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Clinical Case

A 56-year-old woman presents for evalu-
ation of left knee pain. She reports that her
left knee pain has been prevsent for several
years, worsening of late, does not radiate,
and is a 9/10 on a visual analog scale, worse
with ambulation and weight bearing. She
has a medical history of obesity, fibromyal-
gia, depression, and hypertension. Surgical
history is remarkable for tonsillectomy
and lumbar microdiscectomy. Medications
include hydrochlorothiazide 25 mg QD,
duloxetine 30 mg QD, naproxen 500 mg
BID, and oxycodone 10 mg TID for the
past 6 months. Allergies include hydroco-
done and iodinated contrast. Social history
is negative for substance abuse, and review
of systems is unremarkable. Examination is
consistent with exquisite pain to palpation
over the medial aspect of the left knee. There
is no numbness, dysesthesias, or allodynia.
Radiographs confirm findings of advanced
osteoarthritis of the medial compartment of
the left knee. She is consented for left UKA.
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*  What are the risk factors for this patient
having poorly controlled postoperative
pain?

e What can be done preoperatively to
optimize this patient from a pain
perspective?

e What would be an appropriate anes-
thetic plan?

* How does one successfully manage opi-
oids prescribed after surgery?

e If this patient develops chronic pain,
what is the next course of action?

Introduction

Pain remains a limiting factor in recovery from
surgery despite numerous advances in surgical
and anesthetic techniques. Unicompartmental
knee arthroplasty (UKA) requires the develop-
ment of an optimal pathway to allow patients to
mobilize early and with as little pain as possible.
In order to obtain long-term success rates, proper
patient selection and application of anesthetic
and analgesic techniques is prudent. This chap-
ter is intended to enhance the reader’s ability to
recognize and optimize risk factors for the devel-
opment of persistent pain after UKA, understand
the anesthetic options for UKA, and appreciate
the molecular basis of the pharmacologic agents
to treat postoperative pain in these patients.
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The Mechanism of Sensing Pain

Our understanding of the pathway of pain trans-
mission has improved over the past 20 years. As
a result, our ability to develop and utilize tar-
geted agents for the treatment of acute pain has
been enhanced. Pain signal transmission begins
in the periphery at the time of surgical incision.
Direct damage to tissue results in the liberation
of multiple substances including phospholipids
from damaged cell walls. They are converted to
arachidonic acid by phospholipase A,, which in
turn, is converted to a number of pro-inflam-
matory mediators, the most clinically signifi-
cant being prostaglandins (PGs), which are
produced by cyclooxygenase-2 (COX-2). Cells
lack the ability to store PGs, which results in
their immediate release, sensitizing peripheral
nociceptors to mechanical and chemical stim-
uli. In addition, ion channels on these nerves
are activated by ATP, which is released from
epithelial cells. The combination of ion channel
activation and nociceptor sensitization alters
the resting membrane potential and influences
the likelihood of depolarization and signal
transmission along these neurons, primarily Ad
and C fibers. The process of peripheral sensiti-
zation occurs at this location when nociceptors
that have a high threshold for depolarization
are activated by the combination of these neu-
rochemical events.

These fibers transmit signals to the spinal
column where they enter the spine at a loca-
tion determined by the dermatome, myotome,
or sclerotome responsible that has received the
nociceptive signal from the periphery. They
synapse with second-order neurons that cross
to the contralateral side of the spinal cord and
ascend via the spinothalamic tract (STT). At this
synapse, an interneuron modulates the ascend-
ing signal. Interneurons are part of a network
of descending tracts that excrete both excitatory
and inhibitory substances at the junction of the
primary and secondary afferent neurons in the
dorsal horn of the spinal cord. Additionally, this
is a site where COX-2 is expressed, again pro-
ducing the pro-inflammatory PGs, resulting in
increased release of neurotransmitters from the

primary afferent neurons, interference with gly-
cine receptor (impairing the inhibitory actions
of the neurotransmitter), and directly depolariz-
ing the secondary afferent neurons in the STT. It
is in the dorsal horn of the spinal cord where
repetitive noxious stimulation results in a cumu-
lative increase in signaling, with the end result
being hyperalgesia. This process is known as
wind up. The N-methyl-D-aspartate (NMDA)
receptor also has a role at this level. When
blocked, the summation of response is blunted
and returns to normal.

Neurons of the STT project to higher structures
after first synapsing in the thalamus. From there,
neurons travel to the sensory cortex, the limbic
system, and other subcortical areas. The limbic
system connections mediate the autonomic and
arousal responses seen with pain stimuli. Central
sensitization is a state of hyperexcitability within
the nociceptive reflexes pathway. Long-term
exposure to nociceptive input can result in remod-
eling of the somatosensory cortex, with expan-
sion of cutaneous receptive fields. Descending
pathways from the brainstem are normally in
a tonic state of inhibition. The neurotransmit-
ters norepinephrine and serotonin are the main
mediators of this signal. The descending path-
way applies a signal on the interneurons located
in the dorsal horn of the spinal cord. When there
is release from this state of inhibition, there is,
in turn, a state of excitability that leads to fur-
ther ascending nociceptive signaling. The ability
of this complex, interconnected signaling path-
way to dramatically increase nociceptive activity
should not be underestimated. This is clinically
reflected by the variability between individual
patient’s pain perceptions even if undergoing the
same surgical procedure.

Identifying Preoperative Risk Factors

Along with a greater understanding of the path-
way of pain transmission, we are beginning
to understand some of the characteristics that
increase the risk for poorly controlled postopera-
tive pain. A comprehensive review of these risk
factors in the setting of total knee arthroplasty
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(TKA) has yielded several significant outcomes:
higher levels of catastrophizing, higher levels of
preoperative pain, greater number of pain sites,
depression and/or anxiety, and poorer levels of
preoperative function. The strongest predictors
are catastrophizing and presence of pain at sites
other than the knee.

