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ABSTRACT

Effective treatment of postoperative acute pain,
together with early mobilization and nutrition,
is one of the perioperative strategies advocated
to improve surgical outcome and reduce the
costs of hospitalization. Moreover, adequate
pain control reduces perioperative morbidity
related to surgical stress and can also prevent
the incidence of chronic postoperative pain
syndromes, whose treatment is still a challenge.
The choice of the most appropriate analgesics
depends not only on the drug class, but also on
the most suitable route of administration, the
best dosage for that route, and unique limita-
tions and contraindications for every patient. In
the present review, a comprehensive analysis
was performed on the different routes of
administration of acute postoperative pain
medications and their indications and limita-
tions, focusing on recent evidence and inter-
national recommendations.

Keywords: Postoperative pain; Route; Drugs;
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Key Summary Points

A multimodal analgesic approach that
encompasses a variety of analgesic and
non-pharmacological interventional
techniques ensures better pain control
than a single intervention

The knowledge of indications and
limitations of the different routes of
administration of acute pain drugs could
help to achieve better pain relief

The oral route is the way of choice, unless
contraindicated, while the intramuscular
route is strongly discouraged

Epidural analgesia is strongly
recommended for patients who undergo
major thoracic and abdominal
procedures, hip surgery, and lower
extremity surgery, particularly in patients
at risk for cardiac or pulmonary
complications, or prolonged ileus

Peripheral blocks are recommended for
surgery at the extremities and in
abdominal, breast, or thoracic surgery

Accurate monitoring is needed in all cases
in order to prevent complications
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INTRODUCTION

Acute pain has been recently defined as ‘‘an
unpleasant sensory and emotional experience
associated with, or resembling that associated
with, actual or potential tissue damage’’ [1], and
often requires a multimodal approach.

Multimodal analgesia comprises a variety of
analgesic medications and techniques targeting
different mechanisms of action at peripheral or
central sites of the nervous system. Thanks to an
additive or synergistic effect, pain relief
obtained through a multimodal approach is
more effective than that with a single-modality
intervention. Systemic opioids might not be
necessary in all cases [2–4], and limited evi-
dence suggests that perioperative opioid ther-
apy is associated with an increased likelihood of
long-term opioid use [5]. Randomized trials
have shown that multimodal analgesia is asso-
ciated with superior pain relief and decreased
opioid consumption compared with the use of a
single medication administered through one
technique [6–8].

In the setting of multimodal analgesia, the
choice of route may be determined by various
factors, including the pain type, its severity and
location, patient preference, or conditions.
Other important factors to consider are the
speed of analgesic effect, the duration of action,
the ease of use, patient compliance, and costs.

The aim of this review is to summarize the
available evidence on acute postoperative pain
treatment outlining the advantages and limita-
tions of each route.

METHODS

Starting from existing international guidelines
on postoperative pain management in surgical
adult patients, we checked Pubmed, Embase,
and the Cochrane Library databases for addi-
tional recent studies (range 2015–2020),
including meta-analyses, reviews, and clinical
studies, and excluding case series and case
reports. The search strategy included the fol-
lowing Medical Subject Heading (MeSH) terms:
postoperative pain, oral medication,

intravenous medications, epidural route,
intrathecal route, opioids, nonsteroidal anti-in-
flammatory drugs (NSAIDs), paracetamol, local
anesthetics, peripheral blocks, adjuvants. A
total of 1835 study titles and abstracts were
screened, with 80 selected for further review.
Additional articles identified by review of orig-
inal article reference lists were included. This
article is based on previously conducted studies
and does not contain any new studies with
human participants or animals performed by
any of the authors.

A summary of strength and quality of main
recommendations from recent guidelines is
provided in Tables 1 and 2.

ROUTES OF ADMINISTRATION

Oral Route

Oral administration of analgesic agents is sim-
ple and noninvasive and has shown good effi-
cacy in most settings, with high patient
acceptability and similar efficacy as the IV
route. Vomiting or delayed gastric emptying are
a contraindication to oral administration.
Indeed, if the oral route is used postoperatively
before the return of normal gastric motility, the
‘‘dumping effect’’ can occur, i.e., accumulated
doses may enter the intestine at the same time
once emptying resumes, resulting in a sudden
large systemic uptake of analgesics with an
increased risk of adverse events (AEs). The type
of analgesic formulation (suspension or tablet)
and the type of preparation (immediate or slow
release) can affect intestinal absorption and
bioavailability, which in turn depends on the
effects of first-pass hepatic metabolism of the
different drugs [9]. As a consequence, for post-
operative pain control, immediate-release for-
mulations of every drug class are preferred.

