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Abstract

Postoperative pain, a post-surgery unwanted event contributing to functional limitations and psychological trauma, has become a significant
clinical issue as more patients develop chronic pain after surgery. Opioids have become a gold standard in the management of severe pain;
however, their use for the long-term in treating chronic pain is associated with side effects, including respiratory and gastrointestinal issues and
complications, including addiction, drowsiness, dry mouth, urinary retention, and increased blood sugar levels. Non-opioid medications, physical
therapy, occupational therapy, acupuncture, chiropractic, and cognitive behavioral therapy are used to decrease chronic pain. However, there is
a need for other strategies to reduce opioid dependence postoperatively. Research on peripheral nerve blocks (PNBs), a procedure of injecting
local anesthetics around the nerve, offers a promising alternative approach. This review explores various PNBs, their usage in decreasing opioid
use, benefits, patient satisfaction, and limitations, followed by a discussion on increasing and optimizing PNB utilization in the clinical setting.
PNBs offer a promising alternative to opioids for managing postoperative pain, significantly reducing opioid consumption, pain scores, and
associated side effects. By integrating PNBs into multimodal analgesia strategies, healthcare providers can mitigate the risks of long-term opioid
dependence, enhance patient outcomes and address a critical aspect of the ongoing opioid epidemic.
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Introduction

The opioid epidemic represents a major public health crisis,
exacerbated by the overprescription of opioids after surgical
procedures, which can lead to prolonged use. An observational
study evaluating the differences in risk of long-term opioid
therapy after surgery among an opioid-naive population
reported dramatically increased amounts of opioids prescribed
for postoperative pain after surgery between 2005 and 2015,
suggesting an increased opioid need for a longer duration
[1]. Further, Postoperative Analgesic Therapy Observational
Survey (PATHOS), a prospective, cross-sectional, observational,

multicenter practice survey, conducted in 7 European hospitals
between 2004-2005, concluded that current post-operative pain
management remains suboptimal and there is a need to improve
the strategies [2]. A hospital-based study by Ndebea et al. [3]
reported that approximately 70% of patients who underwent
general and orthopedic surgery reported experiencing moderate
to severe pain within the first 48 hours postoperatively, with 15%
to 16% of these cases with severe pain. In an Ethiopian cohort,
91.4% experienced intense post-operative pain [4]. A Western
Cape hospital reported that 62% of patients undergoing surgery

J Anest & Inten Care Med 14(5): JAICM.MS.1D.55597 (2025)


http://dx.doi.org/10.19080/JAICM.2025.14.555897
http://juniperpublishers.com
https://juniperpublishers.com/jaicm/

Journal of Anesthesia & Intensive Care Medicine

had moderate to severe pain [5]. Aretrospective study by Oderda et
al. [6] found that around 95% of over 300,000 patients undergoing
surgery received opioid therapy across 380 US hospitals. These
reports reflect the extent of this issue and the need for alternative
strategies.

The mounting issue of postoperative opioid use in previously
opioid-naive patients has been studied using prescription
databases. Alam et al. [7] reported that 7.7% of 391,139 opioid-
naive patients were still using opioids a year after minor surgeries
and that 3.1% of 39,140 opioid-naive patients filled opioid
prescriptions 1-180 days post-abdominal, pelvic, or thoracic
surgeries [7]. Brummett et al. [8] reported that 6% of 36,177
opioid-naive patients filled opioid prescriptions 90-180 days after
various surgeries, compared to 0.4% of 492,177 non-surgical
controls. The issue is growing; Wunsch et al. [9] found an increase
in opioid prescriptions from 75% to 81% in the first week post-
minor surgery between 2004 and 2012. Raebel et al. [10] noted
that 8% of 11,719 bariatric surgery patients were opioid users
before surgery, with 723 continuing a year later. Prospective
studies also show ongoing opioid use post-surgery. Caroll et al.
[11] found that 6% of 109 opioid-naive patients continued opioid
use 150 days post-surgery. Another study found 8.2% and 4.3%
of 574 opioid-naive patients continued opioid use six months
after knee and hip arthroplasty, respectively. Armaghani et al. [12]
reported that 26% of opioid-naive patients continued opioid use
one year after elective spine surgery. These findings highlight the
persistent challenge of postoperative opioid use among initially
opioid-naive patients.