Catastrophizing has been described as the
tendency to misinterpret and exaggerate situa-
tions that may be threatening. With regard to
pain, the same aberrant response manifests with
an exaggerated negative perception to a painful
stimulus. At the time that it was first introduced
as a concept, Sullivan and colleagues provided
a questionnaire (see Fig. 13.1) that aids the

physician in the diagnosis of catastrophizing.
Higher scores equate to greater risk for persis-
tent postoperative pain. It has been reported that
a score above 30 equates to the 75th percentile
in a group of injured workers; of these workers,
70% considered themselves disabled. It should
be noted that the questionnaire can be divided
into three domains: rumination, magnification,
and helplessness. Previous studies regarding
chronic pain following TKA have shown the
rumination items (8, 9, 10, 11, highlighted in
yellow in Fig. 13.1) to be the most predictive
of persistent pain at 2 years. Patients with a
score of 3.3 = 2.1 on these items had no pain
versus those with a score of 5.6 + 3.7 experi-

Not at Toa Toa Toa All the
All Slight Moderate Great Time
Degree Degree Degree
| worry all the time about whether 0 1 2 3 4
the pain will end
| feel | can’t go on 0 1 2 3 4
It's terrible and | think it's never 0 1 2 3 4
going to get any better
It's awful and | feel that it 0 1 2 3 4
overwhelms me
| feel | can’t stand it anymore 0 1 2 3 4
| become afraid that the pain will 0 1 2 3 4
get worse
| keep thinking of other painful 0 1 2 3 4
events
| anxiously want the pain to go 0 1 2 3 4
away
| can’t seem to keep it out of my 0 1 2 3 4
mind
| keep thinking about how much it 0 1 2 3 4
hurts
| keep thinking about how badly | 0 1 2 3 4
want the pain to stop
There’s nothing | can do to reduce 0 1 2 3 4
the intensity of the pain
| wonder whether something 0 1 2 3 4
serious may happen

Fig. 13.1 Pain catastrophizing questionnaire. (From Sullivan et al. [6])



150

A.C.Young

enced chronic postoperative pain. Knowing this
is helpful but more important is how to modify
this risk factor. In the absence of intervention,
catastrophizing remains stable. However, par-
ticipation in targeted psychological therapy,
such as cognitive behavioral therapy, has been
shown to reduce scores associated with cata-
strophic thinking. Depression and anxiety will
not be discussed in this section, but it should
be noted that many symptoms of these ill-
nesses overlap with items in the catastrophizing

questionnaire.
Knee pain is the most common reason
patients consider knee joint replacement.

Reviewing the risk factors mentioned above,
one could extrapolate that increased pain scores
and pain at sites other than the knee may be seen
as indicators that some degree of sensitization
(peripheral and/or central) has occurred. Taking
this into account, many patients presenting for
evaluation for arthroplasty will be on some form
of oral analgesics. While the use of acetamino-
phen and nonsteroidal anti-inflammatory drugs
(NSAIDs) prior to surgery appears safe, the use
of opioids prior to surgery has been correlated
with worse patient-reported outcomes, includ-
ing pain scores. Long-term use of opioids leads
to the development of a phenomenon referred to
as opioid-induced hyperalgesia (OIH). OIH is
an under-recognized state of nociceptor sensi-
tization that results in a paradoxical response to
opioid analgesics — escalating doses of opioids
leads to more pain. The exact mechanism of this
process is unknown. It is important to recognize
and take into consideration that these patients,
reporting significantly higher pain scores prior
to surgery, are unlikely to achieve satisfactory
pain relief following surgery. Determining the
proper timing of operating on a patient with
multiple risk factors requires careful consider-
ation of the risk—benefit ratio. While surgical
correction is the ultimate therapy in these set-
tings, it should be noted that there are additional
methods of reducing knee pain prior to arthro-
plasty to consider. These include physical ther-
apy (PT), viscosupplementation, intra-articular
steroids, and genicular nerve radiofrequency
denervation.

Clinical Case Questions

* What are the risk factors for this patient
having poorly controlled postoperative
pain?

— This patient has a high preoperative pain
score (9/10), pain at multiple other sites
(fibromyalgia), may have maladaptive
thought processes (given history of depres-
sion), and is on preoperative opioids.

* What can be done preoperatively to opti-
mize this patient from a pain perspective?

— It would be prudent to administer a pain
catastrophizing questionnaire. If she does
score high, it would be worthwhile to
address her fears associated with surgery
and pain. It may be necessary to obtain the
help of a mental health provider to adminis-
ter cognitive behavioral therapy or graded
exposure therapy. Her fibromyalgia pain
symptoms should be under reasonable con-
trol and stable prior to proceeding with sur-
gery. Lastly, it is ideal to wean opioids prior
to surgery. To help facilitate this, one could
perform an intra-articular steroid injection
and she should be instructed to follow up
with the prescriber of her opioids to have
them weaned to the lowest dose possible.

Consequences of Poorly Controlled
Postoperative Pain

Identifying and addressing risk factors for poorly
controlled acute postoperative pain is essential
in optimizing outcomes following UKA. The
specter of poor postoperative pain control has
many aspects: chronic pain, impaired function,
delayed recovery from surgery, reduced qual-
ity of life, prolonged opioid use, and increased
medical costs. Acute postoperative pain can
affect other organ systems including cardiovas-
cular (myocardial infarction), pulmonary (splint-
ing, atelectasis, and pneumonia), gastrointestinal
(nausea, vomiting, reduced motility, and ileus),
and renal (urinary retention), leading to addi-
tional morbidity. Chronic pain also leads to
impairments in sleep and mood, worsening pre-
existing anxiety or depression.
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Chronic pain is the presence of pain beyond
3 months following the inciting event. Incidence
of chronic pain across the spectrum of surgical
procedures varies depending on the surgery in
question. Although the incidence of chronic pain
following UKA is unknown, the rate of chronic
pain following TKA has been estimated as high
as 20%. These patients are often unable to par-
ticipate fully in PT, leading to poor functional
outcomes.

Anesthesia for UKA and Techniques
for Postoperative Pain Control

Anesthesia for UKA should routinely involve
regional anesthesia techniques. This comes in
many forms, each of which has pros and cons,
which will be discussed in this section.

