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ABSTRACT: Multimodal analgesia, which combines analgesic drugs from different classes and employs

analgesic techniques that target different mechanisms of pain, is recommended in the treatment of acute
postoperative and trauma-related pain because its synergistic effect maximizes pain relief at lower analgesic
doses, thereby reducing the risk of adverse drug effects. Using a case-based approach, this article reviews
various multimodal analgesic therapies used in the treatment of acute pain; discusses their benefits; and
summarizes findings from related research, recommendations from evidence-based practice guidelines,
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t 8 AM, MG, a 47-year old Hispanic man,
Aarrives by ambulance at a level II trauma cen-

ter ED, having been involved in a multivehi-
cle accident. (This case is a composite based on our
clinical experience.) MG is alert, oriented, and able
to communicate. He is immediately taken to the
trauma bay for triage. He reports pain, which he
rates as a 9 on a 0-to-10-point pain scale, in his left
upper arm and shoulder, lateral chest area, and an-
terior lower leg. He has a heart rate of 134 beats per
minute, his blood pressure is 160/100 mmHg, and
his respirations are shallow at a rate of 30 breaths
per minute. He is obese, with a body mass index of
36.9 kg/m?, and has no known drug allergies. The
ED nurse promptly medicates him for pain with v
fentanyl 100 mcg given over one minute, delivers
oxygen by nasal cannula at a rate of 4 L/min, initi-
ates cardiac monitoring and continuous pulse oxime-
try, and draws blood for hematologic and chemistry
profiles.

When removing his trousers, the nurse sees that his
left tibia is protruding through the skin and applies a
sterile pressure dressing to minimize bleeding and re-
duce risk of infection. Stat X-rays of the painful areas
reveal a closed fracture of the upper left humerus, two
left rib fractures, and an extensive compound left tib-
ial fracture. Both injured extremities are immobilized
with splints. The nurse accompanies MG to radiology
for computed tomography scans of the head, cervical
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spine, chest, abdomen, and pelvis, which show no
additional traumatic injuries.

After MG is returned to the ED, his wife arrives
and informs the ED nurses that her husband takes
nebivolol 10 mg once a day for poorly controlled hy-
pertension and that his primary care physician has re-
cently expressed concern about his kidneys. Since he
was diagnosed with obstructive sleep apnea two years
ago, MG has used a continuous positive airway pres-
sure (CPAP) device for sleep. MG’s wife accompanies
him to the preoperative holding area where he is pre-
pared for surgery to stabilize his fractured tibia.

The trauma team, preoperative nurse, and certi-
fied registered nurse anesthetist (CRNA) agree to
start multimodal analgesia prior to surgery. MG’s
nurse cautions that his blood test shows a mildly el-
evated serum creatinine level of 2.1 mg/dL, which
raises concerns about giving him a nonsteroidal anti-
inflammatory drug (NSAID), such as 1v ketorolac or
ibuprofen. The team decides to administer 1v acet-
aminophen 1,000 mg and 1v fentanyl 75 mcg. MG’s
CRNA performs a left femoral nerve block, inject-
ing 15 mL of the local anesthetic ropivacaine 0.5%.
MG now rates his pain as a 4 on a 0-to-10-point
pain scale. His heart rate is 90 beats per minute, his
respiratory rate is 22 breaths per minute, and his
blood pressure is 130/90 mm/Hg.

Multimodal analgesia or “balanced analgesia”
combines analgesics from two or more drug classes or
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analgesic techniques that employ different mecha-
nisms of action, targeting different (peripheral or cen-
tral) pain pathways, thus achieving a synergistic effect
at lower analgesic doses."? This article reviews vari-
ous multimodal analgesic interventions for acute pain,
discusses their benefits, and summarizes expert con-
sensus recommendations and evidence-based practices
for using multimodal therapy.

HOW MULTIMODAL ANALGESIA WORKS
Multimodal analgesia may employ the following phar-
macologic approaches’:

* analgesics, including opioids, nonopioid analgesics
(such as acetaminophen and NSAIDs), the gaba-
pentinoids (gabapentin and pregabalin), serotonin
norepinephrine reuptake inhibitors, tricyclic anti-
depressants, and N-methyl-D-aspartate (NMDA)
receptor antagonists

e neuraxial (epidural and intrathecal) interventions

e peripheral nerve block interventions

® intraarticular and wound infiltration with local
analgesia

Physical and behavioral health interventions are
also a part of multimodal analgesic strategies. Intro-
duced more than two decades ago,? multimodal an-
algesia is currently recommended for treating both
acute"? and chronic* pain. The synergy created when
multimodal regimens are used to target discrete com-
ponents of the peripheral and central pain pathways
provides effective analgesia at lower opioid dosing,
reducing related risk and producing fewer adverse
effects (see Figure 1).5*

Each phase of the nociceptive pain process may be
targeted by some type of analgesic:

¢ Transduction, in which activated nociceptors (the
free nerve endings of primary afferent neurons that
sense noxious stimuli) release an electric signal,
may be disrupted by NSAIDs and membrane sta-
bilizing agents, such as gabapentinoids.