A ‘‘league table’’ of analgesic efficacy has
been proposed [9] based on randomized, dou-
ble-blind studies or meta-analysis in patients
with moderate to severe pain. It estimates the
number of patients that need to be treated
(NNT) in order to obtain a visual analog scale
(VAS) reduction of at least 50% in one patient
compared with placebo.
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Opioids
Opioids act on three types of opioid receptors,
namely MOR (mu), DOR (delta), and KOR
(kappa), with variable affinity to individual
types of opioid receptors and interactions with
these receptors (agonists, partial agonists,
antagonists). They exert analgesic effects,
influence mood and behavior, and affect respi-
ratory, cardiovascular, gastrointestinal,

Table 1 Recommendations for postoperative analgesia

Recommendation Strength
of evidence

Quality of
evidence

Perioperative multimodal
analgesia, i.e., the use of a
variety of analgesics and
techniques combined with
non-pharmacological
interventions, is
recommended in children
and adults

Strong High

Oral versus IV opioids in
patients who can use the oral
route

Strong Moderate

Against IM route Strong Moderate

IV opioids PCA when
parenteral route is needed

Strong Moderate

Against routine basal infusion
of opioids with IV PCA in
opioid-naive adults

Strong Moderate

Need for appropriate
monitoring of sedation,
respiratory status, and other
AEs in patients who receive
systemic opioids

Strong Low

The use of paracetamol and/or
NSAIDs (as part of
multimodal analgesia) in
patients without
contraindications

Strong High

Against prescribing a NSAIDs
or COXIBs in patients at
risk of renal hypoperfusion

Strong High

An estimated clearance of
plasma creatinine below
50 mL/min is a
contraindication to
NSAIDs/COXIBs

Strong High

Table 1 continued

Recommendation Strength
of evidence

Quality of
evidence

Against using COXIBs in
patients with a history of
atherothrombosis (peripheral
artery disease [PAD], stroke,
or myocardial infarction)

Strong High

Against administering NSAIDs
for more than 7 days in
patients with peripheral
artery disease, stroke, and
myocardial infarction

Weak High

Against associating NSAIDs
with therapeutic doses of
anticoagulant

Weak Low

Neuraxial analgesia for major
thoracic and abdominal
procedures, particularly in
patients at risk for cardiac
complications, pulmonary
complications, or prolonged
ileus

Strong High

Provide appropriate
monitoring of patients who
have received neuraxial
analgesia

Strong Low

IV intravenous administration, IM intramuscular, PCA
patient-controlled analgesia, AEs adverse events, NSAIDs
nonsteroidal anti-inflammatory drugs, COXIBs selective
COX2 inhibitors
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Table 2 Summary of recommended drugs and routes of administration for postoperative pain

Drugs/routes Postoperative pain intensity Comments

Mild acute
pain
(NRS < 4)

Moderate to severe acute pain
(NRS > 4)

Oral paracetamol Recommended Recommended* Consider the high variability in
plasma concentration

*In combination with opioids

IV paracetamol Consider IV when an oral route is
not possible, but higher risk of
arterial hypotension

Oral NSAIDs/COXIBs Recommended Recommended* Check for contraindications,
higher risk of AEs in coronary
bypass and in elderly with hip
fracture

*In combination with opioids

IR oral opioids Recommended Consider dose adjustments to
promote functional recovery and
monitor AEs

CR oral opioids Not recommended

IV opioids PCA Recommended Consider adequate cognitive
function and increased risk of
AEs

Continuous IV opioids ± PCA Not recommended

Continuous epidural opioids and
local anesthetics infusion

Suggested Consider in case of thoracic, upper
abdominal and lower limb
surgery, complex spine surgery,
high risk patients or cognitive
impairment

IT bolus of opioids and local
anesthetics

Suggested AEs are more frequent with IT
than with IV opioids

Oral gabapentinoids Suggested Consider if severe pain is expected
and to reduce opioid
consumption

IV small doses ketamine Suggested In combination with opioid or in
case of opioid hypersensitivity

Paravertebral block or pectoral
nerves block

Recommended in major breast
surgery and liver resection

For minor breast surgery, local
anesthetic wound infiltration is
indicated
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neuroendocrine, and immune systems [10]. It
should be borne in mind that the majority of
opioids cause immunosuppression, which can
result in an increased risk of postoperative
infections [11] and possible opioid-induced
hyperalgesia (opioid paradox), manifesting as
increasingly severe pain despite opioid dose
escalation [8].

Oral opioids have been used to manage
moderate to severe postoperative pain, both as
immediate-release (IR) and controlled-release
(CR) formulations. They are effective in the
treatment of acute pain, like opioids given by
other routes, if equianalgesic doses are admin-
istered. Agents differ by breakdown products,
time of onset, time of peak effect, and duration
of effect. Routes alter the time of onset, the time
of peak effect, the duration of action, and the
dose required relative to the parenteral form.

In most cases only short-term opioid therapy
is indicated. All patients who receive opioids for
postoperative analgesia should be monitored
closely in the initial hours after surgery or after
subsequent dose changes. Clinicians must assess
alertness and signs or symptoms of hypoventi-
lation or hypoxia, but also nausea, vomiting,
and opioid-induced constipation, pruritus, and
urinary retention. Risk factors for respiratory
depression include obstructive or central sleep

apnea and use of other central nervous system
depressant medications. In the case of sedation
or respiratory depression, a reduction or cessa-
tion of the opioid, respiratory support, and
opioid antagonist administration may be nec-
essary. The incidence of AEs is usually dose-re-
lated and is associated with an increased in
hospital stay and costs [12], so both pharma-
cological (i.e., HT3 antagonist, dexamethasone
or droperidol for nausea and vomiting, or opi-
oid antagonists for constipation) and non-
pharmacological strategies (i.e., reduced doses,
multimodal analgesia, and acupuncture for
nausea) should be adopted to prevent them [9].
At discharge, the duration of therapy and a
strategy for the weaning of opioids must be
planned, and the potential for their abuse or
misuse should be considered.

