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Abstract: Effective pain management is a key component in the continuum of perioperative care
to ensure optimal outcomes for surgical patients. The overutilization of opioids in the past few
decades for postoperative pain control has been a major contributor to the current opioid epidemic.
Multimodal analgesia (MMA) and enhanced recovery after surgery (ERAS) pathways have been
repeatedly shown to significantly improve postoperative outcomes such as pain, function and satis-
faction. The current review aims to examine the history of perioperative MMA strategies in ERAS
and provide an update with recent evidence. Furthermore, this review details recent advancements
in personalized pain medicine. We speculate that the next important step for improving periopera-
tive pain management could be through incorporating these personalized metrics, such as clinical
pharmacogenomic testing and patient-reported outcome measurements, into ERAS program.
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1. Introduction

Effective perioperative pain control is an essential component of surgical recovery [1].
Inadequate pain control is linked to a range of negative consequences. In the immediate
postoperative period, poor pain control is associated with a higher incidence of postop-
erative nausea and vomiting, increased cardiac and pulmonary stress, impaired immune
function, delayed wound healing, and increased length of hospital stay [2,3]. It is also
a strong predictor of poor long-term outcomes, such as increased psychological stress,
delayed ambulation and return of function, higher readmission rate, and overall cost of
care [2-6]. Inadequate pain control could also contribute to chronic persistent postsurgical
pain (CPPSP), a condition that occurs in 10-30% of postsurgical patients and is defined
by pain lasting intraoperative and postoperative pain management can help decrease the
physiological and psychological stress response, relieve suffering, and facilitate healing
and rehabilitation [7].

Opioid analgesics have been widely used for postoperative pain in the United States
(US). Even amidst the current opioid epidemic and emphasis placed on opioid steward-
ship [8-10], US physicians prescribe an excessive amount of opioids to postoperative
patients regardless of pain severity or the type of procedures performed [11-13]. Lack of
proper preoperative pain consultation and education has led to fear of inadequate postop-
erative control, resulting in patient tendency towards requesting more opioids than they
need [14]. Adverse effects associated with overutilization of opioids are well documented,
including nausea, ileus, over sedation, respiratory depression, immunosuppression, and
rapid development of tolerance, just to name a few [15]. Prolonged opioid use also increases
risk of dependence, addiction, and opioid-induced hyperalgesia [16,17]. Understanding
these potential risks, the use of opioid analgesics has become more judicious in recent years.

It is also increasingly recognized that social and medical background, pain history,
education, psychological status, disease process, and the type of surgery performed all
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play an important role in individual postoperative pain experience and long-term func-
tional outcome [4,6]. However, this variability and complexity can make evaluating and
managing postoperative pain difficult. The current narrative review aims to examine the
evidence and provide updates on the current postoperative pain management strategies in
ERAS pathways and discuss future directions of personalized pain management.

Literature search was conducted using PubMed, MEDLINE, and Google Scholar
database for published articles that have examined perioperative pain management within
the past 30 years (1991-2021). Terms used were “ERAS” or “perioperative pain” in combi-
nation with “MMA”, “anesthesia”, “personalized medicine”, “patient-reported outcomes”
or “pharmacogenomics”. Further articles were found through cross-referencing. Primary
studies (e.g., retrospective studies, prospective studies, observational studies, randomized
controlled trials etc.), basic science research, metanalyses, and systematic reviews were
included, while case reports were excluded from the current review.

2. Current Pain Management Strategies in Enhanced Recovery Perioperative Pathways

In response to overutilization of opioids and subsequent poor outcomes, standardization
of surgical and anesthetic techniques, perioperative care, and pain management was rapidly
popularized in the past decade. Enhanced Recovery After Surgery (ERAS) pathways are
comprehensive programs that aim to optimize perioperative care and long-term outcomes [18].
Complementing ERAS programs, a perioperative pain management initiative, PROSPECT,
was formed in 2007 by a panel of anesthesiologists and surgeons to provide evidence-based
procedure-specific recommendations on postoperative pain control [19-21]. Together, they
provided guidelines that encompass the entirety of perioperative care and have been shown
effective in reducing rates of postoperative complications, opioid consumption, length of
hospital stay, and cost in a number of surgical domains [22-28]. Although opioids remain
useful analgesics, an opioid-sparing, multimodal analgesia (MMA) strategy now lies at the
center of perioperative pain management within the ERAS guidelines [29]. This includes a
range of systemic pharmacological agents as well as targeted analgesia techniques.

2.1. Systemic Analgesia Agents
2.1.1. Non-Steroidal Anti-Inflammatory Drugs (NSAIDs)

Medications in the NSAID class, which include cyclooxygenase-1 and -2 (COX-1
and -2) inhibitors, mediate antinociceptive effects by reducing peripheral prostaglandin
synthesis and dampening inflammation and swelling associated with tissue damage [30].
NSAIDs are routinely used in ERAS programes, as they are considered potent opioid-sparing
analgesics without many undesired side effects, such as nausea or sedation [31]. The recent
introduction of celecoxib, a selective COX-2 inhibitor, has significantly decreased the
risk of postoperative gastrointestinal bleeding and anastomotic leak that are traditionally
associated with non-selective NSAIDs [10]. It is now recommended for perioperative use
in most non-cardiac procedures, including spine and orthopedic surgeries [1,10]. Despite
their overall favorable safety profile, NSAIDs should be used with caution in patients with
impaired renal function due to nephrotoxicity [32].

2.1.2. Acetaminophen

Similar to NSAIDs, intravenous acetaminophen is a potent allosteric COX enzyme
inhibitor that has demonstrated opioid-sparing effects when used as part of a multimodal
pain regimen [33,34]. Acetaminophen is synergetic with NSAIDs. While NASIDs sup-
presses peripheral inflammation, acetaminophen’s analgesic and antipyretic effects are
secondary to its action in the central nervous system [35]. It is thought that acetaminophen
decreases central oxidative stress and prostaglandin release, while engaging descending
pain inhibitory pathways [35]. Therefore, ERAS programs continue to strongly recom-
mend co-administration of acetaminophen with NSAIDs perioperatively for optimal pain
control [18,30].
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2.1.3. Gabapentinoids

Gabapentinoids (e.g., gabapentin and pregabalin) are anticonvulsants that have been
used to treat neuropathic pain. Despite their documented sedative and central depressive
effects, they are currently strongly recommended in ERAS pathways as earlier random-
ized controlled trials and meta-analyses demonstrated potent perioperative analgesic and
opioid-sparing effects in multiple surgical domains including gynecologic, breast, ortho-
pedic, and spine surgery [36—41]. However, the optimal dosage, timing and duration
of perioperative gabapenintoid therapy has not been clearly demonstrated, and some
argue that clinical effects of gabapentinoids may actually secondary to their sedative
properties [42,43]. Recent studies on heterogenous patient populations were unable to
demonstrate a clinically significant analgesic effect with perioperative gabapentinoid ad-
ministration, although they were still effective in promoting opioid cessation compared to
controls [44,45]. Future studies will be necessary to further delineate the clinical effects of
gabapentinoids and optimize their usage. Overall, current evidence and updated guide-
lines continue to support the perioperative use of gabapentinoids for their opioid-sparing
effects, with close monitoring [1,30].

2.1.4. N-Methyl D-Aspartate (NMDA) Receptor Antagonists

NMDA receptor activation has been implicated in development and maintenance of
chronic pain after painful stimuli [46]; thus, receptor antagonists could be desirable as an
analgesic and opioid-sparing agent in some perioperative settings [30,43,47]. Intravenous
administration of ketamine or magnesium, two commonly used NMDA receptor antago-
nists, has shown benefit in reduction of postoperative pain and opioid consumption [48-50].
Postoperative ketamine infusions at 2 to 5 nug/kg/minute was shown to be effective for
pain relief, and reduced opioid consumption by 13 mg morphine equivalents by 48 h [50].
Ketamine also suppresses expression of inflammatory cytokines, such as interlukin-6 and
tumor necrosis factor «, which could contribute to analgesic effect [51]. Although routine
use of NMDA receptor antagonists is not yet included in most ERAS pathways, they are
increasingly recognized as a useful perioperative adjuvant for opioid-tolerant patients and
may reduce the incidence of CPPSP [52,53].

2.1.5. Lidocaine

The role of intravenous lidocaine infusion in ERAS pathways remains controversial.
The analgesic properties of intravenous lidocaine infusion are still not well understood,
but it may be involved in suppression of local and systemic inflammation, nociceptive
transmission, and central sensitization [54]. Several randomized controlled trials and
meta-analyses have demonstrated that intravenous lidocaine decreases postoperative pain
scores, reduces incidence of nausea and vomiting, and promotes return of bowel function
in abdominal surgeries [55-58]. Furthermore, two retrospective analyses have shown that it
significantly decreases opioid consumption and has comparable analgesic effect to epidural
analgesia in patients with traumatic rib fracture [59,60]. This finding suggests intravenous
lidocaine can be a safe alternative in those patients when neuraxial analgesia is not feasible.
However, limited by the quality of available data, a recent Cochrane Review by Weibel
and colleagues was unable to draw a definitive conclusion on its benefit in perioperative
pain management [61]. Therefore, intravenous lidocaine infusion is currently not routinely
use for perioperative pain control, and future well-designed trials will be required for
delineating its clinical effects and perioperative application.