¢ Transmission, in which the electric signal moves
from the site of injury to the spinal cord and brain,
may be interrupted by local anesthetics and gaba-
pentinoids.

e Perception, the awareness of pain in the somato-
sensory cortex of the brain, may be moderated
by systemic opioids and NMDA receptor antag-
onists.

¢ Descending and local modulation, the adaptive
processes through which pain impulses may be
enhanced or diminished either centrally (by de-
scending pathways that originate in the brain and
project to the spinal cord) or in the periphery, are
responsive to such interventions as neuraxial ther-
apy, peripheral nerve blocks, and local infiltration
analgesia.
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Because of their opioid-sparing effects, multimodal
strategies are particularly useful and often indicated
for patients who are opioid dependent or opioid tol-
erant.” Multimodal analgesic plans of care should be
individualized to the

e patient.

* type of pain.

® mechanism of pain (inflammatory or neuropathic).
* type of surgical procedure.

e |ocation of pain.

e expected duration of pain.

PREVENTIVE MULTIMODAL ANALGESIA

The timing of multimodal analgesia is an important
consideration in its use. After consulting the surgical
team and clinical nurses, MG’s CRNA administers
1v acetaminophen and fentanyl and performs a femo-
ral nerve block prior to surgery. This preoperative an-
algesic strategy is part of MG’s “preventive analgesia.”
Traditionally, preoperative analgesia has been called
“preemptive analgesia,” but Dahl and Kehlet contend
that the term “preventive” better explains the assump-
tion on which the practice is based—*“that the only
way to prevent central sensitization might be to com-
pletely block any pain and afferent signals from the
surgical wound from the time of incision until final
wound healing.”® Preventing the likelihood of central
sensitization is important because, in theory, it reduces
the likelihood of chronic postsurgical pain syndrome
(discussed in “Assessing and Managing Acute Pain:
A Call to Action,” on page S4).

There is evidence that the efficacy of systemic mul-
timodal regimens is procedure-specific.'! In their ex-
tensive review, Pozek and colleagues conclude that
when multimodal approaches do not prevent central
sensitization, it may be because of inadequate dura-
tion, as these therapies are often administered only
intraoperatively and not continued throughout the
postoperative period required for healing and recov-
ery.”? Nurses must ensure that patients receiving mul-
timodal analgesia have a plan in place to manage pain
effectively during hospitalization and following dis-
charge.

MG'’s plan for preventive multimodal analgesia.
With preoperative multimodal analgesia initiated,
MG’s team discusses plans for his postoperative pain
control during surgery. He’ll receive systemic therapy
with opioid analgesics, a nonopioid (acetaminophen),
and a gabapentinoid (gabapentin) to manage his post-
operative pain and pain from his left humerus and rib
fractures. A femoral nerve catheter will deliver a con-
tinuous infusion of the local anesthetic ropivacaine,
providing a peripheral nerve block to alleviate pain
from his tibial fracture surgery. Compared with bu-
pivacaine, ropivacaine provides optimal continuous
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Broad-Spectrum Analgesics

Transduction

* NSAIDs

 Topical local anesthetics,
OPIOIDS, NSAIDs, others|

* Membrane-stabilizing

Perception

e Systemic OPIOIDS,
NMDA-antagonists

e Cannabinoids

¢ General anesthetics
agents

¢ Antihistamines

e Bradykinin and serotonin
antagonists

Descending/ Local Modulation
e OPIOIDS, Tapentadol
* SNRIs
* NMDA-receptor antagonists

¢ Anticholinesterases, NSAIDs,
Tissue Injury )_ CCK antagonists, NO inhibitors,

K* channel openers

e Cannabinoids

Transmission

e Intraspinal agents
— Local anesthetics
- OPIOIDS

Dorsal Root
Ganglion

— 0,-Agonists
— Corticosteroids

CCK=cholecystokinin
NMDA=N-methy-D-aspartic acid

NO-=nitric oxide

NSAID=nonsteroidal anti-inflammatory drug
SNRI=serotonin noradrenaline reuptake inhibitor

e Gabapentenoids
* NMDA-antagonists
e Cannabinoids

Figure 1. The broad-spectrum analgesics used in multimodal regimens can be used to target each phase of the no-
ciceptive pain process. Opioids are highlighted to indicate their specific activity on pain signaling pathways. Repro-
duced from Gudin J. Opioid therapies and cytochrome p450 interactions. J Pain Symptom Manage 2012; 44(6 Suppl),
S4-514, with permission from Elsevier.