Opioids are favored because they effectively alleviate
moderate to severe postoperative pain, have no ceiling effect,
and come in various formulations. Their extensive history of use,
familiarity, and accumulated clinical experience contribute to
their prevalence. However, opioids have numerous dose-limiting
side effects, ranging from nausea, vomiting, and constipation to
oversedation, somnolence, and respiratory depression, which can
be life-threatening [6]. Elderly patients, those with sleep apnea, the
obese, and smokers are particularly at risk for oversedation and
respiratory depression. Patients may reduce their opioid intake
to avoid these side effects, potentially resulting in inadequate
pain relief. This results in increased overall healthcare costs,
longer hospital stays, and lower survival rates during in-hospital
resuscitation. Despite these issues, opioid use has not decreased;
in fact, it has risen in recent years in both inpatient and outpatient
settings [13]. Despite strong evidence of their drawbacks, opioids
remain the choice of postoperative pain treatment. Mounting
evidence of long-term opioid side effects warrants an alternate
strategy with minimal side effects for post-surgical pain to
improve clinical outcomes. This review explores the role of PNBs
in mitigating opioid consumption following surgery, aiming to
identify and summarize the existing evidence on the reduction of
opioid use.

Opioid Use: Side effects and complications

Opioid use has been shown to induce suppression of
cellular immunity and reduced resistance to bacterial infection,
contributing to higher infection rates in heroin addicts and
potentially affecting HIV pathogenesis. Exogenous opioids can
contribute to immunosuppression through central and peripheral
mechanisms, including effects on the hypothalamic-pituitary-
adrenal (HPA) axis and autonomic nervous system. Endogenous
opioids like endorphins induce immune activation. Immune cells
can release endogenous opioids and express opioid receptors,
facilitating a dynamic interaction that modulates immune and
inflammatory responses [14]. Opioid usage can also lead to opioid
endocrinopathy (OE) or opioid-induced androgen deficiency
(OPIAD), affecting hormonal function in both men and women.
This hormonal disruption includes reduced levels of testosterone,
estrogen, luteinizing hormone (LH), and other hormones, leading
to side effects such as sexual dysfunction, depression, and
decreased energy. In men, chronic opioid use results in lower
testosterone levels, potentially contributing to hypogonadism.
In women, opioids can cause hormonal imbalances, increasing
the risk of osteoporosis and fractures, particularly in elderly
populations. Although hormone replacement therapies show
some promise in mitigating these side effects, further large-scale
randomized controlled studies are warranted to evaluate their
efficacy and safety [15].

Regarding managing the post-surgical pain, opioids have been
a main staple in pain management as they do an excellent job of
decreasing pain and improving patient outcomes; however, that
does not come without side effects. Common side effects include
nausea, vomiting, constipation, sedation, dizziness, physical
dependence, tolerance, and respiratory depression, with addiction
being the biggest issue [6]. Delayed gastric emptying, muscle
rigidity, myoclonus, hyperalgesia, and immunologic and hormonal
dysfunction are other less common side effects. Among these side
effects, physical dependence and addiction are of clinical concern,
posing hurdles in prescribing opioids, contributing in turn to
inadequate pain management [15]. Another common issue with
opioid use is tolerance. Over time, the reduction in effectiveness
leads to increased dosage requirements and inadequate pain
relief. This can later lead to physical dependence, causing the body
to adapt to the opioids, consequently inducing withdrawal upon
cessation [16].

Up to 80% of patients who use opioids experience
constipation, with nausea in 40% of patients and vomiting in 15-
24% of patients, respectively [17,18]. Opioid-induced respiratory
distress, a much more severe complication, occurs between 0.3%
and 21% of patients [19]. Over 80% of patients receive opioids
after low-risk surgery, and over 60% of people with 90 days of
continuous opioid therapy remain on opioids years later. Patients
receiving an opioid prescription after short-stay surgeries have
a 44% increased risk of long-term opioid use [20]. Opioid usage
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has increased; nerve blocks and multimodal analgesia may be
used to decrease the dependence on opioids. PNBs, a procedure
of injecting local anesthetics around the nerve, offer a promising
alternative approach. When examining 609,991 patients who
underwent total knee arthroplasty, patients who were given
PNBs had a decreased consumption of morphine, a commonly
used opioid, compared to patients who did not receive PNBs [21].
However, not every surgery has seen similar results. When looking
at 6695 patients who underwent shoulder arthroplasty, there
was no statistically significant difference in opioid use between
patients who had nerve block and those who did not [22]. This
suggests the need for a better understanding and future research
to optimize the protocols for improved clinical outcomes using
PNB.

Surgical Anesthesia vs. Analgesia

Surgical anesthesia and analgesia are distinct but related
concepts in pain management during and after surgery. Surgical
anesthesia results in a complete sensory-motor block with more
concentrated local anesthetics (e.g, 0.5% ropivacaine) and
provides a state of unconsciousness, amnesia, and immobility.
However, analgesia specifically addresses pain relief without
necessarily inducing a loss of consciousness. Surgical analgesia
prefers nociceptive blockade at lower concentrations (e.g., 0.2%
ropivacaine) to preserve motor function for early rehabilitation.
Anesthesia often includes analgesia, but analgesia can also
be achieved independently using regional or local anesthesia
techniques [23-25].

