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Abstract: Opioids remain the mainstay of post-surgical pain management; however, concerns regarding addiction and side effects 
necessitate the exploration of alternatives. This narrative review highlights the potential of nerve blocks as a safe and effective strategy 
for post-surgical pain control. This review explores the use of various nerve block techniques tailored to specific surgical procedures. 
These include nerve blocks for abdominal surgeries; fascial plane blocks for chest surgeries; nerve blocks for arm surgeries; and nerve 
blocks for lower limb surgery including; femoral, hip, and knee surgeries. By targeting specific nerves, these blocks can provide 
targeted pain relief without the negative side effects associated with opioids. Emerging evidence suggests that nerve blocks can be as 
effective as opioids in managing pain, while potentially offering additional benefits such as faster recovery, improved patient 
satisfaction, and reduced reliance on opioids. However, the effectiveness of nerve blocks varies depending on type of surgery, and 
in individual patients. Rebound pain, which temporary increase in pain after a block wears off, can occur. In addition, some techniques 
require specialized guidance for accurate placement. In conclusion, nerve blocks show great promise as effective alternatives for 
managing post-surgical pain. They can reduce the need for opioids and their side effects, leading to better patient outcomes and 
satisfaction. Future studies should assess the long-term impacts of specific nerve blocks on mortality rates, cost-effectiveness, and their 
incorporation into multimodal pain management approaches to further enhance post-surgical care. 
Keywords: postoperative pain, nerve blocks, opioid-sparing, pain management, surgical procedures, complications

Introduction
Annually, the US witnesses 100 million surgical procedures, over 60% in outpatient settings, and 80% of patients 
experience postoperative pain. Better control of postoperative discomfort has become a priority over the past 20 years 
because of its positive impact on clinical and economic outcomes.1 Postoperative pain poses a crucial obstacle to 
effective rehabilitation following surgery including hip surgery. Despite extensive research, the optimal analgesic 
approach remains controversial. Opioids, which are commonly employed for pain management, have significant side 
effects including nausea, vomiting, profound dizziness, and urinary retention.2 Although frequently integrated into 
multimodal analgesia, parenteral opioid analgesics pose notable risks, notably respiratory depression, making their use 
challenging, particularly among the elderly.3 Elderly individuals, characterized by physiological changes and numerous 
comorbidities, pose challenges in assessing and treating pain.4 Acetaminophen is effective in managing osteoarthritis and 
low back pain symptoms and, offering safety advantages over traditional NSAIDs. However, its long-term use at high 
doses may pose a risk of renal toxicity. Adjusting the dosage should be considered before using stronger medications.5 

Pain can be triggered by harmful sensory inputs or neuropathological processes, and memories, expectations, and 
emotions can shape and alter the pain experience.5 Despite the pain management guidelines, their impact in clinical 
practices and pain control remains limited.

A national survey revealed only that 46% of hospitals had formal pain management programs. Of the surveyed adults who 
underwent surgery, 77% reported postoperative pain, with 61% experiencing moderate-to-extreme pain.1 Chronic pain is 
widely acknowledged as a significant public health concern with substantial psychological, physical, and socio-economic 
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impacts. Owing to the diverse study parameters, prevalence estimates vary (2–55%). The absence of standardized criteria 
necessitates consideration of proposed alternatives to address this complex concern.6 Researchers are looking at ways to 
prevent this pain, including the use of different medications before, during, and after surgery.7

The research findings provide moderately compelling evidence that regional anesthesia could potentially decrease the 
likelihood of developing persistent postoperative pain (PPP) within 3–18 months post-thoracotomy, and 3–12 months 
after post-cesarean section. Similarly, there is limited evidence to suggest that regional anesthesia may lower the risk of 
postmastectomy pain syndrome within 3–12 months of breast cancer surgery.8 Another study involving 50 patients 
undergoing primary direct anterior approach THA, assigned to receive either preoperative FICB or intraoperative 
surgeon-delivered surgeon-delivered (PCB), found no significant differences in average VAS pain scores in the PACU 
or in pain scores and patient-reported pain satisfaction at the 3-week postoperative visit between the two groups. The 
authors found that the PCB and FICB were equally effective in managing postoperative pain, as evidenced by similar 
patient-reported pain levels and in-hospital opioid use.9 However, other studies have reported different findings, one 
study found no significant difference in overall discomfort scores after surgery compared to traditional methods, it 
suggests that femoral nerve block (FNB) may provide better pain relief at rest.10 A meta-analysis of RCT indicated that 
FIB did not provide substantial pain relief after THA, possibly due to incomplete coverage of the surgical area.11 This 
narrative review investigates the effectiveness of nerve blocks in management of both acute and chronic postoperative 
pain. It analyzes clinical trials, reviews, and meta-analyses to assess how various nerve block techniques can decrease 
pain, and opioid reliance, and prevent the development of long-term pain following surgery. Additionally, this review 
aimed to evaluate the potential effects of local anesthetics after the nerve block analgesia, with a specific focus on 
minimizing the risk of persistent pain after surgery.