regional analgesia for preoperative, intraoperative, ¢ 1v ondansetron 4 mg every four to eight hours for
and postoperative pain control while producing a nausea and vomiting
lower incidence and degree of motor blockade. The ¢ docusate sodium 100 mg by mouth twice a day
team debates whether an NSAID should be added to as a stool softener, and senna 15 mg by mouth
MG’s regimen, given the nature of his bone pain, but twice a day for preventing opioid-induced consti-
ultimately decides against that strategy on account of pation (to be held if the patient has a loose stool
his mild renal impairment. or diarrhea)

MG?s initial pain management plan includes the
following;:

SYSTEMIC MULTIMODAL ANALGESICS

e 1v hydromorphone 0.2 mg demand dose by
patient-controlled analgesia (PCA) with a lock-out
interval of 10 minutes (up to 1.2 mg per hour) to
start immediately after surgery

1v acetaminophen 1,000 mg every six hours for
24 hours to start immediately after surgery, then
acetaminophen 650 mg by mouth every four hours

Nonopioids. For acute pain management in the
perioperative setting, the American Society of Anes-
thesiologists Task Force on Acute Pain Management
advocates around-the-clock nonopioid analgesics,
unless contraindicated, as first-line agents and as
adjuvant agents to opioids.™

NSAIDs, which are indicated for pain from in-

e gabapentin 200 mg by mouth every eight hours ~ flammation, are an integral part of multimodal acute
to start as soon as MG can tolerate sips of water  pain management. NSAIDS inhibit cyclooxygenase

e ropivacaine 0.2% by continuous infusion through ~ (COX), an enzyme that synthesizes prostaglandins.
a left femoral nerve catheter at 6 mL per hour for ~ The two most common forms of COX are COX-1,
up to 36 hours which synthesizes prostaglandins that are important
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in such functions as platelet aggregation, gastric cyto-
protection, and kidney function, and COX-2, which
synthesizes prostaglandins that promote inflamma-
tion and pain at sites of injury.'s

The extent of enzyme inhibition varies among the
NSAIDs. Some are more potent inhibitors of prosta-
glandin synthesis, while others are more effective at
mediating nonprostaglandin effects.' Patient response
to different NSAIDs varies, which suggests that tran-
sitioning from one NSAID to another in a different
class could provide improved pain relief. Preopera-
tive COX inhibitors (primarily selective COX-2 inhib-
itors)"” and postoperative nonselective and selective
NSAIDs' have been associated with reduced postop-
erative opioid consumption. In patients undergoing
bowel surgery, administering ketorolac (a nonselec-
tive NSAID) in addition to v morphine by PCA was
found to reduce morphine consumption by 18.3%
and to speed the return of normal bowel function.”

Adverse events from NSAIDs include platelet inhi-
bition (leading to bleeding), inhibition of prostaglan-
din formation required for normal gastrointestinal
and renal function, cardiotoxicity (selective COX-2
inhibitors), hepatotoxicity, and drug-induced asth-
matic responses (nonselective COX inhibitors)."
NSAID toxicity profiles vary; nurses should refer to
drug information resources specific to each. In gen-
eral, NSAIDs should be avoided in patients who have
or are at risk for bleeding, gastrointestinal ulceration,
cardiovascular events, or renal or hepatic impairment
that can significantly affect drug clearance and increase
oral bioavailability."* The benefits of pain relief from
NSAIDs must be weighed against risks of adverse ef-
fects, including impaired bone healing.?? Evidence
supports that ketorolac given in the first 24 hours after
surgery does not affect time to healing or incidence of
bone nonunion after a fracture.> While debates exist
over whether NSAIDs cause anastomotic leaks after
bowel surgery, data indicate that the risk of anasto-
motic leakage after colorectal surgery is no greater
with the use of NSAIDs.*

Acetaminophen. Although acetaminophen’s mech-
anism of action is not well understood, it is believed
that its primary analgesic effect is induced by its inhi-
bition of COX, interference with NMDA receptor
activation, and promotion of descending inhibitory
serotonergic pathways that interfere with spinal noci-
ceptive processing.” v acetaminophen is available
in the United States, indicated for the treatment of
mild to moderate pain and as an adjunct to opioid
analgesics for the treatment of moderate to severe
pain. For adults and adolescents weighing at least
50 kg (110 Ib), recommended 1v dosing is 1,000 mg
every six hours or 650 mg every four hours, with a
maximum single v dose of 1,000 mg and a minimum
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dosing interval of four hours. The maximum daily
dose of acetaminophen is 4,000 mg per day (including
all routes of administration and all acetaminophen-
containing products including combination products).
A recent Cochrane review that included 75 studies of
patients receiving 1v acetaminophen (47 studies) or
the prodrug form of 1v acetaminophen (23 studies) or
both (three studies) for postoperative pain showed that
36% of participants overall experienced at least 50%
pain relief over four hours compared with 16% of
participants receiving placebo.” In one of the studies
reviewed, patients who had undergone either total
knee or hip replacement surgery and were given ad-
juvant 1v acetaminophen 1,000 mg at six-hour in-
tervals in addition to opioid therapy reduced opioid
consumption by 46% (8 mg morphine equivalent)
over the first six hours (P < 0.01) and by 33% (19 mg
morphine equivalent) over 24 hours (P < 0.01), com-
pared with patients given opioid therapy and pla-
cebo.” Other than increased bioavailability, the v
formulation of acetaminophen has no clear advan-
tage over the oral form in patients able to take oral
medications, as both are effective and have similar
safety profiles.”

