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Abstract

Purpose of Review This review seeks to provide a summary of recent literature to help guide practitioners in the management of
acute pain due to traumatic injury in patients with chronic pain as well as with pre-injury opioid use. It also seeks to illuminate
areas in need of further investigation.

Recent Findings There is a paucity of professional guidelines and clinical trials on this topic, despite the disproportionate rates of
preexisting opioid use and chronic pain in trauma patients, and the contributions of these issues to inferior outcomes. The
management of these patients is complex, requiring knowledge of opioid conversions, medication-assisted treatment (MAT),
and non-opioid analgesic options.

Summary Provider education, standardized assessments and screening tools, evolving multidisciplinary approach, careful man-
agement of pre-injury therapy, use of non-opioid adjuvant therapies, early discharge planning, and close follow-up are essential to

achieving adequate acute pain control in these patients, which can contribute to better short- and long-term outcomes.
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Introduction

Guidelines from both professional and governmental organi-
zations for the treatment of chronic pain exist, but guidance for
the treatment of acute pain due to trauma in patients with
chronic pain as well as those with pre-injury opioid use—
whether prescribed or secondary to opioid use disorder
(OUD)—are limited, despite the fact that trauma patients have
disproportionately high rates of preexisting substance use and
chronic pain when compared to the general population [1, 2].
Up to 16-20% of trauma patients are using opioids at the time
of injury, and approximately 40% of these patients also have
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issues with chronic pain [2—4]. Not only does pre-injury opioid
use and chronic pain complicate the treatment of acute pain from
a pharmacologic standpoint, but pre-injury opioid use is also
associated with negative clinical outcomes, including increased
number of days in the intensive care unit (ICU), increased hos-
pital length of stay, and need for mechanical ventilation [1, 4].
Pre-injury opioid dependency was also found to be associated
with a higher number of readmissions and of discharge to facil-
ities [3]. Negative clinical outcomes have also separately been
associated with inadequate control of acute pain, from increased
cost and length of stay, to the development of post-injury chron-
ic pain and psychological conditions [5, 6]. Ineffective acute
traumatic pain control following discharge has also been asso-
ciated with illicit opioid use [7]. Alternatively, aggressive man-
agement of acute post-surgical pain has been shown to reduce
the risk of subsequent chronic pain [8]. Given the potential
consequences of uncontrolled acute pain, effective management
of acute pain is imperative for good clinical outcomes after
traumatic injury. Unfortunately, the effective treatment of acute
pain in patients with pre-injury opioid use and history of chronic
pain is complicated by many biologic, pharmacologic, and psy-
chosocial factors.

Chronic pain is characterized by a phenomenon known as
central sensitization, defined as physical changes within the
nervous system that alter the patient’s ability to perceive
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stimuli appropriately. These changes can lead to a variety of
long-term effects, including “hyperalgesia, which is ... a more
intense experience of pain; allodynia, which is when previously
non-painful stimuli are now painful; and spontaneous pain [9¢].”
To further complicate matters, both prescription opioid use,
commonly employed in the treatment of both acute and chronic
pain, and OUD can also each lead to opioid tolerance and
opioid-induced hyperalgesia (OIH). OIH can muddle pain man-
agement by causing worsening pain perception with increasing
opioid doses, limiting the effect that opioid medications can
have in the management of acute pain in these patients [5¢].
These effects can continue to be seen even after opioid use has
stopped, and can lead to mistrust and distress in the patient,
which can further contribute to poor pain control. All of this,
coupled by the fact that chronic pain and opioid use disorders
frequently co-occur, can make the care of these patients quite
challenging [9, 10]. Management of acute pain in patients with
pre-injury opioid use and chronic pain requires a delicate bal-
ance between pain control, side effects, and provider desire to
avoid long-term use and misuse of analgesics or the develop-
ment or exacerbation of chronic pain, making this a very de-
manding, yet vitally important, area of practice.