Persistent Surgical Pain
Despite progress in the surgical results, the weight of the postoperative pain persists. Each year, more than 300 million 
surgeries worldwide subject patients to this notable, yet frequently disregarded, outcome.12 A substantial proportion of 
patients undergoing surgery experience difficulty continuing moderate-to-severe pain (Table 1). For some, this discom-
fort may escalate in intensity, posing a significant challenge to recovery.13 Failure to effectively manage postoperative 
pain can have significant negative consequences, both for patients’ well-being and healthcare systems.12 Research dating 
back to 1998 established surgery as a significant contributor to chronic pain. Incidence rates, which depend on definitions 
and types of surgical procedures, range from 5% to 50%.14

Table 1 Potential for Moderate to Long-Lasting Pain Following 
Surgical Procedures

Type of Surgery Moderate to Persistent  
Pain (%)

References

Hernia repair 15.8 – 16.2% 20

Hysterectomy 28% 21

Amputation 50 – 85% 22
Knee replacement 20% – 40% 23

Hip replacement 23% 24

Cesarean section 25.5% 25
Cholecystectomy 5 to 32% 7

Mastectomy 13 to 69% 7

Lumbar surgery 20.8% to 61.8% 26
Thoracotomy 5 – 65% 27

Cardiac surgery 27 – 41% 28

Notes: The data in this table demonstrate the variability in the incidence of 
moderate to persistent pain across different surgical procedures, underscoring 
the need for personalized pain management strategies to alleviate long-term 
discomfort.
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In study conducted by Gan et al1 involving 300 participants, a large majority 80–86% reported experiencing acute 
postoperative pain. Additionally, the study highlighted a high prevalence of moderate to extreme pain; staggering 
70–75% of surgical patients experience pain immediately after surgery, and this discomfort persists in a significant 
portion (60–74%) even after discharge, impacting their recovery during the crucial first two weeks at home. A recent 
survey in Norway revealed that 40.4% of patients experienced Persistent Postoperative Pain (PPP), with 18.3% reporting 
persistent moderate to severe postoperative pain.15 Studies have shown that pre-existing chronic pain before surgery can 
significantly increase the risk of developing postoperative cognitive dysfunction within one week of surgery. This risk 
appears to be particularly high in elderly patients undergoing major surgeries like hip arthroplasty.14 A study of 175 
patients revealed that 28% had Persistent Postoperative Pain (PPP), which affects Quality of Life (QoL) and daily 
activities. Risk factors included preoperative pain, medication use, and knee/hip replacements which showed a higher 
association with PPP. Treatment yielded a 69% symptomatic relief in affected patients.15

Challenges and New Approaches to Persistent Surgical Pain
Patient with chronic pain patients find it harder to treat post-surgery pain and require more opioids. Uncontrolled pain 
leads to longer hospital stays and other health problems. Effective pain control methods are crucial for the effective 
planning of surgery. Pre-existing pain, chronic opioid use, surgery type, and inflammation all worsen post-surgical pain.16 

Total knee arthroplasty (TKA) is a major surgery identified as a significant risk factor for developing chronic opioid 
dependence after surgery and hospital stays exceeding three days, with age having a mixed influence on predicting 
changes in opioid use.17 A study involving 11,986 adult surgical patients found that complications were associated with 
enduring post-surgical pain. Insights into this connection could inform strategies to mitigate persistent pain after 
surgery.18 Current pain medications often cause problems and do not work well for long-term pain management. 
Studying how nerves contribute to inflammation offers a new target for pain relief that might avoid the side effects 
associate with other medications.19

A review of 162 studies revealed opioids might slightly help with short-term pain, but have side effects that worsen 
over time. There were no advantages over other pain drugs. Long-term use may lead to serious health problems, and 
combining them with other drugs may be risky.20 In a longitudinal study, 840 (11.4%) and 726 (11.0%) participants had 
complete baseline data and were followed up at one-year and two-year intervals to assess outcomes reported acute and 
severe discomforts, respectively. The increased likelihood of discomfort at both time points was linked to pre-fracture hip 
pain and opioid use. Female sex, younger age, and significant pre-fracture functional status were also associated with 
persistent pain. Approximately 10% of hip fracture patients undergoing arthroplasty may experience significant pain for 
up two years post-surgery.21 PPP is a frequently encountered complication that has often not receive sufficient attention. 
Although it cannot be completely avoided, recognizing potential risk factors and implementing preventive measures such 
as enhancing pain management could potentially decrease its occurrence. Effective management by a multidisciplinary 
team can enhance pain control and the quality of life of patients.22

Preoperative Factors of Postoperative Persistent Pain
Chronic pain after surgery is a complex issue with no easy solution. It can vary depending on the patient and type of 
surgery (Table 1). Pain significantly affects the patients’ lives.7 High levels of pain before surgery, significant pain 
catastrophizing, increased neuropathic pain symptoms, dysfunctional pain modulation, and elevated clinical pain 
intensity one year after total knee arthroplasty are all interconnected (Figure 1).23 The amalgamation of heightened 
preoperative clinical pain scores, elevated pain catastrophizing levels, and dysfunctional pain modulation mechanisms 
anticipated approximate 20.5% of the variability in resting pain levels at 12 months post-total knee arthroplasty. Both 
preoperative clinical pain intensity and pain catastrophizing individually contributed to the predictive model.23