Peripheral Nerve Blocks

PNB, a regional anesthesia technique where a local anesthetic
is injected near a peripheral nerve to numb a specific area of the
body, blocking pain signals from reaching the brain. PNB used
for surgical anesthesia and pain management offers advantages
like reduced opioid use, faster recovery, and fewer side effects
compared to general anesthesia. The nerve block can be
administered as a single injection or with a catheter for continuous
pain relief. Ultrasound or nerve stimulation may be used to guide
needle placement for accuracy. Depending on the medication and
technique used for nerve block, numbness and pain relief can
last from a few hours to several days [26]. Cardwell et al. [27]
concluded that perioperative peripheral nerve blocks (PNBs)
significantly reduce opioid consumption both during surgery and
in the postoperative period, with the most pronounced reduction
observed within the first 24-72 hours after surgery. Additionally,
patients receiving PNBs report lower pain scores compared to
those who do not receive these blocks.

Single-Shot Peripheral Nerve Blocks

A single-injection peripheral nerve (sPNB) block is a one-time
procedure of injecting numbing medication into a nerve or nerve

plexus. The duration of its effect, which typically ranges from 3 to
18 hours, depends on the medication used, the injection site, and
individual response. This procedure is intended to reduce surgical
pain but may not eliminate it. While effective for shorter surgical
procedures, sSPNB may require supplemental pain management
for longer-lasting pain [28].

Continuous Peripheral Nerve Blocks (CPNB)

CPNB involves the percutaneous insertion of a catheter near
a peripheral nerve to continuously deliver a local anesthetic,
providing prolonged pain relief after surgery or trauma. CPNBs
are a valuable tool in acute pain management, offering benefits
like reduced opioid use and improved patient recovery. Catheters
can be plain plastic, echogenic, stimulating, or both echogenic
and stimulating. Echogenic catheters have become increasingly
popular due to their ability to be precisely placed near target
nerves in real time [29]. In trauma care, CPNBs are valuable
for managing pain throughout the perioperative period. They
aid in patient transport, surgical anesthesia, postoperative
analgesia, chronic pain prevention, and sympathetic blocks (e.g.,
tissue flaps). Patients with complex injuries requiring multiple
surgeries, debridement, and/or skin grafting benefit significantly
from CPNBs [29]. Compared to single-injection nerve blocks,
CPNBs offer prolonged pain relief, while single-injection blocks
typically last for a shorter duration. Compared to epidural
anesthesia, CPNBs may be a safer alternative, especially in
patients at higher risk of complications from epidurals, such as
those on anticoagulants [30,31]. Minor complications of CPNBs
include catheter dislodgement, occlusion, leakage, and infusion
pump malfunction. Serious but rare complications include
local anesthetic systemic toxicity (LAST), catheter knotting and
shearing, and infection, especially in emergency rooms or intensive
care units. Prolonged use of an indwelling catheter increases the
risk of infection in trauma patients, while infection odds vary with
the type of catheter [32].

Regional Anesthesia

Regional anesthesia numbs a specific part of the body, such as
an arm, leg, or the area below the chest, by blocking nerve signals.
Regional anesthesia can be used alone or in combination with
other anesthetic techniques, like sedation or general anesthesia.
Nerve block involves injecting local anesthetic medication near a
group of nerves to interrupt pain signals from that area. Regional
anesthesia may be spinal anesthesia, epidural anesthesia, or
peripheral nerve blocks. Spinal and epidural anesthesia are often
used for lower body procedures and pain management during
childbirth or after abdominal/chest surgery. While PNBs are used
for procedures on specific limbs, such as arm or leg surgeries.
Major advantages include reduced postoperative pain, nausea,
and the need for opioids [33-35]. Regional anesthesia for the
upper limb is achieved by targeting the brachial plexus at various
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points along its pathway, including the roots (C5-T1), trunks,
divisions, cords, and terminal branches. Understanding both the
standard anatomy and the anatomic variation of the brachial
plexus is crucial for clinicians performing regional anesthesia [36].
Targeting the brachial plexus can be used for clavicular, scapular,
and humeral fractures as well as shoulder dislocations. Regional
anesthesia for the lower limb can be performed by blocking
branches of the lumbar plexus and/or the sacral plexus. Although
these plexuses exhibit fewer anatomic variations compared to the
brachial plexus, understanding these variations is still essential
for clinical practice. Blocking the lumbar or sacral plexuses can be
used for hip, knee, tibial, ankle, and foot fractures [37].

Clinical Applications and Anatomical Targets

Peripheral nerve blocks (PNBs) are employed in several
anatomical sites to provide localized analgesia and anesthesia.
Some examples of common applications are the use of brachial
plexus blocks for upper limb surgery (for example, shoulder
and elbow surgery), femoral/sciatic nerve blocks for lower
limb surgery, and transversus abdominis plane (TAP) blocks for
abdominal surgery [24,26]. In interventional radiology, PNBs are
utilized for procedures such as radiofrequency ablation of hepatic
tumors (paravertebral blocks) and percutaneous nephrolithotomy
(intercostal nerve blocks) [24]. Accuracy is enhanced with
ultrasound and fluoroscopic guidance, reducing complications
like vascular puncture [24,38].