Search Techniques

The PubMed MEDLINE database was searched for all ab-
stracts and full-text articles, filtered by type to include clinical
trial, meta-analysis, randomized controlled trial, review, and
systematic reviews over the last 5 years. MeSH terms used
included pain, management, chronic pain, acute on chronic
pain, opioid dependence, opioid use, trauma, trauma patient,
and traumatic injury. Each abstract was individually reviewed
by the author to determine applicability to this narrative re-
view. Articles focusing on pain related to chronic wounds,
burn injuries, or athletic injuries were excluded. Articles fo-
cusing on acute pain management in the emergency depart-
ment without a focus on trauma patients, or focusing on
prehospital pain management, were also excluded. Articles
focusing on management of chronic central pain after spinal
cord injury or traumatic brain injury were also excluded, as
many of these articles focus on spinal cord/brain stimulation,
or other injury-specific treatment modalities, and thus would
not be applicable to trauma patients without SCI/TBI.

Guidelines for Management
Provider Education
Given the complex physiological and psychological needs, as

well as the varying socioeconomic statuses and resources of
this wide variety of patients, the most important intervention

to achieve adequate acute pain management following trauma
in patients with pre-injury opioid use or chronic pain is pro-
vider education. Providers of all levels must be educated, not
only in multimodal analgesic techniques and in the nuances of
acute and chronic opioid maintenance therapies, but also in a
variety of other topics crucial to the comprehensive care of
this patient population.

Communication and Psychosocial Risk Factors

Good provider-patient communication, especially when taper-
ing or de-escalating opioid therapy, is extremely important to
a successful outcome. Patient anxiety or distress can lead to
ineffective pain control, and patient expectations can alter the
way pain is perceived [2, 9]. Setting expectations early and
revisiting them often can help to increase the amount of con-
trol that these vulnerable patients feel and decrease overall
anxiety regarding changes to the pain management plan.
Although the conversation can be difficult, de-escalation or
discontinuation of opioid therapy needs to be discussed with
these patients before changes are made.

Psychosocial risk factors, such as preexisting mental health
disorders, a lack of healthy coping mechanisms, and substance
use, are associated with long-term opioid use and opioid misuse
after trauma [11]. History of anxiety, depression, or alcoholism
was also associated with chronic pain after trauma [6, 12].
Additionally, patients with chronic pain and those with OUD
are both at a higher risk for issues like depression, especially in
the setting of acute injury or trauma [13]. Given the complex
relationship between OUD, chronic pain, and mental health,
ensuring that psychosocial factors are addressed is essential to
adequate acute pain control and to maintenance of pain control
after discharge. Providers need to be trained to address these
issues through validated screening tools and early involvement
of medical social workers, chaplains, or psychiatry, when ap-
propriate [14]. Socioeconomic concerns related to the patient’s
injuries are also important to address, including clear commu-
nication of injuries and expected recovery course. Additionally,
providing practitioners with education surrounding brief inter-
ventions and relaxation techniques gives them the tools to help
mitigate the affect that anxiety related to the traumatic event has
on achieving adequate acute pain control and, subsequently,
improves patient outcomes [9, 15, 16]. Addressing patient anx-
iety or psychological distress after traumatic injury is not only
important in caring for the patient but can also help to increase
trust in the care team and help to achieve pain control goals.

Screening Tools and Pain Assessments
Screening for patients with current OUD as well as for those at
high risk for OUD is important, as these can contribute to

