inflammatory
response and induce injury to the pulmonary endothelium
with an increased capillary leak and increased platelet
adhesion with clot formation in the microvasculature. In
the presence of intracardiac (patent foramen ovale) or pulmonary shunts, fat particles may also enter the systemic circulation leading to cerebral and cutaneous manifestations.
Symptoms of FES include hypoxemia, respiratory alkalosis, mental status changes, petechial rash (in the conjunctiva, oral mucosa, and skin folds of the neck and axilla),
thrombocytopenia, and fat microglobulinemia. The presentation of FES can be gradual, developing between 12 and
72 hours after trauma or surgery. Intraoperatively, FES can
also present as a cardiovascular collapse following reaming of long bones, intramedullary insertion of cemented
prosthesis, or tourniquet release. Chest radiographs usually show bilateral diffuse infiltrates, particularly in the
upper and middle lobes of the lung. MRI of the brain of the
patients with significant mental status changes can reveal
multiple hyperintensive lesions. Arterial blood gas assessment is useful to determine the degree of hypoxemia.156
The best preventive management strategy of FES is an early
surgical reduction and immobilization of the fracture site.
Therapy of FES includes early supportive care with supplemental oxygen and, if necessary, mechanical ventilation to

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

2088

SECTION IV

Subspecialty Management

correct hypoxemia, and careful fluid management to prevent worsening of capillary leak. There is currently no evidence supporting the use of steroids, heparin, or dextran in
the management of FES.157 The overall mortality remains
high (up to 20%).!

Bone-Cement Implantation Syndrome
During arthroplasties, the prosthesis can be attached to the
medullary canal of long bones using methyl methacrylate
cement or through bone ingrowth. Cemented fixation of
the prosthesis can be complicated by bone-cement implantation syndrome (BCIS) that manifests by marked intraoperative hypotension, bronchoconstriction, hypoxia, cardiac
arrhythmias, increased pulmonary vascular resistance,
right ventricle failure, or even cardiac arrest.158 Several
mechanisms of BCIS have been proposed, including embolization of bone marrow debris to the pulmonary circulation
during pressurization of the medullary canal, toxic effects
of circulating methyl methacrylate monomer, and release
of cytokines and cyclooxygenase products during reaming
of the medullary canal, which can induce pulmonary vasoconstriction and formation of microthrombi. Embolization is
believed to occur as a result of high intramedullary pressures
during cementing. In cemented arthroplasties, intramedullary pressure can peak at 680 mm Hg, compared to less than
100 mm Hg in arthroplasties without the use of cement.
The presence of bone marrow debris has, indeed, been documented in the right heart with intraoperative transesophageal echocardiography (TEE) (Figs. 64.8 and 64.9).159
Risk factors for this complication include metastatic
disease, a previously not instrumented femoral canal (it is
thought that the inner surface of the femur becomes smooth
and sclerotic once instrumented and cemented, and thus,

A

offers a less permeable surface), a long-stem prosthesis, a
THA for pathologic fractures, preexisting pulmonary hypertension and right ventricle failure, and a large quantity of
cement used. The hemodynamic consequences of bone
marrow embolization may be attenuated through a vigorous pulsatile lavage of the medullary canal and by drilling
distal venting holes within the long bones before prosthesis insertion. However, the venting technique can result in
significant cement extravasation. Use of noncemented prosthesis should thus be considered in high-risk patients.160
These patients should be monitored with an arterial catheter and, possibly, also a central venous catheter. Management of BCIS is mainly supportive and includes adequate
fluid resuscitation and ventilatory support. The hypotensive
events following BCIS may require treatment with potent
inotropic and vasopressor agents such as epinephrine.!

ORTHOPEDIC TRAUMA
Pelvic Fractures
Pelvic fractures are among the most complicated orthopedic injuries and are associated with a high mortality rate
(up to 32% in open fractures). They are typically a result of
blunt force trauma, including motorcycle and motor vehicle
accidents (60%-80%). The classification of pelvic trauma
into minor, moderate, and severe is based on the pelvic ring
injury’s anatomic classification (Antero-Posterior Compression; Lateral Compression; Vertical Shear; Combined Mechanisms) and more importantly, the hemodynamic status.161
Patients suffering from traumatic pelvic fractures often have
other associated life-threatening injuries (to the head and
neck, thoracoabdominal area, and extremities) that need to be
taken into consideration during perioperative management.

B

Fig. 64.8 Right atrium during echocardiography. (A) Multiple, small emboli (arrow) in the right atrium. (B) Large embolus (7 cm long), which is
probably a cast of the femoral vein. (Modified from Christie J, Burnett R, Potts HR, et al. Echocardiography of transatrial embolism during cemented and
uncemented hemiarthroplasty of the hip. J Bone Joint Surg Br. 1994;76:409–412.)
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In addition, pelvic fractures can result in fatal retroperitoneal
bleeding.162 An accompanying blunt chest trauma can produce both cardiac contusion and aortic tear. Preoperative ECG
and measurements of cardiac enzymes can help evaluate the
extent of myocardial injury. Thorough preoperative neurologic assessment including mental status, motor, and sensory
examination is indicated prior to inducing anesthesia. Injuries
to the bladder and urethra are also common. Urologic evaluation may be needed before inserting an indwelling catheter.
Insertion of chest tubes prior to surgery may also be needed if
significant hemothorax or pneumothorax are present. These
patients should be considered for a temporary inferior vena
cava filter due to a high risk of DVT and pulmonary embolism.
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Fig. 64.9 Beats per minute (BPM), intraoperative heart rate (HR), systemic arterial blood pressure (ART), and pulmonary arterial pressure
(PAP) tracings of a patient undergoing revision total hip arthroplasty.
C, wound closure; E, Induction of epidural anesthesia; FPI, insertion of a
cemented femoral prosthesis; JR, reduction of prosthetic hip joint, producing hypotension with rebound from epinephrine injection. (From
Urban MK, Sheppard R, Gordon MA, et al. Right ventricular function during
revision total hip arthroplasty. Anesth Analg. 1996;82:1225–1229.)
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A multidisciplinary approach that includes trauma and
orthopedic surgeons, urologists, interventional radiologists, anesthesiologists, and intensive care unit (ICU) physicians is crucial during the immediate management of
these patients and should focus on adequate volume resuscitation, achieving hemostasis, and mitigating tissue injuries.161 As soon as possible after the primary evaluation and
stabilization, a comprehensive radiologic workup should be
performed. CT is the gold standard with a sensitivity and
specificity for bone fractures close to 100%. Initial treatment of pelvic trauma generally involves damage-control
resuscitation and application of noninvasive external pelvic compression to stabilize the pelvic ring and decrease the
amount of pelvic hemorrhage. Patients with hemodynamic
instability should be considered for pre-peritoneal pelvic
packing, especially in hospitals with no angiography service. External pelvic fixation provides rigid temporary pelvic ring stability and serves as an adjunct to early bleeding
control in hemodynamically unstable pelvic ring disruptions.161,162 The optimal time for definitive surgical fixation
of pelvic ring injuries is within the first week of trauma.
Anesthetic management of patients with pelvic trauma in
the operating room can be very challenging. Because of the
extent of the surgery, general endotracheal anesthesia with
standard or rapid sequence induction based on clinical presentation is indicated. These patients often need an immediate and aggressive resuscitation and, frequently, angiography
and embolization of the injured vasculature.161,163 The primary goal of the rapid resuscitation is to restore blood volume
and maintain perfusion to the vital organs, with continuous
evaluation of the efficacy of the fluid replacement. Sensitive
laboratory markers of tissue ischemia secondary to the acute
traumatic hemorrhage include increased serum lactate and
base deficit by arterial blood gas analysis.161 It is important
to restore hemoglobin to a level that provides adequate tissue oxygenation (usually considered more than 7-8 g/dL)
prior to inducing anesthesia, and to have sufficient amount
of blood products available because of the risk for significant
intraoperative blood loss. Because of the large intraoperative
blood loss and third-spacing of fluids, invasive hemodynamic
monitoring, including an arterial line and central venous
catheter, may be necessary. Intravenous access through several large-bore catheters is also critical. Intravenous fluids
and blood products should be administered through a fluid
warmer to prevent hypothermia. A rapid fluid infuser is commonly used. Cell-scavenging techniques are useful to reduce
the requirement for donor packed red blood cells. Placement
of an epidural catheter for postoperative pain control can be
considered, provided that the patient is not coagulopathic
and after the neurovascular integrity of the lower extremities has been confirmed. Patients may be admitted to the ICU
postoperatively for monitoring, and are sometimes intubated,
especially in the presence of evolving pulmonary injuries (fat
embolism, aspiration, or lung contusion), or other complicating organ injuries.!