2.2. Locoregional Analgesia Techniques
2.2.1. Neuraxial Analgesia

Epidural infusion of local anesthetic with or without opioids is most commonly used
in open thoracic and abdominal procedures and has shown better pain control and lower
total opioid requirement than systemic intravenous analgesia alone [29,47,62,63]. Neuraxial
analgesia is also effective in reducing perioperative complications, such as ileus, nausea and
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vomiting, respiratory depression, venous thromboembolism, and arrhythmia, compared to
systemic intravenous analgesia alone in both cardiac and non-cardiac patients [64,65]. Some
common complications include hypotension, urinary retention, and pruritus (if epidural
opioid infusion is used) [64]. For laparoscopic colorectal surgery, epidural analgesia might
also prolong length of hospital stay by 1 day when compared to one-time intrathecal
analgesia, with no difference in postoperative pain score or complication rate between the
two [66]. Overall, neuraxial analgesia is considered safe, and is recommended in many
open colorectal, thoracic, gynecologic, and urologic procedures for perioperative pain
control by the ERAS society [29,43,47,67].

2.2.2. Regional Analgesia

Regional techniques gained popularity in ERAS pathways in recent years. Transversus
abdominis plane (TAP) block has been shown to provide superior pain control and lower
perioperative opioid consumption compared to standard intravenous analgesia in both
open and laparoscopic abdominal surgeries [68-70]. More advanced regional techniques
are also being explored. A recent meta-analysis by Liu and colleagues suggested that
quadratus lumborum block is more effective at reducing opioid consumption than TAP
block for abdominal surgery [71]. Erector spinae plane (ESP) block, a relatively new
regional technique that delivers local anesthetics to the dorsal rami and their surrounding
structures, has consistently been shown to improve pain control and decrease postoperative
opioid consumption [72,73]. It has gained popularity in breast, thoracic, and abdominal
surgeries, with ongoing studies exploring utility in other procedures as well [72,73]. Lastly,
peripheral nerve blocks such as interscalene, femoral, adductor canal, and sciatic nerve
blocks, have also shown similar analgesic and opioid-sparing benefits in various orthopedic
procedures (e.g., shoulder surgeries, hip arthroplasty, knee arthroplasty) [47], and are thus
recommended in many orthopedic enhanced recovery programs [1,47].

3. The Future of Personalized Pain Medicine in Enhanced Recovery Pathways

The enhanced recovery programs have excelled in many traditional clinical outcome
measurements including mortality, morbidity, postoperative pain scores, and overall opioid
consumption [28,74-77]. However, it is increasingly recognized that providing personal-
ized, patient-centered care is an essential component in improving patient satisfaction and
long-term outcomes [78-80]. Integrating personalized pain management strategies through-
out the perioperative period could be the next important component of ERAS programes.
Although some of these tools, such as personal pharmacogenomics and patient-reported
outcome measurements, are novel to most practitioners, they have shown significant poten-
tials to impact clinical decision-making and consensus guidelines on implementation are
under continual development and currently available for certain medications. With these
patient-specific metrics, pain clinicians can effectively identify and address individual pain
concerns, formulate optimal treatment plan, and accelerate rehabilitation and recovery.

3.1. Utilizing Pharmacogenomics to Guide Pharmacological Pain Management

MMA has become the centerpiece of perioperative pain management in ERAS pro-
grams, but it must be used with caution in medically complex patients. In recent years,
there has been burgeoning interest in and recognition of pharmacogenomics influencing
personalized pain management, as it could represent an opportunity to identify biomarkers
that predict individual pain susceptibility, analgesic response, and drug toxicity [81,82].
The obstacles for implementing pharmacogenomics in pain management are often related
to the complexity of and lack of familiarity with genetic testing [83]. Additional challenges
are posed by inconsistent results of published studies, availability and cost of reliable
genetic testing, and the lack of payer reimbursement structures [83]. As genetic testing be-
comes more widely available and affordable, it becomes imperative for clinicians involved
in treating pain to develop the requisite knowledge and skills to incorporate precision



J. Clin. Med. 2021, 10, 2568

50f12

genomic medicine in their preoperative consultation and treatment plan to improve safety
and outcomes.

3.1.1. Efficacy of Multimodal Analgesia Can Be Influenced by Genetic Variations
Opioid Receptor Mu 1 (OPRM1)

Variations in the OPRM1 gene can potentially influence postoperative opioid response.
For incidence, carriers of the OPRM A118G allele were shown to have reduced sensitivity
to opioids and presence of the allele is associated with higher postoperative opioid re-
quirement compared to controls [84,85]. Identification of polymorphisms in OPRM1 could
provide valuable information on individualized opiate analgesic sensitivity, but more data
is need prior to establishment of phenotype based dosing strategies.

CYP2D6

Most opioids undergo phase I metabolism in the liver through CYP enzyme catalyzed
reactions in which some are converted to active forms while others are inactivated. Codeine
is a notable CYP2D6 substrate, and individuals who are poor metabolizers will experience
minimal analgesia while ultrarapid metabolizers will be at significant risk for respiratory
depression and mortality [86]. This has led the Clinical Pharmacogenetic Implementation
Consortium (CPIC) to publish clinical guidance for codeine dosing based on CYP2D6
genotype, recommending that both CYP2D6 ultrarapid and poor metabolizers should
not be given codeine [87]. CYP2D6 also metabolizes oxycodone, a commonly utilized
opioid, into its more potent metabolite, oxymorphone [88,89]. Thus, slow metabolizers
will experience poor analgesia while rapid metabolizers could be at risk for significant
adverse effects. Clinically, CYP2D6 polymorphism has also been shown to influence
oxycodone metabolism and its analgesic effect in both postsurgical adult and pediatric
populations [90,91].

CYP3A4

The CYP3A4 gene has also been implicated in metabolism of opioids such as alfentanil,
fentanyl, and sufentanil [92-96]. However, studies on CYP3A4 polymorphisms and intra-
operative and postoperative opiate requirements have produced inconsistent results and
meta-analyses have not yet demonstrated a clear relationship [97-99]. Further investigation
is needed prior to the creation of formalized clinical guidance.

CYP2C9

NSAIDs are recommended in all ERAS pathways for their analgesic effects and min-
imal potential for addiction but are also associated with potentially deleterious effects
on the gastrointestinal, cardiovascular, and renal systems. Multiple studies have linked
decreased CYP2C9 function with elevated NSAID exposure and risk of toxicity and ad-
verse events [100-102]. The CPIC recently published recommendations and guidelines
for initiation and titration of NSAIDs based on individual medical history and CYP2C9
phenotype [103]. Specifically, the lowest normal starting dose of NSAIDs is recommended
for patients who have one non-functioning CYP2C9 allele. For the poor metabolizers who
are homozygous with two non-functioning CYP2C9 allele, initiating NASID therapy at
25-50% of the lowest normal starting dose is recommended to avoid toxicity [103]. NASIDs
with long half-life (i.e., piroxicam and tenoxicam) should also be avoided in the poor
CYP2C9 metabolizer population [103].

CYP2B6

CYP2B6 is a highly polymorphic gene that is involved in ketamine metabolism, and
the interindividual variability in drug response is likely related to CYP2B6 polymorphisms.
Presence of the CYP2B6*6 variant allele has been shown in vitro to decrease ketamine
clearance [104,105]. Patients with this allele will exhibit substantially decreased steady
state plasma clearance and metabolic ratios to ketamine and its metabolites, which could
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contribute to dysphoric adverse effects [106]. Although no genomic screening guideline
for ketamine usage has been published, pain clinicians should be aware of the potential
interactions between ketamine and other drugs in patients who are slow metabolizers.

Voltage-Gated Sodium-Channel Type IX a Subunit (SCN9A)

Local anesthetics, which function as analgesics by interrupting nociceptive transmis-
sion via voltage-gated sodium channel blockade, are often used in neuraxial and regional
analgesia as part of multimodal pain regimen in ERAS pathways. SCN9A encodes the
Nay 7 sodium channel, and polymorphism of this gene has been shown to affect local anes-
thetic effects [107-109]. Interestingly, loss of function mutation is seen in channelopathy
associated insensitivity to pain while gain of function mutation in this gene is also seen in
erythermalgia and paroxysmal extreme pain disorder, making genotyping a potentially
vital part of perioperative planning in these patients [109,110].