inferior outcomes if unrecognized. Providers should be edu-
cated on risks factors for both OUD and chronic pain, and on
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screening tools for the identification of high-risk patients, and
these tools should be implemented into practice [9¢]. There are
many validated screening tools available, depending on the
institution. One such tool is the Patient Medication
Questionnaire (PMQ), which includes 26 questions designed
to evaluate for certain drug-related behaviors, and can be help-
ful in identifying patients with OUD. As noted by Ducharme
and Moore, the consistent and standardized implementation of
screening tools is more important than the specific tool cho-
sen. Standardized implementation helps improve detection
rates by eliminating provider bias in screening [17]. This edu-
cation about clinical patterns can help practitioners identify
high-risk patients and implement appropriate interventions to
help address uncontrolled pain or potential OUD. For example,
pre-injury opioid use was found to be more common in female
patients, and was also found to be associated with falls, espe-
cially in elderly patients [4]. Chronic pain after injury was also
more likely in female patients and was more commonly asso-
ciated with falls than any other mechanism of injury [12]. More
severe injury, limb amputation, and a history of chronic pain are
associated with long-term opioid use after trauma [18]. Nursing
tools, like SBIRT (Screening, Brief Intervention and Referral to
Treatment), have also been shown to identify at-risk patients
and allow for a mechanism by which to connect high-risk pa-
tients with treatment and other resources. By identifying at-risk
patients early in the hospital stay, providers can better tailor the
pain management plan and begin early discharge planning.
More research is needed to streamline the implementation of
institution-wide, validated screening and referral techniques.
Prescription Drug Monitoring Programs (PDMPs) have
been implemented widely across the USA in an attempt to
improve inter-provider communication and reduce misuse of
opioid prescriptions by providing a report of a patient’s recent-
ly filled scheduled prescriptions. Despite wide implementa-
tion, most states do not require providers to check reports prior
to prescribing opioids and other scheduled substances, and so
these programs have not been proven to reduce opioid com-
plications [19, 20]. One study by Rasubala et al. was able to
show a significant decrease in opioid prescriptions, as well as
an increase in non-opioid analgesic prescriptions, when man-
datory PDMP reports were required in a group of dentists [21].
This suggests that PDMP reports, when used consistently, can
provide useful information both for identifying high-risk pa-
tients or patients with OUD and can aid in the discharge plan-
ning process. Practitioners should consider running a PDMP
report on any patient receiving an opioid prescription.
Standardized pain assessments have also been shown to
improve the treatment of acute pain [5, 16]. This is especially
important in the chronic pain and opioid use disorder popula-
tion, given the well-documented existence of provider bias
against these patients [9¢]. Provider beliefs about patient exag-
gerations of pain reports or perceived drug-seeking behavior
and a lack of knowledge about tolerance or OIH can lead to

@ Springer

undertreatment of acute pain and to patient distress, which can
further contribute to inadequate pain management and, as
discussed previously, worse outcomes [22¢]. The use of stan-
dardized screening tools and provider training in pain assess-
ment can help combat these biases and facilitate improvements
in the treatment of acute traumatic pain.

Opioid Use and Management of Pre-injury Opioids
and Medication-Assisted Treatment

Opioids are first-line treatment for acute traumatic and post-
operative pain, and their use often cannot be avoided in patients
with a history of pre-injury use (either illicit or prescribed) or in
patients on medication-assisted treatment (MAT) for OUD.
MAT involves use of an opioid agonist or antagonist to allow
for the treatment of OUD without opiate withdrawal.
Methadone and buprenorphine, two commonly utilized MAT
medications, are safe and effective for the treatment of OUD,
and are discussed in further detail below. Both methadone and
buprenorphine can also be used in the management of chronic
pain, though at different doses and intervals than those utilized
during OUD treatment.

Mainstays of opioid use in these patients include assessment
of usual daily morphine milligram equivalents (MMEs) with
continuation of daily medications or an equivalent regimen,
allowance for additional short-acting opioids as needed, and
consistent and frequent assessments and reassessments of pain
control to allow for the titration of doses. Other important
principles include the use of or transition to enteral prepara-
tions as early as is clinically feasible and early involvement of
the patient’s outpatient opioid or MAT prescribers. Early and
ongoing conversations about patient and provider expecta-
tions, the care plan, and therapy tapers are also crucial to
achieving adequate acute pain control [22¢]. Patient expecta-
tions can dramatically affect the ability to achieve tolerable
pain levels, so they should be discussed on admission and
whenever pain goals are not being met [2]. Additionally, prac-
titioners should be aware that these patients will often need
higher and more frequent doses of opioid pain medication to
achieve pain control than an opioid-naive patient.
Development of tolerance over time, concomitant MAT use,
hyperalgesia, and the presence of chronic pain can all contrib-
ute to above-average opioid requirements [22, 23].
Involvement of multimodal therapies, discussed further below,
is also key in decreasing overall opioid requirements and need
for opioid prescriptions at discharge [15, 24]. The treatment of
acute pain in these patients is complex and continually evolv-
ing, and the inpatient care plan needs to reflect this dynamic.