Femur Fractures
Fractures of the proximal femur following mechanical falls
are most common in elderly patients and are associated
with high morbidity and mortality (1-year mortality of up
to 30%).164 In younger patients, femur fractures including
fractures of the femoral shaft and distal femur are usually

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

2090

SECTION IV

Subspecialty Management

associated with trauma, such as following motorcycle and
motor vehicle accidents. Perioperative complications are
often related to preexisting cardiac and pulmonary conditions and include myocardial infarction and dysrhythmias,
DVT, pulmonary embolism, and delirium. It has been shown
that older patients admitted early into a dedicated orthogeriatric facility have a improved long-term mortality.165
Proximal femur fractures occur through the femoral
neck, intertrochanteric, or subtrochanteric areas. Displaced
femoral neck fractures are usually treated by prosthetic
replacement, whereas intertrochanteric or subtrochanteric
fractures can be treated with a sliding hip screw and side
plate, cephalomedullary nail, or blade plate. Nondisplaced
femoral neck fractures are usually managed by closed
reduction and percutaneous pinning.166 Surgical treatment of femoral shaft and distal femur fractures involves
application of plates and screws along the femur for rigid
internal fixation and intramedullary devices.
Pain and stress following hip fracture can often contribute to myocardial ischemia. Therefore, a thorough preoperative evaluation and preparation of these patients, as
outlined earlier in this chapter, is crucial. Early surgery
(<24 hours) has been associated with reduced pain and
length of hospital stay but not improved function or mortality.167 However, patients with significant medical comorbidities that delay surgery for more than 4 days have a
nearly 2.5 times higher risk of death within 30 days after
the surgery compared with patients who are initially considered fit for surgery.164 Thus, early surgery for hip fractures combined with early mobilization and rehabilitation
should be the goals for medically stable patients.
Given the existing evidence that regional anesthesia can
be associated with lower morbidity (including reduced risk
of DVT, pulmonary embolism and respiratory complications, and a decrease in intraoperative blood loss) and mortality,168 it is reasonable to consider regional anesthesia
in patients with hip fractures.169 A carefully dosed spinal
anesthetic with isobaric bupivacaine often provides stable
anesthesia of sufficient duration for the surgical repair.
Anesthesia from T12 to S2 is adequate. Use of anticoagulation for prevention of DVT and pulmonary embolism may
limit the use of postoperative epidural analgesia. There is
evidence that regional nerve blocks including fascia iliaca
blocks can effectively reduce pain associated with hip fracture. There is also moderate evidence that nerve blocks
may contribute to reduced rates of delirium, and potentially, reduced length of inpatient stay, morbidity, and
mortality.170
Pulmonary embolization of bone marrow debris and bone
cement leading to hypoxemia and right ventricle failure is a
major determinant of mortality in these patients.171 The presence of emboli detected by intraoperative TEE in the right heart
and pulmonary artery appears to derive principally from the
reaming of the femoral canal and the placement of the femoral
stem, particularly during the placement of cemented prostheses (see earlier).159 Although routine use of intraoperative TEE
is not recommended, it may be considered in high-risk patients
with femur fractures. Adequate intravenous access and crossmatched blood products should be available, because some of
these procedures can involve a large blood loss. Placement of
an arterial catheter allows timely and accurate blood pressure
monitoring, and serial measurements of arterial blood gases

and hemoglobin concentrations. The use of a central venous
catheter may also be indicated in high-risk patients. Maintaining body temperature during surgery is particularly important
in the older patient population. Medically unstable patients
with significant comorbidities often require postoperative
management in an ICU setting.!

Tibia Fractures
Tibial plateau or proximal tibia fractures are most common
in younger trauma patients, as well as elderly patients with
degenerative arthritis of the knee. Open reduction internal
fixation of tibial plateau fractures involves a reduction under
direct visualization of the fracture fragments and application
of plates and screws along the tibia for rigid internal fixation.
An iliac crest bone graft may also be necessary. Compartment syndrome is one of the most frequent complications of
this surgery (10%-20%). Tibial shaft fractures are commonly
associated with trauma (95%) and are treated by intramedullary nailing of the tibia. Most nails are interlocked proximally
and distally with screws. External fixation of tibia fractures
involves placement of percutaneous pins that are clamped to
an external frame. This procedure can be used for temporary
stabilization of tibia fractures, especially in the setting of periarticular injuries. These fixators also may be useful for salvage of open and/or infected fractures that are unsuitable for
internal fixation.172 Tibia surgeries are frequently performed
under general anesthesia, although spinal anesthesia could
also be considered. Regional blocks can also be considered
for postoperative pain control if compartment syndrome is
not a major concern. In fact, evidence suggests that in most
patients, regional techniques do not interfere with diagnosis
of compartment syndrome.173!
Upper Extremity Fractures
Trauma patients presenting for surgeries for upper extremity
fractures are relatively young and often otherwise healthy.
Most of these surgeries are performed on an elective basis
with a standard preoperative evaluation. However, repairs
of compound fractures and open fractures may necessitate
emergency surgery. General or regional anesthesia or their
combination can be used. A brachial plexus block via the
supraclavicular, infraclavicular, or axillary approach is
suitable for surgeries of the distal arm, whereas the interscalene approach is employed for more proximal humerus
procedures. A peripheral nerve catheter may be considered
for postoperative pain relief. Regional techniques can be
safely applied when there is no concern for postoperative
compartment syndrome.!
Extremity Replantation
Functional recovery remains the overarching goal of
extremity replantation. Traumatic amputation disproportionately affects males in a 4:1 ratio. Most upper extremity
amputations occur at the level of the digits. Life-threatening
injuries, if present, must be prioritized before consideration
is given to replantation. The ultimate surgical plan is often
deferred until after microscopic examination of the stump
and amputated parts. Severe crush or burn injuries massive contamination, multiple injuries in the same digit,
prolonged normothermic ischemia, and preservation of
amputated parts in nonphysiologic solutions are relative
contraindications to proceeding with replantation.
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To minimize irreversible tissue injury, hypothermic preservation of the amputated part and measures to reduce the
interval between amputation and replantation are routinely
practiced. The goal for successful digit replantation is to be
completed within 12 hours of warm or 24 hours of cold
ischemia. The window is narrower for major upper extremity implantation (6 hours of warm and 12 hours of cold
ischemia).174 Extremity replantation is hence an emergent
procedure and patients often present having full stomachs.
Substance abuse is common in this population and acute
intoxication may raise additional concerns, such as altered
anesthetic requirement, diuresis, and hypovolemia or hypothermia. The patient may also present with acute blood loss
anemia depending on the extent of the traumatic injury.
Regional anesthesia is typically used either alone or in conjunction with general anesthesia to provide postoperative
analgesia and most importantly, vasodilation to the vascular anastomosis. Indeed, brachial plexus nerve catheters
have been shown to improve the blood flow to the implant
through vasodilation.174-176 As a surrogate marker of tissue
perfusion, skin temperature is elevated in patients having
brachial plexus blocks.177 Furthermore, one study demonstrated a 0% reoperation rate for vascular insufficiency in
patients having continuous supraclavicular blocks, versus
29% reoperation rate in patients managed with intravenous opioids alone.178 The surgical team often performs the
replantation in the following sequence: bone fixation, tendon
repair, nerve repair, vascular anastomosis, and skin closure.
Typical donor sites for skin grafts include stomach and thigh.
Intravenous heparin and dextran are typically administered
during the microvascular portion of the surgery to minimize
the risk of thrombosis, which complicates 10% of cases. In
theory, vasopressors should be avoided; however, there is
little evidence to support this claim clinically. A tourniquet
is routinely used to minimize blood loss, but a baseline complete blood count and a blood bank sample are prudent in
the setting of any traumatic injury. Reperfusion intervals for
tourniquet times of greater than 90 to 120 minutes should be
considered. Lactic acidosis from a prolonged tourniquet time
may be problematic in patients with underlying lung disease,
and maintaining controlled ventilation is advisable in such
patients in order to compensate the metabolic acidosis.
Surgical duration is variable. The clinician should meticulously position and monitor all pressure points, given
probable length of procedure. Techniques to maintain perioperative normothermia, such as fluid warmers and heating
blankets, are employed to prevent vasospasm. After the procedure, it can be helpful to admit the patient into a room with
increased ambient temperature to promote vasodilation. In
addition, anticoagulant therapy may need to be continued
to prevent microthrombi. The peripheral catheters should
be monitored regularly by a dedicated team and coagulation
status should be checked prior to discontinuing the catheter.
Patient controlled analgesia (PCA) is a useful alternative in
the initial days following the procedure, but opioid utilization
can be reduced by peripheral nerve block or catheter.!