Preoperative risk factors can increased the postoperative discomfort after THA. It is important to address modifiable 
factors before surgery and utilize non-modifiable factors for patient education, shared decision-making, and personalized 
pain control.24 Preoperative psychological factors such as anxiety, depression, and low sexual satisfaction, along with 
pre-surgery pain, increased pain after movement, and female sex, all contribute to the heightened risk of chronic pain in 
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Chinese women after surgery. These findings underscore the importance of providing preoperative psychosocial support 
and ensuring effective postoperative pain management a preventive measures.25

Understanding Postoperative Pain Transition
Multiple biological, psychological, and social factors interact to create a complex transition from acute to chronic post- 
surgical pain (Figure 1).26 Researchers have examined response of rats to pain after surgery. They identified distinct 
nerve cells responsible for various types of pain, such as pain while at rest or during movement and emotional shifts. This 
discovery indicates potential new drug targets for post-surgical pain management with fewer side effects. Exploring these 
mechanisms could potentially improve pain treatment for patients.27 The feeling of stressed around the surgery may 
extend the incision pain recovery time. Researchers have identified a molecule (miR-339-5p) in the brain that appears to 
play a role in the brain. This molecule can turn a pain-blocking receptor (MOR) by latching onto a specific part of its 
gene (oprm1). This pathway may cause chronic post-surgical pain (CPSP).28 Chronic postoperative discomfort may be 
reduced by aggressive perioperative multimodal treatment; however, some studies have not supported this.26

Multimodal Approach to Post-Surgery Pain
Although opioids traditionally play a crucial role in controlling postoperative pain, their negative effects can hinder 
patient recovery. The opioid crisis, fueled in part by excessive medical opioid use, has led surgeons to adopt Enhanced 
Recovery After Surgery. These techniques incorporate various non-opioid pain relief techniques to reduce opioid use 
during and after a patient’s hospitalization (Tables 2- 6).29 Despite these acknowledged disadvantages, opioids continue 
to be used in managing perioperative pain, even though studies have highlighted the effectiveness of techniques that are 
free of or use fewer opioids.30 Non-opioid and adjuvant analgesics are essential for managing perioperative pain by 
modifying changes in nociceptive systems caused by tissue injury. Commonly used non-opioid analgesics include 
acetaminophen, nonsteroidal anti-inflammatory drugs NSAIDs, and coxibs.31 Although non-opioid analgesics are 
effective for certain types of pain, they may not be as effective for dynamic pain, and the use of opioid analgesics is 
linked to potential adverse effects.32

Biological Factors

Surgical 
Pathology 
or fracture

Molecular 
Mechanisms

Social-Environmental 
Factors

Stress response to surgery

Pain catastrophizing

Increase postsurgical pain 
intensity and duration

High Clinical Pain Intensity (Long-Term Pain) to 
Chronic Postsurgical Pain

Increased 
immediate 

Surgical trauma or
Tissue injury

Tissue injury triggers 

Type of surgery/type 

analgesia

MiR-339-5Acute postoperative pain

Figure 1 The transition from acute pain to chronic pain. This figure illustrates the complex process through which acute postoperative pain can progress to chronic pain: 
Surgical trauma or tissue injury activate nociceptive systems. Perioperative factors, such as the type of surgery, analgesic approach, and pain catastrophizing, interact with 
social-environmental and biological factors to influence pain modulation mechanisms. Increased postsurgical pain intensity and duration, driven by neurotransmitter activity, 
molecular mechanisms, stress responses, and MiR-339-5p activity, contribute to the development of high clinical pain intensity and chronic postsurgical pain.
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NSAIDs can offer pain relief; however, caution is advised when treating patients with renal impairment. Anticonvulsant 
medications such as gabapentin and pregabalin, offer an alternative approach to pain management, especially for neuro-
pathic pain, through a combination of therapeutic strategies.33 The relationship between pain and depression is bidirectional, 
involving neurotransmitters such as serotonin and norepinephrine, as well as brain regions responsible for pain perception 
and mood regulation. Antidepressants, particularly tricyclic antidepressants (TCAs), are beneficial for the management of 
chronic pain.34 Moreover, the use of intraoperative dexmedetomidine administration at a rate of 0.5 μg/kg/h is linked to 
a reduced occurrence of long-term post-hysterectomy pain.25 Perioperative peripheral nerve blocks reduce opioid use both 
during and after surgery, with the most significant decrease in the first twenty-four to seventy-two hours postoperatively 
patients report lower pain score. Its effectiveness is high, but the use of nerve blocks varies (Tables 2–6), – and the reasons 
for this are being investigated.35 Anna Unneby et al,36 conducted an RCT that showed femoral nerve blocks reduced pain 
scores and opioid use in hip fracture patients, including those with dementia, compared to conventional pain relief.

Table 2 Nerve Block Techniques for Upper Limb Surgeries

Nerve Block 
Technique

Indications Advantages Limitations

Brachial Plexus Block Upper limb surgeries 

(shoulder, arm, hand)

Effective pain relief for the 

entire arm

Requires specialized guidance for placement; risks include 

bleeding and nerve injury

Supraclavicular 
Brachial Plexus Block

Upper limb surgeries 
(shoulder, arm, hand)

Reliable and rapid onset 
anesthesia

Requires specialized guidance; complications include vessel 
and nerve injury, bleeding, and infections

Interscalene Brachial 

Plexus Block

Upper limb surgeries 

(shoulder, arm, hand)

Effective anesthesia for 

procedures above the elbow

Potential for complications, including phrenic nerve block

Axillary Brachial 

Plexus Block

Upper limb surgeries 

(arm, hand)

Effective anesthesia for 

procedures below the elbow

Risk of nerve injury, pain at the injection site, and bleeding

Notes: These Brachial plexus nerve block techniques are widely used in shoulder and arm surgeries to provide effective pain relief and regional anesthesia, but require 
precise placement to minimize the risk of complications such as nerve damage and bleeding.