Immediate-Release Formulations Oral IR for-
mulations of opioids have an onset time of
about 30 min and reach the maximum effect at
1–2 h [13]. Usually, they are combined with
paracetamol and NSAIDs in order to increase
their effectiveness. A single dose of 60 mg of
codeine, with a NNT of 12, does not adequately
control postoperative pain [14] since it has no
effect in 40% of patients, while when combined
with 1000 mg of paracetamol, its NNT decreases

Table 2 continued

Drugs/routes Postoperative pain intensity Comments

Mild acute
pain
(NRS < 4)

Moderate to severe acute pain
(NRS > 4)

Continuous wound local
anesthetic infusion and/or fascial
plane blocks such as transversus
abdominis plane or quadratus
lumborum blocks

Recommended in cesarean
section and in major
abdominal surgery, except for
laparoscopic cholecystectomy

For abdominal surgery, fascial
plane blocks are superior to
wound infiltration

Thoracic paravertebral block Suggested for thoracotomy Similar effect in comparison to
TEA

NRS numeric rating scale, NSAIDs nonsteroidal anti-inflammatory drugs, COXIBs selective COX2 inhibitors, IR imme-
diate-release formulation, CR controlled-release formulation, AEs adverse events, IV intravenous, PCA patient-controlled
analgesia, IT intrathecal, TEA thoracic epidural analgesia
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to 2.2 and the duration of analgesia is extended
by approximately 1 h [15].

Oral tramadol provides good postoperative
pain control: NNTs are 7.1, 4.8, and 2.4 at doses
of 50, 100, and 150 mg, respectively [16], even if
a large difference in bioavailability of a single
dose of tramadol has been described (up to
30%). The combination of tramadol and parac-
etamol allowed for better pain control than
single medications [17].

Oral 5 mg oxycodone has no advantage in
comparison to placebo in moderate and severe
acute pain [18], while oxycodone 15 mg or
combinations of oxycodone [5–10 mg] plus
paracetamol (325–1000 mg) have a significant
analgesic effect. The lowest NNT of 1.8 is
obtained with the combination of 10 mg oxy-
codone and 1.000 mg of paracetamol. The
combination of oral oxycodone 5 mg plus
400 mg ibuprofen showed comparable effects
[19].

Twenty milligrams of oral IR morphine (with
subsequent 10 mg doses as needed) is more
efficacious in postoperative pain control for hip
surgery than 5–10 mg of IM morphine, as nee-
ded, after starting an IV bolus of morphine [20].

IR oral opioids such as oxycodone, mor-
phine, and tramadol have also been used as
‘‘step-down’’ analgesics; doses were calculated
based on prior patient-controlled analgesia
(PCA) or epidural analgesia requirements.

Tapentadol IR has strong analgesic efficacy
in moderate to severe pain after multiple post-
surgical settings, with few side effects [21].

Methadone is a synthetic opioid that has
specific indications for patients addicted to
opioids, while great caution should be exercised
in acute pain treatment. A recent meta-analysis
[22] showed that intraoperative methadone led
to lower opioid consumption and pain scores
compared to other opioids by other routes.
However, its unpredictable and long half-life
and the increased risk of AEs such as respiratory
depression and arrhythmia still represent
important caveats to its use [22].

Controlled-release formulations CR formula-
tions (both slow-release and prolonged-release)
may take 3–4 h or more to reach peak effect, so a
rapid titration is easier and safer to reach with

IR formulations. Therefore, CR opioid prepara-
tions should only be used at predefined time
intervals, usually for chronic pain, and IR opi-
oids should be used for acute pain and for
titration of CR opioids.

After total knee replacement, oral prolonged-
release oxycodone/naloxone shows similar effi-
cacy in pain control as IV morphine PCA, with a
similar incidence of postoperative nausea and
vomiting [23]. Moreover, the incidence of con-
stipation is increased with CR oxycodone [24].

As a result of the above evidence, CR opioids
are not indicated for the early management of
acute pain due to their potential for AEs
including lethal respiratory depression, as well
as the risk of misuse after the patient has been
discharged [25].

Paracetamol
The mechanism of analgesic action of parac-
etamol is complex, including the inhibition of
COX activity and the modulation of descending
serotonergic inhibitory pathways and of the
cannabinoid system [26].

Single doses of paracetamol alone success-
fully control mild postoperative pain even if
there is no good evidence for a dose-dependent
analgesic effect of oral paracetamol. In fact, the
NNT is 3.5 for 500 mg, while for a dosage of
1.000 mg the NNT is 3.6 [9]. The oral bioavail-
ability of paracetamol is good, with oral
absorption of effervescent tablets faster than the
standard tablet. However, its plasma concen-
trations can vary significantly and remain sub-
therapeutic in some patients.

Oral paracetamol is less effective, with a
slower onset, than IV paracetamol, but it is
more effective with a faster onset than parac-
etamol administered by the rectal route, when
the same doses are considered.