UPPER EXTREMITY SURGERIES
Hand Surgery
Hand surgeries are performed by several surgical specialties including general surgeons and orthopedic surgeons,
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as well as plastic and hand surgeons. These cases vary in
complexity from a simple incision and drainage to complete
neurovascular replantation of several digits and even the
entire hand, as well as urgency from elective surgeries to
emergent procedures such as replantation of ischemic digits. Hand procedures can vary widely in length from several minutes to several hours. Less complex procedures are
performed at outpatient surgical centers, whereas complex procedures are reserved for tertiary care hospitals.
Given the varying nature of hand surgeries, the anesthetic
approaches to hand cases also vary from intravenous anesthesia or Bier block to regional anesthesia or general endotracheal anesthesia.
Intravenous regional anesthesia (or Bier block) is a simple
technique that involves exsanguinating the arm by wrapping it with an elastic bandage (e.g., Esmarch bandage),
inflating an upper arm tourniquet to between 50 and 100
mm Hg above the patient’s systolic blood pressure (often to
250 mm Hg), and injecting a short-acting preservative-free
local anesthetic (typically lidocaine) into a hand vein. A second tourniquet, distal to the first, may be inflated 15 minutes later with subsequent deflation of the first, to minimize
tourniquet pain. The extremity veins distal to the tourniquet are filled with the anesthetic agent, which sets in after
approximately 6 to 8 minutes. Complications occur when
the tourniquet fails during initial anesthetic injection or if
the tourniquet is deflated too early (<30 minutes), risking
systemic local anesthesia toxicity. Adjuncts can be added to
the local anesthetic injectate including ketorolac and clonidine to extend duration of analgesia, but their routine use is
discouraged by most experts, because the potential benefits
do not seem to outweigh the risk of increased complexity
and side effects.
Regional anesthesia techniques for hand surgery include
blocking the brachial plexus via an infraclavicular (ICB) or
axillary approach. Two large series of infraclavicular blocks
reported 90% to 94% success with only posterior cord stimulation using a nerve stimulator; other reports recommend
a double stimulation technique for a better success rate.
Ultrasound-guided ICB continues to gain popularity, as its
first pass success is superior to the nerve stimulator technique. As with the nerve stimulator technique, injecting
local anesthetic at the posterior cord increases the success
rate.179 Moreover, performing ICB with ultrasound guidance may shorten procedure time, avoid the need for multiple needle passes, and reduce complications of vascular
puncture and pneumothorax.180 For high-risk patients who
are anticoagulated, an axillary block is a reasonable option,
as the artery is easily compressible. With ultrasound guidance, selective nerve blockade can be achieved to minimize
bleeding potential. For complex and emergent hand cases,
general anesthesia is often chosen because of the prolonged
duration of the procedure (see trauma section earlier).!