Table 3 Nerve Block Techniques for Chest Wall Surgeries

Nerve Block Technique Indications Advantages

Serratus Anterior Plane Block (SAPB) Chest wall and breast surgeries - Effective pain relief in the front and side of the chest 
- Promotes faster recovery 

- Reduces reliance on opioids

Deep Parasternal Intercostal Plane Block (DPIPB) Cardiac and thoracic surgeries Effective pain relief during and after surgery
Pectoralis Nerve Block Chest wall and breast surgeries Effective pain relief for chest wall and breast procedures

Notes: Nerve block techniques such as SAPB, DPIPB, and the Pectoralis Nerve Block can effectively manage postoperative pain, reduce the need for opioids, and promote 
faster recovery in various chest wall and breast surgeries.

Table 4 Nerve Block Techniques for Abdominal Surgeries

Nerve Block Technique Indications Advantages

TAP Block (Transversus Abdominis 

Plane Block)

Abdominal surgeries, laparoscopic procedures Pain relief after abdominal surgeries

Rectus Sheath Block (RSB) Abdominal surgeries Pain relief after abdominal surgeries

Ilioinguinal and Iliohypogastric Nerve 

Block

Lower abdominal wall surgeries (eg, inguinal hernia repair, lower 

flank incisions)

Pain relief for lower abdominal wall 

surgeries

Notes: These nerve block techniques are effective and widely used to enhance pain management after surgery, diminish the reliance on opioid analgesics, and facilitate 
quicker recovery following abdominal procedures.
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Regional Anesthesia
Postoperative pain persisted after cardiac surgery. Regional anesthesia or local anesthetic infusions reduce pain during 
thoracotomy, cesarean section, and breast cancer surgery. Notably, regional anesthesia in cardiac surgery, for both 

Table 5 Nerve Block Techniques for Hip and Knee Surgeries

Nerve Block 
Technique

Indications Advantages Limitations

Lumbar and Sacral Plexus 

Block

Lower limb surgeries such as 

hip and femoral surgeries

Stable blood pressure, postoperative 

comfort, reduced hospital stays, 

lower costs

Adverse effects of local anesthetic, 

including muscle weakness

Psoas Compartment 

Block (PCB)

Hip, femoral, or knee surgery Alleviates postoperative pain, 

effective for 48 hours (continuous)

Several complications, such as organ 

injury when not well-monitored

Femoral Nerve Block Hip or knee surgery, ACL 
reconstruction (combined with 

sciatic nerve block)

Better pain relief than local 
infiltration

May not provide effective analgesia for hip 
surgery, fall risks, allergy to local 

anesthetic

PENG Block Hip replacement surgery Reduced pain during movement, 
lower opioid use, faster recovery

Conflicting research on postoperative 
analgesia effectiveness, pain at injection 

site, infection

Local Anesthesia 
Infiltration (LAI)

Various surgeries  
(including hip and knee)

Comparable pain relief to single 
nerve block

Pain at injection site, infection, bleeding

Adductor Canal Block 
(ACB)

TKA Improved early pain control, reduced 
opioid use, improved sleep quality 

(combined with LIA)

Adverse effects of local anesthetic, 
discomfort at injection site

Fascia Iliaca Compartment 
Block (FICB)

Hip, femur, and knee surgeries Reduced pain scores, reduced need 
for rescue analgesia and 

postoperative complications

Adverse effects of local anesthetic, 
reduced muscle strength, infection, and 

allergy

Saphenous Nerve Block Knee surgery (especially for 
high-risk patients)

Improved pain relief Local anesthetic toxicity, pain at injection 
site, infection, bleeding, quadriceps 

weakness

Sciatic Nerve Block Leg surgeries Effective pain management Adverse effects of local anesthetic, 
including toxicity, discomfort at injection 

site, infection, and bleeding

Popliteal Nerve Block 
(PSNB)

Leg surgeries Effective pain management, improved 
patient comfort

Adverse effects of local anesthetic, 
including toxicity, discomfort at injection 

site, infection, and bleeding

Notes: These nerve block techniques are widely used in various lower limb surgeries to provide effective regional pain relief, although each approach has its unique risks and 
limitations that require careful consideration during implementation.