3.2. Utilizing Patient-Reported Outcome Measurements to Tnilor Pain Management Plan

In addition to the surgical stress, postoperative pain can be impacted by numerous
behavioral and environmental factors such as age, past pain history, lifestyle choices,
psychiatric comorbidities, and social supports, many of which cannot be addressed with
pharmacological therapy alone [111,112]. Recognizing the complexity of perioperative pain
and the importance of personalized pain medicine, the joint committee of the American Pain
Society, the American Society of Regional Anesthesia and Pain medicine, and the American
Society of Anesthesiologists published a clinical practice guideline on perioperative pain
management [1]. This guideline highlighted a patient-centered model through which pain
management teams establish a shared decision-making process with the patient throughout
the perioperative journey [1]. In order to formulate a personalized pain plan, pain clinicians
must be able to elicit information from patients and their family regarding to their past
experience with pain management, their understanding of the illness, and their goals with
surgery. This enables clinicians to provide adequate preemptive psychoeducation for the
patients, set reasonable expectations, and address concerns and anxiety [113]. There also
needs to be a mechanism for patients to provide feedback throughout the perioperative
period for clinicians to adjust the pain regimen and optimize rehabilitation.

Besides traditional objective outcomes (e.g., vital signs, visual pain scale, opioid con-
sumption), assessing subjective patient-reported outcomes, such as pain burden, emotional
distress, physical function, and social health allows clinicians to better capture patients’
overall pain experience in response to treatment [114,115]. To meet this demand, the
National Institute of Health developed a concise, validated patient-reported outcome as-
sessment tool, the Patient-Reported Outcomes Measurement Information System (PROMIS)
(www.nihpromis.org, accessed on 9 June 2021). Nurses, surgeons, anesthesiologists and
pain clinicians can us this tool to track these patient-reported outcomes over time [114].
Since its introduction, PROMIS has been proven to be effective and reliable in capturing im-
portant subjective health-related quality of life outcomes [116-118]. Furthermore, it offers
the advantage of allowing patients to input data directly on their own, which minimizes
the risk for interpretation bias and lessens the burden on clinical workflow [116-118].

Data from PROMIS has been used to improve outcomes in pain patients. The Col-
laborative Health Outcomes Information Registry (CHOIR), developed by researchers at
Stanford University, incorporates PROMIS to help pain clinicians to survey and process
patient-reported data from adult and pediatric patients [119-123]. By utilizing a question-
naire from this registry, clinicians are able to identify important physical and psychological
risk factors that are predictive of poor pain outcomes [122-125]. Furthermore, it allows
the pain clinicians to allocate resources and individualize treatment strategies for these
high-risk patients [123-125].

The next step to further improve ERAS pathways could be through implementing
the individualized biometrics and patient-reported outcome measurement framework in
all phases of perioperative patient care. With personalized data, pain clinicians will be
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better equipped to manage patients” expectations, provide psychoeducation, and adjust
both pharmacological and non-pharmacological therapies according to functional needs.
Integration of patient-reported outcome tracking systems, such as PROMIS and CHOIR,
is not only useful in guiding therapy, but pain clinicians can also use this chain of data to
track patients’ outpatient rehabilitation and establish follow-up visits if necessary.

4. Conclusions

Comprehensive and multimodal pain management is an essential component in the
continuum of perioperative care to ensure optimal clinical outcomes for surgical patients.
Implementation of MMA strategies and enhanced recovery pathways has repeatedly been
shown to improve patient postsurgical outcomes. With increasing efforts being put into
providing patient-centered care and personalized medicine in perioperative settings, an
evidence-based framework to assess patient-specific data is not only useful, but necessary.
Incorporation of clinical pharmacogenomics and patient-reported outcome measurements
in treatment planning and shared decision-making can potentially further improve ef-
fectiveness and reduce harm in perioperative pain management. Some limitations of
these individualized measures include the lack of large-scale randomized clinical stud-
ies, unfamiliarity of these tests among clinical practitioners, and uncertainty of best use
and integration into regular workflows. Therefore, future research focusing on bridging
these knowledge gaps will be important of their eventual implementation. With ongoing
efforts on perioperative quality improvement, the field of personalized perioperative pain
medicine has tremendous potential.

Author Contributions: Conceptualization, Q.C. and X.Q.; writing—original draft preparation, Q.C.
and E.C.; writing—review and editing, Q.C., E.C. and X.Q. All authors have read and agreed to the
published version of the manuscript.

Funding: This work received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Acknowledgments: This work was supported with resources and the use of facilities at the Depart-
ment of Anesthesiology, Perioperative and Pain Medicine, Stanford University, School of Medicine
(Stanford, CA, USA). The contents do not represent the views of Stanford University.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Chou, R.; Gordon, D.B.; de Leon-Casasola, O.A.; Rosenberg, ].M.; Bickler, S.; Brennan, T.; Carter, T.; Cassidy, C.L.; Chittenden,
E.H.; Degenhardt, E.; et al. Management of Postoperative Pain: A Clinical Practice Guideline From the American Pain Society,
the American Society of Regional Anesthesia and Pain Medicine, and the American Society of Anesthesiologists” Committee on
Regional Anesthesia, Executive Committee, and Administrative Council. J. Pain 2016, 17, 131-157. [CrossRef] [PubMed]

Gan, T.J. Poorly controlled postoperative pain: Prevalence, consequences, and prevention. J. Pain Res. 2017, 10, 2287-2298.
[CrossRef]

Joshi, G.P,; Ogunnaike, B.O. Consequences of inadequate postoperative pain relief and chronic persistent postoperative pain.
Anesth. Clin. N. Am. 2005, 23, 21-36. [CrossRef]

Ip, HY.; Abrishami, A.; Peng, PW.; Wong, J.; Chung, E. Predictors of postoperative pain and analgesic consumption: A qualitative
systematic review. Anesthesiology 2009, 111, 657-677. [CrossRef]

Wu, C.L.; Naqgibuddin, M.; Rowlingson, A.J.; Lietman, S.A.; Jermyn, R.M.; Fleisher, L.A. The effect of pain on health-related
quality of life in the immediate postoperative period. Anesth. Analg. 2003, 97, 1078-1085, table of contents. [CrossRef]

Peters, M.L.; Sommer, M.; van Kleef, M.; Marcus, M.A. Predictors of physical and emotional recovery 6 and 12 months after
surgery. Br. |. Surg. 2010, 97, 1518-1527. [CrossRef] [PubMed]

Kehlet, H.; Jensen, T.S.; Woolf, C.J. Persistent postsurgical pain: Risk factors and prevention. Lancet 2006, 367, 1618-1625.
[CrossRef]


http://doi.org/10.1016/j.jpain.2015.12.008
http://www.ncbi.nlm.nih.gov/pubmed/26827847
http://doi.org/10.2147/JPR.S144066
http://doi.org/10.1016/j.atc.2004.11.013
http://doi.org/10.1097/ALN.0b013e3181aae87a
http://doi.org/10.1213/01.ANE.0000081722.09164.D5
http://doi.org/10.1002/bjs.7152
http://www.ncbi.nlm.nih.gov/pubmed/20737463
http://doi.org/10.1016/S0140-6736(06)68700-X

J. Clin. Med. 2021, 10, 2568 8of12

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Stoicea, N.; Costa, A.; Periel, L.; Uribe, A.; Weaver, T.; Bergese, S.D. Current perspectives on the opioid crisis in the US healthcare
system: A comprehensive literature review. Medicine 2019, 98, €15425. [CrossRef] [PubMed]

Baker, D.W. History of The Joint Commission’s Pain Standards: Lessons for Today’s Prescription Opioid Epidemic. JAMA ]. Am.
Med. Assoc. 2017, 317, 1117-1118. [CrossRef]

Hyland, S.J.; Brockhaus, K.K.; Vincent, WR.; Spence, N.Z.; Lucki, M.M.; Howkins, M.].; Cleary, R.K. Perioperative Pain
Management and Opioid Stewardship: A Practical Guide. Healthcare 2021, 9, 333. [CrossRef] [PubMed]

Wunsch, H.; Wijeysundera, D.N.; Passarella, M.A.; Neuman, M.D. Opioids Prescribed After Low-Risk Surgical Procedures in the
United States, 2004-2012. JAMA ]. Am. Med Assoc. 2016, 315, 1654-1657. [CrossRef]

El Moheb, M.; Mokhtari, A.; Han, K.; van Erp, I.; Kongkaewpaisan, N.; Jia, Z.; Rodriguez, G.; Kongwibulwut, M.; Kaafarani, H.M.;
International Patterns of Opioid Prescribing Workgroup. Pain or No Pain, We Will Give You Opioids: Relationship Between
Number of Opioid Pills Prescribed and Severity of Pain after Operation in US vs Non-US Patients. J. Am. Coll. Surg. 2020,
231, 639-648. [CrossRef]

Neuman, M.D.; Bateman, B.T.; Wunsch, H. Inappropriate opioid prescription after surgery. Lancet 2019, 393, 1547-1557. [CrossRef]
Pius, A.K,; Jones, E.; Bonnell, L.N.; Fujii, M.H.; MacLean, C.D. Patients” Experience With Opioid Pain Medication After Discharge
From Surgery: A Mixed-Methods Study. J. Surg. Res. 2020, 256, 328-337. [CrossRef] [PubMed]