Smith provides a table of studies showing that
1v acetaminophen and NSAIDs are comparable in
their analgesic effects.”” Acetaminophen is contraindi-
cated in patients with known hypersensitivity to acet-
aminophen or its excipients and in patients with severe
hepatic impairment or severe active liver disease.

The gabapentinoids, gabapentin and pregabalin, are
anticonvulsants, often used orally, that are approved
to treat neuropathic pain. They act as membrane sta-
bilizers, presumably by inhibiting the transmission of
painful stimuli, and also reduce the potential for cen-
tral sensitization in the dorsal horn.** Optimal doses
for preoperative and postoperative oral gabapentin
and pregabalin have not been determined, with dose
ranges varying, respectively, from 300 to 1,200 mg
daily and from 50 to 300 mg daily.*' The greater bio-
availability of pregabalin makes it easier to titrate to
effect for short-term use.

A meta-analysis of 17 randomized controlled tri-
als that included a total of 1,793 inpatients undergo-
ing elective surgery found that, regardless of dose,
those receiving preoperative gabapentin (n = 895)
within 24 hours of surgery had a significant reduc-
tion (P < 0.001) in opioid consumption compared
with controls (n = 898).2 This reduction was most
pronounced in patients undergoing breast cancer
surgery; cholecystectomy; and orthopedic, spinal, or
thyroid surgeries. Others have documented 24-hour
opioid-sparing effects and decreased pain with peri-
operative gabapentin for abdominal hysterectomy
and spinal surgery.** Gabapentin 1.2 g per day by

AJN ¥ March 2017 ¥ Vol. 117, No. 3



S16

Multimodal Analgesia for Acute Pain

mouth, administered one day before and two days
after lower limb surgery, also had favorable effects
on pain and analgesic consumption when used as an
adjunct to epidural analgesia.’** Compared with pla-
cebo, when oral pregabalin was administered to pa-
tients undergoing total hip arthroplasty at dosages of
150 mg before surgery and 75 mg twice a day after
surgery, both during hospitalization and for seven
days after discharge as an adjunct to the standard
postsurgical regimen (oral celecoxib 200 mg every
12 hours for 72 hours and morphine, followed by
an oral opioid-acetaminophen product), 24-hour
opioid consumption and pain scores were signifi-
cantly reduced (P < 0.03) in the first seven days af-
ter discharge.” There were no significant differences
in pain scores between the pregabalin- and placebo-
treated groups during hospitalization through post-
operative day 4.

The NMDA receptor antagonists, v ketamine
and magnesium, and less commonly 1v memantine,
are used to treat acute pain. These drugs are potent
antihyperalgesic agents that modulate central sensory
processing of pain and potentiate opioid-induced
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Figure 2. The IONSYS fentanyl iontophoretic transdermal sys-
tem. Photograph reproduced with permission from The Medi-
cines Company, Parsippany, NJ. The Medicines Company has
not reviewed the content of this article for accuracy, and per-
mission does not imply endorsement of any statements re-
garding IONSYS that may be contained within this article. The
Medicines Company does not recommend the use of IONSYS in
any manner other than as described in the full prescribing infor-
mation, available at www.ionsys.com/pdfs/ionsys-prescribing-
information.pdf.
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analgesia.’** NMDA receptor antagonists are thought
to reduce central sensitization implicated in the de-
velopment of postsurgical pain syndromes. When
McNicol and colleagues reviewed studies in which in-
traoperative and postoperative subanesthetic v and
epidural ketamine was administered to patients un-
dergoing a variety of different surgeries, including
thoracotomy, mastectomy, hysterectomy, and various
orthopedic surgeries, they concluded that perioperative
1v, but not epidural, ketamine reduced postsurgical
pain syndromes at three and six months.” Subanes-
thetic 1v ketamine also has opioid-sparing effects. In a
review of 34 efficacy studies of v ketamine delivered
at dosages of less than 1.2 mg/kg per hour with or
without a bolus dose of 1 mg/kg to treat pain from
various surgeries, 23 studies reported a 40% mean re-
duction in opioid consumption.** While no major ad-
verse events were noted, minor ones included nausea,
vomiting, dry mouth, and (rarely) hallucinations.