Shoulder and Elbow Surgery
Over the past several decades, an increasing number of
patients have undergone shoulder surgeries, as it has been
shown that these procedures have a positive impact on the
quality of life. Shoulder arthroplasty surgery can range
from extensive open repairs, hours in duration, to simple
shoulder arthroscopic procedures of short duration. Most
of the surgeries are performed in the beach chair position,
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as this position offers superior surgical exposure and access,
less distortion of muscle anatomy, and less tension on the
brachial plexus than the lateral position. Therefore, anesthetic considerations are mostly tailored to counterbalance
the physiologic derangements occurring in this position
in anesthetized patients. Anesthetic techniques can range
from general anesthesia to conscious sedation or monitored
anesthesia care with regional block. For the most part, open
procedures require muscle relaxation and therefore, general
endotracheal anesthesia is often preferred. For arthroscopic
procedures, muscle relaxation is not necessary, and these
cases can be amenable for general anesthesia with a LMA
or monitored anesthesia care with regional block. The anesthetic approach is largely influenced by the local practice
culture. Surgeons may request controlled hypotension in
arthroscopic cases, as visualization can be hindered by local
bleeding. This can be problematic, especially in patients with
chronic uncontrolled hypertension, as well as those with
underlying cerebral vascular insufficiency. Cerebral perfusion pressure (CPP) is reported to decrease by 15% in sitting
patients under general anesthesia. In patients with chronic
hypertension, cerebral autoregulation is altered, and the
curve is shifted to the right (Fig. 64.10). In patients with
cerebrovascular disease, detrimental decrease in cerebral
blood flow (CBF) can occur if the systemic pressure is kept
below the minimal required CPP. Cerebral autoregulation is
also influenced by ventilation via arterial PCO2. Hypercapnia can result in cerebral vasodilation and increased CBF at
a constant CPP. Conversely, hypocapnia causes a decrease
in CBF due to cerebral vasoconstriction.181 A randomized
study suggested that cerebral oxygenation can indeed be
improved with higher end tidal CO2 during surgery in the
beach chair position.182 Therefore, permissive hypercapnia may be considered during shoulder surgery in the sitting position for patients with altered CBF. Additionally,
the effects of vasopressors, such as phenylephrine, in the
sitting position should be taken into account, as high doses
of vasoconstrictors can affect CBF. In a study measuring
cerebral oxygen saturation in the sitting position, desaturation occurred with the use of phenylephrine. The study
concluded that cerebral oxygenation can be used to provide
an endpoint for vasopressor therapy.183 Another important
anesthetic factor to consider when allowing hypotension
in the beach chair is the distance discrepancy between the
measurement of noninvasive blood pressure (NIBP) and
the circle of Willis. In the supine position, the height of the
NIBP at the arm and the circle of Willis are about the same.
Therefore, the blood pressure reading closely approximates
the CPP. However, in the sitting position, the blood pressure
reading from the arm is different than the actual CPP at the
circle of Willis. In general, for every 10 cm rise of an organ or
tissue, there is 7.5 mm Hg drop in its mean arterial pressure.
In the sitting position, the distance between the blood pressure cuff at the arm and Circle of Willis can approximate 20
cm. A technique to mitigate the distance is to decrease the
angle of the sitting position. When inducing hypotension in
the sitting position, all these factors have to be taken into
account and discussed in a preoperative huddle with the
surgeon. It is important to note that the role of the sitting
position (beach chair) on postoperative neurological outcome remains controversial. According to the Anesthesia
Patient Safety Foundation Beach Chair Study, there were
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no differences in postoperative cognition or brain injury
biomarkers when compared to the supine position.184
Another serious complication that has been reported
during shoulder surgery is excessive hypotensive and bradycardic events, some progressing to asystolic arrest, under
monitored anesthesia care with regional anesthesia. There
is some evidence that these events are the result of a cardiac
inhibitory reflex, or the Bezold-Jarisch reflex, which occurs
in response to diminished ventricular volume (venous pooling in the sitting position) in a hypercontractile ventricle.
Prophylactic administration of β-blockers and intravenous
fluids may reduce the incidence of these events.
Regional anesthesia, specifically interscalene block
(ISB), continues to gain popularity for shoulder surgeries, as it can provide postoperative analgesia and decrease
opioid consumption. For shoulder arthroscopies, single
-shot ISB has been associated with less time spent in the
postanesthesia care unit, better patient satisfaction, and
fewer complications.185 ISB can be utilized as the sole
anesthetic for shoulder surgeries. However, this approach
is not widely practiced.186 One must be mindful of the
impact ISB can have on pulmonary function secondary
to ipsilateral phrenic nerve weakness. If prolonged analgesia is desired (>24 hours), placement of an interscalene
catheter can be considered. Patients can be discharged
with an infusion pump and can even self-discontinue the
catheter at home.187 Alternatives to ISB include selective suprascapular nerve (SSN) block, intraarticular
analgesia, and oral analgesia. SSN block is performed
with the patient sitting, and local anesthesia is injected
at the suprascapular fossa, avoiding the vessels that
travel with the nerve. This technique partially covers the
shoulder but has no cutaneous coverage.188 Ultrasound
guidance can be used to block the nerve at the suprascapular fossa or at the suprascapular notch. An anterior
ultrasound approach can be employed to trace the SSN
from the interscalene groove at C5 down to below the
omohyoid muscle. Injection at this site has been shown
to result in less motor blockade than ISB and equivalent analgesia.189 Intraarticular anesthesia is another
alternative approach to postoperative pain control after
shoulder surgery and involves injecting local anesthetic
agents. This technique has been shown to significantly
reduce post-surgical opioid consumption.190 Recently, a
long-acting formulation of bupivacaine, liposomal bupivacaine, was tested for perioperative peripheral nerve
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blockade. A small randomized prospective study compared locally infiltrated liposomal bupivacaine versus
conventional ISB and found increased pain in the immediate postoperative period in patients receiving liposomal
bupivacaine. However, opioid consumption was greater
in the ISB group 13 to 16 hours after surgery. Beyond 24
hours, there was no difference in the two groups in terms
of their pain scores, hospital length of stay, or number of
complications. This study concluded that overall liposomal bupivacaine offered comparable analgesia to ISB, but
could help reduce overall opioid consumption.191 Larger
studies are being conducted to further investigate the role
of liposomal bupivacaine in shoulder surgery.
In contrast to shoulder surgery, elbow surgery does not
require beach chair position, and the patient is usually in
supine or lateral decubitus position. Common elbow surgeries include fixation of fractures as well as neurovascular
repair. Most surgeries are performed under general anesthesia; however, monitored anesthesia care with regional
block can be considered for selected patients and procedures
and when there are no concerns for irreversible nerve injuries or compartment syndrome.
As with shoulder and hand surgeries, regional anesthesia can play a major role in postoperative analgesia after
elbow surgery. The infraclavicular approach (ICB) to blocking the brachial plexus is common, but data suggest that
a supraclavicular block may be just as effective.192 Supraclavicular block spares the intercostobrachial nerve providing cutaneous innervation of the medial upper arm at the
T2 dermatome. If a tourniquet is used, blocking the T2 can
help decrease tourniquet pain.!

LOWER EXTREMITY SURGERY
Knee and Hip Arthroscopy
Arthroscopic procedures for the knee, hip, and ankle are
increasingly performed as ambulatory procedures. These
cases can be challenging for the anesthesiologist who
must decide on the appropriateness of the patient and
procedure for outpatient surgery and an anesthetic that
is adequate for the procedure, but also satisfy the patient’s
expectation of an uncomplicated postoperative recovery
with minimal pain.
General anesthesia is safe and effective for arthroscopic
surgery, but it has been associated with increased postoperative nausea and vomiting and pain. In a prospective
study of 1088 patients for ambulatory surgery, Pavlin
and coworkers reported that the most important factors in
determining the time to discharge were pain, unresolved
neuraxial blocks, nausea and vomiting, and urinary retention.193 This study emphasizes the role of anesthesia in
prolonging ambulatory surgical stay. A properly designed
regional anesthetic approach may reduce the impact of
some of these factors.
Arthroscopic knee surgery can be performed with a combination of extraarticular and intraarticular injections of
local anesthetics. Short-duration local anesthetics may be
combined with longer-acting local anesthetics (bupivacaine) and morphine to provide postoperative analgesia.
Intraarticular morphine has not been shown to provide
significant additional analgesia after arthroscopic knee
surgery. For more involved arthroscopic procedures, such
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as an anterior cruciate ligament repair, surgical relaxation
may be required. Spinal anesthesia provides excellent operating conditions for these procedures. Problems related to
neuraxial anesthesia for ambulatory surgery include unpredictable onset and regression of the blockade, urinary retention, and transient neurologic symptoms (TNS). A dose of
45 mg of isobaric spinal mepivacaine has been reported to
result in a mean motor block of 142 ± 37 minutes. Using
30 to 40 mg of spinal chloroprocaine, Yoos194 reported
155 ± 34 minutes to ambulation in outpatient surgical
patients. TNS include pain in the gluteal region that can
radiate down both legs and appear within a few hours to 24
hours after an uneventful spinal anesthetic. The incidence
of TNS is more frequent after outpatient surgery performed
in the lithotomy position and in patients undergoing knee
arthroscopy. The pain can vary from mild to severe and
last 2 to 5 days. It is best treated with NSAIDs. TNS is more
common after a spinal anesthetic with lidocaine (∼14%)
than with mepivacaine (6.5%) and bupivacaine (<1%). For
ambulatory patients, the benefit of short-acting spinal anesthetic must be weighed against the risk for developing TNS.
For postoperative analgesia after anterior cruciate ligament
repairs, a femoral nerve block (FNB) with a long-acting local
anesthetic is superior to intraarticular injections. Because
the quadriceps muscle is blocked, however, it is important
for the patient to be fitted with a knee brace before ambulation. Blocking the femoral nerve at the adductor canal
(adductor canal block [ACB]) can also provide postoperative analgesia without interfering with early ambulation, as
quadriceps strength is preserved when compared to FNB.195
However, the analgesia does not cover the posterior aspect
of the knee.
Hip arthroscopy has become a common outpatient procedure for the diagnosis and treatment of pathologic processes
in the hip. The patient can be placed in either the supine
or the lateral position (operative side up) with 50 to 75 lbs
(22-34 kg) of traction applied to the operative limb to gain
access to the joint with the arthroscope. In positioning the
patient, the anesthesiologist must ensure that the perineal
post is padded and not compressing the pudendal nerve and
that excessive traction for prolonged periods is not applied.
Because complete muscle relaxation is usually required for
the procedure, the patient must have either a general anesthetic or a neuraxial block. A lumbar plexus block can be
performed for postoperative analgesia.!