Heroin and lllicit Opioid Use

The management of patients using illicit opioids prior to a
traumatic event can be challenging, as there is no way to
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definitively verify pre-injury daily doses. The practitioner
must do her best job in assessing daily MMEs based on
patient-reported use to help establish a baseline and set expec-
tations about likely ongoing needs in the setting of acute pain.
For those who misuse prescription opioid medications, self-
reports should be considered accurate when calculating daily
MME. Assumptions about patient reports can lead to
undertreatment of pain which, as discussed above, contributes
to worse outcomes. For those using heroin pre-injury, avail-
able data supports the conversion of 100 mg of heroin to 15—
30 MME [22¢]. Once daily MME has been estimated, an
equivalent dose of short-acting opioid, with additional avail-
able for breakthrough pain as needed, should be provided for a
24-h period. This allows the practitioner to more accurately
assess opioid requirements. The pain regimen should then be
adjusted based on the balance between pain control and som-
nolence or respiratory depression. Once daily requirements
can more accurately be assessed, a long-acting basal opioid
can be initiated, with short-acting opioids remaining available
as needed for breakthrough pain [22¢]. Titrations should con-
tinue, weaning doses as the acute pain requirements decrease.
It is important to monitor for signs of opiate withdrawal in
these patients, considering daily MME calculations are often
inaccurate. Clinical decision-making tools, like the Clinical
Opiate Withdrawal Scale, can be utilized to monitor for opiate
withdrawal, which can further complicate the management of
acute pain following traumatic injury.

Methadone

Methadone is an opioid agonist, taken orally. When used for
MAT, a daily maintenance dose allows for prevention of the
symptoms of withdrawal and for reduction of opioid cravings
without the euphoric effects of other opioids. When utilized in
the management of chronic pain, it is often administered in
lower doses more frequently (twice or three times daily) to
allow for more consistent pain relief, again avoiding some of
the psychological effects of other opioid medications.

In patients taking methadone pre-injury, daily dose should
be confirmed with their provider, when able. Providers should
note that if a patient receives methadone (or buprenorphine)
from an Opioid Treatment Program (or “methadone clinic”),
these prescriptions will NOT be available through PDMP
reporting, and will need to be confirmed by contacting the
program directly. This maintenance dose should be continued
while inpatient, with additional short-acting opioids adminis-
tered as needed for breakthrough acute pain. The practitioner
should again note that higher and more frequent doses are
often required in these patients [9, 22]. Plans to de-escalate
opioid therapy should be created based on the clinical scenario
and expected recovery time, as well as discussions with both
the patient and his or her outpatient prescriber. Attempts
should be made to discontinue opioid therapy prior to

discharge whenever this is clinically feasible. When this is
not feasible, discharge opioid prescriptions need to be com-
municated to the patient’s methadone prescriber to avoid de-
lays in care to the patient. Additionally, the practitioner should
confirm that the patient has access to their maintenance meth-
adone after discharge.

Buprenorphine (ex. Subuxone, Subutex, Belbuca,
Butrans)

Buprenorphine is another medication that is used commonly
in MAT, with some formulations containing naloxone (ex.
Suboxone) as a deterrent against misuse. Buprenorphine is
also used in the management of chronic pain, often at higher
doses than typically seen with MAT. Acute pain management
in patients taking buprenorphine pre-injury is, unfortunately,
more complicated than in those taking methadone due to the
pharmacokinetic properties of buprenorphine. Buprenorphine
is a partial agonist with a “ceiling effect” that has a very high
affinity for mu opioid receptors, variable effects on other re-
ceptors, and a long half-life. This results in inhibition of the
analgesic effects of other opioid medications due to a variable
blockade of mu receptors that changes unpredictably over
time and can last up to 72 h after cessation of buprenorphine
[13, 22]. Patients who have recently stopped buprenorphine
and are receiving opioids for acute pain require close moni-
toring for this time period. Metabolism of buprenorphine lifts
the mu receptor blockade, allowing for additional opioid
receptor-binding without administering any additional opi-
oids. Given the high doses of opioid medication these patients
often require, they are at high risk of respiratory depression
until buprenorphine is fully metabolized [13].

There are a number of strategies for the management of
acute pain in patients taking buprenorphine, all of which re-
quire vigilance due to the variable pharmacokinetics of
buprenorphine. Whenever feasible, the patient’s outpatient
provider or a practitioner with experience in buprenorphine
prescribing should be involved in the care of the patient to
help guide treatment decisions and to ensure continuity of care
after discharge. Additionally, use of multimodal pain manage-
ment, including non-opioid medications and regional anesthe-
sia, when applicable, is again imperative to successful acute
pain control in these patients [13].

