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SUMMARY — Surgery causes postoperative pain that should be immediately and effectively treated.
Postoperative pain management is in central focus when planning postoperative treatment and is becoming
the standard of care after surgical protocols — Enhanced Recovery after Surgery (ERAS). There are var-
ious serious complications associated with poorly controlled postoperative pain in adult surgical patients
— cardiopulmonary complications, unplanned hospital admission, prolonged hospital stays, development
of chronic pain, opioid side eftects, opioid hyperalgesia and addiction. Studies have identified activation
and sensitization of peripheral nociceptors and spinal dorsal horn neurons after surgical incision, and their
specific mechanisms have been investigated. Basic scientific data and many clinical investigations suggest
that different pain states result depending on the type and location of the incision, and that additional
surgical procedures cause pain states of various severities in other sites. Supported by basic science, these
observations have led to the development of the concept of procedure-specific postoperative pain man-
agement. The main value and novelty of procedure-specific postoperative pain management guidelines are
that the guidelines are evidence-based, consider relevant patient characteristics, the role of anesthetic and
surgical techniques, the balance between the invasiveness of the analgesic technique and the intensity of
postoperative pain, as well as balance between analgesic efficacy and adverse event profile of the analgesic
medications and procedures. In this review, the authors discuss the preventive and multimodal strategies
of acute pain therapy, the pharmacotherapy of multimodal analgesia and local and regional techniques for
specific surgical procedures.
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Introduction

Surgery causes postoperative pain that should be
immediately and effectively treated. Postoperative pain
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management is in central focus when planning post-
operative treatment and is becoming the standard of
care after surgical procedures — Enhanced Recovery
after Surgery (ERAS). Postoperative dynamic pain
relief is very important for optimizing post operative
recovery and reducing morbidity and chronic pain de-
velopment'. Persistent postoperative pain is common
and present in approximately 50% patients after tho-
racotomy, mastectomy and abdominal surgery, but it is
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even less well recognized that many patients develop
chronic pain that might be a result of undertreated
acute postoperative pain'? There are various serious
complications associated with poorly controlled post-
operative pain in the adult surgical patients — cardio-
pulmonary complications, unplanned hospital admis-
sion, prolonged hospital stays, development of chronic
pain, opioid side effects, opioid hyperalgesia and ad-
diction.

Despite many documented benefits and increased
scientific evidence, postoperative pain has continued
to be inadequately treated for decades. Opioids remain
the cornerstone of perioperative pain management de-
spite the fact that opioid misuse and abuse has reached
epidemic status. According to the US Center for Dis-
ease Control, 130 deaths per day are attributable to
prescribed opioid use’.

Studies have identified activation and sensitization
of peripheral nociceptors and spinal dorsal horn neu-
rons after surgical incision, and their specific mecha-
nisms have been investigated*.

Spinal administration of many substances, e.g.
N-methyl-D-aspartate (NMDA) receptor antagonists
that prevent central sensitization in other pain modal-
ities, did not produce similar effects after surgical in-
cision, which can mean that incision causes a different
form of spinal sensitization due to tissue trauma, local
inflammation and nerve injury*. This makes it evident
that central sensitization plays a vital role in the de-
velopment of postoperative pain. Central sensitization
can occur a short time after incision and have a sig-
nificant impact on pain intensity’. Nerve injury as a
primary cause of acute neuropathic pain after surgery
is one of the critical risk factors for the development
chronic postoperative pain®.

After incision, peripheral C and A-delta fibers are
sensitized and provoke spontaneous pain and heat and
mechanical hyperalgesia in the early days after inci-
sion’.