Alpha-2 agonists, such as clonidine and dexmed-
etomidine, exert antinociceptive activity by stimulat-
ing alpha-2 adrenoreceptors located in the central
nervous system.” When used to manage postopera-
tive pain, these agents have demonstrated 24-hour
opioid-sparing effects.” Clonidine can be adminis-
tered by 1v, epidural, intrathecal, perineural, intraar-
ticular, oral, transdermal, and local infiltration routes;
dexmedetomidine is more commonly administered by
1v and neuraxial routes. Hypotension is a common
adverse effect of perioperative multimodal regimens
containing clonidine® and dexmedetomidine." Dex-
medetomidine also increases the risk of postoperative
bradycardia® and is typically administered only during
surgery and in settings in which patients are closely
monitored, such as postanesthesia care or critical care
units.

Opioids. There are several subtypes of opioids, of
which the most common and potent for effective pain
control are the pure opioid agonists, such as morphine,
hydromorphone, fentanyl, and oxycodone. Opioid ag-
onists*”

e stimulate U receptors found primarily in the pe-
ripheral and central nervous systems.

e inhibit nociception in the spinal cord.

e activate descending pain pathways controlled by
circuits from the forebrain and midbrain.

For acute pain, opioids are generally administered
by 1v and oral routes. Bioavailability of opioid medi-
cations varies among the specific subtypes, with the
route of administration, and among patients, mak-
ing it difficult to determine milligram-to-milligram
equianalgesic dose ratios.” Patanwala and colleagues
provide suggested equianalgesic dose ratios for 1v
and oral opioids, but point out that when convert-
ing from 1v to oral dosing and vice versa, especially
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with repetitive dosing, clinicians should assess the
active metabolite.”

Adverse events associated with p-opioid agonists
include confusion, sedation, hypotension, constipa-
tion, dizziness, pruritus, headache, nausea, vomiting,
and respiratory depression.* In addition, the contin-
ued use of opioids, even for acute pain, can lead to
physical dependence and addiction. For information
on opioid prescribing, administration, and monitor-
ing practices to reduce and address opioid abuse and
addiction, nurses should consult the 2015 Washing-
ton State Agency Medical Directors’ Group guide-
lines, available online at www.agencymeddirectors.
wa.gov. Interactions between opioids and other medi-
cations can interfere with opioid metabolism, particu-
larly when other medications are also metabolized via
the cytochrome P-450 enzyme system. Nurses should
be familiar with factors—such as multidrug regimens,
advanced age, and impaired hepatic function—that
can affect the cytochrome P-450 pathways, increasing
the risk of opioid adverse effects and drug-drug in-
teractions.>* A rare occurrence with perioperative
opioids is opioid-induced hyperalgesia (OIH), a no-
ciceptive sensitization associated with opioid use.* It
is often very difficult to diagnose OIH, which is fre-
quently confused with acute opioid tolerance, a pro-
gressive decrease in the analgesic response to opioids.
OIH can happen with any opioid, but it has been pri-
marily associated with intraoperative remifentanil,
though data on other intraoperative opioids are lim-
ited.”” When OIH is suspected, opioid doses should
be reduced or temporarily discontinued (unless the
patient is opioid dependent) while clinicians deter-
mine whether pain lessens with the administration
of other multimodal analgesic agents.

PCA, which allows self-administration of a pre-
scribed opioid dosage on demand through a delivery
device, is a common method of delivering opioids to
treat acute postoperative pain, trauma-related pain,
severe cancer-related pain, chemotherapy- or radio-
therapy-induced mucositis, and pain from sickle cell
crisis. PCA is recommended for patients who “re-
quire analgesia for more than a few hours and have
adequate cognitive function to understand the device
and its safety limitations.”"

Morphine and hydromorphone are most fre-
quently prescribed for v PCA; fentanyl is also used,
but less often. In one multicenter study comparing the
three opioids, the incidences of opioid-induced respi-
ratory depression, headache, confusion, agitation, and
hallucination were not significantly different among
the three, though 1v fentanyl had a significantly lower
rate of such common opioid-induced adverse reac-
tions as nausea, vomiting, pruritus, urinary retention,
and sedation.” Neto and colleagues suggest that
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Figure 3. The Zalviso sufentanil sublingual tablet system.
Photograph reproduced with permission from AcelRx
Pharmaceuticals, Inc., Redwood City, CA.

methadone, which is rarely used with v PCA for acute
pain, may have advantages in alleviating postsurgical
pain from total hip arthroplasty because it acts on
pain pathways through NMDA receptor blockade,
p-opioid receptor activation, and norepinephrine and
serotonin reuptake inhibition in the central nervous
system,” possibly reducing the likelihood of central
sensitization. In that study, methadone significantly
reduced overall opioid consumption compared with
morphine.” Because of methadone’s highly variable
elimination half-life, ranging from eight to 90 hours,*
and its short analgesic duration (four to eight hours),
which can lead to drug accumulation during titration,
methadone should be prescribed only by clinicians
experienced in its use.”