Nonselective NSAIDs and COXIBs
NSAIDs belong to the group of non-opioid
analgesics with anti-inflammatory, analgesic,
and antipyretic action. They achieve these
effects via inhibition of inducible nitric oxide
synthase expression and NF-kappa B activation,
activation of the system of lipoxins, and inhi-
bition of substance P activity [27].
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A number of NSAIDs and selective COX2
inhibitors (COXIBs) have been used to manage
postoperative pain either alone or in combina-
tion with opioids. Their NNTs are dose-depen-
dent and range from 2.7 for ibuprofen 600 mg
to 2.4 for diclofenac 100 mg fast-acting, 2.7 for
naproxen 500 mg and piroxicam 20 mg, 2.9 for
ibuprofen 200 mg, and 2.5 for celecoxib
400 mg. NNTs of oral ketorolac, the most com-
monly used NSAID for postoperative pain,
range between 1.8 for 20 mg and 2.6 for 10 mg
[9]. In general, there is no difference in the
analgesic effects or AEs between oral and IV or
rectal NSAIDs in postoperative settings [28].
Recent National Institute for Health and Care
Excellence (NICE) guidelines [29] further sup-
port the benefit of both NSAIDs and COXIBs in
pain relief and rescue medication, with no
clinically relevant difference in AEs but with
similar opioid sparing effects.

Moreover, the comparison of different
NSAIDs revealed a nonsignificant difference in
pain control, rescue medication, and AES
between ketorolac versus diclofenac, diclofenac
versus celecoxib, and ibuprofen versus cele-
coxib, while a clinical benefit is retrieved in
pain control up to 24 h with naproxen com-
pared to ibuprofen (moderate quality of evi-
dence). The use of opioids was also reduced with
ibuprofen compared to ketorolac (high quality
of evidence). Ibuprofen was found to be less
costly, and traditional NSAIDs were less costly
in comparison to COXIBs. Given their well-
known potential of increasing renal injury, the
use of NSAID or COXIBs is discouraged in those
patients with other risk factors, such as a pre-
existing renal failure (i.e., clearance of plasma
creatinine below 50 mL/min) or in the presence
of renal hypoperfusion [30, 31]. Moreover,
NSAIDs are not recommended for pain man-
agement in hip fracture in the elderly, because
of the increased risk of upper gastrointestinal
bleeding, nephrotoxicity, and fluid retention in
this specific population [32].

The atherothrombotic risk associated with
COXIBs is well documented [33, 34], and
NSAIDs are contraindicated for management of
perioperative pain in patients who undergo
coronary artery bypass graft surgery, because of
an increased risk of cardiovascular events [35].

According to a recent meta-analysis [36],
NSAIDs with dexamethasone are not associated
with an increased risk of hemorrhage. However,
the combination of NSAIDs and a therapeutic
dose of anticoagulants (enoxaparin, rivaroxa-
ban, or vitamin K antagonist) was shown to lead
to a 2.5-fold increased risk of severe hemorrhage
[37].

Recently, conflicting evidence is emerging
on the use of nonselective NSAIDs and the risk
of anastomotic leakage after colorectal surgery
[38, 39], due to the high heterogeneity of the
population enrolled, the outcome definition,
and the type of surgery. A large prospective
multicentric study found that NSAIDs are not
associated with increased anastomotic leak rate
or acute kidney injury and confirmed a signifi-
cant reduction of strong opioid needs [40].

Gabapentinoids
Gabapentinoids are widely used in managing
neuropathic pain. Several mechanisms are now
known about their action, such as depressed
neuronal excitability due to the interaction
with the 2D1 calcium channel subunit,
increased descending inhibition, inhibited
descending serotonergic facilitation, and mod-
ulation of the affective component of pain [41].
An increased interest has emerged in the last
decade about their use in the perioperative
phase. Early evidence suggested that oral gaba-
pentin and pregabalin reduced opioid con-
sumption in the early postoperative period [42],
and the American Pain Society recommended
their use in the context of multimodal periop-
erative analgesia [2]. However, a recent meta-
analysis finds no clinically meaningful differ-
ence in pain at 6–24 or 48 h, with lower risk of
postoperative nausea and vomiting and greater
risk of dizziness and visual disturbance, with a
very large range of the doses reported ranging
from 300 to 1200 mg for gabapentin and from
75 to 300 mg for pregabalin, given either pre-
operatively or postoperatively [43]. Recent NICE
guidelines [29] noted that opioid consumption
was significantly reduced with oral gabapentin
and pregabalin, with similar AEs, but again, the
large variability in the doses adopted limited
the evidence.
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Intravenous (IV) Route

The IV route is the fastest route of administra-
tion of analgesics; however, the costs of intra-
venous opioids, paracetamol, or NSAIDs are
higher, with no benefit in terms of pain control.
Therefore, the IV route of administration
should be used only if the oral route is not
possible.

Opioids
Intermittent IV bolus doses are suggested for
titration of opioids for severe acute pain,
because this approach ensures rapid onset
without the uncertainty of medicine absorption
by other routes. There is no clear consensus on
the optimal doses and dose intervals [44]. The
titration of IV bolus doses of an opioid is fre-
quently done with an ‘‘age-based’’ strategy at
intervals of 3–5 min. Age, rather than patient
weight, appears to be a better determinant of
the amount of opioid an adult is likely to
require for effective management of acute pain
[9].

No difference in pain control or the need for
rescue medications between oral (IR formula-
tions) and IV opioids has emerged in literature,
while one study suggested increased harm with
IV opioids, with a higher incidence of pruritus
[29].

For morphine, boluses of 2–3 mg given at
5-min intervals as needed were more effective
than the same doses given at 10-min intervals,
with no difference in AEs.

With an approximate ‘‘1?1’’ titration proto-
col of hydromorphone (1 mg bolus followed by
another 1 mg at 15 min if needed), a reduction
in oxygen saturation (\95%) was reported in
30% of patients [45]. Compared with a single
dose of 2 mg IV, the ‘‘1?1’’ protocol had an
opioid-sparing effect, because 42.3% of patients
required only the first bolus, with the same
efficacy.