Neuraxial Blocks

Neuraxial blocks refer to the administration of
local anesthetics that occur at sites within the
spinal column. The two locations for blocks
are the epidural space (between ligamentum
flavum and dura mater) and the subarachnoid
(also known as spinal) space. Administration of
local anesthetics in the epidural space results in
a slow-developing anesthetic. The dose required
to achieve an adequate level of anesthesia is
larger (compared to a subarachnoid block). A
subarachnoid block results in rapid onset of an
anesthetic, with a more complete motor block-
ade and faster developing hemodynamic effects
compared to an epidural block. Neuraxial blocks
can be a single dose (a.k.a. single shot) or con-
tinuous (via a temporarily-placed catheter).
Adverse effects of neuraxial blocks are uncom-
mon but can include pain at the site of injection,
headache, bleeding, infection, and nerve damage.
A review of more than 100,000 neuraxial anes-
thetics for total joint arthroplasty demonstrated
no serious injuries from single-shot spinal anes-
thetics. Epidural hematomas were rare when
an epidural catheter was placed, occurring at a
rate of 1:7857; in these patients, there were sev-

eral factors that contributed to the development
of a hematoma, including altered coagulation
parameters and use of antiplatelet/anticoagulant
medications. The American Society of Regional
Anesthesia (ASRA) has provided guidelines to
minimize the risk of bleeding during neuraxial
blocks and was not necessarily followed for these
specific cases. Aside from adverse effects, there
are many expected side effects from neuraxial
blocks, which are related to the site of blockade
and the pharmacological agent injected. Injection
of local anesthetics results in reduced blood pres-
sure, lower extremity numbness, lower extrem-
ity weakness, and urinary retention. All of these
effects are limited, and their duration is directly
related to the dose and specific local anesthetic
administered. For example, spinal bupivacaine,
administered in doses of up to 10 mg, generally
produces these effects for up to 2—3 hours. Other
medications used for neuraxial blocks include
opioids and clonidine. Both of these can provide
additional analgesia when local anesthetics alone
fail to provide adequate pain relief; they augment
the effects of local anesthetics but cannot be used
alone for surgical anesthesia. The potential for
prolonged weakness is something to take into
account when choosing the dose of a spinal anes-
thetic and the setting in which the UKA is being
performed (hospital versus ambulatory surgery
center) and planned postoperative disposition.
Of note, the benefits of neuraxial blocks far out-
weigh the use of general anesthesia; despite the
potential for delayed weakness, patients receiving
neuraxial blocks have fewer postoperative falls
after knee replacement. The benefits of neuraxial
blocks do not end there. Compared to general
anesthesia, neuraxial blocks for knee arthroplasty
reduce the incidence of 30-day mortality and
morbidity such as pneumonia, pulmonary embo-
lism, renal failure, and respiratory failure. There
are also lower rates of blood loss, rates of blood
transfusions, and surgical site infections.

Peripheral Nerve Blocks

Among the many ways of controlling postopera-
tive pain, there are a variety of peripheral nerve
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blocks. Depending on the dose and specific local
anesthetic injected, these blocks can provide
extended analgesia that allows patients to mobi-
lize early and achieve early discharge following
surgery. Targeting the correct nerves is critical, as
a preference for sensory nerves is prioritized in
order to prevent weakness associated with mixed
motor/sensory nerves. The femoral, saphenous,
sciatic, obturator, and lateral femoral cutaneous
nerve blocks have all been studied for their use
in providing analgesia knee arthroplasty. I should
caution the reader that the evidence that supports
use of these blocks is in fotal knee arthroplasty.
However, the techniques described can be gener-
alized to apply to the UKA patient.

Common approaches to UKA include mid-
vastus and medial parapatellar. With these
approaches, pain is transmitted along the saphe-
nous nerve (infrapatellar branch), medial vastus
muscle nerve (terminal branch), and femoral
cutaneous nerve (anterior branch). Within the
joint itself, distal elements from the obturator and
tibial nerves combine to form the popliteal nerve
plexus. This plexus innervates the menisci, peri-
meniscular joint capsule, posterior knee capsule,
cruciate ligaments, and infrapatellar fat pad.

In the past 5 years, blockade of the saphenous
nerve within the adductor canal of the thigh (AC
block) has become an effective modality for both
surgeons and anesthesiologists in aiding early
ambulation and providing excellent analgesia.
Given the ease with which the block can be per-
formed with the low likelihood of motor block-
ade, the AC block has largely replaced the femoral
nerve block in clinical practice. The adductor
canal is an anatomical space in the thigh that is
bordered by the sartorius muscle (superiorly),
vastus medialis muscle (medially), and adductor
longus/magnus muscles (medially). Within this
musculoaponeurotic canal, the saphenous nerve
travels with the superficial femoral artery and
vein distally toward the adductor hiatus on the
medial aspect of the lower thigh. An ideal loca-
tion of the block has been postulated, and many
authors agree that the medial thigh (approxi-
mately halfway between the anterior superior
iliac spine and base of the patella) is that location.
At this site, one can block the saphenous nerve

only. Despite the close proximity of the medial
vastus muscle nerve, it travels within a separate
aponeurotic sheath and cannot be anesthetized
simultaneously with an AC block. Ultrasound
guidance facilitates recognition of the critical
structure involved with an AC block, making it
not only effective but also easily accomplished.
A recent meta-analysis concluded that compared
with femoral nerve blocks, AC blocks have been
proven to preserve quadriceps strength without
compromising analgesia. Small volumes are
often effective and preferred. The borders of the
adductor canal are dense, and higher injection
volumes are associated with spread to less desir-
able sites. Proximal spread will lead to blockade
of the femoral nerve, including the motor com-
ponents, causing quadriceps weakness. Similarly,
posterior spread of adductor canal injectate has
been described, causing blockade of the sciatic
nerve leading to foot drop.

The obturator nerve has historically been
associated with variable success, as landmark-
based techniques often lead to inaccurate sites
of local anesthetic injection. However, with the
routine use of ultrasound guidance, one can more
reliably identify the intermuscular plane between
the pectineus and external obturator muscles
along the medial aspect of the inguinal ligament.
A small volume of injection is all that is neces-
sary to accomplish the block and avoid spread
to adjacent neurological structures. Alone, an
obturator nerve block (ONB) would not provide
adequate analgesia following UKA. However, a
recent randomized, controlled trial comparing
the combination of ONB plus AC block to AC
block alone resulted in superior pain relief in the
combination group. The superior analgesia was
offset by adductor weakness, the clinical signifi-
cance of which is unknown, as the study did not
document postoperative falls or time to discharge
as endpoints.

The sciatic nerve divisions contain fibers that
innervate the posterior aspect of the knee. There
have been many studies in TKA patients compar-
ing the addition of a sciatic nerve block (SNB) to
femoral nerve block. A meta-analysis investigat-
ing the efficacy of such a combination of blocks
has shown that the combination of blocks has
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the ability to reduce pain early (12 and 24 hours)
after surgery. The all-important question of pro-
moting lower extremity weakness by performing
SNB for these patients has unfortunately not been
answered. In the published studies, there are no
quantitative measures of dorsiflexion and plantar
flexion strength, incidence of falls, and time to
meet discharge criteria.