Table 6 Nerve Block Techniques Used in Various Surgeries

Nerve Block 
Technique

Indications Advantages Limitations

Quadratus Lumborum 
Block (QLB)

Flank surgeries, lower abdominal 
surgeries, hip surgery

Pain relief after flank, lower 
abdominal, and hip surgeries

Adverse effects of local anesthetics, including 
muscle weakness, toxicity, and infection

Paravertebral Block Major abdominal or thoracic 

surgeries, chronic pain 
management

Effective pain relief Higher risk of complications compared to other 

techniques; risks include pulmonary hemorrhage

Epidural Analgesia Major abdominal or thoracic 

surgeries, Cesarean sections

Continuous pain relief Higher risk of infections compared to other 

techniques; typically placed before surgery
Erector Spinae Plane 

Block (ESPB)

Upper abdominal surgeries, spinal 

surgeries, hip surgery

Effective pain management Risks include bleeding, infection, pain at the 

injection site, and local anesthetic toxicity

Notes: Nerve block techniques like QLB, Paravertebral Block, Epidural Analgesia, and ESPB are used to provide effective pain relief for various surgical procedures, but each 
method carries specific risks that require careful monitoring during and after implementation.
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children and adults, significantly lowers postoperative discomfort scores and decreases opioid need (Tables 3–6).37 

Perioperative regional anesthesia has benefits beyond pain relief. Studies have shown that neuraxial anesthesia in hip and 
knee arthroplasty reduces patient deaths, major morbidities, and time of hospital stay compared to general anesthesia.38 

A study focusing on optimal pain control strategies after an open liver procedure proposes a combination of anti- 
inflammatory medications with either a specific spinal blocks or a targeted nerve blocks. Opioid medications should be 
reserved for cases in which alternative treatment methods are ineffective.39 Considering the promising outcomes of 
recent trials, the adoption of regional anesthesia should be strongly considered for patients undergoing cancer surgery. 
This approach offers several benefits, including improved pain management, faster postoperative recovery, and reduced 
reliance on opioids.40

Local Anesthetics as New Weapon Against Pain
Procaine and tetracaine fall under the ester category, whereas lidocaine, mepivacaine, bupivacaine, ropivacaine, and 
levobupivacaine are classified as amides. These anesthetics are administered locally and undergo liver elimination, whereas 
the ester-bonded undergo hydrolysis. Residual drug molecules penetrate nerve cells, inhibiting action potential generation 
and transmission. Local anesthetics exist as ionic (BH+) and nonionic (B) types, with the lipid-soluble nonionic type 
passing through nerve cell membranes. Once within the cell, the ionic type increases, binding to Na+ channels on the cell 
membrane, blocking Na+ influx, and inhibiting action potential generation.41 Local anesthetics function through various 
mechanisms to inhibit pain transmission. Their primary focus is sodium channels in nerves; however, they also affect 
calcium channels, receptors, and other molecules (Figure 2). This comprehensive approach interferes with pain transmission 
across the entire nervous system from the peripheral nerves to the spinal cord.42 They also suppress inflammation and 
release of neurotransmitters. They further inhibit pain transmission and inflammation of the spinal cord.

Injury, , etc. Triggers pain signals
Normal State: No nerve 

Nerve

Conversion to ionic 
form and bindings

specific nerve 
or group of nerves

Mechanism of Local Non-ionic form 
penetrates

-Sodium (Na+) channels, 
-(BH+) and nonionic (B)

Blocking sodium 
influx

Pain Signal Blocked

Pain Relief

Figure 2 Mechanism of local anesthetics. This figure illustrates how local anesthetics block pain signals: Normally, no pain signals are transmitted, but injury or inflammation 
triggers nerve pain. When local anesthetic is injected near the targeted nerves, it disrupts action potentials by blocking sodium (Na+) channels. The anesthetic penetrates in 
its non-ionic form, converts to an ionic form, and binds to sodium channels, ultimately blocking the transmission of pain signals and providing pain relief.

Journal of Pain Research 2024:17                                                                                                     https://doi.org/10.2147/JPR.S476563                                                                                                                                                                                                                       

DovePress                                                                                                                       
3223

Dovepress                                                                                                                                                      Niyonkuru et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


These diverse actions have powerful analgesic effect.42 Liposomal bupivacaine could be a valuable option for 
managing post-surgical pain as opioid drugs become increasingly limited.43

Adjuvant Prolonging Local Anesthetic Effects
Adjuvant analgesics, including corticosteroids, bisphosphonates, antidepressants, anticonvulsants, and topical analgesics, 
complement or replace opioids for enhanced pain management.44 These include NMDA receptor antagonists, such as 
ketamine and magnesium, anticonvulsants such as gabapentinoids, membrane stabilizers such as lidocaine, and alpha- 
2-agonists such as clonidine and dexmedetomidine.31 Several agents, when combined with local anesthetics, prolong the 
duration of action. However, they also cause adverse effects. While adrenaline minimally extends analgesia, buprenor-
phine significantly prolongs it at the expense of an increased likelihood of nausea and vomiting. Alpha-2-agonists such as 
clonidine and dexmedetomidine moderately extend analgesia but are linked to sedation, low blood pressure, and 
bradycardia.38 The administration of perineural dexamethasone demonstrates a dose-response pattern, showing that 
doses of up to 4 mg can prolong the average duration of pain relief by an additional 8 h. However, it is necessary to 
consider the compatibility of dexamethasone with ropivacaine because of possible crystallization, unlike bupivacaine.38