Hip and Knee Arthroplasties
As was described earlier in this chapter, hip and knee joint
replacement are among the most common surgeries in the
United States. THA may be performed via an anterior or lateral approach. The anterior approach offers the advantage
of exposure without violation of the muscles, but restricts
full access to the femur, with the risk for lateral femoral
cutaneous nerve injury. The lateral posterior approach provides excellent exposure to the femur and the acetabulum
with minimal muscle damage but increases the risk for posterior dislocation. Most surgeons prefer the lateral posterior
approach, which places the patient in the lateral decubitus
position, surgical side up, for the operation. The anesthesiologist must be aware that this position may compromise
oxygenation, particularly in obese and severely arthritic
patients, as a result of ventilation-perfusion mismatch.
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In addition, to prevent excessive pressure on the axillary
artery and brachial plexus by the dependent shoulder, a soft
roll or pad may be placed beneath the upper thorax.
The nerve supply to the hip joint includes the obturator, inferior gluteal, and superior gluteal nerves. Regional
anesthesia for THA can be achieved with a spinal or epidural anesthetic. Although most studies suggest decreased
postoperative respiratory complications, including venous
thrombosis and pulmonary embolism with regional versus
general anesthesia, some controversy still remains. It is,
nevertheless, important to note that regional anesthesia
has been associated with a reduction in deep surgical site
infection rates and hospital length of stay.196
Blood loss during THA can be significant, particularly
for revision surgeries. Controlled hypotensive anesthesia
may reduce intraoperative blood loss. The administration
of TXA has also been shown to reduce blood loss during
joint arthroplasty (see earlier). The femoral vein can be
obstructed during dislocation of the hip and reaming and
insertion of the femoral prosthesis, which can result in
blood stasis and clot formation. With relocation of the hip
and unkinking of the femoral vein, the embolic material can
be released into the circulation. An unfractionated heparin
bolus before the femoral work has been suggested to reduce
the strong thrombotic stimulus and should be considered in
selected patients.
Similar to THA, anesthetic options for TKA include general or neuraxial anesthesia. A less common approach
is the combination of a femoral and sciatic block, but in
patients with valgus deformities, this approach may prevent the early detection of sciatic and peroneal nerve palsies. A 2016 systematic review of the literature found that
neuraxial anesthesia is as effective as general anesthesia
without increased morbidity, and that limited quantitative
evidence supports the notion that perioperative outcomes
are improved with neuraxial anesthesia.197 Another benefit
of regional anesthesia is decreased postprocedural opioid
consumption.
Patients who have undergone TKA have severe postoperative pain, and several studies have reported a reduction
in postoperative complications and improved outcomes
when this pain is managed with regional anesthesia.
Single-injection FNBs in combination with intravenous
and epidural PCA have been employed to manage postoperative pain and improve functional recovery. Infusion of
local anesthetics through continuous femoral nerve catheters may also be used in place of patient-controlled epidural analgesia. Both FNB and epidural anesthesia have
been associated with delayed ambulation post TKA. There
have been recent efforts to fast track recovery for arthroplasty patients and aim for early mobility via early physical therapy. This has been shown to improve long-term
functional status. As a result, there has been a shift away
from FNBs and epidural anesthesia in favor of ACBs. A
large meta-analysis suggested that patients who received
ACB combined with periarticular local anesthesia injection could ambulate sooner than those with periarticular
injection alone. No differences in postoperative analgesia
or opioid consumption were noted.198 Intraarticular multimodal injection of ropivacaine, ketorolac, clonidine, and
epinephrine in combination with oral acetaminophen, celecoxib, and oxycodone was, nevertheless, shown to decrease

opioid-analgesic requirements and increase patient satisfaction after TKA.199-201
A pneumatic tourniquet is routinely inflated over the
thigh during TKA to reduce intraoperative blood loss and
provide a bloodless field for cement fixation of the femoral
and tibial components. Bleeding begins with the deflation
of the tourniquet and can continue for the next 24 hours.
Tourniquets are usually inflated to a pressure 50 to 100
mm Hg above the patient’s systolic blood pressure for a
maximum of 3 hours. Nerve injury after tourniquet inflation has been attributed to the combined effects of ischemia
and mechanical trauma. When prolonged tourniquet inflations are required, deflating the tourniquet for 30 minutes
of reperfusion may reduce neural ischemia.
Pain related to tourniquet inflation also may occur
after 60 minutes, despite the presence of a regional anesthetic that is adequate for the surgery. It has been postulated that tourniquet pain is caused by the unblocking of
unmyelinated C fibers during recession of a neuraxial block.
The addition of opioids to spinal or epidural anesthesia
may ameliorate tourniquet pain. After tourniquet release,
mean arterial blood pressure decreases significantly, partly
owing to the release of metabolites from the ischemic limb
into the circulation and the decrease in peripheral vascular resistance. In patients with known preexisting sciatic
neurapraxias, neuropathic pain, and vascular disease in
the operative leg, the operation can be performed without
a tourniquet.
Many patients have symptomatic arthritis of both knees
and require bilateral TKA to achieve functional improvement in pain and lifestyle. However, controversy still exists
as to whether both knees should be replaced sequentially in
a single operation (simultaneous bilateral total knee arthroplasty [SBTKA]) or through a two-stage procedure. The
advantages of SBTKA include exposure to the risks of one
anesthetic course one postoperative course of pain, reduced
rehabilitation and hospitalization, and an earlier return to
baseline function. However, SBTKA has been associated
with a higher incidence of serious perioperative complications such as myocardial infarction, fat embolization, and
thromboembolic events.!