Given the need to address the posterior
innervation of the central elements of the knee,
many surgeons have made it routine practice
to perform a periarticular injection (PAI) of
local anesthetic alone or in combination with
epinephrine, non-steroidal anti-inflammatory
drugs (NSAIDs) and, in some cases, opioids.
PAI is relatively safe, simple, and quick, as it
is performed by the surgeon intraoperatively
prior to closure. The use of PAI has been shown
in some randomized, controlled trials to have
similar analgesia to peripheral nerve blocks
(femoral plus SNB) without the drawbacks of
weakness that would impair early ambulation.
These results are encouraging, but work remains
to identify the ideal combination of local and
regional anesthesia for these patients. There
have not been investigations on blocks that
avoid weakness (i.e., AC blocks) in combina-
tion with PAI that might accomplish superior
analgesia and maintain motor strength allow-
ing for early mobilization and expedited dis-
charge. Another important aspect of PAI is what
a surgeon injects — local anesthetics have been
studied to a small degree and we do know that
ropivacaine and bupivacaine have equianalgesic
effects compared to liposomal bupivacaine.

Although rare, complications associated with
nerve blocks include the possibility of nerve
damage, bleeding, local anesthetic systemic tox-
icity (LAST), local anesthetic myotoxicity, and
infection. The rate of long-term nerve damage
following a peripheral nerve block has been esti-
mated at 2—4 per 10,000 blocks. Unfortunately,
the widespread adoption of ultrasound guid-
ance has not altered this number, as incidence
has remained stable over the past two decades.
Bleeding at the site of injection remains rare;
utilizing the ASRA guidelines for regional anes-
thesia has aided in minimizing this morbidity.

LAST occurs when the injected local anesthetic
solution reaches circulation via intravascular
uptake or direct injection. This can result in sei-
zures, arrhythmias, and cardiovascular collapse.
In patients undergoing TKA, a meta-analysis
concluded that LAST occurs at a rate of 0.68%
with an overall decreasing trend. Treatment has
been well described and involves administration
of lipid emulsion. Local anesthetic myotoxic-
ity is a complication of peripheral nerve blocks
that has long been known, but for the sake of
patients undergoing knee surgery, it was previ-
ously inconsequential. Myotoxicity manifests as
necrosis of skeletal muscle with associated pro-
found weakness. Although previously described
with retrobulbar blocks, the problem seems to
have resurfaced with the widespread adoption
of the AC block. There are now multiple case
reports of local anesthetic-induced myotoxic-
ity following AC blocks in patients undergoing
knee surgery. It is not completely understood
why this block is associated with myotoxicity,
but one should note the local anesthetic chosen
for the block does have importance. In order
of increasing toxicity, lidocaine, ropivacaine,
and bupivacaine (including liposomal or micro-
sphere formulations) have all been associated
with myotoxicity. Higher concentrations and
longer duration of exposure (i.e., continuous
infusion) also correlate with this phenomenon.
Recovery is possible but can take up to one year
and aggressive physical therapy to achieve.

Clinical Case Question

¢ What would be an appropriate anesthetic
plan?

— This patient is an appropriate candidate for
neuraxial anesthesia in the form of a single-
shot spinal block with 10 mg isobaric bupi-
vacaine. She is not on anticoagulants, and
her prior spine surgery does not preclude
this anesthetic approach. Prior to the spinal
anesthetic, she should be given a single-
shot AC block with 20 mL 0.5% ropiva-
caine with epinephrine 1:200,000 to
provide for extended analgesia after her
spinal anesthetic wears off (Table 13.1).
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Table 13.1 Example of anesthetic plan for unicompartmental knee arthroplasty

Preoperative (holding area)
Pregabalin

100 mg PO

Acetaminophen 1000 mg PO
Celecoxib

400 mg PO

Medications

Regional
anesthesia

Single-shot adductor canal block (20 mL
0.5% ropivacaine with epinephrine
1:200,000)

Single-shot spinal anesthetic (10 mg
isobaric 0.5% bupivacaine)

Perioperative Medications
Management of Acute Pain
Following UKA

Medical management of acute pain is best
accomplished by employing multimodal analge-
sia (MMA). MMA has been proven to provide
superior analgesia and patient satisfaction com-
pared to single-agent strategies. MMA is the
method of combining analgesic medications with
differing mechanisms of action with the inten-
tion of obtaining an additive or synergistic effect.
While opioids are not excluded from this strat-
egy, the addition of nonopioid medications (adju-
vants) permits the use of lower dose necessary
of opioids. These adjuvant medications enhance
analgesia and minimize potential adverse effects.

Acetaminophen and Nonsteroidal
Anti-Inflammatory Drugs (NSAIDs)

Although the exact mechanism by which acet-
aminophen produces its analgesic effect is
unknown, it has been postulated that it inhibits
central prostaglandin synthesis. Despite a likely
similar mechanism of action, acetaminophen
differs from traditional NSAIDs in that it has a
relatively weak anti-inflammatory effect in the
periphery, inhibits COX poorly at surgical sites,

Postoperative
Intraoperative (OR) (recovery room)
Dexamethasone 0.1 mg/kg IV Oxycodone 5 mg
(up to 10 mg) every 4-6 hrs PRN
Ketamine 0.5 mg/kg IV (via
bolus or divided doses)
Ketorolac 15 mg IV
Ondansetron 4 mg IV
IV fluids titrated per
hemodynamics
Propofol infusion titrated for
patient comfort

and has no effect on platelet function or the gas-
tric mucosa. Systematic reviews have demon-
strated that acetaminophen has similar effects
in reducing postoperative pain after orthopedic
procedures compared to traditional NSAIDs. But
more importantly, the combination has demon-
strated a synergistic effect.

Acetaminophen has gained popularity in the
perioperative setting, as an intravenous (IV) for-
mulation has become available. The major differ-
ence between IV and oral acetaminophen is that
IV acetaminophen has a faster time to peak effect
and higher peak serum and CSF concentrations.
However, a superior clinical outcome with the
use of the IV formulation has not been demon-
strated at this time. The dramatic difference in
cost may favor the use of the oral formulation.
Oral acetaminophen has been used success-
fully in outpatients for acute pain. Of note, it
is quite common for acetaminophen to be used
in combination with short-acting opioids (e.g.,
hydrocodone/acetaminophen, oxycodone/acet-
aminophen), headache medications (e.g., aspi-
rin/caffeine/acetaminophen), and common cold
medications (dextromethorphan/phenylephrine/
acetaminophen). There have been recommenda-
tions of a maximum daily dose to 3000 mg per
day. A proposed dosing scheduled of 1000 mg
every 8 hours appears safe as long as patients
are not consuming acetaminophen from another
source. The choice of 1000 mg does have signifi-
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cance; compared to 650 mg, the 1000 mg dose
confers superior analgesia.