The first management decision involves whether or not to
continue the patient’s buprenorphine after injury. Although
there is some evidence to suggest cessation of buprenorphine
will improve post-operative and post-traumatic pain control,
there are just as many case reports of difficulty with post-
operative pain control despite pre-procedure cessation of
buprenorphine. Additionally, given buprenorphine’s partial
antagonism, it may provide some benefit to pain control in
the setting of opioid-induced hyperalgesia. Lastly, the sudden
cessation of buprenorphine, coupled with the anxiety and
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stress of an acute traumatic event, could potentially increase
the risk of opioid use disorder relapse [13]. In situations where
overall acute pain is expected to be relatively mild, or risks
appear to outweigh the benefits, continuing buprenorphine
dose is certainly reasonable [13]. It can be continued at the
current dose, or divided to allow for more frequent dosing,
depending upon the patient’s needs [9¢]. If the patient is not
on maximal therapy (24-32 mg daily), increasing the daily
dose becomes an option, but this should be discussed with
the patient’s outpatient provider first. Opioid therapy can be
used as needed, but, again, a plan should be in place to taper
these medications prior to discharge, when feasible [13].

If the plan is for buprenorphine to be discontinued upon
admission, this should be discussed with the patient to mini-
mize associated emotional distress and to set expectations
moving forward. The practitioner must also remember that
the patient will require higher than normal doses of short-
acting opioid pain medications in order to compete with
buprenorphine binding, and that this requirement will change
over the first 72 h as buprenorphine is metabolized [13]. Use
of high mu receptor-affinity opioids (hydromorphone, mor-
phine, and fentanyl) may help to combat this effect [22¢].
Buprenorphine dose can also be converted to an equivalent
methadone dose, instead of continuing buprenorphine, with
the addition of supplemental short-acting opioids to the regi-
men for breakthrough pain; however, this will require the
assistance of either a physician or pharmacist who is very
skilled at methadone prescribing [9°].

When severe pain is anticipated, a monitored setting should
be considered due to the anticipated high opiate requirements
and subsequent concerns for respiratory depression. PCA with
end-tidal CO, monitoring can be a useful adjunct in this pop-
ulation as it provides a way to closely monitor opiate use and
adjust the pain regimen as needed, although routine use has
not been shown to significantly affect clinical outcomes when
compared to intermittent dosing [6, 25]. Dexmedetomidine or
ketamine infusions, as discussed below, can also be useful
adjuncts in these patients, depending on the clinical scenario
and opioid requirements [13].

If buprenorphine has been discontinued, a plan for discon-
tinuation of opioid therapy and resumption of buprenorphine
should be implemented, either while hospitalized or under the
supervision of their outpatient provider [22¢].

Mixed Opioids

Tramadol and tapentadol are medications with activity at mu
receptors, although less potent than other opioids, as well as
reuptake inhibition of norepinephrine and serotonin. Although
this unique mechanism of action can increase efficacy, these
SNRI properties do carry the rare risk of serotonin syndrome,
especially when used in conjunction with amine reuptake in-
hibitors in certain patients [26]. Their enteral formulations also
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pose some limits to their efficacy in the initial resuscitation
period, and the cost of tapentadol can be a limiting factor for
some patients. Additionally, tramadol’s efficacy can be limited
by genetic variability in its metabolism, resulting in potentially
increased side effects and/or inadequate pain control in certain
patients. Furthermore, due to hepatic metabolism and renal ex-
cretion, tramadol is contraindicated in renal and hepatic dys-
function. However, these agents should be considered in certain
patients who will be unable to wean from opioid medications
entirely prior to discharge, as they are generally considered to
be safer than higher affinity opioids, and have shown some
efficacy in the treatment of various chronic pain syndromes,
including fibromyalgia and neuropathic pain [27].

Non-narcotic Agents

Non-narcotic analgesics are essential in the treatment of acute
pain, as they have consistently been shown to decrease opioid
requirements and can be especially helpful in the management
of opioid-induced hyperalgesia (OIH) [24]. They are also es-
sential in continuing to treat acute pain after opioid medica-
tions have been weaned. However, their use must be balanced
with their side effect profiles and can be limited by patient
comorbidities.