Foot and Ankle Surgery
Similar to most hand surgeries, foot and ankle surgeries
are classified as low-risk procedures. However, the low-risk
nature of the procedures can pose a challenge for clinicians
when caring for high-risk patients. The risks and benefits
must be carefully considered when crafting an anesthetic
plan, which can include general endotracheal anesthesia,
general anesthesia with a LMA, neuraxial anesthesia with
spinal or epidural, and regional anesthesia. Muscle relaxation is often not required. In caring for patients undergoing these procedures, length of procedure, patient position,
and institutional preferences are considered when deciding
on anesthetic approach and patient monitoring. Unlike
hand cases, patient positioning can vary from supine, to
lateral decubitus, to prone positioning. Most elective cases
are done as outpatient surgery. Trauma cases can be long
in duration, especially with complex fractures of the distal tibia. Infected toe and foot surgeries can be performed
quickly, but patients may present with sepsis due to gangrenous tissue. It is not unusual to find that the patient who
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requires foot and ankle surgery is immunocompromised,
diabetic, or has vascular insufficiency. Bleeding can occur,
but generally it is not a main concern. Thigh or leg tourniquets are often used to limit blood loss.
Surgery of the foot and ankle is associated with high postoperative pain. Regional anesthesia can be beneficial and
is commonly used as the primary anesthetic or for postoperative analgesia. These cases are ideal for regional anesthesia also because many patients are instructed to avoid
bearing weight after surgery, and hence motor weakness
is not a concern. Regional anesthesia that combines sciatic
and FNBs is sufficient for all surgical proceures below the
knee that do not require a thigh tourniquet. The femoral
nerve innervates the medial leg to the medial malleolus,
and the remainder of the leg below the knee, including the
foot, is innervated by sciatic nerve via the common peroneal nerve and tibial nerve. The sciatic nerve is usually
blocked high in the popliteal fossa to ensure anesthesia to
the tibial and peroneal nerves. The nerve can be identified
via a nerve-stimulating needle with foot inversion as the
motor response. Increasingly, however, the sciatic block
is performed with ultrasound guidance. For procedures
that also involve the medial aspect of the leg, the femoral
nerve can be blocked, commonly at the adductor canal,
at the level of the knee via the medial femoral condyle,
below the knee with local infiltration distal to the medial
condyle of the tibia, or above the medial malleolus of foot.
Each of these approaches has various degrees of success,
with the highest success being the ACB.202 The popliteal
sciatic nerve block has been shown to reduce postoperative pain and opioid requirements after foot and ankle
surgery when performed as a single preoperative injection
or as a continuous catheter infusion. Studies suggest that
for ultrasound-guided sciatic blocks, optimal onset and
analgesia is achieved when the local anesthetic is injected
distal to the sciatic bifurcation.203,204 For sciatic catheters, optimal analgesia is achieved when the catheter is
placed 5 cm proximal to the sciatic bifurcation.205 Liposomal bupivacaine is being investigated as an alternative to
regional anesthesia for local infiltration.206
A discussion with the surgeon about the risk for compartment syndrome should occur before administering
long-acting sciatic nerve blocks. However, there is increasing evidence that regional anesthesia may not mask ischemic pain from compartment syndrome, and this question
remains controversial.173,207 Ankle block can be used for
surgical procedures on the foot that do not require the
use of a thigh or calf tourniquet, although an ankle-level
Esmarch tourniquet may be used. It is commonly used for
toe amputations and is also a highly effective technique for
bunion surgery.208
Five terminal nerves are usually blocked to provide complete anesthesia to the foot: (1) posterior tibial nerve, which
provides sensation to the plantar surface; (2) saphenous
nerve, which innervates the medial malleolus; (3) deep
peroneal nerve, which supplies the interspace between
the great and second toes; (4) superficial saphenous nerve,
which supplies the dorsum of the foot and the second
through the fifth toes; and (5) sural nerve, which supplies
the lateral foot and lateral fifth toe (Fig. 64.11). Mineo and
Sharrock reported that ankle block performed at the midtarsal level with 30 mL of 0.75% bupivacaine provided a

Deep peroneal nerve
Saphenous nerve
Superficial peroneal nerve
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Tibial nerve
Sural nerve

Fig. 64.11 Cutaneous distribution of anesthesia produced by an ankle
block. (From Carron H, Korborn GA, Rowlingson JC. Regional Anesthesia:
Techniques and Clinical Applications. New York: Grune & Stratton; 1984.)

mean duration of 17 hours of analgesia with safe blood levels of local anesthetic.209!

Anesthesia for Spine Surgery
With the wide spectrum of spine disorders and an expanding array of treatment options, spinal surgeries have
become increasingly prevalent over time. According to the
Healthcare Cost and Utilization Project, spinal fusions and
laminectomies were among the most common operations
during inpatient stays in 2015, with an estimated rate of
147 and 136 per 100,000, respectively. In absolute numbers, it was estimated that an excess of 500,000 spinal
fusions were performed in community hospitals alone in the
United States.210 Although only less than 10% of these surgeries are currently performed in an ambulatory setting, it is
expected that with technical advances and enhanced perioperative care, an increasing number of these patients will
qualify for outpatient surgery. Moreover, a growing number of patients with major comorbidities are being considered for complex spine surgeries such as scoliosis correction
or spinal stabilization after trauma or neoplastic diseases.
The underlying cardiovascular, respiratory, or neurologic
disorders in combination with the physiologic stress from
a large spinal procedure places the patient at a higher risk
for perioperative complications. As described earlier in this
chapter, preoperative optimization of the underlying diseases and careful perioperative care that involves the surgical, anesthesia, rehabilitation, and other medical teams can
minimize the risk for these complications and improve the
overall outcome.

PREOPERATIVE ASSESSMENT
The preoperative assessment for spinal surgeries should
include a comprehensive evaluation of the neurologic function and possible symptoms or deficits associated with the
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underlying spinal disorder. The potential for difficulty in airway management should always be considered in patients
with cervical and thoracic spine disease. Stability of the cervical spine and its range of motion should be assessed and
documented, and the anatomic and functional relationship
between the airway and the cervical column carefully considered. Video laryngoscopy or fiberoptic intubation may be
needed and if awake intubation is considered, it is important to assess the patient’s ability to cooperate. A multidisciplinary preoperative conference to review the suitability
of each patient and discuss the medical, surgical, anesthesia, and rehabilitation implications of the procedure can
improve the quality and safety in complex spine surgery.211
In addition to a comprehensive review of the patient’s
preoperative cardiovascular, pulmonary, and neurologic
comorbidities, basic hematologic, hepatic, and renal values,
their preoperative optimization, perioperative pain control,
and rehabilitation potentials also need to be considered.!

SPINAL TRAUMA
Trauma victims with spinal cord injury (SCI) represent a
group of patients with unique perioperative challenges. The
incidence of nonfatal SCI is estimated to be 40 per 1 million
population in the United States, or approximately 12,000
new cases each year.212 Most injuries occur between the
ages of 16 and 30. One retrospective analysis examined
more than 500 patients with traumatic spinal fractures
and found that 39% were caused by a high-energy fall and
26.5% by motor vehicle accidents.213 The high-energy fall
etiology resulted in injuries distributed throughout the
spine, whereas motor vehicle accidents most frequently
impacted the cervical and thoracic spine. Twenty-five
percent of patients with spinal fracture had motor and/or
sensory deficits, and the highest number of patients with
complete motor and sensory neurologic deficits had sustained cervical fractures. Types of fractures were distributed as follows: compression fractures in 54.8% of patients,
distraction fractures in 16.9%, and rotational fractures in
18.5%. Compression fractures occur when the vertebral
body cannot handle a sudden force and fractures. This
commonly occurs in the setting of osteoporosis and malignancy. A wedge fracture is a subtype, which often involves
the anterior collapse of the vertebral body. Burst fractures
occur as a result of severe trauma, such as a motor vehicle
accident. Vertebrae are crushed by an extreme force and are
impacted in multiple places. Flexion-distraction fractures
typically involve the middle and posterior column of the
spinal column. Flexion-dislocation fractures can include
any of the aforementioned fracture types and occur when
the vertebrae move significantly. Anterior, middle, and
posterior columns are usually involved. This is an unstable
fracture. With most SCIs caused by falls or motor vehicle
collisions, it is not unusual that these patients also suffer
injuries to the face and airway or present with traumatic
brain injury, rib fractures and lung contusions, extremity
or pelvic fractures, vascular injuries, or hepatic or splenic
lacerations. The initial SCI may be caused by mechanical
force from bony fragments from the vertebral body, facet or
intervertebral joint dislocation, ligamentous tears or herniation of intervertebral discs, or arthropathies such as spondylosis or spondylolisthesis. Following the initial injury,