Sufentanil (IV bolus of 0.15 mcg/kg followed
by 0.075 mcg/kg every 3 min) was as effective as
the equianalgesic bolus doses of IV morphine in
acute pain in emergency department and less
effective at 6 h [46]. IV sufentanil was as potent

as oxycodone in postoperative pain but leads to
more episodes of nausea and vomiting [47].

In dental surgery, better pain control was
achieved with IV tramadol than the same oral
dose, but IV tramadol can result in a high inci-
dence of nausea and vomiting [48]. This effect
can be controlled by slowing delivery of the
medicine or by administering it before the
patient wakes up from anesthesia.

Oxycodone IV exhibited better analgesic
efficacy when compared to fentanyl and sufen-
tanil, while its efficacy was comparable to
morphine. However, more side effects were
evidenced with oxycodone than with fentanyl
[49].

Continuous IV Opioid Infusion The aim of a
continuous IV infusion of opioids is to avoid
the oscillations in plasma concentration linked
to intermittent administration, ensuring con-
stant blood levels. Even if a continuous infusion
can be regarded as an appealing strategy to
control acute pain, especially in those patients
who cannot take medications orally, many fac-
tors could affect its real efficacy, such as varia-
tion in patient response and variable intensity
of acute pain. Lastly, the effects and the AEs of
any modification of the infusion rate are not
immediate. Therefore, continuous IV opioid use
is rarely necessary and only in patients who
demonstrate a need for round-the-clock dosing
of IV opioids, while PCA is a good option for
patients who will require analgesia for more
than a few hours and have adequate cognitive
function to understand how to use the device
[29]. PCA with a continuous background infu-
sion increases the risk of nausea, vomiting, and
respiratory events in comparison to PCA alone
in adults [9].

Paracetamol
Paracetamol IV has a good analgesic profile after
surgery with an NNT of 4.0 over 4 h and an NNT
of 5.3 over 6 h [50]. When a single IV dose has
been combined with opioids, it reduced opioid
requirements by 30% over 4 h [51]. The use of
the oral form is suggested, due to the good
bioavailability and tolerability, limiting the use
of the IV form. Recent guidelines [29] confirm
the nonsignificant difference between IV and
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oral formulations in terms of pain scores, rescue
medication, and AEs, with reduced costs of oral
paracetamol. The risk of hepatotoxicity from
therapeutic doses of paracetamol is extremely
low, while the risk of hypotension is reported,
particularly with IV formulations in critically ill
patients [52].

NSAIDs and COXIBs
IV formulations of NSAIDs or COX-2 selective
inhibitors are more expensive than oral or rectal
ones while efficacy and incidence of AEs are
similar [29].

IV or intramuscular (IM) ketorolac is an
effective drug of multimodal analgesia: 60 mg is
more effective than 30 mg (NNT for IM ketoro-
lac is 1.8 for 60 mg and 3.4 for 30 mg). IM for-
mulations seem to have a greater opioid-sparing
effect than IV [53]. When added to PCA mor-
phine, ibuprofen IV improved postoperative
analgesia, with an opioid-sparing effect only
when 800 mg was used [54]. Parecoxib, both IV
and IM, has been shown to be effective [55]. The
route of administration does not seem to alter
the efficacy.

Co-administration of IV ibuprofen and
paracetamol provided a superior analgesic effect
over comparable doses of both monotherapies
without an increase in AEs [56].

Ketamine
Ketamine is a phencyclidine derivative that is a
competitive antagonist of glutamatergic NMDA
receptors and inhibits HCN1 ion channels. Its
analgesic action is mediated via inhibition of
NMDA receptors in nociceptive neurons and
activation of descending inhibitory
monoaminergic pain pathways. Low doses of
ketamine can reduce NMDA receptor-mediated
secondary hyperalgesia and the wind-up phe-
nomenon, thus reducing the risk of increased
pain sensitivity and opioid tolerance [57]. Its
metabolism is predominantly hepatic via the
cytochrome P450 enzymes. Both its analgesic
effects and AEs are dose-related. Its AEs are dose-
dependent and include hypersalivation, nausea
and vomiting, hallucinations, nightmares, and
delirium. For analgesic purposes, sub-anesthetic
doses of ketamine have been used (a bolus dose

of 0.25 to 1 mg/kg IV during or immediately
after surgery), and a recent Cochrane review
[58] noted that perioperative intravenous keta-
mine administration resulted in 19% reduction
in postoperative opioid consumption and 19%
reduction of pain 24 h after surgery, with no
effects on nausea and vomiting. Recent guide-
lines re-assessing the evidence suggest its use in
moderate to severe pain in combination with
opioid or in the case of opioid hypersensitivity
[29], since there was a significant reduction in
opioid consumption when the combination
was used.

Intramuscular and Subcutaneous Route

The IM and SC routes are commonly employed
for the treatment acute pain.

However, after surgery, other routes are to be
preferred because conditions of poor perfusion
such us hypovolemia or hypothermia can
impact on analgesic absorption, leading to
inadequate analgesia or in late side effects due
to the distribution of the medicine depot when
perfusion improves [2–4].