Acetaminophen

Scheduled acetaminophen should be considered in all pa-
tients. IV formulations have not been shown to have superior
outcomes compared to enteral formulations; however, they
provide an option for patients in which enteral access for med-
ication administration does not exist. Additionally, there is
some suggestion in the literature that IV formulations are less
likely to cause hepatotoxicity due to decreased peak hepatic
concentration compared to the oral formulation [16].
According to the American College of Gastroenterology, acet-
aminophen should be limited to 1000 mg per dose and
3000 mg per 24-h period in healthy patients. Patients with
liver disease should limit acetaminophen to 2000 mg per
24 h period. Attempts should be made to limit the duration
of maximal doses to 3—5 days when clinically feasible.
Clinical judgment should be utilized regarding acetaminophen
and severe liver failure [28].

Non-steroidal Anti-inflammatory Drugs

Non-steroidal anti-inflammatory drugs (NSAIDs) can also be
helpful in the management of acute pain, especially when
paired with acetaminophen. A recent Cochrane review
showed that the combination of 200 mg ibuprofen and
500 mg acetaminophen has a number needed to treat (NNT)
to achieve a 50% reduction in pain of only 1.5, thus demon-
strating that even low doses of these medications can lead to
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adequate pain control [29]. Centrally acting NSAIDs, such as
celecoxib, have shown to be especially helpful in the manage-
ment of OIH [9¢]. Unfortunately, the use of these medications
is limited by renal impairment, gastrointestinal side effects,
history of gastric bypass, and potential concerns regarding
platelet inhibition and effects on fracture healing [5, 30]. The
minimal effective NSAID dose should be utilized, starting
with a low dose and titrating up. High doses should be limited
to short courses to help minimize side effects. NSAIDs should
not be used in patients taking warfarin or other anticoagulation
or antiplatelet medications. Care should also be used in pa-
tients taking SSRIs or glucocorticoids, as these medications
are associated with increased gastrointestinal side effects.
NSAIDs can also increase the efficacy of ACE inhibitors,
resulting in hyperkalemia. NSAIDs should also be avoided
in patients taking high-dose methotrexate [31].

Ketamine

Ketamine is unique in that it has both sedative-hypnotic and
analgesic properties with minimal effects on hemodynamics
and significantly lower risk of respiratory depression and/or
hypoxia. Unfortunately, higher doses of ketamine have been
associated with hallucinations and other psychotropic side ef-
fects [32]. Despite this, ketamine infusion can reduce opioid
requirements at both high and low doses and has been shown
to achieve more effective pain control than opioids alone [16,
30, 32, 33]. Additionally, more recent research suggests that
low doses (0.1-0.4 mg/kg/h) have minimal psychotropic ef-
fects [5¢]. Ketamine also may prevent the development of
tolerance to opioids, in addition to decreasing overall opioid
requirements [9¢]. It has been shown to augment the percep-
tion of allodynia in patients with complex regional pain syn-
drome, suggesting particular efficacy in patients with chronic
pain [27]. Additionally, it can be a useful adjunct in patients
with OIH or recent buprenorphine ingestion, when opioids
tend to be less effective [13]. Furthermore, it can reduce the
risk for development of chronic post-surgical pain [8].
Institutions should consider developing a protocol for keta-
mine use in the management of acute pain, and practitioners
should consider it if having difficulty achieving adequate con-
trol of acute pain.

Alpha-2 Agents (Dexmedetomidine and Clonidine)

Both clonidine and dexmedetomidine can be useful adjuncts
in the management of acute pain, and clonidine has some off-
label use in the treatment of opioid withdrawal [16, 30]. Both
drugs have analgesic properties, in addition to sedative and
anxiolytic properties, and have been shown to have opioid-
sparing effects [5¢]. Unfortunately, these medications can also
lead to hypotension and bradycardia, so care must be taken if
attempting to use early in the trauma resuscitation, and it is

preferred to utilize these medications in the post-resuscitative
phase. Dexmedetomidine use is limited to IV infusion, where-
as clonidine can be administered enterally or transdermally
[S¢]. Cost of dexmedetomidine can also be a limiting factor;
however, transition to clonidine early in the clinical course
may help to offset this [30]. Additionally, dexmedetomidine
may be of particular benefit in the management of critically ill
trauma patients. It has been shown to provide non-inferior
sedation when compared to both propofol and midazolam in
multiple multi-center, randomized clinical trials, and was also
associated with increased patient interaction and communica-
tion, as well as decreased duration of mechanical ventilation
[34]. Due to these findings, it may be of particular use in
mechanically ventilated patients who require frequent neuro-
logical assessments. More research needs to be performed to
fully assess the potential for routine use in the management of
acute pain due to traumatic injuries.