systemic inflammation, ischemia or hypoxia, and excitotoxicity or lipid peroxidation and apoptosis of neurons can
result in progression of the neurologic symptoms and worsening outcome. If facial or cervical spine injuries are present, airway management can be particularly challenging.
Unstable cervical spine injury constitutes approximately
14% of SCI cases.214 Techniques to minimize cervical movement should then be employed during management of the
airway. Because of the urgent nature of airway interventions, many practitioners continue to use direct or indirect
laryngoscopy with manual in-line stabilization (MILS),
which applies opposite forces to the head and neck to limit
the movement. The incidence of intubation-related neurologic impairment has been reported to be very low when
MILS is applied during endotracheal intubation in patients
with SCI.215 However, MILS can worsen laryngeal visualization during direct laryngoscopy and increase the rate of
tracheal intubation failure.216 Rigid indirect video laryngoscopy is a reasonable alternative to conventional direct
laryngoscopy and in skilled hands can minimize cervical
motion during intubation, although studies have failed
to confirm any clear advantages.217 Obviously, fiberoptic intubation is often the safest approach in patients with
cervical spine instability, but clinicians must also consider
the patient’s ability to cooperate during an awake fiberoptic
intubation, as well as the risk of aspiration if deep sedation
or general anesthesia is required. Neuromuscular blockade
may be needed to facilitate intubation, but it is important
to consider the risk of induced hyperkalemia associated
with depolarizing neuromuscular blocking agents in these
patients. Succinylcholine should be avoided after the initial
48 to 72 hours following an SCI.218,219
Another important challenge in patients with SCI is systemic hypotension, which can be caused by hemorrhage
from associated injuries. In addition to hypovolemia, a
common cause of hypotension in patients with high cervical SCI is neurogenic or spinal shock, which is characterized by bradycardia as well as vasodilation associated with
the loss of central supraspinal sympathetic control.220 If not
appropriately managed, hypotension after SCI can compromise spinal cord perfusion and lead to secondary cord
injury. The American Association of Neurological Surgeons (AANS) has, therefore, recommended that systemic
arterial pressure be maintained at greater than 90 mm Hg
for 5 to 7 days after SCI (class 3 evidence).221 Although it
remains controversial, data from a Cochrane review support a 48-hour course of high-dose steroids initiated within
8 hours of injury to those patients with incomplete neurologic deficits.222!

COMMON SPINAL PROCEDURES
According to the Nationwide Inpatient Sample and the
National Hospital Discharge Survey, discectomies, spinal decompression, instrumentation, and fusion are the
most frequently performed spinal procedures in the United
States. Anterior cervical discectomy is indicated in patients
with spinal cord or nerve root compression from herniated
disks or osteophytes. Patients often present with radiculopathy, myelopathy or, if they also suffer ligamentous laxity or disruption, cervical instability. A left-sided approach
is usually preferred, as it minimizes the risk of recurrent
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laryngeal nerve injury. The disk is excised in a piecemeal
fashion and bone graft placed in the intervertebral space
with fusion performed to maintain stability, the disk height,
and normal cervical lordosis. Posterior foraminotomy has
the advantage that it does not require fusion and hence
preserves the motion, but it is not effective for midline
disk herniation and is more often associated with postoperative pain. Cervical canal stenosis or tumors may require
decompressive laminectomy through a posterior approach.
Obviously, the dura will need to be opened for resection of
intradural masses, and it is then reasonable to avoid excessive reverse Trendelenburg, as it can increase the risk for
pneumocephalus.223 After the dura is closed, its integrity
can be tested with a Valsalva maneuver.
Lumbar laminotomy and laminectomy are commonly
employed for decompressing the neural elements of the
lumbar spine. Posterior lumbar fusion is used for treatment
of low-back pain associated with segmental or iatrogenic
lumbar instability and spondylolisthesis and is commonly
approached through a posterolateral fusion (PLF) or posterior lumbar interbody fusion (PLIF). PLF combines
decompressive laminectomy and discectomy with PLF
through decortication and bone grafting of the facet joints
and transverse processes, whereas in PLIF the bone graft
is packed into the disk space between the vertebral bodies
after total discectomy and removal of the cartilaginous end
plates. In both approaches, fusion is facilitated, and stability obtained through insertion of pedicle screws and a rod
construct. Pedicle screw stabilization remains the preferred
mode of instrumentation and provides rigid three-column
fixation, but screw malposition can cause nerve-root
injury. There are no major differences in clinical outcome
or complication rates, but PLIF has been associated with
better fusion rates and pain scores in the treatment of lumbar spondylolisthesis.224 Minimally invasive surgery (MIS)
techniques are increasingly employed and include direct or
extreme lateral interbody fusion (DLIF or XLIF), where the
spine is approached laterally through the retroperitoneal
cavity, and transaxial lumbosacral fusion (Transl) through
a 1 cm incision at the base of the sacrum. Blood loss is minimal with MIS, but occult injury to peritoneal contents have
been reported.
Scoliosis can be classified as congenital, neuromuscular, or idiopathic. With an incidence of 4 per 1000, idiopathic scoliosis accounts for the majority (about 80%) of
cases. A Cobb angle of 10 degrees is the minimum angulation to define scoliosis, while an angle of greater than 40
to 50 degrees is considered by most to be severe enough
to require corrective surgery. Restrictive lung disease and
increased alveolar-arterial oxygen difference may be present, as well as pulmonary hypertension as a result of compression of pulmonary vasculature and arterial hypoxia.
Formal pulmonary function studies in these patients can
guide decisions regarding the extent of surgery and requirement for postoperative ventilatory support. Transthoracic
echocardiography can be helpful in assessing the severity
of pulmonary hypertension and right ventricular hypertrophy. Correction of spinal deformities can be associated with
large intraoperative blood loss, and measures to minimize
blood transfusion should be considered. Deliberate controlled hypotension has been employed to limit blood loss
but must be used with caution in the older adult, those with
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cardiovascular disease, or those at risk for ischemic complications225 and postoperative vision loss. Antifibrinolytic
agents are commonly administered to limit blood loss but
may need to be avoided in some patients, such as those with
a history of thromboembolic events, coronary stents, or
renal impairment. TXA is more effective than aprotinin and
EACA in reducing total blood loss, intraoperative blood loss,
and blood transfusion.226
Scoliosis surgery has a variable but high rate of complications, with neurologic injury reported in 0.5% to 7.5% of
cases.227,228 Neurologic deficits can result from migration
of bone graft into the spinal canal, penetration of instrumentation, and compression of the nerve roots. Intraoperative neurophysiologic monitoring (IONM) is a valuable
technique that can be used in these patients for assessment
of the integrity of neuronal structures. IONM is also of value
during complex spine surgeries such as revision surgeries in
patients with previous thoracolumbar fusion.!