In a study conducted by Felipe Muñoz-Leyva,45 incorporating supplementary interventions such as iPACK block, IV 
dexmedetomidine, IV ketamine, additional IV dexamethasone doses, and repeated injections of adductor canal block 
alongside existing methods did not result in any further decrease in opioid consumption or pain scores, nor did it lead to 
enhanced functional outcomes following total knee arthroplasty. Similarly, a recent investigation on botulinum toxin 
A (BoNT/A) of phantom limb pain yielded inconclusive results, maintaining the uncertainty surrounding the efficacy of 
various medications such as opioids, anticonvulsants, NMDA receptor antagonists, antidepressants, calcitonin, and local 
anesthetics for pain relief.46 Among the various substances investigated for local anesthesia infiltration, alpha-2 agonists 
present the strongest evidence, while others such as fentanyl, ketorolac, dexamethasone, and magnesium exhibit potential 
but require additional validation.47 While most studies have confirmed their safety, well-designed randomized controlled 
trials are indispensable for comprehensive comparisons and substantiated conclusions regarding the benefits of additional 
substances in local infiltrative anesthesia for postoperative pain relief.47

Postoperative Pain Management with Peripheral Nerve Blocks
Nerve Block in the Upper Limb Surgeries
Interscalene Block
Reverse total shoulder arthroplasty (RTSA) is commonly performed for patient with advanced shoulder arthritis. The use 
of a combined suprascapular and axillary nerve block has been demonstrated to produce effective postoperative comfort, 
thereby reducing the need for opioid medications and mitigating respiratory risk. A case study highlighted the successful 
management of pain without opioids in a patient with chronic obstructive pulmonary disease (COPD), contributing to 
a smooth recovery process.48 While the interscalene block is a standard approach for shoulder surgery (Table 2), it carries 
the risk of phrenic nerve palsy. Given that the suprascapular and axillary(SSAX) nerves innervate the shoulder region, the 
combination of these blocks using the SSAX method has been shown to offer efficient analgesia without compromising 
diaphragmatic function. A study involving four cases demonstrated successful pain control without any associated 
complications.49 Additionally, preoperative patient factors have been identified as predictive indicators of increased 
respiratory complications in elective shoulder arthroplasty procedures when utilizing continuous interscalene brachial 
plexus blocks.50

Supraclavicular Block
In an analysis involving 15 studies with 1065 participants, suprascapular nerve block (SCB) demonstrated non-inferiority 
to interscalene block (ISB) in controlling postoperative pain during shoulder surgery. SCB was found to decrease the 
odds of respiratory dysfunction and minor complications, positioning it as a viable alternative to ISB with comparable 
efficacy in opioid usage and pain relief outcomes.48 In a per-protocol cohort of 103 patients, suprascapular nerve block 
(52SCB) was shown to be non-inferior to interscalene block (51ISB) in providing postoperative analgesia for ambulatory 
arthroscopic rotator cuff repair.
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SCB exhibited similar levels of pain control and patient satisfaction (98%) but resulted in lower morphine consump-
tion (9.4mg versus 14.7mg) when compared to ISB.51

Brachial Plexus Block
Ultrasound-guided selective nerve blockades at the upper and lower arm levels have been shown to preserve elbow motor 
function, offer comparable postoperative analgesia, and improve patient satisfaction after hand or forearm surgery 
(Table 3).52 In a study conducted by Patel et al,53 researchers investigated a one-injection nerve block technique using 
a specific medication (liposomal bupivacaine) in patients undergoing shoulder surgery. This approach proved successful 
in controlling pain up to 48 h after surgery and led to a decreased requirement for opioid medications compared With 
patients who did not undergo this nerve block. Furthermore, Farladansky et al compared pregabalin with brachial plexus 
nerve blockade for pain management after shoulder surgery. The results indicated that both interventions provided similar 
pain relief for 10 days post-surgery.54

Techniques for Chest Wall Surgeries
Serratus Anterior Plane Block (SAPB) and Deep Parasternal Intercostal Plane Block
Opioid use following surgery is a concern; however, new techniques are emerging that offer effective pain relief with 
fewer side effects. Fascial plane blocks are promising alternatives to traditional methods and, show particular promise in 
cardiac and thoracic surgery.55 One such block, SAPB, effectively targets the areas of discomfort that patients typically 
experience after thoracic surgery, including incision site and chest tube placement (Table 3). This safe and easy-to- 
perform block can promote faster recovery, reduce reliance on opioids, and prevent other complications.56 SAPB is 
a highly efficient regional block method that focuses on the nerve network supplying the chest wall and breast, offering 
effective pain relief in the front and side of the chest. It is anticipated to be utilized as a standalone technique in 
minimally invasive breast surgery, decreasing the need for opioids, alleviating post-surgery acute pain, and facilitating 
rapid patient recovery.57 However, tailoring this approach to the specific needs of patient is crucial. For coronary artery 
bypass grafting (CABG) surgery, a multimodal approach plan, including parasternal nerve blocks performed during 
surgery, produces effective postoperative pain-reduction and opioid use.58 Additionally, a preemptive Deep Parasternal 
Intercostal Plane Block (DPIPB) performed on both sides effectively relieved pain in patients undergoing CABG, both 
during the surgical procedure and in the initial phase of recovery. Notably, the block achieved similar pain relief when 
administered at either the T3-4 or T4-5 intercostal spaces.59 Bilateral deep PIP blocks have the potential to create a broad 
sensory block across the skin with varying distributions along the mid-sternum, lasting for a significant period.60 

Ultrasound-assisted DPIP block proved to be a safe and efficient method for providing pain relief while maintaining 
stable hemodynamic function during sternotomy incision. Its ability to reduce the need for intraoperative opioids makes it 
a valuable component of a comprehensive pain management approach for cardiac surgery.61