In setting up PCA devices and changing drug car-
tridges, nurses must verify that the correct drug is be-
ing administered to the correct patient at the correct
dosage; a double check by two RN is often hospital
policy. A loading dose, which is generally higher than
the demand dose, is typically given prior to the start
of v PCA. Evidence summarized in acute pain man-
agement guidelines issued by the Australian and New
Zealand College of Anaesthetists and Faculty of Pain
Medicine (available online at http:/fpm.anzca.edu.au/
documents/apmse4 2015 _final) cautions against the
use of a continuous background or basal infusion
with opioid-naive patients, as this can increase the
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Multimodal Analgesia for Acute Pain

likelihood of opioid-induced respiratory depression.
Moreover, no convincing data demonstrate increased
efficacy with basal infusions for opioid-naive patients,
though there may be a stronger rationale for use of
basal infusions in opioid-tolerant patients.! As re-
ported in the recent American Pain Society Principles
of Analgesic Use, basal rates for postoperative pain
may not improve the quality of analgesia and may in-
crease the incidence and severity of opioid-induced
adverse effects, including respiratory depression.®® A
meta-analysis of randomized controlled trials compar-
ing the same postoperative opioid (usually morphine)
by PCA versus non-PCA, primarily by 1v bolus but
also by intramuscular, subcutaneous, and oral routes,
demonstrated that PCA was more effective than non-
PCA for pain control and was associated with greater
patient satisfaction; however, PCA was also associated
with greater overall opioid consumption and a higher
incidence of pruritus.’!

Novel PCA technologies. Newer PCA drug deliv-
ery technologies have been developed and tested. A
transdermal fentanyl patient-controlled iontophoretic
delivery system is now approved by the U.S. Food and
Drug Administration and indicated for hospital treat-
ment of acute postoperative pain (see Figure 2). It de-
livers fentanyl 40 mcg transdermally when activated
by the patient and is restricted by a 10-minute lock-
out interval, allowing up to six doses per hour for up
to 24 hours, or 80 doses, whichever comes first, at
which point a new device must be applied for contin-
ued therapy. Maximum duration of therapy is three
days (72 hours). Information on the safety and effi-
cacy of the fentanyl iontophoretic transdermal system
for postoperative pain is reported in a review by Scott
and a meta-analysis by Poon and colleagues.’* An-
other novel drug delivery system that is approved for
use in 33 European countries but not yet in the United
States is a sufentanil sublingual tablet system (see
Figure 3). This system is a handheld, preprogrammed,
noninvasive, patient-activated device that delivers su-
fentanil 15-mecg microtablets on demand. Safety and
efficacy information compiled from numerous studies
and randomized, placebo-controlled trials comparing
the system to morphine delivery by v PCA are sum-
marized by Frampton.* As these novel technologies
that require no 1v line become available in hospital
settings, nurses will require training in their use and
education on patient instructions and monitoring.

NEURAXIAL AND PERIPHERAL REGIONAL ANESTHESIA
Multimodal analgesia also includes the use of neurax-
ial anesthesia, which involves local administration of
an anesthetic or opioid into the spinal cord’s neuraxial
(epidural or intrathecal) space.* A local anesthetic and
opioid combination work synergistically to relieve

AJN ¥ March 2017 ¥ Vol. 117, No. 3

pain, but no single combination has proven superior
to another.’ Strong, high-quality evidence supports
the use of epidural analgesia for major thoracic and
abdominal procedures specifically in patients at risk
for cardiac complications, pulmonary complications,
or prolonged ileus.! Decisions to use epidural analge-
sia either by single injection or by continuous infusion
are often based on research on specific types and loca-
tions of pain, ability to closely monitor patients, and
availability of anesthesia providers or pain service ex-
perts to oversee therapy. Rawal argues that less inva-
sive, regional analgesic techniques may be as good as
or better than neuraxial techniques in achieving opti-
mal pain control.” Duch and Moller, however, found
little quality evidence demonstrating the benefit or
harm of continuous epidural analgesia for traumatic
rib fractures.’” Risks associated with epidural analgesia
include hypoventilation, atelectasis, and pneumonia
owing to the effects of local anesthetics on respiratory
muscles and diaphragmatic excursion. Consequently,
epidural analgesia is not used to manage MG’s rib
fracture pain; instead systemic analgesics are admin-
istered.