Contraindications for acetaminophen include
active liver disease or known allergy. Like
NSAIDs, there is no need to taper or wean acet-
aminophen; it can be stopped abruptly without
concerns of withdrawal.

NSAIDs are a very common analgesic medi-
cation and have a significant role in the periop-
erative setting. Surgical damage of tissue leads to
the production of prostaglandins by the cycloox-
ygenase-2 (COX-2) enzyme. As mentioned pre-
viously, prostaglandins are important chemicals
that initiate peripheral sensitization. NSAIDs
acetylate the COX-2 enzyme and reduce prosta-
glandin formation and attenuate the hyperalgesic
response.

Use of COX-2 inhibitors in the perioperative
period has consistently demonstrated reduced
postoperative opioid consumption, lower pain
scores, and improved range of motion following
total joint replacement. It is ideal to continue a
COX-2 inhibitor after major surgery for a period
of at least 2 weeks, as this timeframe coincides
with the duration of the post-surgical inflamma-
tory process. It is ideal to administer NSAIDs
prior to surgery in order to obtain an effective
blood level of the drug. A common practice is
administering celecoxib 400 mg preoperatively
on the day of surgery, followed by 200 mg
every 12 hours postoperatively for a duration
of 2 weeks. Alternatively, one could use one
of many other NSAIDs. But it should be noted
that the inhibition of COX-2 differs between
individual NSAIDs. Meloxicam and celecoxib
are on one end of the spectrum with the most
COX-2 selectivity, while ketorolac and aspirin
are the opposite (with a strong preference for
COX-1).

It would be reasonable to continue both acet-
aminophen and NSAIDs until physical ther-
apy has been completed. Like acetaminophen,
celecoxib and other NSAIDs do not need to be
weaned or tapered; they may be stopped without
concern of precipitating withdrawal.

NSAIDs have demonstrated no increase in
major bleeding events following TKA. Therefore,
it is considered to be safe for patients on antico-

agulation for deep venous thrombosis prophy-
laxis to continue NSAIDs. Contraindications to
specific NSAIDs include allergy to aspirin and
other NSAIDs as well as to sulfonamides. Avoid
NSAIDs in patients with renal insufficiency or
renal failure, and in patients older than 70 years,
the dose should be reduced by half.

Neuropathic Medications
(Anticonvulsants)

The anticonvulsant class of medications includes
both gabapentin and pregabalin. These medica-
tions have been shown to be effective in treating
acute postoperative pain. Both medications exert
their effects by binding to and modulating o,8
voltage-dependent calcium channels. The end
result is thought to be an inhibition of calcium
influx via these channels, subsequently inhibit-
ing the release of excitatory neurotransmitters.
Additionally, these receptors may play an impor-
tant role in the development of chronic pain;
presynaptic voltage-gated calcium channels are
upregulated in the dorsal root ganglion (DRG)
playing a role in wind up following surgery; as
mentioned previously, this is one of the processes
by which chronic pain develops. In fact, animal
models demonstrate the ability of pregabalin to
reduce postoperative hyperalgesia.

The major advantages of pregabalin over gab-
apentin are greater bioavailability, increased lipid
solubility (improving diffusion across the blood—
brain barrier), and fewer drug interactions (due to
absence of hepatic metabolism). The combined
result is a more potent medication; pregabalin
achieves efficacy at lower doses. The difference
in bioavailability cannot be stressed enough.
Gabapentin requires active transport across the
gastrointestinal mucosa; doses of gabapentin
300 mg three times per day have approximately
60% oral bioavailability, whereas pregabalin
has >90% oral bioavailability. Increasing doses
of gabapentin do not necessarily translate to
improved bioavailability; 1200 mg, 2400 mg, and
3600 mg dosages (divided three times per day)
have 47%, 34%, and 33% bioavailability, respec-
tively. It should come as no surprise that esca-



156

A.C.Young

lating doses of gabapentin does not necessarily
result in improved analgesia.

Perioperative use of pregabalin can
decrease the incidence of chronic pain after
TKA. Preoperatively, patients should be given a
single dose of 100-150 mg pregabalin followed
by 50-75 mg every 8-12 hours for 2 weeks
postoperatively to achieve this. Studies of peri-
operative gabapentin use have been more hetero-
geneous, and there has been a lack of uniformity
in dosing. Lack of clinical efficacy in the periop-
erative period is in all likelihood due to the afore-
mentioned limitations of variable bioavailability
and blood levels of the drug. Anticonvulsants
may be continued, if the patient experiences con-
tinued pain following UKA. Contraindications
for anticonvulsants include allergy to the com-
pound itself or other medications in the same
class. Doses should be reduced in patients with
reduced renal function and in the elderly. Caution
is advised when prescribing anticonvulsants to
patients with mental illness, as these drugs have
the potential to alter mood, worsening symptoms
of depression.

Both gabapentin and pregabalin should be
weaned, as abrupt cessation can lead to central
nervous system hyperexcitability, causing irri-
tability, restlessness, anxiety, and seizures. For
example, a patient taking pregabalin 50 mg three
times per day would reduce their dose to 50 mg
twice per day, then to 50 mg once daily prior
to stopping the drug altogether. That said, with
such low doses of these drugs given for limited
amounts of time, symptoms of withdrawal are
unlikely to manifest.

Glucocorticoids

Administration of steroids in the perioperative
period can modulate peripheral inflammatory
pathways. As a component of MMA, steroids
have been shown to reduce acute pain. Timing
of administration appears to be most effective
if steroids are administered prior to the surgi-
cal stimulus. While optimal doses have been
debated, some have obtained a beneficial effect
by administering dexamethasone 16 mg IV; one

half of the dose has had mixed results. A recent
meta-analysis has addressed this question and
confirmed that a single dose of 10 mg dexameth-
asone IV prior to surgical incision will result
in a reduction in acute pain for up to 48 hours
without any adverse effects in patients under-
going TKA. The safety profile of a single dose
of corticosteroids has been established by prior
reviews and should reassure providers hesitant to
administer steroids to a surgical patient. Caution
is advised in diabetic patients, as steroids will
certainly cause elevations in blood glucose.