Pectoralis Nerve Block
Chest wall nerve blocks offer a promising avenue for enhanced pain management after minimally invasive cardiac 
surgery (Table 3). These blocks involve the administration a local anesthetic near specific chest wall muscles, potentially 
diminishing the need for pain medications and expediting the recovery process.62 The utilization of Pectoralis Nerve 
Block II has shown potential as a valuable adjunct in pain management for patients undergoing robot-assisted trans 
axillary thyroidectomy (RATT), contributing to improved recovery by alleviating flap dissection-related pain.63 

Moreover, PECS and intercostal nerve blocks have demonstrated efficacy in providing pain relief during heart device 
implantation in patients with heart failure; with comparable postoperative pain levels and opioid utilization between 
PECS block and control groups, alongside low complication rates.64 The application of PECTS II during breast 
reconstruction surgery has been shown to alleviate postoperative pain in the initial hours following the procedure, 
leading to reduced opioid needs within the first twenty-four hours and improved immediate postoperative pain relief.65 

Severe pain following chest surgery can transition to chronic pain and escalate opioid consumption. Regional anesthesia 
techniques, including chest wall nerve blocks (Table 3), may serve as a viable approach to mitigate both short-term and 
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long-term postoperative pain, thereby aiding patients in minimizing their reliance on opioids and enhancing their overall 
recovery experience.62

Techniques for Abdominal Wall Surgeries
Transversus Abdominis Plane Block (TAP B)
TAPB is a regional anesthesia method that involves administering a local anesthetic around the transversus abdominis 
muscle, a significant component of the abdominal wall. TAPB are frequently used to alleviate pain following abdominal 
surgeries such as major abdominal surgeries (Table 4). Utilizing ultrasound guidance, TAPB is effective in decreasing 
postoperative opioid utilization in patients undergoing Periacetabular Osteotomy (PAO), potentially improving pain 
control during the initial 48 h postoperatively.66 A meta-analysis involving 13 studies (600 patients with TAP block, 762 
without) on laparoscopic colorectal surgery indicated that TAP block reduced postoperative opioid utilization and shorted 
the time to bowel movement without increasing the incidence of complications.67 In the context of cesarean delivery, 
subarachnoid morphine (SAM) was found to produce more pain relief and prolong the duration before additional pain 
medication is required, compared to TAPB. However, SAM is associated with a higher incidence of nausea and itching, 
suggesting that while it may offer enhanced pain control, it also carries a higher likelihood of side effects.68

Rectus Sheath Block (RSB)
A study involving 100 robot-assisted laparoscopic prostatectomy (RALP) patients divided into RSB and non-RSB groups 
showed that preoperative RSB led to notably decreased pain scores and diminished opioid use after surgery, which 
consequently improved early pain management. However, further research is warranted to assess the long-term analgesic 
effectiveness of RSB.69 A meta-analysis found that post-surgery pain intensity did not decrease with RSB compared with 
that in the control group. RSB did not delay the initial request for opioids/analgesics. The heterogeneity of the studies 
indicates that there is no significant evidence to support RSB over non-RSB treatment alternatives. Sensitivity analysis 
confirmed the consistency of the results.70

However, the rectus sheath block was found to be reliable and efficient method for relieving postoperative pain in 
abdominal surgeries, particularly within the first 2 hours after the procedure. Moreover, it is associated with reduced 
opioid usage for up to twenty- four hours after surgery, as indicated by the equivalent dose of intravenous morphine.71

Ilioinguinal and Iliohypogastric Nerve Block
Research comparing ultrasound-guided (USG) bilateral ilioinguinal and iliohypogastric nerve blocks to standard post- 
cesarean section care has demonstrated reduced pain levels, decreased morphine consumption, longer intervals without 
analgesics, and fewer complications in the nerve block group. This approach has proven to be effective in managing both 
acute and chronic postoperative pain, highlighting its safety and efficacy.72 An analysis conducted by Yue Xiang Wang 
et al suggests that USG II/IH nerve blocks and TAPBs are more effective for pain management following open inguinal 
surgery compared to traditional techniques, indicating their superiority in pain control (Table 4).73 The combination of 
genitofemoral nerve block with ilioinguinal and iliohypogastric nerve blocks (Table 4) has been shown to enhance 
anesthesia in elderly patients undergoing inguinal hernia repair, leading to reduced pain levels, decreased opioid usage, 
and fewer complications when performed under precise USG.74 In the case in an elderly patient with severe heart failure 
undergoing complex inguinal hernia repair, a single paravertebral block at the T11 level with ropivacaine effectively 
provided anesthesia. This technique not only facilitates successful surgery but also enables efficient postoperative pain 
management for the patient.75

Techniques for Hip and Knee Surgeries
Lumbar and Sacral Plexus Block
Providing anesthesia for surgery should be aligned with the surgical requirements, patient comfort, and proficiency of 
anesthetists. Utilizing a combined lumbar and sacral plexus block is a straightforward, secure, and efficient anesthetic 
approach. Its advantages include consistent hemodynamics, extended postoperative pain management, prompt mobiliza-
tion, decreased hospitalization duration, and lowered expenses.76 Simultaneously blocking the sacral and lumbar plexuses 
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offers a reliable and optimal anesthetic solution for high-risk patients undergoing single-leg surgery. This approach 
guarantees stable blood pressure, postoperative comfort, cost savings, and a reduced hospitalization duration.76