Transdermal (TD) Route

The term ‘‘transdermal’’ is used to describe drugs
that, when applied to the skin, are systemati-
cally absorbed and have predominantly central
effects. Fentanyl and buprenorphine, thanks to
their lipophilicity, are available as TD prepara-
tions, but the onset and offset times of this
preparation are slow, and this makes short-term
titration impossible. TD fentanyl patches are
currently specifically contraindicated for the
management of acute or postoperative pain in
many countries [59]. Instead, the fentanyl ion-
tophoretic transdermal system has a greater
acceptance by nurses and patients than mor-
phine IV PCA [60].

Transmucosal Route

Highly fat-soluble drugs can be administered
through a transmucosal route, bypassing first-
pass hepatic metabolism and rapidly entering
the systemic circulation. Transmucosal routes
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include sublingual, buccal, intranasal, and
rectal

Rectal Route
Rectal administration can only be used when
other routes are not available. Caveats with the
rectal route are linked to the variability of
absorption and rectal irritation. Contraindica-
tions to this route include immune suppression,
pre-existing rectal lesions, and recent colorectal
surgery.

Both opioids and paracetamol are effective
when administered by the rectal route, but the
time to peak analgesic effect and the bioavail-
ability can vary widely both between patients
and in the same patient.

Rectal opioids play a role primarily in cancer
pain management [61].

In children, initial doses of 40 mg/kg of
paracetamol followed by 20 mg/kg were found
to provide therapeutic blood levels without
evidence of accumulation [62].

Rectal NSAIDs demonstrate effective analge-
sia in many postoperative settings [63]. Local
effects such as rectal irritation and diarrhea
have been reported, and other commonly
reported AEs such as nausea and vomiting have
the same incidence in rectal versus other routes.
Consequently, there are no advantages in using
rectal NSAIDs compared to oral ones.

Intranasal Route (IN)
Absorption through the nasal mucosa is high,
and it depends on the lipid solubility and
degree of ionization of the drug. The human
nasal mucosa contains several metabolizing
enzymes, but the clinical consequence of
human nasal first-pass metabolism remains
unclear. It has been proposed that the volume
of a dose of any IN drug should not exceed 150
lL, in order to avoid run-off into the pharynx.

Several opioids can be effectively adminis-
tered via the IN route. IN fentanyl has been
adopted as treatment for breakthrough cancer
pain [64], while no significant difference in
postoperative pain relief was found when IN
fentanyl was compared to IV morphine, oral
morphine, or IV fentanyl [65]. In addition,
3.15 g of IN ketorolac has been shown to be

effective with an opioid-sparing effect after
major surgery [66].

IN (6 mg/kg) S-ketamine plus midazolam
had similar effects on pain and AEs compared
with standard intravenous PCA with morphine
in spinal surgery [67].

Sublingual and Buccal Routes
Sublingual (SL) or buccal mucosae are charac-
terized by a large surface for the absorption of
drugs, but swallowing can impact their
effectiveness.

Many fentanyl preparations are approved for
breakthrough cancer pain, either as buccal
tablets (FBT) or as a soluble film (FBSF) and
orally disintegrating tablet (ODT) of fentanyl
citrate. SL preparations are not recommended in
opioid-naı̈ve patients or for acute and postop-
erative pain for the risk of respiratory depression
[68].

The bioavailability of SL buprenorphine
tablets is about 30–50% with a mean half-life of
28 h. In closed reduction orthopedic surgery, SL
buprenorphine (0.4 mg given before induction)
can be more efficacious in postoperative pain
control than 5 mg of IV morphine [69].

SL sufentanil is available for postoperative
pain as a PCA device. It is a preprogrammed
tablet delivery system; each dose contains 15
mcg of SL citrate, and patients can self-titrate
the dose with a minimum time interval of
20 min. Bioavailability is 59% after a single
dose, with a time to Cmax of 48 min after single
dose. In the EU it has been adopted for moder-
ate to severe postoperative pain control as an
alternative to IV PCA morphine, with high sat-
isfaction levels [70]. Very few data are available
in patients with moderate to severe liver or
renal insufficiency; therefore, its use in these
particular settings is not recommended.

Epidural Route

Epidural analgesia has become a globally adop-
ted choice for acute pain treatment in surgical
settings, above all for labor of childbirth.
Epidural analgesia is more efficacious than IV
opioid analgesia [1–3, 9, 29]. It is recommended
for postoperative pain relief in high-risk
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patients (i.e., increased risk of cardiac or pul-
monary complications and prolonged ileus)
during thoracic, upper abdominal, and lower
limb surgery. The quality of epidural analgesia
improves with the addition of opioids (4 mcg/
mL of fentanyl or 0.5 mcg/mL sufentanil) to
local anesthetics (ropivacaine 0.2% or bupiva-
caine or levobupivacaine at 0.1 or 0.125%).
Continuous epidural infusion of opioids and
local anesthetics versus IV opioid PCA infusion
has been shown to be more effective in pain
reduction and less prone to AEs like nausea and
vomiting, and to facilitate mobilization [29]. In
colorectal surgery, thoracic epidural analgesia
(TEA) is associated with a reduced VAS and
ileus, without changes in the length of hospital
stay and with an increase rate of pruritus, uri-
nary retention, and hypotension compared to
systemic opioids [71]. When compared to other
pain strategies in open abdominal interven-
tions, TEA ensures better pain relief and bowel
function, but does not influence hospitalization
stay and complication rates [72].