Efficacy of Peripheral Nerve Blocks and Opioid Sparing
Effect

PNBs are effective in reducing opioid consumption following
surgery or for other painful conditions. This reduction in opioid
use can lead to fewer opioid-related side effects and improved
patient satisfaction [23]. PNBs are superior to systemic opioids
in producing postoperative pain relief, with 30-50% decreases
in acute pain scores and a 40% reduction in opioid consumption
during the first 24 hours [24]. Intercostal nerve blockade for
percutaneous nephrolithotomy significantly reduced visual
analog scale (VAS) scores (p<0.05) and reduced postoperative
narcotic consumption. Similarly, paravertebral blocks for ablation
of liver tumors produced mean pain scores of less than 2/10
in most patients [24]. Opioid-sparing action is important in
preventing the risk of dependency and respiratory depression
[26]. The reduced opioid consumption via PNBs is evidenced by
various studies discussed below. A study with over 600k patients
examined the differences in postoperative complications and
opioid consumption associated with perioperative PNB utilization
during primary total knee arthroplasty [21].

The study found that patients who received PNB exhibited
an 8.12% lower average morphine milligram equivalent (MME)
exposure compared to those who did not. Patients with a length of
stay (LOS) of less than 1 day had higher MME exposure with PNB,

while those with a 1-day LOS had lower overall and postoperative
day (POD) zero opioid exposure. For LOS of 2 days, opioid
exposure was similar overall but higher on POD1 and POD2 for
PNB patients. For LOS of 3 days, PNB patients had lower PODO but
higher POD1, POD2, and POD3 opioid exposure. A meta-analysis
of 19 articles concluded that CPNB extends postoperative pain
relief beyond the duration of single injection techniques, making
them beneficial in both outpatient and inpatient settings. A meta-
analysis of randomized controlled trials (RCTs) revealed that
perineural analgesia with local anesthetics provides significantly
better postoperative pain control compared to opioids, with
benefits lasting up to three days. CPNBs resulted in fewer side
effects such as nausea, vomiting, pruritus, and sedation, and
improved patient satisfaction. Although protocols varied, CPNBs
consistently demonstrated superior analgesia and reduced opioid-
related side effects. This suggests that CPNBs are effective for
managing postoperative pain, offering both enhanced pain relief
and fewer complications compared to IV morphine, a traditional
opioid analgesia. Further research is needed to optimize protocols
and maximize the benefits of CPNB for different surgical and
catheter sites [39].

A randomized, double-blind, placebo-controlled study [40]
with 50 patients undergoing hip surgery compared a pericapsular
nerve group using 25 mL of 0.5% ropivacaine with saline control
for pain management. The study reported a significantly lower
total opioid consumption 24 h postoperatively (440.72 + 242.20 pg
vs. 611.07 + 313.89 pg) in the pericapsular nerve group compared
to the control group. The pain scores at 30 minutes postblock
and 6 hours postoperatively were significantly lower in the
pericapsular nerve group, while the first opioid demand was
significantly shorter in the control group. The study found that the
sensory block effectiveness was better in the pericapsular nerve
group 30 minutes postblock and 6 and 12 hours postoperatively.
These findings suggest that PNB is effective in reducing opioid
consumption. Another study compared CPNB (n=82) with single-
shot peripheral nerve block (SPNB; n=114) in 196 patients
undergoing surgery for anterior cruciate ligament reconstruction
[41]. CPNB was delivered via the placement of an elastomeric
reservoir ball. The study compared the need for opioid use and
improved pain control in children and adolescents. Cryotherapy,
oral acetaminophen, and ibuprofen were used for postoperative
pain management, and hydrocodone/acetaminophen (5/325 mg)
was given for 10 days if needed in case of uncontrolled pain. The
study reported that 70% of patients (n=138) did not need opioids
at home after surgery, and the remaining 30% (n=58) needed
home opioids. Of these, 30.7% (n=35) were in SPNB and 28%
(n=23) in CPNB. These results suggest that PNB may attenuate the
need for opioid use at home efficiently, and CPNB may be better
than SPNB [41]. In addition to these, other systematic reviews
discussed the opioid sparing effects of peripheral nerve block or
opioid free analgesia [42] (Table 1).
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Table 1: Studies evaluating the opioid sparing effects in noncancer and surgery-related pain.

Drug evaluated Strategy

Outcome

A Systematic Review and

Cannabinoids [43] Meta-Analysis

17 out of 19 pre-clinical studies showed synergistic effects from opioid and canna-
binoid co-administration and opioid sparing effects of cannabinoids.