Regional analgesia also includes peripheral nerve
blocks (PNBs) with or without a continuous periph-
eral nerve block (CPNB) infusion directed toward an
isolated nerve or plexus through the injection of a local
anesthetic near the neural targets. These techniques al-
low a localized delivery of analgesia to specific painful
areas and augment multimodal regimens. The mili-
tary has published an extensive manual that illustrates
multiple anatomical locations for PNBs and describes
ultrasound-guided procedures to accomplish these
blocks.’” The manual is available online at www.
dvcipm.org/clinical-resources/dvcipm-maraa-book-
project. In 2003, the authors of that manual, Bucken-
maier and Bleckner, published a comprehensive review
of anesthetic agents used with PNBs and CPNBs.* The
delivery of both neuraxial and PNB therapies requires
the expertise and oversight of anesthesia providers and
pain service experts.

EVIDENCE-BASED PRACTICE GUIDELINES AND EXPERT
CONSENSUS

Several evidence-based practice guidelines from pro-
fessional associations and organizations endorse the
use of multimodal analgesia for acute pain. Four of
the most recent guidelines were developed by the
American Society of Anesthesiologists; the Austra-
lian and New Zealand College of Anaesthetists and
Faculty of Pain Medicine; the American Pain Soci-
ety, the American Society of Regional Anesthesia
and Pain Medicine, and the American Society of An-
esthesiologists’ Committee on Regional Anesthesia;
and the Washington State Agency Medical Directors’

ajnonline.com
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Research and Recommendations

Group (see Table 1).-%% To reduce adverse effects
from opioids and expand biological targets for pain
management, these guidelines recommend the use of
both pharmacologic and nonpharmacologic opioid-
sparing interventions.

Wound infiltration with local anesthetics is one
strategy often recommended as a component of multi-
modal analgesia.'* This practice can be accomplished
by directly injecting an anesthetic into wound sites or
joints, or by wound catheter infusions. Rawal summa-
rized the benefits of such techniques in specific surger-
ies.®!

Nonpharmacologic interventions for acute pain
should be incorporated into multimodal pain man-
agement regimens for acute pain. These interventions,
which include cold compresses, massage, physical ac-
tivity coaching, graded exercise therapy, and behav-
ioral health interventions, act synergistically to relieve
pain. A recent study that included 56 nurses demon-
strated that music, patient education, and deep breath-
ing relaxation were judged favorably by nurses as
evidence-based practice interventions, with nurse
comfort levels being moderate to high using these in-
terventions.” Nurses in this study were less comfort-
able with acupressure, guided imagery, and massage,
viewing these techniques as having limited applicabil-
ity in practice. Nurses need to understand the benefits
of nonpharmacologic measures for acute pain, their
mechanisms of action, and how to implement these
practices effectively and in accordance with patient
preferences, their own willingness to try these mea-
sures, and their skill in delivering these interventions
(see Table 2).%All of these techniques can be used in
hospital, ambulatory, and home settings.

MG’S RECOVERY

MG leaves the operating room with his left arm in
a cast and an external fixation device stabilizing his
tibial fracture. Because of his uncontrolled hyperten-
sion, obstructive sleep apnea, and fractured ribs, he is
transferred to the surgical critical care unit and placed
on a cardiac and end-tidal carbon dioxide (ETCQO>)
monitor. A nurse initiates the preventive postopera-
tive pain control plan the care team discussed during
surgery. Pain is assessed every one to two hours at all
injured sites (left upper arm, left ribs, and lower left
leg). Respiratory status (rate, depth, and regularity
of respirations) and level of sedation are monitored
and documented every hour. Every two hours, when
nurses perform neurovascular checks of MG’s left
lower extremity and left hand (assessing the surgical
and femoral catheter sites for bleeding, skin color and
temperature, swelling or edema, capillary refill of toe-
nail beds, and motor and sensory function), they en-
sure that his femoral catheter is patent and that his left

ajn@wolterskluwer.com

lower leg is supported by a pillow. MG is encouraged
to use his v PCA 15 minutes before coughing, turn-
ing, deep breathing, and using the incentive spirome-
ter, which he is to do every two hours. His nurse
encourages him to use music and TV as sources of
distraction, and teaches him to use visual imagery—
recalling pleasant moments on his recent vacation—
during respiratory care. Other than the mild sedation
from general anesthesia and gabapentin, MG remains
stable, rating his pain intensity between 2 and 4 at
rest and as high as 7 when taking a deep breath. His
ETCO; is occasionally elevated (50 to 55 mmHg), but
returns to normal (35 to 45 mmHg) after respiratory
care. His wife brings his CPAP device from home for
use overnight.

The next morning, MG is transferred to the ortho-
pedic unit. Since he used a total of 8.6 mg of 1v hydro-
morphone by PCA within the first 24 hours after
surgery and was expected to experience either con-
stant or episodic pain from his fractures and surgical
site over the next week, he is transitioned to a usual
starting dose of controlled-release oxycodone, 20 mg
every 12 hours, and to oral acetaminophen 650 mg
every six hours, along with oxycodone 5 to 10 mg ev-
ery four to six hours as needed. His femoral catheter
is removed at 10 AM by the acute pain service.