The rate of cardiac, respiratory, gastroin-
testinal, and renal complications is lower with
TEA compared to lumbar epidural analgesia. In
patients with rib fractures, TEA with local
anesthetics is associated with a shorter duration
of ventilation compared with systemic analgesia
[73]. A reduced risk of pain chronification after
thoracotomy was found in patients undergoing
TEA [74]. In comparison with systemic analge-
sia, epidural analgesia after cardiac surgery is
reported to reduce the incidence of myocardial
infarction, ventilatory impairment, and atrial
fibrillation/flutter, and the duration of pain and
mechanical ventilation after cardiac surgery
[75]. Recently, the placement of an epidural
catheter under direct vision at the end of com-
plex spine surgical procedures has been recom-
mended, with the use of local anesthetics,
combined or not with opioids [76].

Epidural analgesia with local anesthetics can
be achieved by continuous infusion or by PCA.
Adding clonidine to a local anesthetic could
allow for better postoperative pain scores, with
an increased number of hypotensive episodes.
Its use is not recommended due to the limited
evidence [9].

Severe AEs include respiratory depression,
severe hypotension, and epidural hematoma or
epidural abscess causing paraplegia. Therefore,
monitoring patients undergoing neuraxial
analgesia is mandatory in order to promptly
adopt all appropriate treatments (i.e., catheter
removal, dose de-escalation, antagonist admin-
istration, decompression surgery, antibiotics).

Intrathecal Route

Intrathecal (IT) local anesthetics provide short-
term postoperative analgesia. During orthope-
dic, urological, and gynecological procedures,
the addition of IT morphine (50–100 mcg)
allows for longer analgesia than with IT local
anesthetics alone [77]. IT opioids seem to better
control pain compared to IV administration,
even if respiratory depression, urinary reten-
tion, nausea, vomiting, and pruritus are more
frequent with IT than with IV opioids [78] and if
high doses of morphine are used (more than
300 mcg). The rate of AEs is higher during
minor surgery than major surgery [79]. No def-
inite conclusion has emerged from literature
comparing spinal epidural versus continuous
epidural infusion [29]. Combination with
clonidine (30–150 mcg) reduces opioid doses,
with longer duration [80].

Peripheral Blocks

Regional and local analgesic techniques have
been increasingly used for perioperative pain
management, and their use is advocated as a
part of modern multimodal postoperative
analgesia. The introduction of ultrasound-gui-
ded procedures has increased the adoption of
such techniques, in terms of success rate, time
to perform, and onset time [81]. Moreover,
ultrasound guidance significantly reduces the
risk of local anesthetic systemic toxicity [82]
and nerve injury. Recently, specific peripheral
approaches have been recommended for some
specific surgeries: for example, in major breast
surgery, paravertebral block or pectoral nerve
block and/or local anesthetic wound infiltration
may be considered for additional pain relief [83]
or, in cesarean section, continuous wound local
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anesthetic infusion, and/or fascial plane blocks
such as transversus abdominis plane or
quadratus lumborum blocks are recommended
[84]. After thoracotomy, thoracic paravertebral
block is comparable to TEA, while transversus
abdominis plane block is superior to local
infiltration for abdominal surgeries, with the
exception of laparoscopic cholecystectomy [9].

Nerve trunk blocks are strongly supported for
surgeries of the extremities [9].

No differences in time to onset of anesthesia
or patient satisfaction were found when com-
paring levobupivacaine versus ropivacaine for
peripheral blocks, with the former providing
longer block and a lower incidence of postop-
erative rescue analgesia. Concentration ranged
from 0.5 to 0.75% [85].

Potential risks include nerve injury, bleed-
ing, and infection, and therefore strict adher-
ence to specific guidelines is recommended.

Limitations
The present review deals with the management
of acute postoperative pain medications and
their different ways of administration, focusing
on the most adopted ones. However, several
other approaches can be employed to control
acute pain and prevent chronification, such as
non-pharmacological treatment (i.e., acupunc-
ture), topical treatments and neuroabla-
tive/modulatory techniques, like cryo-analgesia
[86].

Moreover, other medications should be
considered in order to manage pain persistence,
such as tricyclic antidepressants, anticonvul-
sants, or N-methyl-D-aspartate receptor antago-
nists. The effective role of all these adjuvants in
controlling chronic pain is well known and
documented, but their role in acute postopera-
tive pain management needs to be better
clarified.

CONCLUSION

One of the most difficult challenges for the pain
physician is preventing the persistence of pain
after surgical procedures or trauma. An in-depth
knowledge of pain mechanisms is fundamental
to developing effective pain control strategies,

together with an accurate therapy plan, which
very often involves a multimodal approach.

Adding non-pharmacological interventions
to analgesic medication may result in additional
effects consistent with the biopsychosocial
model of pain. For any given situation, a num-
ber of potential multimodal combinations are
possible, and different multimodal regimens
might be appropriate, depending on the specific
surgery, individual clinical factors, and patient
preferences.

As existing evidence suggests, better knowl-
edge of different routes of administration of
analgesics, their indications, and limitations
could help pain therapists in providing the
most appropriate management of acute pain
and preventing the development of chronic
pain.
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3. Misiołek H, Zajączkowska R, Daszkiewicz A, et al.
Consensus statement of the Section of Regional
Anaesthesia and Pain Therapy of the Polish Society
of Anaesthesiology and Intensive Therapy, the
Polish Society of Regional Anaesthesia and Pain
Therapy, the Polish Association for the Study of
Pain and the National Consultant in Anaesthesiol-
ogy and Intensive Therapy. Anaesthesiol Intensive
Ther. 2018;50(3):173–99.