Benyamin, R; Trescot, A.M.; Datta, S.; Buenaventura, R.; Adlaka, R.; Sehgal, N.; Glaser, S.E.; Vallejo, R. Opioid complications and
side effects. Pain Physician 2008, 11, S105-5120. [CrossRef] [PubMed]

Colvin, L.A,; Bull, F.; Hales, T.G. Perioperative opioid analgesia-when is enough too much? A review of opioid-induced tolerance
and hyperalgesia. Lancet 2019, 393, 1558-1568. [CrossRef]

Bell, T.M.; Raymond, J.; Vetor, A.; Mongalo, A.; Adams, Z.; Rouse, T.; Carroll, A. Long-term prescription opioid utilization,
substance use disorders, and opioid overdoses after adolescent trauma. J. Trauma Acute Care Surg. 2019, 87, 836-840. [CrossRef]
[PubMed]

Fearon, K.C.; Ljungqvist, O.; Von Meyenfeldt, M.; Revhaug, A.; Dejong, C.H.; Lassen, K.; Nygren, J.; Hausel, J.; Soop, M.;
Andersen, |.; et al. Enhanced recovery after surgery: A consensus review of clinical care for patients undergoing colonic resection.
Clin. Nutr. 2005, 24, 466—477. [CrossRef]

Lee, B.; Schug, S.A.; Joshi, G.P,; Kehlet, H.; Group, PW. Procedure-Specific Pain Management (PROSPECT)—An update. Best
Pract. Res. Clin. Anaesthesiol. 2018, 32, 101-111. [CrossRef]

Joshi, G.P.,; Van de Velde, M.; Kehlet, H.; Collaborators, PW.G. Development of evidence-based recommendations for procedure-
specific pain management: PROSPECT methodology. Anaesthesia 2019, 74, 1298-1304. [CrossRef] [PubMed]

Kehlet, H.; Wilkinson, R.C.; Fischer, H.B.; Camu, F.; Prospect Working Group. PROSPECT: Evidence-based, procedure-specific
postoperative pain management. Best Pract. Res. Clin. Anaesthesiol. 2007, 21, 149-159. [CrossRef]

Madani, A.; Fiore, J.E, Jr.; Wang, Y.; Bejjani, J.; Sivakumaran, L.; Mata, J.; Watson, D.; Carli, F.; Mulder, D.S.; Sirois, C.; et al.
An enhanced recovery pathway reduces duration of stay and complications after open pulmonary lobectomy. Surgery 2015,
158, 899-908. [CrossRef]

Gotlib Conn, L.; McKenzie, M.; Pearsall, E.A.; McLeod, R.S. Successful implementation of an enhanced recovery after surgery
programme for elective colorectal surgery: A process evaluation of champions” experiences. Implement. Sci. 2015, 10, 99.
[CrossRef]

Stowers, M.D.; Manuopangai, L.; Hill, A.G.; Gray, ].R.; Coleman, B.; Munro, ].T. Enhanced Recovery After Surgery in elective hip
and knee arthroplasty reduces length of hospital stay. ANZ J. Surg. 2016, 86, 475-479. [CrossRef]

Song, W.; Wang, K.; Zhang, R.J.; Dai, Q.X.; Zou, S.B. The enhanced recovery after surgery (ERAS) program in liver surgery:
A meta-analysis of randomized controlled trials. Springerplus 2016, 5, 207. [CrossRef]

Gustafsson, U.O.; Oppelstrup, H.; Thorell, A.; Nygren, J.; Ljungqvist, O. Adherence to the ERAS protocol is Associated with
5-Year Survival After Colorectal Cancer Surgery: A Retrospective Cohort Study. World J. Surg. 2016, 40, 1741-1747. [CrossRef]
[PubMed]

Nelson, G.; Kalogera, E.; Dowdy, S.C. Enhanced recovery pathways in gynecologic oncology. Gynecol. Oncol. 2014, 135, 586-594.
[CrossRef]

Meyer, L.A ; Lasala, ].; Iniesta, M.D.; Nick, A.M.; Munsell, M.E; Shi, Q.; Wang, X.S.; Cain, K.E.; Lu, K.H.; Ramirez, P.T. Effect of an
Enhanced Recovery After Surgery Program on Opioid Use and Patient-Reported Outcomes. Obstet. Gynecol. 2018, 132, 281-290.
[CrossRef]

Ljungqvist, O.; Scott, M.; Fearon, K.C. Enhanced Recovery After Surgery: A Review. JAMA Surg. 2017, 152, 292-298. [CrossRef]
[PubMed]

Wick, E.C.; Grant, M.C.; Wu, C.L. Postoperative Multimodal Analgesia Pain Management with Nonopioid Analgesics and
Techniques: A Review. JAMA Surg. 2017, 152, 691-697. [CrossRef] [PubMed]

Elia, N.; Lysakowski, C.; Tramer, M.R. Does multimodal analgesia with acetaminophen, nonsteroidal antiinflammatory drugs,
or selective cyclooxygenase-2 inhibitors and patient-controlled analgesia morphine offer advantages over morphine alone?
Meta-analyses of randomized trials. Anesthesiology 2005, 103, 1296-1304. [CrossRef] [PubMed]

Lee, A.; Cooper, M.G.; Craig, ].C.; Knight, ].F.; Keneally, J.P. Effects of nonsteroidal anti-inflammatory drugs on postoperative
renal function in adults with normal renal function. Cochrane Database Syst. Rev. 2007, 2, CD002765. [CrossRef]


http://doi.org/10.1097/MD.0000000000015425
http://www.ncbi.nlm.nih.gov/pubmed/31096439
http://doi.org/10.1001/jama.2017.0935
http://doi.org/10.3390/healthcare9030333
http://www.ncbi.nlm.nih.gov/pubmed/33809571
http://doi.org/10.1001/jama.2016.0130
http://doi.org/10.1016/j.jamcollsurg.2020.08.771
http://doi.org/10.1016/S0140-6736(19)30428-3
http://doi.org/10.1016/j.jss.2020.06.026
http://www.ncbi.nlm.nih.gov/pubmed/32731094
http://doi.org/10.36076/ppj.2008/11/S105
http://www.ncbi.nlm.nih.gov/pubmed/18443635
http://doi.org/10.1016/S0140-6736(19)30430-1
http://doi.org/10.1097/TA.0000000000002261
http://www.ncbi.nlm.nih.gov/pubmed/30889139
http://doi.org/10.1016/j.clnu.2005.02.002
http://doi.org/10.1016/j.bpa.2018.06.012
http://doi.org/10.1111/anae.14776
http://www.ncbi.nlm.nih.gov/pubmed/31292953
http://doi.org/10.1016/j.bpa.2006.12.001
http://doi.org/10.1016/j.surg.2015.04.046
http://doi.org/10.1186/s13012-015-0289-y
http://doi.org/10.1111/ans.13538
http://doi.org/10.1186/s40064-016-1793-5
http://doi.org/10.1007/s00268-016-3460-y
http://www.ncbi.nlm.nih.gov/pubmed/26913728
http://doi.org/10.1016/j.ygyno.2014.10.006
http://doi.org/10.1097/AOG.0000000000002735
http://doi.org/10.1001/jamasurg.2016.4952
http://www.ncbi.nlm.nih.gov/pubmed/28097305
http://doi.org/10.1001/jamasurg.2017.0898
http://www.ncbi.nlm.nih.gov/pubmed/28564673
http://doi.org/10.1097/00000542-200512000-00025
http://www.ncbi.nlm.nih.gov/pubmed/16306743
http://doi.org/10.1002/14651858.CD002765.pub3

J. Clin. Med. 2021, 10, 2568 9of 12

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Apfel, C.C; Turan, A.; Souza, K.; Pergolizzi, J.; Hornuss, C. Intravenous acetaminophen reduces postoperative nausea and
vomiting: A systematic review and meta-analysis. Pain 2013, 154, 677-689. [CrossRef]

Pettersson, P.H.; Jakobsson, J.; Owall, A. Intravenous acetaminophen reduced the use of opioids compared with oral administra-
tion after coronary artery bypass grafting. | Cardiothorac. Vasc. Anesth. 2005, 19, 306-309. [CrossRef]

Ghanem, C.I; Perez, M.].; Manautou, ].E.; Mottino, A.D. Acetaminophen from liver to brain: New insights into drug pharmaco-
logical action and toxicity. Pharmacol. Res. 2016, 109, 119-131. [CrossRef] [PubMed]

Peng, PW.; Wijeysundera, D.N.; Li, C.C. Use of gabapentin for perioperative pain control—A meta-analysis. Pain Res. Manag.
2007, 12, 85-92. [CrossRef]

Ho, K.Y; Gan, T.J.; Habib, A.S. Gabapentin and postoperative pain—a systematic review of randomized controlled trials. Pain
2006, 126, 91-101. [CrossRef]

Hurley, RW.; Cohen, S.P.; Williams, K.A.; Rowlingson, A.].; Wu, C.L. The analgesic effects of perioperative gabapentin on
postoperative pain: A meta-analysis. Reg. Anesth. Pain Med. 2006, 31, 237-247. [CrossRef]

Zhai, L.; Song, Z.; Liu, K. The Effect of Gabapentin on Acute Postoperative Pain in Patients Undergoing Total Knee Arthroplasty:
A Meta-Analysis. Medicine 2016, 95, €3673. [CrossRef]

Fan, K.L.; Luvisa, K; Black, C.K.; Wirth, P; Nigam, M.; Camden, R.; Won Lee, D.; Myers, J.; Song, D.H. Gabapentin Decreases
Narcotic Usage: Enhanced Recovery after Surgery Pathway in Free Autologous Breast Reconstruction. Plast. Reconstr. Surg. Glob.
Open 2019, 7, €2350. [CrossRef] [PubMed]

Han, C.; Kuang, M.J.; Ma, J.X;; Ma, X.L. The Efficacy of Preoperative Gabapentin in Spinal Surgery: A Meta-Analysis of
Randomized Controlled Trials. Pain Physician 2017, 20, 649-661.