Methoxyflurane

Methoxyflurane is an inhalation hydrocarbon anesthetic that
has been used in countries outside the USA for the manage-
ment of acute pain. Methoxyflurane is ideal for acute pain
management given its rapid onset and relative lack of
prolonged adverse effects [35]. Borobia et al. demonstrated
that inhaled methoxyflurane provided more rapid and better
pain control compared with a standard analgesic group [36].
This medication has been withdrawn from the US market.
However, more recent studies have been able to show some
promise for use of this medication in the management of acute
pain and may present a case for its reintroduction.

Amine Reuptake Inhibitors

Amine reuptake inhibitors (ARIs) such as duloxetine and am-
itriptyline are commonly used in the management of chronic
pain. When feasible, these medications should be continued
while patients are hospitalized, as long as there is not a high
risk or clinical concern for serotonin syndrome. Practitioners
should be aware that there have been case reports of serotonin
syndrome in patients on these medications in conjunction with
tramadol, especially in CYP2D6 poor metabolizers.
Concomitant use of these medications should be avoided in
known poor metabolizers, and closely monitored for signs/
symptoms of serotonin syndrome in those who are not [26].
Practitioners can consider starting these medications as a part
of the acute pain management plan, especially in patients with
significant anxiety related to the traumatic event [9°].
However, discussion regarding the risks, benefits, and side
effects should be undertaken with the patient, and the practi-
tioner should note that these medications take a variable
amount of time to reach full effect. Duloxetine in particular
has shown efficacy in the treatment of chronic back pain and
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fibromyalgia, as well as neuropathic pain following spinal
cord injury. Amitriptyline has also been studied in the man-
agement of chronic pain; however, it has a much larger and
more severe side effect profile, including potential for lethal
overdose [27, 30]. More research is needed to fully assess the
potential efficacy of these medications in the management of
acute traumatic pain.

GABA Analogs

Gabapentin and pregabalin are known to be effective in the
treatment of neuropathic pain. They have also shown promise
in the treatment of chronic pain conditions, especially when
combined with anti-inflammatories [27]. There is some liter-
ature to suggest they can be useful in the management of
hyperalgesia and they have been shown to reduce sensitization
induced by surgery [8, 9, 30]. Pregabalin is absorbed more
quickly than gabapentin, so it may be more efficacious in the
management of acute pain. Either medication carries the risk
for withdrawal, so they should be continued in patients taking
these medications pre-injury, unless contraindicated [16].
Unfortunately, gabapentin and pregabalin are limited to pa-
tients with proximal enteral access due to their duodenal ab-
sorption and can also contribute to somnolence and ataxia
[S¢]. They also require dose adjustments in the setting of renal
impairment [30]. These medications also have the potential
for misuse or illicit use, and must be utilized with caution.
Regardless, their use can be helpful in the management of
acute traumatic pain, and should be considered, especially in
patients with hyperalgesia.

Muscle Relaxants

Muscle relaxants, such as cyclobenzaprine or methocarbamol,
can be useful adjuncts in the management of acute traumatic
pain, especially in the setting of musculoskeletal injuries.
These medications also have been shown to be efficacious in
the treatment of chronic back and musculoskeletal pain, so
they can help to address elements of chronic pain that may
be contributing to inadequate acute pain control [27]. Caution
must be exercised when utilizing these medications, however,
as they do have some sedating effects and do carry potential
for misuse [16, 30]. Routine use of benzodiazepines for their
anti-spasmodic effects is not recommended given the risk for
misuse and dependence.

Regional Anesthesia

Lidocaine patches have not been consistently shown to be
efficacious in the management of acute or chronic pain.
However, the side effect profile is relatively low, and some
clinical trials do suggest efficacy in certain situations, such as
neuropathic pain associated with traumatic injury, acute pain
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due to herpes zoster, and post-herpetic neuralgia.
Additionally, there is some evidence to suggest efficacy as a
part of a multimodal rib fracture treatment plan, although there
is conflicting data in the literature [16, 27, 30]. Implementing
their use over areas of point tenderness should be considered
unless contraindicated, given the potential benefit and rela-
tively low risk.