4. Aubrun F, Nouette-Gaulain K, Fletcher D, et al.
Revision of expert panel’s guidelines on

postoperative pain management. Anaesth Crit Care
Pain Med. 2019;38(4):405–11.

5. Alam A, Gomes T, Zheng H, Mamdani MM, Juurlink
DN, Bell CM. Long-term analgesic use after low-risk
surgery: a retrospective cohort study. Arch Intern
Med. 2012;172(5):425–30.

6. McDaid C, Maund E, Rice S, Wright K, Jenkins B,
Woolacott N. Paracetamol and selective and non-
selective non-steroidal anti-inflammatory drugs
(NSAIDs) for the reduction of morphine-related side
effects after major surgery: a systematic review.
Health Technol Assess. 2010;14(17):1–153.

7. Enqvist B, Bjorklund C, Engma M, Jakobsson J.
Preoperative hypnosis reduces postoperative vom-
iting after surgery of the breasts: a prospective,
randomized, and blinded study. Acta Anaesthesiol
Scand. 1997;41:1028–32.

8. Weber L, Yeomans DC, Tzabazis A. Opioid-induced
hyperalgesia in clinical anesthesia practice: what
has remained from theoretical concepts and
experimental studies? Curr Opin Anaesthesiol.
2017;30(4):458–65.

9. Schug SA, Palmer GM, Scott DA, Alcok M, Halliwell
R, Mott J. APM: SE Working Group of the Aus-
tralianand New Zealand College of Anaesthetists
and Faculty of Pain Medicine, Acute Pain Manage-
ment: Scientific Evidence (5th edition), ANZCA &
FPM, Melbourne. 2020.

10. Vallejo R, Barkin RL, Wang V. Pharmacology of
opioids in the treatment of chronic pain syn-
dromes. Pain Physician. 2011;14:E343–60.

11. Plein LM, Rittner HL. Opioids and the immune
system—friend or foe. Br J Pharmacol.
2018;175(14):2717–25.

12. Urman RD, Seger DL, Fiskio JM, et al. The burden of
opioid-related adverse drug events on hospitalized
previously opioid-free surgical patients. J Patient
Saf. 2021;17(2):e76–83.

13. Hoeben E, Smit JW. Upmalis D et al Dose-response
relationship after single oral dose administrations
of morphine and oxycodone using laser-evoked
potentials on UVB- and capsaicin-irritated skin in
healthy male subjects. Pain. 2012;153(8):1648–56.

14. Derry S, Moore RA, McQuay HJ. Single dose oral
codeine, as a single agent, for acute postoperative
pain in adults. Cochrane Database Syst Rev. 2010;4:
CD008099.

15. Toms L, Derry S. Moore RA et al Single dose oral
paracetamol (acetaminophen) with codeine for
postoperative pain in adults. Cochrane Database
Syst Rev. 2009;1:CD001547.

Pain Ther (2021) 10:909–925 921



16. Moore RA. McQuay HJ Single-patient data meta-
analysis of 3453 postoperative patients: oral tra-
madol versus placebo, codeine and combination
analgesics. Pain. 1997;69(3):287–94.

17. McQuay H, Edwards J. Meta-analysis of single dose
oral tramadol plus acetaminophen in acute post-
operative pain. Eur J Anaesthesiol Suppl. 2003;28:
19–22.

18. Gaskell H, Derry S, Moore RA, et al. Single dose oral
oxycodone and oxycodone plus paracetamol (ac-
etaminophen) for acute postoperative pain in
adults. Cochrane Database Syst Rev. 2009;3:
CD002763.

19. Derry S, Derry CJ, Moore RA. Single dose oral
ibuprofen plus oxycodone for acute postoperative
pain in adults. Cochrane Database Syst Rev. 2013;6:
CD010289.

20. McCormack JP, Warriner CB, Levine M, et al. A
comparison of regularly dosed oral morphine and
on-demand intramuscular morphine in the treat-
ment of postsurgical pain. Can J Anaesth.
1993;40(9):819–24.

21. Viscusi ER, Allard R, Sohns M. Eerdekens M
Tapentadol immediate release for moderate to sev-
ere acute post-surgery pain. J Opioid Manag.
2019;15(1):51–67.

22. D’Souza RS, Gurrieri C, Johnson RL, Warner N,
Wittwer E. Intraoperative methadone administra-
tion and postoperative pain control: a systematic
review and meta-analysis. Pain. 2020;161(2):
237–43.

23. Manassero A, Fanelli A, Ugues S, Bailo C, Dalmasso
S. Oral prolonged-release oxycodone/naloxone
offers equivalent analgesia to intravenous mor-
phine patient-controlled analgesia after total knee
replacement A randomized controlled trial. Min-
erva Anestesiol. 2018;84(9):1016–23.

24. Kokki M, Kuronen M, Naaranlahti T, et al. Opioid-
induced bowel dysfunction in patients undergoing
spine surgery: comparison of oxycodone and oxy-
codone-naloxone treatment. Adv Ther. 2017;34(1):
236–51.

25. Neuman M, Bateman B, Wunsch H. Inappropriate
opioid prescription after surgery. Lancet. 2019;393:
1547–57.
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