Pain after surgery is a unique and specific entity
that is not a result of inflammatory process alone or
isolated nerve injury®. Basic scientific data and many
clinical investigations suggest that different pain states
result depending on the type and location of the inci-
sion, and that different surgical procedures cause pain
states of different severities in different locations. Sup-
ported by basic science, these observations have led to
the development of the concept of procedure-specific
postoperative pain management’.
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Procedure-specific postoperative pain manage-
ment concept

Although scientific evidence on postoperative pain
management has been rapidly growing, pain treat-
ment after surgery is not successful. Confusing and
conflicting evidence and lack of practical recommen-
dations are important factors. Current postoperative
pain treatment guidelines are generally “one size fits
all”, but it is well-known that pain characteristic such
as type, location, intensity and duration vary after dif-
ferent surgical preocedures'. The methodological pro-
cess for critical analysis of evidence and development
of recommendations for procedure-specific analgesic
interventions starts with performing a systematic re-
views based on the protocol of the Cochrane Collabo-
ration. In addition, well-designed, highly standardized
prospective cohort studies could address a relevant
clinical question®. It is necessary to confirm the clini-
cal significance and safety of the analgesic techniques
examined in the studies and determine whether the
analgesic interventions improve postoperative patient
outcomes.

The definition of procedure-specific postoperative
pain management guidelines is that guidelines are ev-
idence based take into consideration relevant patients
characteristics, the role of anesthetic and surgical tech-
niques, the balance between invasiveness of the an-
algesic techniques and the intensity of postoperative
pain, as well as balance between analgesic efficacy and
the adverse event profile of the analgesic medications
and techniques’. Procedure-specific postoperative pain
management guidelines emphasize the use of multi-
modal analgesia and preventive analgesia to block or
reduce peripheral and central sensitizations and dy-
namic pain'.

In summary, the Procedure-specific Postoperative
Management Working Group (PROSPECT), which
consist of an international collaboration of anesthesi-
ologists and surgeons, is a process of optimizing post-
operative pain treatment recommendations to provide
healthcare professionals with practical procedure-spe-
cific guidelines to facilitate clinical decision-making
across all stages of the perioperative period™.

Preventive and multimodal analgesia

Several treatment concepts, including preventive
and multimodal analgesia, have been developed to
improve pain management and especially to prevent
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chronic postsurgical pain. In preventive analgesia
treatment, analgesic effects beyond its expected du-
ration minimize peripheral and central sensitization
induced by noxious stimuli during the whole periop-
erative period. Data from many reports confirm that
preventive analgesia is a useful approach. To maximize
the benefits of preventive analgesia strategies, it is im-
portant to continue the treatment in the postoperative
period as long as the sensitizing stimulus persist. In
order to prevent chronic postsurgical pain with a pre-
ventive analgesia approach, the best data are available
for the use pharmacotherapy and regional anesthesia
procedures such as multimodal analgesia.

Multimodal analgesia

Multimodal analgesia is the administration of a
combination of analgesics with different modes or
sites of action. It is a strategy that reduces opioids use
and prescriptions through the use of non-opioid anal-
gesics and local and/or regional analgesic techniques
that have different mechanisms of action and have an
opioid-sparing effect'’. Multimodal analgesia regi-
mens are both patient- and procedure-specific.

‘The main goals of multimodal analgesia are: 1) im-
provement of the patient experience through better
pain control, 2) reduction of postoperative complica-
tions, morbidity and mortality, 3) reduction of health
costs, and 4) decreased contribution to the global opi-
oid epidemic’.

Many studies have confirmed that multimodal
analgesia increases patient satisfaction scores and per-
mits earlier commencement of physical therapy and
rehabilitations, improves mobilization and speeds up
recovery in all surgical procedures. Multimodal anal-
gesia must be integrated into a holistic and multidisci-
plinary approach throughout the postoperative period.
At present, almost all approaches using enhanced re-
covery after surgery protocols include multimodal an-
algesia concepts as one component®. In this context,
we will provide a detailed examination of multimodal
analgesia pharmacotherapy, prescription of opioids
and local and regional analgesic techniques.