The physical therapist helps MG get out of bed us-
ing special crutches for his casted left arm and bearing
no weight on his left leg. He goes to the physical ther-
apy unit two times for one-hour instruction sessions
on crutch walking and safely using stairs. Nurses con-
tinue to monitor his vital signs and sedation level, per-
forming neurovascular checks every four hours. He
uses his incentive spirometer every four hours, and re-
mains on continuous ETCO, monitoring. His recov-
ery progresses, and his pain is well controlled.

The following day, MG is discharged to home with
an analgesic regimen of controlled-release oxycodone
10 mg every 12 hours, gabapentin 200 mg every eight
hours around the clock, oxycodone 5 mg every four
to six hours, and acetaminophen 650 mg every six
hours as needed. A bowel regimen with senna 15 mg
twice a day is continued to prevent opioid-induced
constipation. Arrangements are made for a home
health nurse to visit him daily for five consecutive
days to assess pain, check his respiratory and neuro-
vascular status, and inspect his external fixation site
for wound healing and signs of infection. A follow-up
appointment in one week is arranged with the trauma
service.

MG has a successful outcome with his aggressive
multimodal plan of care. One week following dis-
charge, he no longer needs controlled-release oxyco-
done and is taking only short-acting oxycodone 5 mg
two to three times daily. He is tapering off gabapentin,
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Multimodal Analgesia for Acute Pain

reducing the dosage by 100 mg per day. Two weeks
after discharge, he is only taking acetaminophen
650 mg as needed and walking with crutches with-
out any difficulty.

ENHANCED POSTOPERATIVE RECOVERY AND FUNCTION
Research demonstrates that multimodal analgesia not
only reduces pain, opioid use, and opioid-related ad-
verse effects, but also enhances postoperative recovery
and function, and increases patient satisfaction. When
regional analgesia was added to a systemic regimen of
acetaminophen, gabapentin, and systemic opioids for
operative repair of tibial and ankle fractures (similar
to MG’s regimen and surgery), patients receiving re-
gional analgesia reported significantly higher satisfac-
tion with pain management (P = 0.005) and a higher
mean quality of recovery score at 24 hours (P = 0.04)
compared with those who received no regional anal-
gesia.* Similarly, Lee and colleagues found that, for
patients undergoing upper extremity surgery, a multi-
modal analgesic regimen—which included preopera-
tive and postoperative ibuprofen 800 mg, celecoxib
400 mg, and pregabalin 75 mg daily—added to the
standard postoperative regimen of oral oxycodone
10 mg every 12 hours and acetaminophen 650 mg
three times daily, significantly improved satisfaction
at discharge (P = 0.001) compared with 1v PCA post-
operatively up to day 3 and the standard postopera-
tive oxycodone and acetaminophen regimen.*

IMPLICATIONS FOR NURSES

To make the case for multimodal analgesia for acute
pain, nurses in all health care settings must be knowl-
edgeable about classes of analgesics, mechanisms of
action in the peripheral and central nervous systems,
routes of administration, recommended dosing, ad-
verse effect profiles, drug-to-drug synergistic effects
and interactions, and contraindications. Likewise,
nurses should be familiar with research and evidence-
based practice guidelines for specific types of pain.
While multimodal analgesia should be considered for
all patients with acute pain, attention should be given
to patients at elevated risk for developing chronic
postsurgical pain syndrome and other opioid-related
adverse effects. In tailoring multimodal regimens to
individual patients, interprofessional collaboration
with pain experts (anesthesiologists, pain manage-
ment nurses, and pharmacists) is important. In addi-
tion, nurses should be provided competency-based
education that emphasizes multimodal analgesic ap-
proaches for acute pain management and clinical
decision making in designing analgesic regimens and
developing nursing plans of care. Competencies in
delivering multimodal therapies and monitoring pa-
tients should be evaluated.

AJN ¥ March 2017 ¥ Vol. 117, No. 3

Patient education is an integral part of multimodal
pain management. Patients need to understand the
rationale for their treatment and for the use of all
medications and interventions both during and af-
ter hospitalization. It is critical that patients receiving
multimodal analgesia be provided both oral and writ-
ten instructions about the medications they are using.
This should include

e the names of all pain medications.

® how each medication works.

¢ dosages and dosing schedules.

e common and serious adverse effects.

Patients should also be told to notify their health
care providers if they are not deriving acceptable pain
relief or if they experience any adverse effects, includ-
ing constipation. If taking opioids or agents that pro-
duce sedation, patients should be advised to avoid
alcohol, operating machinery, and driving. ¥
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