INTRAOPERATIVE NEUROPHYSIOLOGIC
MONITORING
Somatosensory evoked potentials (SSEP) have been
employed since the 1970s to assess the integrity of the larger
fiber sensory system during scoliosis correction surgery.
Nash and colleagues described a reversible loss of potentials
with excessive elongation or derotation of the curve.229 It
was subsequently complemented with motor evoked potential (MEP) monitoring, as clinicians found that patients
could become paraplegic despite unchanged intraoperative SSEPs, which monitor conduction of signals through
the dorsal column but not the corticospinal tract.230 MEPs
are evoked through application of a train of high-voltage
stimuli to electrodes on the surface of the head to activate
motor pathways. Stimulation of the white matter produces
an orthodromic nerve action potential that can be recorded
as direct muscle responses (muscle MEPs) or at the spinal
cord level using a flexible electrode once the laminectomy
is completed and the dura opened. Direct stimulation of the
corticospinal axons generates the D-waves, while stimulation of the axons of the cortico-cortical interneurons with
excitatory projections to the corticospinal neurons produces
indirect volleys that can be recorded as small deflections of
higher threshold and longer latency (I waves).231 Although
D-wave monitoring is limited to the cervical and upper thoracic cord and requires an epidural recording electrode, it
is helpful in addition to muscle MEP monitoring because
it is resistant to anesthetic depression and neuromuscular blockade and has simple criteria for interpretation. A
supplement to SSEP and MEP, triggered electromyography
is an excellent technique for determining whether lumbar
pedicle screws are properly placed. IONM has been increasingly employed for spine surgeries since its introduction in
the 1970s, and is currently recommended for a number
of procedures in addition to correction of spine deformities, including procedures with increased risk for SCI (e.g.,
resection of intramural tumors, unstable spine trauma,
Chiari malformation, spinal cord vascular malformations)
or risk for root damage (e.g., decompressive surgeries,
tethered cord), as well as in patients with significant risk
for compression neuropathies. These monitoring modalities are described in detail elsewhere (Chapter 39), but it is
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important to underscore the role of the anesthesiologist in
providing optimal conditions for neuromonitoring, correct
and timely detection of changes, and optimization of physiologic parameters to minimize risk for irreversible injuries.
In addition to the anesthetic agents, important physiologic factors such as hypotension, hypoxemia, hypothermia, and hypocarbia may lead to an attenuation of
these potentials. In general, it is recommended to use total
intravenous anesthesia during IONM, as volatile agents
and nitrous oxide reduce the amplitude and increase the
latency of the potentials in a dose-dependent manner. If
volatile anesthetics are used, it is recommended to keep the
concentration below half MAC and avoid any unnecessary
or abrupt fluctuations. Opioids and benzodiazepines do not
affect the potentials to the same extent, and ketamine or
dexmedetomidine232,233 have been suggested as reasonable
complements to the anesthetic regimen. Assuming that the
anesthetic effects on these modalities remain unchanged
and the patient’s physiologic parameters remain stable, an
intraoperative loss of SSEPs or MEPs should warn the clinicians of impaired conduction through the dorsal columns
or the corticospinal tracts; that is, structural damage has
occurred. The damage from surgically-induced spinal cord
compression, distraction, or derotation of the spinal column or spinal cord ischemia can be reversible if corrective
actions are taken in a timely manner. Therefore, it is important that the surgical, neurophysiologic, and anesthesia
teams work together to rapidly diagnose and correct these
anatomic or physiologic disturbances. A predetermined
checklist for response to IONM changes can guide the clinicians and facilitate rapid interventions aimed at diagnosing and correcting any surgical or physiologic insults. The
anesthesiologist should immediately implement measures
to optimize cord perfusion (optimize the hemodynamics and
correct anemia, temperature and pH, and pCO2 abnormalities) and be prepared for a possible wake-up test.234 During
a wake-up test, the plane of anesthesia is lightened, and the
patient is instructed to make a specified motor response,
usually in the lower limbs. If the patient is unable to move
his or her legs, corrective measures will need to be instituted
immediately. It is, nevertheless, also important to consider
the limitations of the wake-up test, including the time
needed to reverse any neuromuscular blockade and emerge
from anesthesia, dependence on patient cooperation, and
risk for complications such as inadvertent extubation, dislodgement of instrumentation, and air embolization during
a deep inspiration.!

PERIOPERATIVE VISUAL LOSS
An uncommon but devastating complication after spine
surgery, perioperative visual loss can be caused by anterior or posterior ischemic optic neuropathy (ION, 89% of
the cases), retinal ischemia, cortical blindness, or posterior
reversible encephalopathy. In a case-control examination
of 80 patients with ION compared with 315 matched control subjects, the ASA Task Force on Perioperative Visual
Loss identified risk factors for ION after spinal fusion surgery
to be male sex, obesity, Wilson frame use, longer procedural
duration, greater estimated blood loss, and lower percent
colloid administration.235 The Task Force issued a detailed
practice advisory to assist clinicians in the perioperative

management of these patients and with the goal to reduce
the frequency of perioperative visual loss.236 Included are
recommendations on perioperative blood pressure management, management of fluids, anemia, and vasopressors, as well as patient positioning and staging of surgical
procedures. Of note, a lack of association between deliberate hypotension and perioperative visual loss is discussed
by the Task Force, and clinicians are advised to approach
this consideration on a case-by-case basis. Central venous
pressure monitoring should be considered in high-risk
patients and colloids should be used along with crystalloids
to maintain intravascular volume in patients who have
substantial blood loss. There is no documented lower limit
of hemoglobin concentration, but hemoglobin or hematocrit values should be monitored periodically during surgery
in high-risk patients with substantial blood loss. Similarly,
the decision to use α-adrenergic agonists should be made on
a case-by-case basis. Direct pressure on the eye should be
avoided, and patients should be positioned so that the head
is level with or higher than the heart when possible. Moreover, the high-risk patient’s head should be maintained in
a neutral forward position without significant neck flexion,
extension, lateral flexion, or rotation when possible. Lastly,
the use of staged spine surgery procedures reduces the risk
of perioperative visual loss and should be considered in
high-risk patients.!

POSTOPERATIVE PAIN AFTER SPINAL SURGERY
Spinal procedures are associated with a high prevalence
of moderate or severe postoperative pain (30%-64%).237
Timely and effective pain control in this population is important for early ambulation and can facilitate improved functional outcome. The intensity of postoperative pain is directly
proportional to the number of vertebrae involved in the
surgery and originates from various nociceptors and mechanoreceptors that respond to mechanical irritation, compression, or postoperative inflammation in the vertebrae,
intervertebral discs, ligaments, dura, nerve root sleeves,
facet joint capsules, fascia, and muscles. It is hence essential
that the perioperative team has a pain control plan in place
in advance of the surgery, particularly for complex spine
procedures involving multiple levels and extensive tissue
dissection. The patient should be informed and instructed to
set realistic expectations about the type and level of postoperative pain and how to respond when it occurs.
Intravenous opioid analgesics are the most common
approach to the treatment of moderate to severe postoperative pain in this group of patients. Their widespread use is,
nevertheless, limited by their many side effects, importantly
respiratory depression and gastrointestinal side effects. Methadone is increasingly employed in this group of patients and
is reported to improve postoperative pain control even when
administered as a single bolus (0.2 mg/kg) before surgical
incision.238 A noncompetitive N-methyl-D-aspartate receptor antagonist, methadone is suggested to also reduce opioid
tolerance in addition to providing analgesic effects. Ketamine
can be used as an adjunct to perioperative opioids, and is demonstrated to reduce postoperative narcotic demand after spinal surgery.239 NSAIDs have proven efficacy in ameliorating
postoperative pain following spinal surgeries,240 but their use
has been limited because of concerns of their effects on bone
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metabolism and osteoblastic proliferation. Evidence suggests,
nevertheless, that impaired bone healing may only be caused
by higher doses and longer duration of NSAID administration,
and smaller doses for the immediate postoperative period can
be considered.241 Corticosteroids are also occasionally administered, as they are shown to reduce opioid requirements after
certain spine procedures, possibly through their antiinflammatory effects as well as the reduction in substance P release.
Other options for treating the intensive postoperative pain
after spinal surgery include the administration of intrathecal opioids, which has been shown to reduce the cumulative
opioid demand. The use of intrathecal opioids is, nevertheless,
limited by the associated risk of delayed respiratory depression, requiring close monitoring by skilled personnel. Intrathecal local anesthetic agents are usually not considered for
these patients, as they affect the sensory and motor functions,
masking any potential postoperative complications. In select
patients, however, epidural administration of local anesthetics can provide effective analgesia without compromising the
neurologic examination. The epidural catheter can be placed
intraoperatively by surgeons under direct vision, and the infusion of local anesthetics can also be initiated after a reassuring
neurologic exam has been obtained. Because of the inherent
effects of neuraxial anesthesia on the neurologic examination,
however, most clinicians choose alternative pain management strategies. More recently, α2-adrenoreceptor antagonists
including clonidine and dexmedetomidine have emerged as
effective adjuncts to the aforementioned techniques, enhancing their analgesic properties. Dexmedetomidine is also
reported to negate the opioid-induced hyperalgesia that may
occur following intraoperative opioid treatment.242
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