A Systematic Review and

Cannabinoids [44] Meta-Analysis

Opioid-sparing effects of cannabinoids in the context of analgesia were evidenced

in preclinical and observational studies.

Buprenorphine [45] A systemic review

Buprenorphine can reduce chronic pain intensity without precipitating opioid

withdrawal in individuals with chronic pain.

Phase 3, double-blind

Naloxegol [46] studies

Naloxegol, an oral, peripherally acting, p-opioid receptor antagonist, provides a
significantly higher rate of treatment response, without reducing opioid-mediated

analgesia.

Opioid versus opioid-free anal-

gesia [47] Prospective cohort study

Opioids are associated with post-surgical pain, and opioid-free discharge analgesia

should be adopted routinely.

Immediate and significant pain relief, a noticeable reduction
in pain scores, improved functional recovery, and a decreased
need for opioid analgesics are common indicators of PNB'’s
efficacy. Reduced incidence of postoperative nausea and
vomiting, faster recovery time, and enhanced patient satisfaction
are other indicators of PNB’s efficacy. A decreased need for
general anesthesia or local anesthetic agents for procedures,
a significant decrease in pain intensity compared to those not
receiving the block or receiving alternative pain management
methods, reduced postoperative nausea and vomiting, faster
transition through the recovery phases potentially leading to
earlier discharge from the hospital, functional recovery allowing
patients to engage in physical therapy and activities sooner by
reducing pain and inflammation are characteristics of successful
nerve block. Additionally, improved pain control and faster
recovery, contributing to higher patient satisfaction with their
overall experience and shorter hospital stays, particularly when
combined with early mobilization and rehabilitation, are also
indicators of successful nerve block efficacy [23,28]. The most
notable reduction in opioid consumption is typically seen in the
first 24-72 hours post-surgery [27,43-49].

Mechanisms and determinants for PNBs in Reducing
Opioid Use

Local Anesthetic Action and Pain Pathway Interruption

PNBs work by injecting a local anesthetic into the area
to inhibit impulse transmission distally in a nerve terminal,
resulting in terminating the pain signal perceived by the cortex
[50]. The local anesthetics, commonly lidocaine, bupivacaine, and
ropivacaine, block sodium channels on nerve fibers, preventing
depolarization and thus stopping action potentials. This results in
a loss of pain and sensation in the targeted area [24]. Nociceptors
are specialized sensory neurons that detect injurious stimuli,
including temperature, mechanical, and chemical. Nociceptors
use voltage-gated sodium channels to transmit the injurious
signal from either muscle or skin to the dorsal horn of the spinal
cord, which travels to the thalamus [51]. The sodium channel is
composed of an alpha subunit along with a beta subunit. The alpha

subunit contains four homologous domains (I-1V), each containing
six transmembrane segments (S1-S6). Local anesthetics typically
bind to the S6 segment of the sodium channel located in the inner
pore of domains I, IIl, and IV during its depolarization stages.
This enables local anesthetics to bind to nociceptors that are
firing via their voltage-gated sodium channels. This binding will
stop sodium from passing through the channel, thus stopping
depolarization from propagating action potentials [52].

By blocking the transmission of pain signals from the nerves
to the central nervous system, PNBs reduce postoperative pain
as the first and most critical point of intervention to reduce the
consumption of systemic opioids immediately after surgery [53].
PNB lowers acute postoperative pain and consumption of opioids
within the first 24-72 hours after surgery, which is normally the
peak period of systemic opioid requirement [27]. In the process
of opioid sparing, PNBs contribute through pre-emptive as well
as preventive analgesia. Preceding the surgical trauma, the PNBs
provide an early interruption of nociceptive input, preventing the
central sensitization. Central sensitization is defined as the state
of hyper-responsiveness of the central nervous system towards
pain after the injury [54]. The nerve blocks not only decrease
the intensity and duration of postoperative pain by limiting
central sensitization but also reduce the probability of chronic
postsurgical pain development, which is a significant aspect of
prolonged opioid use. Nerve blocks decrease central sensitization,
decreasing the probability of chronic postsurgical pain, a major
aspect of prolonged opioid use. Clinical evidence shows that
patients are lesslikely to develop chronic postsurgical pain, thereby
reducing the need for opioid usage [53]. The local anesthetics used
in PNBs have anti-inflammatory properties, which further reduce
pain. These agents can attenuate the release of pro-inflammatory
cytokines and suppress excessive inflammatory response. This
also serves as a dual mechanism for both immediate and extended
analgesic effects [55-58]. When added as a single element of a
multimodal analgesic regime, apart from reduced consumption
of opioids, improved overall pain management and hence patient
outcome, with lower tendencies of opioid dependency and chronic
pain syndromes, are achieved [53].