Multimodal analgesia pharmacotherapy

Non-steroidal anti-inflammatory drugs (NSAIDs) and
cyclooxygenase-2 specific inbibitors (COX 2)
NSAIDs and COX-2-specific inhibitors are useful

components of multimodal analgesia since they block
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the production of peripheral prostaglandin synthesis
and tissue inflammation as well as significantly re-
ducing peripheral sensitization as one of the primary
causes of postoperative pain. Randomized controlled
trials and their meta-analyses have shown that the use
of celecoxib for all surgical procedures reduces pain
scores and opioid consumption, expedites return of
bowel function, return to normal daily activities and
improves patients satisfaction1*. The COX-2 selec-
tive inhibitors have similar efficacy in the reduction
of postoperative nausea and vomiting due to omission
or opioid-sparing effects as nonselective NSAIDs,
but they are superior in reducing other opioid ad-
verse events'®. The gastric ulceration rate was similar
to placebo and significantly lower than nonselective
NSAIDs in high-risk patients, even for short-term
use!’.

COX-2 selective inhibitors have a more favor-
able side effect profile than nonselective compounds.
Coxibs do not cause bronchospasm in patients with
NSAID-exacerbated respiratory disease'®. Coxibs lack
platelet inhibition and cause less postoperative bleed-
ing than nonselective NSAID drugs®. Kelley et al. re-
viewed 10,6279 patients undergoing breast and body
contouring procedures, of whom 4,924 received ke-
torolac. Multivariable regression analysis demonstrat-
ed that ketorolac was not associated with hematoma,
concluding that the benefits of NSAIDs use outweigh
the risk®. In summary, the frequency of hematoma
formation secondary to NSAIDs has been overesti-
mated, with evidence supporting the use of NSAIDs
in properly selected patients. Cardiovascular compli-
cations of coxibs, identified with refecoxib, were not
registered with short-term use of parecoxib or long-
term use of celecoxib?*?2, Therefore, due to a number
of reasons and evidence-based facts, the preoperative,
intraoperative and postoperative incorporation of
nonselective and especially selective COX-2 inhibitors
into multimodal analgesia regimens is indispensable
and recommended.

Acetaminophen

Acetaminophen has for a long time represented
adequate perioperative analgesia choice with good ef-
ficacy for mild to moderate pain control and an opi-
oid-sparing effect across all surgical procedures®. The
mechanism of action is the inhibition of COX-me-
diated prostaglandin synthesis in the central nervous
system and the activation of descending serotonergic
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pathways. The safety profile of acetaminophen is ex-
cellent. The most concerning side effect is severe liver
damage (above the maximum 4 gr/day dosage) For
that reason, it is recommended to avoid acetamino-
phen in patients with known liver disease. According
to a recent meta-analysis, there is no clear advantage
of parenteral administration over oral administration
for most selected patients for perioperative pain con-
trol*. The oral dosage protocols range from 500 to
1000 mg, usually with administration throughout the
day. With that administration regimen, it is recom-
mended not to use acetaminophen-opioid combi-
nation formulations for breakthrough pain, because
of the risk of acetaminophen overdose. The effect of
acetaminophen may be enhanced by the addition of
NSAIDs, as that combination is more effective than
either compound alone.

Dexamethasone

Dexamethasone reduces postoperative pain
through its anti-inflammatory mechanism and is
widely used in anesthetic practice to prevent nausea
and vomiting, improve the quality of recovery and re-
duce fatigue®. In 2013, a meta-analysis demonstrat-
ed that postoperative patients have decreased pain
scores and opioid consumption when dexamethasone
is included as a multimodal adjunct®®. Hyperglycemia
and insulin therapy may require caution, but system-
atic reviews have concluded that the benefits from
dexamethasone outweigh concerns of hyperglycemia,
except for patients with non-regulated diabetes mel-
litus. There is no evidence that the use of dexameth-
asone correlates with increased postoperative wound

infection or problems with wound healing?’.