Kharasch, E.D.; Clark, J.D.; Kheterpal, S. Perioperative Gabapentinoids: Deflating the Bubble. Anesthesiology 2020, 133, 251-254.
[CrossRef] [PubMed]

Beverly, A.; Kaye, A.D.; Ljungqvist, O.; Urman, R.D. Essential Elements of Multimodal Analgesia in Enhanced Recovery After
Surgery (ERAS) Guidelines. Anesth. Clin. 2017, 35, e115-e143. [CrossRef] [PubMed]

Verret, M.; Lauzier, F,; Zarychanski, R.; Perron, C.; Savard, X.; Pinard, A.M.; Leblanc, G.; Cossi, M.].; Neveu, X.; Turgeon, A.F; et al.
Perioperative Use of Gabapentinoids for the Management of Postoperative Acute Pain: A Systematic Review and Meta-analysis.
Anesthesiology 2020, 133, 265-279. [CrossRef]

Habh, ]J.; Mackey, S.C.; Schmidt, P.; McCue, R.; Humphreys, K.; Trafton, J.; Efron, B.; Clay, D.; Sharifzadeh, Y.; Ruchelli, G.;
et al. Effect of Perioperative Gabapentin on Postoperative Pain Resolution and Opioid Cessation in a Mixed Surgical Cohort: A
Randomized Clinical Trial. JAMA Surg. 2018, 153, 303-311. [CrossRef] [PubMed]

Petrenko, A.B.; Yamakura, T.; Baba, H.; Shimoji, K. The role of N-methyl-D-aspartate (NMDA) receptors in pain: A review. Anesth.
Analg. 2003, 97, 1108-1116. [CrossRef]

Gritsenko, K.; Khelemsky, Y.; Kaye, A.D.; Vadivelu, N.; Urman, R.D. Multimodal therapy in perioperative analgesia. Best Pract.
Res. Clin. Anaesthesiol. 2014, 28, 59-79. [CrossRef]

De Oliveira, G.S,, Jr.; Castro-Alves, L.J.; Khan, J.H.; McCarthy, R.J. Perioperative systemic magnesium to minimize postoperative
pain: A meta-analysis of randomized controlled trials. Anesthesiology 2013, 119, 178-190. [CrossRef]

Wang, L.; Johnston, B.; Kaushal, A.; Cheng, D.; Zhu, F; Martin, J. Ketamine added to morphine or hydromorphone patient-
controlled analgesia for acute postoperative pain in adults: A systematic review and meta-analysis of randomized trials. Can. J.
Anaesth. 2016, 63, 311-325. [CrossRef]

Brinck, E.C.; Tiippana, E.; Heesen, M.; Bell, R.F,; Straube, S.; Moore, R.A.; Kontinen, V. Perioperative intravenous ketamine for
acute postoperative pain in adults. Cochrane Database Syst. Rev. 2018, 12, CD012033. [CrossRef] [PubMed]

Wu, GJ.; Chen, T.L.; Ueng, Y.F; Chen, R.M. Ketamine inhibits tumor necrosis factor-alpha and interleukin-6 gene expressions
in lipopolysaccharide-stimulated macrophages through suppression of toll-like receptor 4-mediated c-Jun N-terminal kinase
phosphorylation and activator protein-1 activation. Toxicol. Appl. Pharmacol. 2008, 228, 105-113. [CrossRef]

Nielsen, R.V.; Fomsgaard, ].S.; Siegel, H.; Martusevicius, R.; Nikolajsen, L.; Dahl, ].B.; Mathiesen, O. Intraoperative ketamine
reduces immediate postoperative opioid consumption after spinal fusion surgery in chronic pain patients with opioid dependency:
A randomized, blinded trial. Pain 2017, 158, 463-470. [CrossRef] [PubMed]

Chaparro, L.E.; Smith, S.A.; Moore, R.A.; Wiffen, PJ.; Gilron, I. Pharmacotherapy for the prevention of chronic pain after surgery
in adults. Cochrane Database Syst. Rev. 2013, CD008307. [CrossRef] [PubMed]

Beaussier, M.; Delbos, A.; Maurice-Szamburski, A.; Ecoffey, C.; Mercadal, L. Perioperative Use of Intravenous Lidocaine. Drugs
2018, 78, 1229-1246. [CrossRef] [PubMed]

Kaszynski, M.; Lewandowska, D.; Sawicki, P.; Wojcieszak, P.; Pagowska-Klimek, I. Efficacy of intravenous lidocaine infusions
for pain relief in children undergoing laparoscopic appendectomy: A randomized controlled trial. BMC Anesth. 2021, 21, 2.
[CrossRef]

Ghimire, A.; Subedi, A.; Bhattarai, B.; Sah, B.P. The effect of intraoperative lidocaine infusion on opioid consumption and pain
after totally extraperitoneal laparoscopic inguinal hernioplasty: A randomized controlled trial. BMC Anesth. 2020, 20, 137.
[CrossRef]

Sun, Y,; Li, T.; Wang, N.; Yun, Y.; Gan, T.J. Perioperative systemic lidocaine for postoperative analgesia and recovery after
abdominal surgery: A meta-analysis of randomized controlled trials. Dis. Colon. Rectum. 2012, 55, 1183-1194. [CrossRef]


http://doi.org/10.1016/j.pain.2012.12.025
http://doi.org/10.1053/j.jvca.2005.03.006
http://doi.org/10.1016/j.phrs.2016.02.020
http://www.ncbi.nlm.nih.gov/pubmed/26921661
http://doi.org/10.1155/2007/840572
http://doi.org/10.1016/j.pain.2006.06.018
http://doi.org/10.1097/00115550-200605000-00011
http://doi.org/10.1097/MD.0000000000003673
http://doi.org/10.1097/GOX.0000000000002350
http://www.ncbi.nlm.nih.gov/pubmed/31592040
http://doi.org/10.1097/ALN.0000000000003394
http://www.ncbi.nlm.nih.gov/pubmed/32667153
http://doi.org/10.1016/j.anclin.2017.01.018
http://www.ncbi.nlm.nih.gov/pubmed/28526156
http://doi.org/10.1097/ALN.0000000000003428
http://doi.org/10.1001/jamasurg.2017.4915
http://www.ncbi.nlm.nih.gov/pubmed/29238824
http://doi.org/10.1213/01.ANE.0000081061.12235.55
http://doi.org/10.1016/j.bpa.2014.03.001
http://doi.org/10.1097/ALN.0b013e318297630d
http://doi.org/10.1007/s12630-015-0551-4
http://doi.org/10.1002/14651858.CD012033.pub4
http://www.ncbi.nlm.nih.gov/pubmed/30570761
http://doi.org/10.1016/j.taap.2007.11.027
http://doi.org/10.1097/j.pain.0000000000000782
http://www.ncbi.nlm.nih.gov/pubmed/28067693
http://doi.org/10.1002/14651858.CD008307.pub2
http://www.ncbi.nlm.nih.gov/pubmed/23881791
http://doi.org/10.1007/s40265-018-0955-x
http://www.ncbi.nlm.nih.gov/pubmed/30117019
http://doi.org/10.1186/s12871-020-01218-0
http://doi.org/10.1186/s12871-020-01054-2
http://doi.org/10.1097/DCR.0b013e318259bcd8

J. Clin. Med. 2021, 10, 2568 10 of 12

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.
80.

81.

82.

83.