Ketamine

Ketamine is a noncompetitive NMDA receptor
antagonist. As mentioned previously, the NMDA
receptor has an important role in the transmis-
sion of pain and the wind up process. As part of
a multimodal regimen, ketamine has been shown
to decrease opioid consumption and lower pain
scores following surgery. This finding is part of
a growing body of evidence that low-dose ket-
amine may play an important role when used as
an adjunct to opioids, local anesthetics, and other
analgesic agents.

One of the more impressive abilities of ket-
amine is its ability to reduce the incidence of
chronic pain in patients undergoing a variety of
procedures; a single dose of ketamine 0-0.5 mg/
kg followed by an intraoperative and postopera-
tive infusion of 0.7-4.2 mcg/kg/min was able to
demonstrate fewer cases of persistent postsurgical
pain at 6 months postoperatively in these cases. A
meta-analysis of these data supported not only a
pre-incisional bolus and intraoperative infusion
but also an infusion for up to 24 hours. In a study
of opioid-experienced patients undergoing spine
surgery, ketamine at a dose of 0.5 mg/kg bolus
followed by an intraoperative ketamine infusion
of 10 mecg/kg/min resulted in reduced pain scores
at 6 weeks. This is truly an impressive result, as
the opioid-experienced patient often presents a
challenge to both surgeons and anesthesiologists.

Side effects of ketamine are expected at doses
>2 mg/kg, leading to psychomimetic effects
that include hallucinations, nightmares, cogni-
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tive dysfunction, or excessive sedation. Low-
dose ketamine (<1 mg/kg total dose) appears
to be associated with less adverse effects and
may allow physicians to harness the benefits of
perioperative ketamine without provoking its
unwanted adverse effects.

Opioids

Opioid receptors are found at multiple sites
within the central nervous system. Activation of
the opioid receptors results in the reduction of
excitatory neurotransmitter release from the pre-
synaptic membrane secondary to the inhibition of
voltage-gated calcium channels. Although use of
opioids has been commonplace for postoperative
pain management, the development of fast track
and enhanced recovery protocols seeks to mini-
mize their use.

Opioids come in two formulations, long-acting
and short-acting versions. This is important to
note as pharmacodynamics vary between the two
and have the potential for causing respiratory
depression and death. Short-acting opioids are
the most commonly prescribed type of opioid for
pain following UKA. Examples include tramadol
and the combinations hydrocodone/acetamino-
phen and oxycodone/acetaminophen. One of the
drawbacks to using combination products is the
addition of acetaminophen to the opioid, which
impacts the total daily dose of acetaminophen
consumed. Only oxycodone comes in an imme-
diate-release version without acetaminophen.
Patients can be prescribed oxycodone immedi-
ate-release 5 mg or 10 mg every 4-6 hours on an
as-needed basis for breakthrough pain. Patients
should be encouraged to take this medication
1 hour prior to physical therapy. One hour seems
an ample amount of time to allow patients to
reach an effective blood level of the drug at the
time of therapy. Short courses of opioids should
be prescribed, and physicians should consult
their state’s prescription monitoring database
to assure the patient has not received additional
controlled substances that would put them at
risk of over-sedation, respiratory depression, and
death. Additionally, a prescriber should detail the

patient’s past experience with opioids including
history of abuse or addiction. The potential for a
recovering addict to relapse with a short course
of postoperative opioids is real and can have dev-
astating consequences. If concerned, a surgeon
should consult a pain physician and possibly a
psychiatrist preoperatively for assistance in man-
aging the patient’s acute postoperative pain and
addiction.

Weaning opioids should be done in a system-
atic manner to avoid possible withdrawal. Short-
acting opioids are prescribed to be taken on an
intermittent, or “as-needed,” basis. This requires
the patient to consume the medication only when
they have pain or prior to an activity that is antici-
pated to produce significant pain (i.e., physical
therapy). After 2 weeks, weaning can begin on
an individual basis. During the acute and sub-
acute phases of postsurgical pain, patients should
be weaned to the lowest effective dose of short-
acting opioids. This means that patients are tak-
ing the lowest cumulative dose of opioids per day
as is necessary to participate in physical therapy
and to perform the same activities of daily living
they were prior to surgery.

Withdrawal from opioids is an uncomfortable
experience that occurs with abrupt cessation of
opioids in patients consuming high doses or in
cases of prolonged use. Early opioid withdrawal
symptoms include agitation, anxiety, myalgias,
insomnia, rhinorrhea, or diaphoresis. The symp-
toms of withdrawal can continue for weeks,
although this is uncommon with opioid use for
acute postoperative pain. Late symptoms include
nausea, vomiting, abdominal pain, diarrhea,
mydriasis, hypertension, tachycardia, and formi-
cation. Oral and transdermal clonidine have been
used to combat the early effects of withdrawal, as
it provides anxiolysis and blunts the increase in
sympathetic activity; antidiarrheal and antinausea
agents are often prescribed for patient comfort.

Metabolism of opioids is carried out in the
liver. Opioids are converted to water-soluble
metabolites, many of which remain biologically
active, which are excreted by the kidneys. Any
degree of renal insufficiency results in the accu-
mulation of these metabolites and their unwanted
effects such as myoclonus, respiratory depres-
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sion, and seizures. Caution should also be exer-
cised in patients with a history of obesity and
obstructive sleep apnea (OSA).

The opioid epidemic has garnered much
deserved attention. The scrutiny over prescrib-
ing of postoperative opioids should not come as
a surprise. The Centers for Disease Control and
Prevention recommend doses of no more than
50 mg morphine equivalent dose for acute post-
operative pain. This statement should be taken
with a grain of salt; the statement does not offer
suggestions based on the surgical procedure per-
formed or based on individual characteristics. It is
prudent for the prescriber to take this into account,
along with the known risk factors associated with
adverse effects (including death) from opioids.
These include concurrent use of benzodiazepines,
marijuana, tobacco, alcohol, presence of psychiat-
ric disorder (depression/anxiety), coronary artery
disease, arrhythmia, history of substance abuse or
aberrant medication taking behaviors, or impulse
control problems (Table 13.2).

Clinical Case Question
¢ How does one successfully manage opioids
prescribed after surgery?

— A prescription for opioids should begin with
an agreement between patient and prescriber.