Ketamine

Ketamine is a noncompetitive antagonist of the
NMDA receptor when used in sub-anesthetic doses.
Meta-analyses support the use of perioperative intra-
venous (IV) infusions of low-dose ketamine (in the
range of around 0.1 mg-kg™'-h™!) to improve analgesia,
achieve an opioid-sparing effect and reduce opioid
side effects such as postoperative nausea and vom-
iting?®. Given mechanism of action of ketamine, the
benefits of this drug are usually seen in patients after
major surgeries that are suffering severe neuropath-
ic pain (VAS >7/10), especially after thoracic, upper
abdominal and major orthopedic surgery. In clinical
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practice, it is very important to note that NMDA re-
ceptor antagonists such as ketamine can reduce the
development of opioid-induced hyperalgesia, espe-
cially after remifentanil use?. Ketamine is thus also
a helpful analgesic in the treatment of patients with
established opioid tolerance and high preoperative
opioid use*®*. As another NMDA-receptor antag-
onist, magnesium has similar effects with regard to
opioid-sparing and analgesia improvement’**>. Some
clinical studies have confirmed the effect of periop-
erative ketamine in reducing the incidence of chronic
postsurgical pain®.

Gabapentinoids

Alpha-2-delta ligands pregabalin and gabapentin
are also compounds which alleviate the state of sec-
ondary hyperalgesia due to central sensation in post-
operative neuropathic pain. In this context, according
to the evidence-based medicine, both compounds are
important components of multimodal analgesia®**.
Data show that a single preoperative dose reduced
pain scores, opioid consumption and adverse effects
of opioids. The anxiolytic and anticonvulsant effect of
these drugs is an additional beneficial factor®. A met-
analysis encompassing 18 studies and 1,181 patients
demonstrated that perioperative gabapentin resulted
in a 35% reduction in total opioid consumption and
pain within the first 24 hours after surgery while si-
multaneously increasing early ambulation®. A large
randomized controlled trial encompassing a variety
of surgical procedures demonstrated the effectiveness
of perioperative gabapentin toward supporting post-
operative opioid cessation, with a regimen consisting
of 1,200 mg preoperatively and 600 mg 3 times daily
postoperatively (38). In burn victims, gabapentin is
beneficial because of its ability to reduce burn-associ-
ated pruritus and opioid consumption®*.

Gabapentinoids are associated with several ad-
verse effects including dizziness, somnolence and
respiratory depression. Because of these side effects,
gabapentinoids should only be used in patients with
a high risk of chronic neuropathic postoperative pain
when basic analgesics are contraindicated. The rec-
ommendation is to avoid or dose-reduce the med-
ication in elderly patients with significant comor-
bidities, reduced lung function, chronic obstructive
pulmonary disease or obstructive sleep apnea*.
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Alpha-2 adrenergic agonists

Alpha-2 agonists such as clonidine and dexmede-
tomidine are helpful compounds in perioperative mul-
timodal analgesia, resulting in reduced pain intensity,
opioid consumption and nausea. Because of potential
adverse effects such as hypotension, bradycardia and
possibly dose-dependent sedation, alfa -2 adrenergic
agonists need to be used with caution*.

In summary, we can say that pharmacotherapy of
multimodal analgesia is supported by a large num-
ber of clinical studies. Perioperative use of ketamine,
gabapentinoids and alfa-2 adrenergic agents reduces
peripheral and central sensitization after surgical inci-
sion, and these medications are used in specific indica-
tions. The role of corticosteroids has not yet been fully
elucidated and requires further investigation®.

In acute pain treatment, the routine use of NSAIDs
(the best choice seems to be a COX-2 selective med-
ication), paracetamol and (e.g., before major proce-
dures, in healthy patients) an alpha-2-delta ligand
with rescue opioids has become the standard routine
perioperative multimodal analgesia.

Local and regional analgesic techniques

The use of local and regional anesthesia is highly
recommended as a standard of care in routine clinical
practice of multimodal analgesia for a variety of surgi-
cal procedures®. Evidence shows that local anesthetics
reduce opioid consumption, decrease postoperative
nausea and vomiting, decrease pain scores, decrease the
length of hospital stay, decrease rates of postoperative
severe complications and decrease healthcare costs for
almost all surgical procedures**.