Fascial plane blocks are useful in the management of a
wide variety of traumatic injuries and the management of
post-operative pain. These include fascia iliaca, erector spinae
plane (ESP), serratus anterior plane (SAP), and transversus
abdominis plane (TAP) blocks [S¢]. Given that these blocks
do not involve a catheter that must remain in place, they can be
utilized in patients with altered mental status or coagulopathy.
Additionally, they have minimal effect on hemodynamics,
and can potentially be performed in the emergency depart-
ment (ED) to facilitate rapid control of acute pain, giving them
some advantages over neuraxial anesthesia [16, 37, 38].
However, their utility is potentially limited by their limited
duration of action. More research is needed in order to fully
assess the routine use of these blocks for traumatic injury and
to facilitate the creation of protocols for implementing their
use, especially early in the hospitalization or in the ED.

Neuraxial anesthesia and peripheral nerve blocks have also
been shown to reduce opioid use when used appropriately.
Epidural anesthesia has shown great efficacy in pain manage-
ment after rib fractures, and peripheral nerve blocks can be
quite helpful in the management of extremity trauma [5, 39].
Unfortunately, catheter-based regional anesthesia is contrain-
dicated in coagulopathy and in patients with altered mental
status, and may have limited utility in some severe trauma
patients. They also can affect hemodynamics, which can limit
their effectiveness in certain patients. Despite this, neuraxial
anesthesia can be very useful in the right patient and should be
considered when appropriate [15].

Discharge Planning

Early discharge planning is essential in the success of patients
with pre-injury opioid use and those with a history of chronic
pain [22¢]. The patient, their support system, and any outpa-
tient providers should be involved in the discharge planning
process whenever possible [23]. When feasible, additional
opioids should be weaned prior to discharge, especially in
patients at a high risk for becoming lost to follow-up or in
patients with known, or high risk for, OUD. When this is
not feasible, a concrete plan for tapering additional opioids
should be implemented. Prescriptions for additional opioids
should be limited to a week or less when possible and must be
discussed with any outpatient opioid or MAT provider [22].
Education about safe storage and disposal practices should be
provided to all patients receiving an opioid prescription on
discharge [40]. Additionally, thorough discharge instructions
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that specifically describe the pain management plan should be
given to all patients in order to minimize confusion regarding
pain management following discharge [7, 41].

Any patient with known OUD or chronic pain, as well as
those deemed to be high risk for the development of either
condition, should also receive close hospital follow-up to
monitor for effective pain control, as ineffective pain control
after hospital discharge puts patients at higher risk for the
development of chronic pain, long-term opioid use, and illicit
substance use [9¢]. Ineffective pain control after discharge can
also be debilitating for patients and may prevent return to
work or to normal life [7]. Trevino et al. found that a multi-
disciplinary trauma follow-up clinic focusing on quality of life
1 week after discharge helped improve follow-up rates sub-
stantially compared to traditional 2-week follow-up. They also
incidentally identified an increase in psychology visits in the
1-week follow-up group [42]. This suggests that close follow-
up is not only feasible, but increases patient-provider interac-
tions and can help with early identification of barriers in the
trauma patient’s return to normal life, in order to facilitate
appropriate, multidisciplinary treatment.

In addition to close follow-up, patients with OUD should be
referred to substance use treatment on hospital discharge. They
should also be educated on the importance of clean needles and
safe injecting practices. Opioid overdose education should also
be provided, and strong consideration for intranasal naloxone
prescription on discharge should be made [22¢].

Conclusions

The management of acute pain in patients with chronic pain or
pre-injury opioid dependence is complex. Provider education
and the use of multimodal pain management in the acute set-
ting are extremely important for achieving adequate pain con-
trol after a traumatic event. Additionally, providers need to
take great care in standardized and frequent pain assessments
to allow for titration and re-evaluation of the pain management
regimen in order to balance adequate pain control with poten-
tial side effects. More research is needed in order to create an
evidence-based, standardized approach to the management of
acute pain due to traumatic injury in patients with chronic pain
and/or opioid dependence.
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