How to cite this article: Zuhair C, Gurkaranjot S, Vikrant R. The Prospectives of Peripheral Nerve Blocks in Reducing Postoperative Opioid Use. J Anest
& Inten care med. 2025; 14(5): 555897. DOI:10.19080/JAICM.2025.14.555897


http://dx.doi.org/10.19080/JAICM.2025.14.555897

Journal of Anesthesia & Intensive Care Medicine

Duration, concentration, and combination of analgesia

The duration of analgesia from PNBs varies depending on
the type of local anesthesia used. The effect may last only a few
hours, up to a day, or up to 72 hours for some formulations
(lidocaine- typically 1-2 hours, bupivacaine and ropivacaine- 2-8
hours, and liposome bupivacaine- up to 72 hours). For instance,
short-acting anesthetics like lidocaine have a shorter duration
compared to long-acting ones like bupivacaine or ropivacaine.
Higher concentrations and larger volumes of local anesthetic
can prolong the duration of the block, but this may also increase
the risk of side effects. Adding substances like epinephrine or
other agents can help prolong the block’s duration by reducing
local anesthetic absorption and prolonging its effect. Continuous
PNBs, where a catheter is placed and local anesthetic is infused
over time, can provide longer-lasting analgesia compared to
single-shot PNBs. Factors like patient metabolism, blood flow
to the nerve, and the specific nerve block site can also influence
the duration. Understanding the duration of local anesthetics is
crucial for choosing the appropriate agent and technique for PNBs,
especially in the context of postoperative pain management. For

surgeries where pain is expected to last longer than the duration
of a single-shot block, continuous techniques or adjuvants may be
necessary to provide adequate pain relief [56-58]. These aspects
are supported by various studies discussed below.

More than 80% of patients experience acute postoperative
pain, and approximately 75% of those report the pain severity
as moderate or greater [59]. Without proper management of the
pain, it can lead to chronic pain and further complications [60].
The duration of analgesia is crucial for managing postoperative
pain, which is often the most intense during the initial recovery
period. This pain is typically the most intense for patients, and
the usage of analgesia (local anesthetics) allows patients to have
decreased opioid consumption and improved patient comfort [61].
Cathasaigh et al. [62] suggest that higher plasma concentrations of
bupivacaine are linked to prolonged sensory blockade (Figure 1) in
dogs. Further research comparing specific dosages of anesthetics
for prolonged sensory blockage is warranted in humans to
translate these findings. Reporting plasma drug concentration, not
the drug around the nerves, is a limitation of this study for clinical
effects and translational aspects of PNBs.
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Figure 1: Effect of bupivacaine concentration on block duration. Data was collected from Cathasaigh et al. [59] and plotted on a chart to
show the progression of bupivacaine concentrations in the plasma of dogs.
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A double-blind, randomized, placebo-controlled trial
evaluating the additional analgesic efficacy of continuous adductor
canal block (CACB; 0.2% ropivacaine compared to normal saline)
added to single-dose local infiltration analgesia (100 ml 0.2%
ropivacaine, 10 mg oxycodone and 0.5mg adrenaline) after
medial unicondylar knee arthroplasty [63] found that CACB
added to local infiltration analgesia provides better analgesia and
ambulation without motor weakness. The study also reported

delayed onset of pain, nearly 8 hours later in the CACB group
than the placebo group. Another study looking at opioid usage
0-48 hours postoperatively found the need for a decreased dose
of opioids 18.7 mg compared to 84.9 mg when bupivacaine was
used [64]. Overall, the usage of analgesia for pain reduction has
proved effective and has decreased the need for opioid usage
postoperatively.
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Adjuvants such as dexamethasone and clonidine are used
more frequently to prolong block duration and enhance analgesia.
The use of perineural and dexamethasone combined with ulnar
nerve block in patients undergoing upper extremity surgery
showed that the addition of dexamethasone to the nerve block
significantly prolonged the duration of analgesia and reduced
opioid consumption [65]. Dexamethasone extends sensory
blockade by 4-8 hours but can cause hypotension with clonidine.
More recently developed drugs such as cannabinoids have
potential in preclinical studies but lack sufficient strong clinical
evidence. The choice of local anesthetic (e.g., ropivacaine or
bupivacaine) and concentration also affects efficacy and motor-
sparing effects. Adjuvants like dexamethasone and clonidine
are frequently used with local anesthetics to extend nerve block
duration and improve analgesia. Dexamethasone, when added to
local anesthetics, extends sensory block duration by 4-8 hours,
while clonidine also prolongs block duration but can cause
hypotension. Combining dexamethasone and clonidine can lead to
a longer overall block duration, but the potential for side effects
like hypotension should be considered. Further, it should be noted
thatthe duration of ropivacaine brachial plexus blocks is prolonged
with dexamethasone and clonidine but not with epinephrine
[23,24,66,67]. Duration of analgesia plays a major role in the
reduction of pain and opioid reduction. Using anesthetics such as
bupivacaine and ropivacaine, as well as the addition of adjunctive
medications like dexamethasone, helps mitigate the risk of opioid
misuse and contributes to better pain control.