McCarthy, G.C.; Megalla, S.A.; Habib, A.S. Impact of intravenous lidocaine infusion on postoperative analgesia and recovery
from surgery: A systematic review of randomized controlled trials. Drugs 2010, 70, 1149-1163. [CrossRef]

Choi, J.; Zamary, K.; Barreto, N.B.; Tennakoon, L.; Davis, K.M.; Trickey, A.W.; Spain, D.A. Intravenous lidocaine as a non-opioid
adjunct analgesic for traumatic rib fractures. PLoS ONE 2020, 15, e0239896. [CrossRef]

Lii, T.R.; Aggarwal, A.K. Comparison of intravenous lidocaine versus epidural anesthesia for traumatic rib fracture pain:
A retrospective cohort study. Reg. Anesth. Pain Med. 2020, 45, 628-633. [CrossRef]

Weibel, S.; Jelting, Y.; Pace, N.L.; Helf, A.; Eberhart, L.H.; Hahnenkamp, K.; Hollmann, M.W.; Poepping, D.M.; Schnabel, A.;
Kranke, P. Continuous intravenous perioperative lidocaine infusion for postoperative pain and recovery in adults. Cochrane
Database Syst. Rev. 2018, 6, CD009642. [CrossRef]

Guay, J.; Kopp, S. Epidural pain relief versus systemic opioid-based pain relief for abdominal aortic surgery. Cochrane Database
Syst. Rev. 2016, CD005059. [CrossRef]

Joshi, G.P; Bonnet, F.; Shah, R.; Wilkinson, R.C.; Camu, E; Fischer, B.; Neugebauer, E.A.; Rawal, N.; Schug, S.A.; Simanski, C.;
et al. A systematic review of randomized trials evaluating regional techniques for postthoracotomy analgesia. Anesth. Analg.
2008, 107, 1026-1040. [CrossRef] [PubMed]

Popping, D.M.; Elia, N.; Van Aken, HK.; Marret, E.; Schug, S.A.; Kranke, P.; Wenk, M.; Tramer, M.R. Impact of epidural analgesia
on mortality and morbidity after surgery: Systematic review and meta-analysis of randomized controlled trials. Ann. Surg. 2014,
259, 1056-1067. [CrossRef] [PubMed]

Guay, J.; Kopp, S. Epidural analgesia for adults undergoing cardiac surgery with or without cardiopulmonary bypass. Cochrane
Database Syst. Rev. 2019, 3, CD006715. [CrossRef]

Levy, B.F,; Scott, M.]J.; Fawcett, W.; Fry, C.; Rockall, T.A. Randomized clinical trial of epidural, spinal or patient-controlled
analgesia for patients undergoing laparoscopic colorectal surgery. Br. J. Surg. 2011, 98, 1068-1078. [CrossRef] [PubMed]

Mitra, S.; Carlyle, D.; Kodumudi, G.; Kodumudi, V.; Vadivelu, N. New Advances in Acute Postoperative Pain Management. Curr.
Pain Headache Rep. 2018, 22, 35. [CrossRef]

Charlton, S.; Cyna, A.M.; Middleton, P,; Griffiths, ].D. Perioperative transversus abdominis plane (TAP) blocks for analgesia after
abdominal surgery. Cochrane Database Syst. Rev. 2010, CD007705. [CrossRef]

Brogi, E.; Kazan, R.; Cyr, S.; Giunta, F.; Hemmerling, T.M. Transversus abdominal plane block for postoperative analgesia: A
systematic review and meta-analysis of randomized-controlled trials. Can. |. Anaesth. 2016, 63, 1184-1196. [CrossRef] [PubMed]
Peng, K.; Ji, EH.; Liu, H.Y,; Wu, S.R. Ultrasound-Guided Transversus Abdominis Plane Block for Analgesia in Laparoscopic
Cholecystectomy: A Systematic Review and Meta-Analysis. Med. Princ. Pract. 2016, 25, 237-246. [CrossRef]

Liu, X,; Song, T.; Chen, X.; Zhang, J.; Shan, C.; Chang, L.; Xu, H. Quadratus lumborum block versus transversus abdominis
plane block for postoperative analgesia in patients undergoing abdominal surgeries: A systematic review and meta-analysis of
randomized controlled trials. BMC Anesth. 2020, 20, 53. [CrossRef]

Chin, K.J.; El-Boghdadly, K. Mechanisms of action of the erector spinae plane (ESP) block: A narrative review. Can. J. Anaesth.
2021, 68, 387-408. [CrossRef]

Saadawi, M.; Layera, S.; Aliste, J.; Bravo, D.; Leurcharusmee, P.; Tran, Q. Erector spinae plane block: A narrative review with
systematic analysis of the evidence pertaining to clinical indications and alternative truncal blocks. J. Clin. Anesth. 2021, 68, 110063.
[CrossRef] [PubMed]

Echeverria-Villalobos, M.; Stoicea, N.; Todeschini, A.B.; Fiorda-Diaz, J.; Uribe, A.A.; Weaver, T.; Bergese, S.D. Enhanced Recovery
After Surgery (ERAS): A Perspective Review of Postoperative Pain Management Under ERAS Pathways and Its Role on Opioid
Crisis in the United States. Clin. J. Pain 2020, 36, 219-226. [CrossRef] [PubMed]

King, A.B.; Spann, M.D,; Jablonski, P.; Wanderer, J.P.; Sandberg, W.S.; McEvoy, M.D. An enhanced recovery program for bariatric
surgical patients significantly reduces perioperative opioid consumption and postoperative nausea. Surg. Obes. Relat. Dis. 2018,
14, 849-856. [CrossRef]

Lester, S.A.; Kim, B.; Tubinis, M.D.; Morgan, C.J.; Powell, M.F. Impact of an enhanced recovery program for cesarean delivery on
postoperative opioid use. Int. |. Obstet. Anesth. 2020, 43, 47-55. [CrossRef] [PubMed]

Uraco, AM.; McGuire, J.; Marsh, ].W.; Wang, H. Impact of the implementation of enhanced recovery after surgery (ERAS)
pathways on opioid consumption: A pilot study. J. Clin. Anesth. 2021, 71, 110226. [CrossRef]

Kupfer, ].M.; Bond, E.U. Patient satisfaction and patient-centered care: Necessary but not equal. JAMA ]. Am. Med. Assoc. 2012,
308, 139-140. [CrossRef]

Bergeson, S.C.; Dean, ].D. A systems approach to patient-centered care. JAMA ]. Am. Med. Assoc. 2006, 296, 2848-2851. [CrossRef]
Rathert, C.; Wyrwich, M.D.; Boren, S.A. Patient-centered care and outcomes: A systematic review of the literature. Med. Care Res.
Rev. 2013, 70, 351-379. [CrossRef]

Packiasabapathy, S.; Horn, N.; Sadhasivam, S. Genetics of perioperative pain management. Curr. Opin. Anaesthesiol. 2018,
31, 749-755. [CrossRef] [PubMed]

Iravani, M.; Lee, L.K.; Cannesson, M. Standardized Care Versus Precision Medicine in the Perioperative Setting: Can Point-of-Care
Testing Help Bridge the Gap? Anesth. Analg. 2017, 124, 1347-1353. [CrossRef] [PubMed]

Cornett, EM.; Turpin, M.A.C.; Pinner, A.; Thakur, P.; Sekaran, T.S.G.; Siddaiah, H.; Rivas, J.; Yates, A.; Huang, G.J.; Senthil, A.;
et al. Pharmacogenomics of Pain Management: The Impact of Specific Biological Polymorphisms on Drugs and Metabolism. Curr.
Oncol. Rep. 2020, 22, 18. [CrossRef] [PubMed]


http://doi.org/10.2165/10898560-000000000-00000
http://doi.org/10.1371/journal.pone.0239896
http://doi.org/10.1136/rapm-2019-101120
http://doi.org/10.1002/14651858.CD009642.pub3
http://doi.org/10.1002/14651858.CD005059.pub4
http://doi.org/10.1213/01.ane.0000333274.63501.ff
http://www.ncbi.nlm.nih.gov/pubmed/18713924
http://doi.org/10.1097/SLA.0000000000000237
http://www.ncbi.nlm.nih.gov/pubmed/24096762
http://doi.org/10.1002/14651858.CD006715.pub3
http://doi.org/10.1002/bjs.7545
http://www.ncbi.nlm.nih.gov/pubmed/21590762
http://doi.org/10.1007/s11916-018-0690-8
http://doi.org/10.1002/14651858.CD007705.pub2
http://doi.org/10.1007/s12630-016-0679-x
http://www.ncbi.nlm.nih.gov/pubmed/27307177
http://doi.org/10.1159/000444688
http://doi.org/10.1186/s12871-020-00967-2
http://doi.org/10.1007/s12630-020-01875-2
http://doi.org/10.1016/j.jclinane.2020.110063
http://www.ncbi.nlm.nih.gov/pubmed/33032124
http://doi.org/10.1097/AJP.0000000000000792
http://www.ncbi.nlm.nih.gov/pubmed/31868759
http://doi.org/10.1016/j.soard.2018.02.010
http://doi.org/10.1016/j.ijoa.2020.01.005
http://www.ncbi.nlm.nih.gov/pubmed/32044216
http://doi.org/10.1016/j.jclinane.2021.110226
http://doi.org/10.1001/jama.2012.7381
http://doi.org/10.1001/jama.296.23.2848
http://doi.org/10.1177/1077558712465774
http://doi.org/10.1097/ACO.0000000000000660
http://www.ncbi.nlm.nih.gov/pubmed/30239351
http://doi.org/10.1213/ANE.0000000000001663
http://www.ncbi.nlm.nih.gov/pubmed/28027087
http://doi.org/10.1007/s11912-020-0865-4
http://www.ncbi.nlm.nih.gov/pubmed/32030524

J. Clin. Med. 2021, 10, 2568 11 of 12

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

Zhang, X.; Liang, Y.; Zhang, N.; Yan, Y.; Liu, S.; Fengxi, H.; Zhao, D.; Chu, H. The Relevance of the OPRM1 118A>G Genetic
Variant for Opioid Requirement in Pain Treatment: A Meta-Analysis. Pain Physician 2019, 22, 331-340.