At minimum, a verbal discussion of the risks
and benefits of the drugs should take place;
some practices utilize a formal document
that is signed by both physician and patient.
This document describes how the physician
intends the medication to be used with warn-
ings about the misuse and abuse of the drugs.

It also sets expectations for the patient,
knowing that opioids will not be continued if
they fail to provide a meaningful benefit. A
urine drug screen can be taken, with the
intention to screen for unreported substances
that could increase the risk for respiratory
depression. Prior to writing a prescription for
opioids, a physician should inspect their
local controlled substance monitoring data-
base. The database will offer insight as to
what controlled substances the patient is
receiving, from whom, and what dose/quan-
tity. This will allow the surgeon to make an

Table 13.2 Example of postoperative oral pain regimen
following unicompartmental knee arthroplasty

Drug AM PM QHS AM PM QHS
Day of surgery POD 1-8
Oxycodone IR PRN every PRN every
5-10 mg 4-6 hours 4-6 hours
Acetaminophen X X X X X
1000 mg
Celecoxib XXk X X
200 mg @
tabs)
Pregabalin XX X X X
50 mg @3
tabs)
POD 9 POD 10-13
Oxycodone IR PRN every 6 hours PRN every
5-10 mg 6 hours
Acetaminophen X X X X X X
1000 mg
Celecoxib X X X X
200 mg
Pregabalin X X X X X X
50 mg
POD 14 2-6 weeks
postoperative
Oxycodone IR PRN every 8 hours PRN QD with
5 mg PT
Acetaminophen X X X TID PRN
1000 mg
Celecoxib X Daily PRN
200 mg
Pregabalin X X X
50 mg (stop
on
POD
15)

*should be given preoperatively

informed decision when providing any post-
operative opioids. As stated above, the low-
est effective dose of opioids should be
utilized. This will likely vary from patient to
patient; regular re-evaluations are necessary
to ensure efficacy and allow for discussions
of reducing postoperative opioids and poten-
tial barriers to weaning.

Postoperative Considerations

A successful UKA is one that ends with the resto-
ration of function and reduction of pain. For many
patients, this is in fact the case. For the unfortu-
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nate few, with ongoing pain and failure to achieve
adequate range of motion, further intervention is
often needed. Aggressive and early intervention,
in the form of medical management and physical
therapy, can be helpful. The same can be said for
knee manipulation. Without satisfactory manage-
ment of pain symptoms, a full recovery may not be
possible. Involvement of a pain specialist gives the
opportunity for evaluation of a sympathetically-
mediated processes, optimization of a medical
regimen, and discussion for interventional thera-
pies that may improve the outcome.

Unicompartmental knee osteoarthritis is a
common problem with a proven and reliable
treatment in the form of UKA. An understand-
ing of the anatomical basis of pain and the
pharmacologic agents used as part of MMA pro-
tocols to interrupt these pain pathways will assist
the surgeon in creating a successful, expedited
recovery for their patients. Anesthesia for UKA
can be equally important in reducing morbidity
and allowing for rapid recovery. Communication
with the anesthesiology team is essential; a strong
working relationship between anesthesiologist
and surgeon can go a long way in producing a
happy, functional patient following UKA.

Clinical Case Question
o If this patient develops chronic pain, what
is the next course of action?

— The presence of pain beyond 3 months
following surgery is known as chronic
pain. These patients require evaluation
with a pain physician. Early referral is
recommended.

Bibliography

1. Gold MS. Peripheral pain mechanisms and nocicep-
tor sensitization. In: Ballantyne JC, Fishman SM,
Rathmell JP, editors. Bonica’s management of pain.
5th ed. Philadelphia: Wolters-Kluwer; 2019.

2. Ness TJ, Randich A, Deberry JJ. Modulation of spinal
nociceptive processing. In: Ballantyne JC, Fishman
SM, Rathmell JP, editors. Bonica’s management of
pain. 5th ed. Philadelphia: Wolters-Kluwer; 2019.

3. Hauck M, Lorenz J. Supraspinal mechanisms of pain
and nociception. In: Ballantyne JC, Fishman SM,

10.

11.

12.

13.

14.

15.

16.

17.

18.

Rathmell JP, editors. Bonica’s management of pain.
Sth ed. Philadelphia: Wolters-Kluwer; 2019.

. Urban MO, Gebhart GF. The glutamate synapse:

a target in the pharmacological management of
hyperalgesic pain states. In: Ottersen OP, Langmoen
IA, Gjerstad L, editors. Progress in brain research.
Cambridge, MA: Elsevier; 1998.

. Woolf CJ. Evidence for a central component

of post-injury pain Nature.

1983;306(5944):15-21.

hypersensitivity.

. Sullivan MJ, Bishop SR, Pivik J. The pain catastro-

phizing scale: development and validation. Psychol
Assess. 1995;7(4):524-32.

. Forsythe ME, et al. Prospective relation between

catastrophizing and residual pain following knee
arthroplasty: two-year follow-up. Pain Res Manag.
2008;13(4):335-41.

. Lewis GN, et al. Predictors of persistent pain after

total knee arthroplasty: a systematic review and meta-
analysis. Br J Anaesth. 2015;114(4):551-61.

. Manalo JPM, et al. Preoperative opioid medication

use negatively affect health related quality of life after
total knee arthroplasty. Knee. 2018;25(5):946-51.
Iannaccone F, Dixon S, Kaufman A. A review of the
long-term pain relief after genicular nerve radiofre-
quency ablation in chronic knee osteoarthritis. Pain
Physician. 2017;20(3):E437-44.

Buvanendran A, Della Valle CJ, Kroin JS, et al. Acute
postoperative pain is an independent predictor of
chronic postsurgical pain following total knee arthro-
plasty at 6 months: a prospective cohort study. Reg
Anesth Pain Med. 2019;44:287-96.

Gan TJ. Poorly controlled post-operative pain: preva-
lence, consequences, and prevention. J Pain Res.
2017;10:2287-98.

Pumberger M, Memtsoudis SG, Stundner O, et al. An
analysis of the safety of epidural and spinal neuraxial
anesthesia in more than 100,000 consecutive major
lower extremity joint replacements. Reg Anesth Pain
Med. 2013;38(6):515-9.

Horlocker TT, Vandermeuelen E, Kopp L, et al.
Regional anesthesia in the patient receiving antithrom-
botic or thrombolytic therapy: American Society of
Regional Anesthesia and Pain Medicine evidence-
based guidelines (fourth edition). Reg Anesth Pain
Med. 2018;43(3):263-309.