In recent years, the use of regional analgesia tech-
niques performed only by anesthesiologists (e.g.,
neuraxial blocks) has diminished*. The use of perineu-
ral techniques is low. Possible reasons for the underuse
of peripheral nerve blocks are lack of training, lack
of resources (e.g., availability of ultrasound devices),
and the brevity of duration of single-injection blocks'.
Continuous peripheral nerve blocks extend the dura-
tion of analgesia, but their use in clinical practice is
limited because of the technical difficulty of their ap-
plication and the need for special personnel to manage
them!.

Recent evidence has shown that there is increasing
use of interfascial plane blocks (e.g., transversus ab-
dominis plane blocks, serratus plane blocks, quadratus
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lumborum blocks, erector spinae plane blocks, etc.)**.
These blocks are technically easy to perform, efficient,
safe and inexpensive. Moreover, surgical site infiltration
techniques — local infiltration analgesia — are becoming
increasingly popular*~°. Surgical site infiltration are
easy to perform and less expensive, but with the draw-
back of a need for extensive administration of local an-
esthetic. The use of wound catheter techniques is rapidly
growing because, as reported, they provide effective pain
relief after major thoracic and abdominal surgery with
almost no adverse effects’2. The short duration of ac-
tion for most local anesthetics (8-12 hours) might be
overcome by catheter infusion techniques or the use of
extended-release formulations of local anesthetics such
as liposomal bupivacaine. Liposomal bupivacaine for
regional blockade in the transversus abdominis plane
is commonly used in abdominal wall reconstruction,
demonstrating opioid reduction, decreased lengths of
hospital stay and improved pain scores over traditional
catheter-based infusion techniques without increases in
wound complications®.

For successful use of all these techniques, is very
important that the surgeon is familiar with anatomy
and injection techniques and is involved in a multidis-
ciplinary approach in order to maximize the use of re-
gional anesthesia in multimodal pain relief strategies.
Joshi et al. emphasized that the persistent underuse of
peripheral nerve blocks can be overcome by surgeon
knowledge and administration of intraoperative inter-
fascial plane blocks and surgical site infiltration®.

Procedure-specific pain management guidelines

Procedure-specific pain management is based on
data from many surgical procedures and clinical prac-
tices that is used to evaluate the benefits and risks
of each analgesic technique. It is recommended that
all surgical patients should receive “basic analgesics”,
which include acetaminophen and either an NSAID
or a COX-2 specific inhibitor, unless there is a con-
traindication perioperatively’**. In addition, patients
should receive some form of local /regional anesthet-
ic technique (e.g. surgical site infiltration, interfascial
plane block). It is crucial to balance the invasiveness
of the analgesic technique with the expected severity
of postoperative pain, and balance the efficacy of the
analgesic technique and potential adverse effects”*.

Early communication, complete information and
patient engagement are necessary for multimodal an-
algesia to be most effective™.
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Recommendations summary for principles of multimodal analgesia'?

Recommendations summary for principles of multimodal analgesia

MULTIMODAL AGENT

USEFUL INDICATIONS AND
TIMING

IMPORTANT CONSIDERATIONS
AND CONTRAINDICATIONS

Local and regional anesthetic

e All patients should receive local and
regional anesthetic

e Balance invasiveness of technique
with severity of pain

o Refresh providers on signs of local
anesthetic toxicity

Nonsteroidal anti-inflammatory drugs
and COX-2 selective COX-2 inhibitors

e Recommended for all patients unless
contraindicated

e Effective in scheduled manner
preoperatively

e Contraindicated in chronic and
acute kidney injury
e (COZX-2 inhibitors should be avoided