Hwang, I.C,; Park, ].Y,; Myung, S.K.; Ahn, H.Y,; Fukuda, K.; Liao, Q. OPRM1 A118G gene variant and postoperative opioid
requirement: A systematic review and meta-analysis. Anesthesiology 2014, 121, 825-834. [CrossRef] [PubMed]

Bertilsson, L.; Dahl, M.-L.; Dalén, P.; Al-Shurbaji, A. Molecular genetics of CYP2D6: Clinical relevance with focus on psychotropic
drugs. Br. J. Clin. Pharmacol. 2002, 53, 111-122. [CrossRef]

Crews, K.R,; Gaedigk, A.; Dunnenberger, H.M.; Leeder, ].S.; Klein, T.E.; Caudle, K.E.; Haidar, C.E.; Shen, D.D.; Callaghan, ].T.;
Sadhasivam, S.; et al. Clinical Pharmacogenetics Implementation Consortium guidelines for cytochrome P450 2D6 genotype and
codeine therapy: 2014 update. Clin. Pharmacol. Ther. 2014, 95, 376-382. [CrossRef]

Prommer, E. Oxymorphone: A review. Support. Care Cancer 2006, 14, 109-115. [CrossRef]

Inturrisi, C.E. Clinical pharmacology of opioids for pain. Clin. J. Pain 2002, 18, S3-S13. [CrossRef]

Stamer, U.M.; Zhang, L.; Book, M.; Lehmann, L.E.; Stuber, F.; Musshoff, F. CYP2D6 genotype dependent oxycodone metabolism
in postoperative patients. PLoS ONE 2013, 8, e60239. [CrossRef]

Balyan, R.; Mecoli, M.; Venkatasubramanian, R.; Chidambaran, V.; Kamos, N.; Clay, S.; Moore, D.L.; Mavi, ].; Glover, C.D.;
Szmuk, P; et al. CYP2D6 pharmacogenetic and oxycodone pharmacokinetic association study in pediatric surgical patients.
Pharmacogenomics 2017, 18, 337-348. [CrossRef]

Feierman, D.E.; Lasker, ]. M. Metabolism of fentanyl, a synthetic opioid analgesic, by human liver microsomes. Role of CYP3A4.
Drug Metab. Dispos. Biol. Fate Chem. 1996, 24, 932-939. [PubMed]

Lv, J.; Liu, E; Feng, N.; Sun, X,; Tang, J.; Xie, L.; Wang, Y. CYP3A4 gene polymorphism is correlated with individual consumption
of sufentanil. Acta Anaesthesiol. Scand. 2018, 62, 1367-1373. [CrossRef]

Labroo, R.B.; Paine, M.F,; Thummel, K.E.; Kharasch, E.D. Fentanyl metabolism by human hepatic and intestinal cytochrome P450
3A4: Implications for interindividual variability in disposition, efficacy, and drug interactions. Drug Metab. Dispos. Biol. Fate
Chem. 1997, 25, 1072-1080. [PubMed]

Yun, C.-H.; Wood, M.; Wood, A.J.; Guengerich, F.P. Identification of the Pharmacogenetic Determinants of Alfentanil Metabolism:
Cytochrome P-450 3A4 An Explanation of the Variable Elimination Clearance. J. Am. Soc. Anesthesiol. 1992, 77, 467—474. [CrossRef]
[PubMed]

Guitton, J.; Buronfosse, T.; Désage, M.; Lepape, A.; Brazier, ].L.; Beaune, P. Possible involvement of multiple cytochrome P450S in
fentanyl and sufentanil metabolism as opposed to alfentanil. Biochem. Pharmacol. 1997, 53, 1613-1619. [CrossRef]

Liao, Q.; Chen, D.-J.; Zhang, F,; Li, L.; Hu, R.; Tang, Y.Z.; Ou-Yang, W.; Huang, D. Effect of CYP3A4*18B polymorphisms and
interactions with OPRM1 A118G on postoperative fentanyl requirements in patients undergoing radical gastrectomy. Mol. Med.
Rep. 2013, 7,901-908. [CrossRef]

Choi, S.-W.; Lam, D.M.; Wong, S.S.; Shiu, H.H.; Wang, A.X.; Cheung, C.-W. Effects of Single Nucleotide Polymorphisms on
Surgical and Postsurgical Opioid Requirements. Clin. J. Pain 2017, 33, 1117-1130. [CrossRef]

Zhang, H.; Chen, M.; Wang, X.; Yu, S. Patients with CYP3A4*1G genetic polymorphism consumed significantly lower amount of
sufentanil in general anesthesia during lung resection. Medicine 2017, 96, e6013. [CrossRef]

Figueiras, A.; Estany-Gestal, A.; Aguirre, C.; Ruiz, B.; Vidal, X.; Carvajal, A.; Salado, I.; Salgado-Barreira, A.; Rodella, L.;
Moretti, U.; et al. CYP2C9 variants as a risk modifier of NSAID-related gastrointestinal bleeding: A case-control study. Pharm.
Genom. 2016, 26, 66-73. [CrossRef]

Zajic, S.C.; Jarvis, ].P.; Zhang, P; Rajula, K.D.; Brangan, A.; Brenner, R.; Dempsey, M.P,; Christman, M.F. Individuals with CYP2C8
and CYP2C9 reduced metabolism haplotypes self-adjusted ibuprofen dose in the Coriell Personalized Medicine Collaborative.
Pharm. Genom. 2019, 29, 49-57. [CrossRef] [PubMed]

Lee, H.-I; Bae, J.-W.; Choi, C.-L; Lee, Y.-J.; Byeon, J.-Y.; Jang, C.-G.; Lee, S.-Y. Strongly increased exposure of meloxicam in
CYP2C9*3 /%3 individuals. Pharm. Genom. 2013, 24, 113-117. [CrossRef] [PubMed]

Theken, K.N.; Lee, C.R.; Gong, L.; Caudle, K.E.; Formea, C.M.; Gaedigk, A.; Klein, T.E.; Agindez, ].A.G.; Grosser, T. Clinical
Pharmacogenetics Implementation Consortium Guideline (CPIC) for CYP2C9 and Nonsteroidal Anti-Inflammatory Drugs. Clin.
Pharm. Ther. 2020, 108, 191-200. [CrossRef] [PubMed]

Li, Y.; Coller, J.K.; Hutchinson, M.R.; Klein, K.; Zanger, UM.; Stanley, N.J.; Abell, A.D.; Somogyi, A.A. The CYP2B6%6 allele
significantly alters the N-demethylation of ketamine enantiomers in vitro. Drug Metab. Dispos. Biol. Fate Chem. 2013, 41, 1264-1272.
[CrossRef]

Wang, P-E; Neiner, A.; Kharasch, E.D. Stereoselective Ketamine Metabolism by Genetic Variants of Cytochrome P450 CYP2B6
and Cytochrome P450 Oxidoreductase. Anesthesiology 2018, 129, 756-768. [CrossRef]

Li, Y,; Jackson, K.A.; Slon, B.; Hardy, J.R.; Franco, M.; William, L.; Poon, P.; Coller, J.K.; Hutchinson, M.R.; Currow, D.C.; et al.
CYP2B6%6 allele and age substantially reduce steady-state ketamine clearance in chronic pain patients: Impact on adverse effects.
Br. J. Clin. Pharmacol. 2015, 80, 276-284. [CrossRef] [PubMed]

Panigel, J.; Cook, S.P. A point mutation at F1737 of the human Nav1.7 sodium channel decreases inhibition by local anesthetics.
J. Neurogenet. 2011, 25, 134-139. [CrossRef] [PubMed]

Wu, M.T,; Huang, P.Y.; Yen, C.T.; Chen, C.C.; Lee, M.]. A novel SCN9A mutation responsible for primary erythromelalgia and is
resistant to the treatment of sodium channel blockers. PLoS ONE 2013, 8, e55212. [CrossRef]


http://doi.org/10.1097/ALN.0000000000000405
http://www.ncbi.nlm.nih.gov/pubmed/25102313
http://doi.org/10.1046/j.0306-5251.2001.01548.x
http://doi.org/10.1038/clpt.2013.254
http://doi.org/10.1007/s00520-005-0917-1
http://doi.org/10.1097/00002508-200207001-00002
http://doi.org/10.1371/journal.pone.0060239
http://doi.org/10.2217/pgs-2016-0183
http://www.ncbi.nlm.nih.gov/pubmed/8886601
http://doi.org/10.1111/aas.13178
http://www.ncbi.nlm.nih.gov/pubmed/9311623
http://doi.org/10.1097/00000542-199209000-00011
http://www.ncbi.nlm.nih.gov/pubmed/1519785
http://doi.org/10.1016/S0006-2952(96)00893-3
http://doi.org/10.3892/mmr.2013.1270
http://doi.org/10.1097/AJP.0000000000000498
http://doi.org/10.1097/MD.0000000000006013
http://doi.org/10.1097/FPC.0000000000000186
http://doi.org/10.1097/FPC.0000000000000364
http://www.ncbi.nlm.nih.gov/pubmed/30562214
http://doi.org/10.1097/FPC.0000000000000025
http://www.ncbi.nlm.nih.gov/pubmed/24322170
http://doi.org/10.1002/cpt.1830
http://www.ncbi.nlm.nih.gov/pubmed/32189324
http://doi.org/10.1124/dmd.113.051631
http://doi.org/10.1097/ALN.0000000000002371
http://doi.org/10.1111/bcp.12614
http://www.ncbi.nlm.nih.gov/pubmed/25702819
http://doi.org/10.3109/01677063.2011.629702
http://www.ncbi.nlm.nih.gov/pubmed/22074404
http://doi.org/10.1371/journal.pone.0055212