Pre-emptive Analgesia

The timing of PNBs plays a pivotal role in optimizing
postoperative pain management
consumption. Administering PNBs as preemptive analgesia,
before the initiation of the surgical stimulus, can interrupt

and minimizing opioid

nociceptive signaling at its onset, mitigating central sensitization
and reducing pain intensity in the immediate postoperative period

[68,69]. Studies have demonstrated that preoperative PNBs,
compared to intraoperative or postoperative administration,
are associated with superior outcomes in terms of pain relief
and reduced opioid requirements. For instance, a meta-analysis
reported that interscalene blocks provide optimal analgesia for
shoulder surgery, significantly reducing postoperative pain and
opioid use [70]. Moreover, preemptive blocks also improve patient
satisfaction by facilitating smoother transitions through recovery
phases [71].

Types of Local Anesthetic Drugs

The choice of anesthetic agent and its concentration is another
critical factor influencing the efficacy and duration of PNBs.
Long-acting local anesthetics such as bupivacaine, ropivacaine,
and levobupivacaine are commonly used due to their extended
duration of action, which aligns with the goal of sustained
analgesia [72,73]. Concentration plays a dual role: higher
concentrations provide a denser blockade, which is advantageous
for high-pain surgeries, whereas lower concentrations minimize
the risk of systemic toxicity and facilitate early motor recovery.
Kirksey et al. [74] demonstrated that lower concentrations are
also effective when combined with adjuncts such as epinephrine
or dexamethasone. Table 2 lists commonly used anesthetic agents
for PNBs. Key considerations for (Table 2) include

1) Commonly used concentration ranges in peripheral
nerve blocks.

2) Analgesic duration as documented in postoperative
settings, and

3)  Unique characteristics, advantages, or risks of each agent.
Those with a duration of less than 30 minutes are considered ultra-
short acting, short acting has a duration of between 30 minutes to
1-hour, intermediate lasts from 1 to 2 hours, and long-acting lasts
longer [75-79].

Table 2: Commonly used anesthetic agents for PNBs. Each anesthetic’s concentration range and duration of analgesia were obtained from studies
[29,72-74,76-79] evaluating their efficacy in both clinical and experimental settings.

Anesthetic Agent Typical Concentration (%) Duration of Analgesia Notes
Bupivacaine 0.25-0.5 6-12 hrs. Long acting, ].)referll“ed for sustained postop-
erative pain management.
Ropivacaine 0.2-0.5 4-8 hrs. Lower systemic toxm‘ty compared to bupiv-
acaine.
. . S-Enantiomer of bupivacaine; similar dura-
Levobupivacaine 0.25-0.5 6-12 hrs. tion with reduced toxicity.
Lidocaine 122 1-3 hrs. Short-Acting; Typlcal.ly us?d for minor proce-
dures or adjunctive blocks.
Mepivacaine 1-2 23 hrs. Intermediate quatlon; Oft.en used for outpa-
tient surgeries.
Chloroprocaine 2.3 0.5-1 hour Ultra-short factmg, oft.en used for emergency
settings or brief procedures.
Etidocaine 05-1 510 hrs. Rarely used due to motor block predomi-
nance.
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Limitations and Drawbacks

PNBs, while generally safe when performed correctly, can
have both short-term and long-term implications and limitations.
PNB offers effective pain relief and reduces the need for opioids,
nerve injury, infection, bleeding, and local anesthetic systemic
toxicity (LAST) are potential associated risks. Although not
frequent, complications may involve vascular puncture, bleeding,
nerve injury, and local anesthetic systemic toxicity [80]. Technical
difficulties can include the inability to visualize the target nerve,
particularly in obese patients, and nerve injury can result from
needle placement or local anesthetic injection. Complications like
hematomas, infections, and issues with catheter placement can
also arise, especially with continuous nerve blocks [28,50,80].
Complications, while rare, include nerve injury (0.22% incidence),
Horner syndrome (e.g., stellate ganglion blocks), and motor
[24]. is very operator-dependent, with
technique refinement being important for the outcome, just as
electrodiagnostic testing is highly operator-dependent and should
be used on a case-by-case basis [81]. Failure rates of 11-26% can
result from anatomical variation, catheter dislodgment, or less-
than-ideal local anesthetic spread [24,26].