in patients with coronary artery

e Can be implemented in preoperative, disease
intraoperative and postoperative set | ® Does not increase bleeding
complications
Acetaminophen e Recommended for all patients unless | ¢ Do not exceed 4 g in 24 h
contraindicated o Use caution in patients with known
o Effective in “scheduled” manner liver disease
o Perioperatively e It is not recommended to prescribe
can be implemented in preoperative, combination opioid acetaminophen
intraoperative, and postoperative medications with a scheduled
settings regimen to avoid inadvertent toxicity
Gabapentinoids o Useful for operations at higher risk | ¢  Adverse events include dizziness,
for persistent postoperative pain somnolence and decreased
e Can be implemented in preoperative respiration
and postoperative settings. e Caution advised with elderly
patients and those with reduced lung
function. Dose adjusted for renal
function
Dexamethasone o Single intraoperative dose useful for | Monitor for perioperative
analgesia and antiemetic prophylaxis | hyperglycemia, but no evidence
e Consider especially for patients with | to strongly support this as a
history of PONV contraindication
Conclusion nication and patient and surgeon engagement are

In conclusion, the current evidence-based data for
the management of acute postoperative pain is signifi-
cant. The procedure-specific pain management guide-
lines, PROSPECT, provide healthcare professionals
with practical pain management recommendations to
facilitate clinical decisions in the perioperative period.

Multimodal analgesia with non-opioid analgesic
and local anesthetic techniques must be incorporated
into every surgical procedure, with an opioid prescrip-
tion for rescue analgesia — for breakthrough pain and
not as a primary pain management strategy.

Standardization of procedure-specific protocols
increases the efficiency of treatment. Clear commu-
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necessary for multimodal analgesia to be most ef-
fective.
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Sazetak
STRATEGIJE UTEMELJENE NA DOKAZIMA ZA MULTIMODALNO POSTOPERACIJSKO LIJECEN]JE BOLI
V. Majeric Kogler, M. Loncaric Katusin i J. Kogler

Operacija uzrokuje postoperativiu bol koju treba odmah uéinkovito lijeciti. Lije¢enje postoperativnom boli u sredisn-
jem je fokusu u planiranju postoperativnog lijecenja i postaje standard skrbi nakon kirurskih protokola - poboljsani oporavak
nakon operacije (ERAS). Postoje razne ozbiljne komplikacije povezane s lose kontroliranom postoperativnom boli kod
odraslih kirurskih pacijenata — kardiopulmonalne komplikacije, neplanirani prijem u bolnicu, produljeni boravak u bolnici,
razvoj kroni¢ne boli, opioidne nuspojave, opioidna hiperalgezija i ovisnost. Nakon kirurskog reza identificirana je aktivacija
i senzibilizacija perifernih nociceptora i neurona dorzalnog roga kraljeznice te su istrazeni njihovi specifiéni mehanizmi.
Osnovni znanstveni podaci i mnoga klinicka istrazivanja sugeriraju da ovisno o vrsti i mjestu reza dolazi do razli¢itih bolnih
stanja i da razliciti kirurski zahvati uzrokuju bolna stanja razlicite ja¢ine na razli¢itim mjestima. Potpomognuta osnovnom
znano$éu, ova su opazanja dovela do razvoja koncepta lijeenja postoperativne boli specifi¢nog zahvata. Glavna vrijednost i
novost “Procedure-specific postoperative pain management” smjernica je da se smjernice temelje na dokazima, vode ra¢una
o relevantnim karakteristikama bolesnika, ulozi anestezijskih i kirurgkih tehnika, ravnotezi izmedu invazivnosti analgetske
tehnike i intenziteta postoperativne boli, kao i ravnotezu izmedu analgetske ucinkovitosti i profila nuspojava analgetickih
lijekova i tehnika. U ovom pregledu autori raspravljaju o preventivnim i multimodalnim strategijama terapije akutne boli,
farmakoterapiji multimodalne analgezije te lokalnim i regionalnim tehnikama za specifi¢ne kirurske postupke.

Kljuéne rijeci: lijecenje postoperativne boli, analgezija specificna za postupak, multimodalna i preventivna analgezija, podaci
temeljeni na dokazima
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