Memtsoudis SG, Xuming S, Chiu Y-L, et al.
Perioperative comparative effectiveness of anesthetic
technique in orthopedic patients. Anesthesiology.
2013;118:1046-58.

Mauermann WJ, Shilling AM, Zuo Z. A comparison
of neuraxial block versus general anesthesia for elec-
tive total hip replacement: a metaanalysis. Anesth
Analg. 2006;103:1018-25.

Hu S, Zhang Z-Y, Hua Y-Q, et al. A comparison of
regional and general anaesthesia for total replacement
of the hip or knee: a metaanalysis. J Bone Joint Surg
Br. 2009;91:935-42.

Zorrilla-Vaca A, Grant MC, Mathur V, et al. The
impact of neuraxial versus general anesthesia on the



160

A.C.Young

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

incidence of postoperative surgical site infections fol-
lowing knee or hip arthroplasty: a meta-analysis. Reg
Anesth Pain Med. 2016;41(5):555-63.

Memtsoudis SG, Danninger T, Rasul R, et al. Inpatient
falls after total knee arthroplasty. Anesthesiology.
2014;120(3):551-63.

Bendtsen TF, Moriggl B, Chan V, Bgrglum J. The
optimal analgesic block for total knee arthroplasty.
Reg Anesth Pain Med. 2016;41(6):711-9.

Kuang M, Ma J, Fu L, et al. Is adductor canal block
better than femoral nerve block in primary total knee
arthroplasty? A GRAD analysis of the evidence
through a systematic review and meta-analysis. J
Arthroplasty. 2017;32:3238-48.

Veal C, Auyong DB, Hanson NA, et al. Delayed
quadriceps weakness after continuous adductor canal
block for total knee arthroplasty: a case report. Acta
Anaesthesiol Scand. 2014;58(3):362-4.

Gautier PE, Lecoq JP, Vandepitte C, et al. Impairment
of sciatic nerve function during adductor canal block.
Reg Anesth Pain Med. 2015;40(1):85-9.

Runge C, Bgrglum J, Jensen JM, et al. The analge-
sic effect of obturator nerve block added to a femo-
ral triangle block after total knee arthroplasty: a
randomized controlled trial. Reg Anesth Pain Med.
2016;41(4):445-51.

Grape S, Kirkham KR, Baeriswyl M, Albrecht E. The
analgesic efficacy of sciatic nerve block in the addi-
tion to femoral nerve block in patients undergoing
total knee arthroplasty: a systematic review and meta-
analysis. Anaesthesia. 2016;71:1198-209.

Zhang S, Yang Q, Xin W, Zhang Y. Comparison of
local infiltration analgesia and sciatic nerve block as
an adjunct to femoral nerve block for pain control
after total knee arthroplasty. Medicine. 2017;96(19):
1-13.

Uesugi K, Kitano N, Kikuchi T, et al. Comparison
of peripheral nerve block with periarticular injection
analgesia after total knee arthroplasty: a randomized,
controlled study. Knee. 2014;21(4):848-52.
Spangehl MJ, Clarke HD, Hentz JG, et al. Periarticular
injections and femoral & sciatic blocks provide simi-
lar pain relief after TKA: a randomized clinical trial.
Clin Orthop Relat Res. 2015;473(1):45-53.

Kuang M, DuY, Ma J, et al. The efficacy of liposomal
bupivacaine using periarticular injection in total knee

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

arthroplasty: a systematic review and meta-analysis. J
Arthroplast. 2017;32(4):1395-402.

Morwald EE, Zubizarretra N, Cozowicz C, et al.
Incidence of local anesthetic systemic toxicity in
orthopedic patients receiving peripheral nerve blocks.
Reg Anesth Pain Med. 2017;42(4):442-5.

Hussain N, McCartney CJL, Neal JM, et al. Local
anaesthetic-induced myotoxicity in regional anaes-
thesia: a systematic review and empirical analysis. Br
J Anaesth. 2018;121(4):822—41.

Burke A, Smyth E, Fitzgerald GA. Analgesic-
antipyretic and anti-inflammatory agents. In: Brunton
L, Lazo J, Parker K, editors. Goodman & Gilman’s
the pharmacological basis of therapeutics. 11th ed.
New York: The McGraw-Hill Companies, Inc; 2006.
p. 671-716.

Keskinbora K, Pekel AF, Aydinli I. Gabapentin and an
opioid combination versus opioid alone for the man-
agement of neuropathic cancer pain: a randomized
open trial. J Pain Symptom Manage. 2007;34:183-9.
Ong CK, Seymour RA, Lirk P, et al. Combining
paracetamol (acetaminophen) with nonsteroidal anti-
inflammatory drugs: a qualitative systematic review
of analgesic efficacy for acute postoperative pain.
Anesth Analg. 2010;110:1179-9.

Jibril F, Sharaby S, Mohamed A, Wilby KJ. Intravenous
versus oral acetaminophen for pain: systematic review
of current evidence to support clinical decision-
making. Can J Hosp Pharm. 2015;68(3):238-47.
Salerno A, Hermann R. Efficacy and safety of steroid
use for postoperative pain relief. Update and review
of the medical literature. J Bone Joint Surg Am.
2006;88:1361-72.

ZhouG,MalL,JingJ,Jiang H. A meta-analysis of dexa-
methasone for pain management in patients with total
knee arthroplasty. Medicine. 2018;97(35):e11753.
Chaparro LE, Smith SA, Moore RA, et al.
Pharmacotherapy for the prevention of chronic pain
after surgery in adults. Cochrane Database Rev.
2013;7:1-122.

Loftus RW, Yeager MP, Clark JA, et al. Intraoperative
ketamine reduces perioperative opiate consump-
tion in opiate-dependent patients with chronic back
pain undergoing back surgery. Anesthesiology.
2010;113:639-46.



	13: Pain Management in Unicompartmental Knee Arthroplasty
	Introduction
	The Mechanism of Sensing Pain
	Identifying Preoperative Risk Factors
	Consequences of Poorly Controlled Postoperative Pain

	Anesthesia for UKA and Techniques for Postoperative Pain Control
	Neuraxial Blocks
	Peripheral Nerve Blocks

	Perioperative Medications Management of Acute Pain Following UKA
	Acetaminophen and Nonsteroidal Anti-Inflammatory Drugs (NSAIDs)
	Neuropathic Medications (Anticonvulsants)
	Glucocorticoids
	Ketamine
	Opioids

	Postoperative Considerations
	Bibliography