weakness Success

PNBs are contraindicated in the presence of severe
coagulopathy or systemic infection. PNBs for chronic neuropathic
pain remain controversial due to a lack of evidence for long-term
benefits and risks of nerve damage. While acute headache disorders
(e.g., occipital neuralgia) respond favorably in the short term to
PNBs, chronic disorders with multiple blocks lack robust evidence
[82,83]. In the long term, persistent neurological symptoms or
neuropathies may occur in some patients, highlighting the need
for careful evaluation and management. However, intraneural
injection with a nerve stimulator or ultrasound-guided techniques
is rarely associated with nerve injury [23,28,50,80]. A large
series of studies with more than 7,000 patients demonstrates an
overall success rate of merely 89%, i.e., about 1 in every 10 PNBs
fails in clinical practice [84]. For continuous PNBs alone, first
postoperative day failure rates are 19% for infraclavicular and 26%
for supraclavicular techniques [85,86]. With regards to long-term
effects, there is a much greater incidence of neurogenic symptoms
in the PNB group (38.14%) versus controls (9.43%) (p<0.001),
with 51% of the former group experiencing ongoing symptoms at
7-13 months following the procedure [81]. The administration of
local anesthetic agents also demands careful consideration of the
agent and dose to balance efficacy while avoiding side effects [84].
This suggests that despite the well-documented advantages, the
success of PNBs is technique-dependent and variable, requiring
practitioner proficiency and appropriate patient education on
complications.

Nerve injury can occur due to needle trauma, intraneural
injection, or compression from hematomas. The risk is higher
in patients with pre-existing nerve conditions. Local Anesthetic
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Systemic Toxicity (LAST) occurs when local anesthetic enters the
bloodstream, potentially causing seizures, cardiac arrhythmias, or
even death. Infections are rare; however, injection site infection
is a potential risk. If blood vessels are damaged during the block,
hematomas can form. The block may not provide adequate pain
relief, requiring additional interventions or alternative pain
management strategies (block failure). Femoral nerve blocks,
commonly used for knee and thigh surgeries, can cause quadriceps
weakness, potentially leading to falls. Single-shot peripheral
nerve blocks provide temporary pain relief, typically lasting for
12-24 hours. Continuous peripheral nerve blocks require more
resources, including catheters, pumps, and 24/7 availability of
healthcare providers, which can be costly. Further, patient-specific
factors like obesity or pre-existing nerve conditions can increase
the risk of complications or block failure [50, 86]. Obesity, edema,
or subcutaneous emphysema can make it difficult to visualize
nerves using ultrasound, potentially leading to block failure or
complications. Inability to cooperate with the procedure (e.g., due
to dementia or severe anxiety), pre-existing neurological deficits,
and active infections at the site of the block are contraindications.

These issues may be mitigated for a better outcome. Using
ultrasound to visualize nerves and surrounding structures during
the block can help minimize the risk of nerve injury and improve
block success. Ultrasound and nerve stimulation devices improve
safety but do not completely reduce risk [24,38]. Identifying
patients at higher risk for complications (e.g., those with pre-
existing nerve conditions or obesity) enables the appropriate
adjustment of the block technique and the choice of local
anesthetic (patient selection). Using appropriate needle types
and techniques can minimize the risk of nerve injury. Monitoring
patients closely for signs of complications (e.g., bleeding, infection,
or LAST) is crucial. If the block fails or provides inadequate
pain relief, alternative pain management strategies (e.g., opioid
analgesics, other nerve blocks, or multimodal analgesia) should be
considered. By carefully weighing the risks and benefits, utilizing
appropriate techniques, and implementing mitigation strategies,
healthcare professionals can optimize the use of peripheral nerve
blocks and minimize the potential for complications [23,84,87].

Conclusion

Future Research, and Emerging Trends: Ultrasound-guided
peripheral nerve blocks (PNBs) enhance accuracy (success rates
>95%) and enable opioid-free anesthesia (OFA) with multimodal
analgesia (e.g., NSAIDs, dexmedetomidine), reducing 24-hour
opioid use by 40-60% and postoperative nausea [28]. More recent
trends include fascial plane blocks (e.g., erector spinae) and long-
actingagentslikeliposomal bupivacaine, prolonginganalgesiato 72
hours. Future directions include standardizing practice to control
for variable catheter dislodgement rates (1.5-25%), describing
surgery-specific benefits (e.g., thoracic surgery preserves good
OFA outcomes with less pain and complications) and determining
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long-term neuropathic adverse effects. Cooperative efforts must
delineate PNBs’ role in opioid-sparring Enhanced Recovery After
Surgery pathways while keeping innovation in tandem with
safety. In conclusion, the overreliance on opioids for postoperative
pain management has contributed significantly to the opioid
epidemic, with substantial risks including side effects, long-term
dependence, and inadequate pain relief. Peripheral nerve blocks
(PNBs) present a valuable alternative, effectively reducing opioid
consumption, improving pain control, and minimizing adverse
events. Incorporating PNBs into multimodal analgesia strategies
not only addresses immediate postoperative pain but also plays
a crucial role in reducing opioid exposure and dependence,
ultimately enhancing patient outcomes and offering a safer
approach to pain management.
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