J. Clin. Med. 2021, 10, 2568 12 of 12

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

Sheets, P.L.; Jackson, J.O., 2nd; Waxman, S.G.; Dib-Hajj, S.D.; Cummins, T.R. A Nav1.7 channel mutation associated with
hereditary erythromelalgia contributes to neuronal hyperexcitability and displays reduced lidocaine sensitivity. J. Physiol. 2007,
581,1019-1031. [CrossRef]

Dib-Hajj, S.D.; Yang, Y.; Waxman, S.G. Genetics and molecular pathophysiology of Na(v)1.7-related pain syndromes. Adv. Genet.
2008, 63, 85-110. [CrossRef]

Coluzzi, F,; Bifulco, F.; Cuomo, A.; Dauri, M.; Leonardi, C.; Melotti, R.M.; Natoli, S.; Romualdi, P.; Savoia, G.; Corcione, A. The
challenge of perioperative pain management in opioid-tolerant patients. Ther. Clin. Risk Manag. 2017, 13, 1163-1173. [CrossRef]
[PubMed]

Schwan, J.; Sclafani, J.; Tawfik, V.L. Chronic Pain Management in the Elderly. Anesth. Clin. 2019, 37, 547-560. [CrossRef] [PubMed]
Horn, A.; Kaneshiro, K.; Tsui, B.C.H. Preemptive and Preventive Pain Psychoeducation and Its Potential Application as a
Multimodal Perioperative Pain Control Option: A Systematic Review. Anesth. Analg. 2020, 130, 559-573. [CrossRef]

Cella, D.; Yount, S.; Rothrock, N.; Gershon, R.; Cook, K.; Reeve, B.; Ader, D.; Fries, ].E,; Bruce, B.; Rose, M.; et al. The Patient-
Reported Outcomes Measurement Information System (PROMIS): Progress of an NIH Roadmap cooperative group during its
first two years. Med. Care 2007, 45, S3-S11. [CrossRef] [PubMed]

Baumbhauer, J.E; Bozic, K.J. Value-based Healthcare: Patient-reported Outcomes in Clinical Decision Making. Clin. Orthop. Relat.
Res. 2016, 474, 1375-1378. [CrossRef]

Cella, D.; Riley, W.; Stone, A.; Rothrock, N.; Reeve, B.; Yount, S.; Amtmann, D.; Bode, R.; Buysse, D.; Choi, S.; et al. The Patient-
Reported Outcomes Measurement Information System (PROMIS) developed and tested its first wave of adult self-reported health
outcome item banks: 2005-2008. J. Clin. Epidemiol. 2010, 63, 1179-1194. [CrossRef]

Cella, D.; Choi, S.W.; Condon, D.M.; Schalet, B.; Hays, R.D.; Rothrock, N.E.; Yount, S.; Cook, K.E; Gershon, R.C.; Amtmann, D.;
et al. PROMIS((R)) Adult Health Profiles: Efficient Short-Form Measures of Seven Health Domains. Value Health 2019, 22, 537-544.
[CrossRef]

Cook, K.F; Jensen, S.E.; Schalet, B.D.; Beaumont, J.L.; Amtmann, D.; Czajkowski, S.; Dewalt, D.A; Fries, ].F.; Pilkonis, P.A.; Reeve,
B.B.; et al. PROMIS measures of pain, fatigue, negative affect, physical function, and social function demonstrated clinical validity
across a range of chronic conditions. . Clin. Epidemiol. 2016, 73, 89-102. [CrossRef]

Scherrer, K.H.; Ziadni, M.S.; Kong, ].T.; Sturgeon, ]J.A.; Salmasi, V.; Hong, J.; Cramer, E.; Chen, A.L.; Pacht, T.; Olson, G.; et al.
Development and validation of the Collaborative Health Outcomes Information Registry body map. Pain Rep. 2021, 6, e880.
[CrossRef]

Rosenberg, G.M.; Shearer, E.J.; Zion, S.R.; Mackey, S.C.; Morris, A.M.; Spain, D.A.; Weiser, T.G. Implementation Challenges Using
a Novel Method for Collecting Patient-Reported Outcomes After Injury. J. Surg. Res. 2019, 241, 277-284. [CrossRef]

Dressler, A.M.; Gillman, A.G.; Wasan, A.D. A narrative review of data collection and analysis guidelines for comparative
effectiveness research in chronic pain using patient-reported outcomes and electronic health records. J. Pain Res. 2019, 12, 491-500.
[CrossRef]

Bhandari, R.P; Feinstein, A.B.; Huestis, S.E.; Krane, E.J.; Dunn, A.L.; Cohen, L.L.; Kao, M.C.; Darnall, B.D.; Mackey, S.C. Pediatric-
Collaborative Health Outcomes Information Registry (Peds-CHOIR): A learning health system to guide pediatric pain research
and treatment. Pain 2016, 157, 2033-2044. [CrossRef] [PubMed]

Sturgeon, J.A.; Darnall, B.D.; Kao, M.C.; Mackey, S.C. Physical and psychological correlates of fatigue and physical function:
A Collaborative Health Outcomes Information Registry (CHOIR) study. J. Pain 2015, 16, 291-298. [CrossRef] [PubMed]

Khan, J.S.; Hah, ].M.; Mackey, S.C. Effects of smoking on patients with chronic pain: A propensity-weighted analysis on the
Collaborative Health Outcomes Information Registry. Pain 2019, 160, 2374-2379. [CrossRef] [PubMed]

Hah, J.M.; Sturgeon, J.A.; Zocca, J.; Sharifzadeh, Y.; Mackey, S.C. Factors associated with prescription opioid misuse in a
cross-sectional cohort of patients with chronic non-cancer pain. J. Pain Res. 2017, 10, 979-987. [CrossRef] [PubMed]


http://doi.org/10.1113/jphysiol.2006.127027
http://doi.org/10.1016/S0065-2660(08)01004-3
http://doi.org/10.2147/TCRM.S141332
http://www.ncbi.nlm.nih.gov/pubmed/28919771
http://doi.org/10.1016/j.anclin.2019.04.012
http://www.ncbi.nlm.nih.gov/pubmed/31337484
http://doi.org/10.1213/ANE.0000000000004319
http://doi.org/10.1097/01.mlr.0000258615.42478.55
http://www.ncbi.nlm.nih.gov/pubmed/17443116
http://doi.org/10.1007/s11999-016-4813-4
http://doi.org/10.1016/j.jclinepi.2010.04.011
http://doi.org/10.1016/j.jval.2019.02.004
http://doi.org/10.1016/j.jclinepi.2015.08.038
http://doi.org/10.1097/PR9.0000000000000880
http://doi.org/10.1016/j.jss.2019.04.008
http://doi.org/10.2147/JPR.S184023
http://doi.org/10.1097/j.pain.0000000000000609
http://www.ncbi.nlm.nih.gov/pubmed/27280328
http://doi.org/10.1016/j.jpain.2014.12.004
http://www.ncbi.nlm.nih.gov/pubmed/25536536
http://doi.org/10.1097/j.pain.0000000000001631
http://www.ncbi.nlm.nih.gov/pubmed/31149975
http://doi.org/10.2147/JPR.S131979
http://www.ncbi.nlm.nih.gov/pubmed/28496354

	Introduction 
	Current Pain Management Strategies in Enhanced Recovery Perioperative Pathways 
	Systemic Analgesia Agents 
	Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) 
	Acetaminophen 
	Gabapentinoids 
	N-Methyl D-Aspartate (NMDA) Receptor Antagonists 
	Lidocaine 

	Locoregional Analgesia Techniques 
	Neuraxial Analgesia 
	Regional Analgesia 


	The Future of Personalized Pain Medicine in Enhanced Recovery Pathways 
	Utilizing Pharmacogenomics to Guide Pharmacological Pain Management 
	Efficacy of Multimodal Analgesia Can Be Influenced by Genetic Variations 

	Utilizing Patient-Reported Outcome Measurements to Tailor Pain Management Plan 

	Conclusions 
	References