During THA or TKA, psoas compartment block (PCB) can be used to block the 2nd-to-4th lumbar nerve roots located 
within the psoas muscle. It is considered superior to other techniques in terms of anesthesia and analgesia because it 
blocks the obturator nerve and anesthetizes the other lumbar plexus nerves.77 In hip or knee surgery, PCB is used to 
alleviate postoperative pain. Continuous PCB treatment was effective for 48 h. A single-shot PCB reduces the need for 
morphine after THA and results in zero verbal rating.78 Continuous psoas compartment block effectively manages post- 
THA pain, reducing pain levels and the need for rescue analgesia, demonstrating superior pain relief compared to 
systemic analgesic injections.79

Pericapsular Nerve Group Block (PENGB)
Researchers assessed the effectiveness of the PENGB in controlling postoperative pain after hip replacement surgery. 
Almost 500 patients were given either a block or placebo injection. The group that received the block experienced less 
pain during movement, used less opioid; pain medication, and recovered function more quickly.80 Furthermore, patients 
who received additional PENGB during THA reported lower immediate postoperative pain and maintained quadriceps 
muscle strength.81 However, a review of nine studies found that the PENGB did not significantly differ from the control 
groups in terms of morphine usage, or time to need rescue analgesia after surgery. Additionally, static and dynamic pain 
scores did not show significant differences compared with the other nerve block methods. Therefore, the PENGB is 
a feasible alternative for hip surgery.82 The PENGB was found to be an effective method for reducing hip surgery pain in 
elderly patients. It helps diminish the use of opioids and the occurrence of complications while also improving early 
movement and rehabilitation. This technique is a dependable and efficient method for relieving pain.83 A preliminary 
study involving 74 patients suggested that the PENGB could be an effective option for managing pain during hip surgery 
with minimal side effects. However, further research is required to confirm its effectiveness and safety.84 A meta-analysis 
indicated that PENGB successfully reduced opioid use following hip fracture surgery for up to 24 hours, providing 
a potential alternative for pain management with a lower risk of addiction. Nonetheless, more extensive and prolonged 
studies are required to confirm this benefit.85

Fascia Iliaca Compartment Block (FICB)
Research has found that utilizing 0.5 mL/kg of local anesthetic (LA) under ultrasound guidance for infra-inguinal FICB 
results in the most effective relief after femoral and knee surgeries. Pain levels and use of pain medication were reduced, 
particularly in the first 6–8h, indicating that FICB is a safe and adequate approach for managing post-surgery 
discomfort.86 Continuous FICB improved recovery quality and reduced pain scores in elderly THA patients at 24h 
without causing complications related to the regional block. This finding that continuous FICB is a safe and adequate 
pain control technique for THA.87 In contrast, a large study showed that FICB did not provide better results than systemic 
analgesics for delirium, opioid use, or analgesic-related complications. However, it did significantly improve pain scores, 
indicating uncertainty in the clinical effectiveness of FICB and the need for a well-designed randomized controlled trial 
to further investigate its impact on delirium and opioid use.88 However, another research suggests that FICB leads to 
better pain control than intravenous fentanyl for positioning hip fracture patients for spinal anesthesia, with improved 
positioning quality, reduced procedure time, and reduced use of opioid pain medication on the first day after surgery. 
Additionally, individuals who underwent this nerve block reported higher levels.89 Elderly individuals with hip fractures 
may experience extended pain relief and improved recovery quality over 24 hours with Fascia Iliaca Compartment Block 
(FICB). However, it is important to note that this method can reduce postoperative muscle strength.90 S-FICB provides 
pain relief similar to Epidural Analgesia (EA) in the early period following hip procedure. Nevertheless, individuals in 
the EA group showed reduced pain levels on the Visual Analog Scale (VAS) compared to those in the S-FICB group after 
the 18th hour. Furthermore, patients undergoing EA have a higher likelihood of experiencing hypotension.91

Femoral Nerve Block (FNB)
The study compared various nerve block techniques for ACL reconstructions. All blocks reduced opioid use compared to 
not using a block; however, combining FNB and sciatic nerve blockades produced the most effective pain relief. 
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However, it was noted that this combination may limit the function more than other techniques. Adductor canal block, 
local anesthesia infiltration, and no block were found to be ineffective for pain management.92 In a comparison between 
FNB and local anesthetic infiltration for post-ACL reconstruction pain management, FNB was found to offer better pain 
relief. However, existing literature has inadequately reported functional outcomes.93 The five-nerve genicular nerve block 
presents a viable alternative to local anesthetic infiltration in fast-track total knee arthroplasty, achieving effective pain 
management with lower opioid consumption.94 Ultrasound-guided femoral, obturator, and sciatic nerve blocks are 
adequate for ACL reconstruction, providing sufficient pain relief, reduced opioid use, and excellent safety.95

Local Anesthesia Infiltration
Injection of local anesthetics through has been demonstrated to be an effective means of pain relief. The comfort 
provided by injecting a local anesthetic was comparable to that provided by a single-shot nerve blockade. Despite the 
wealth of existing research on this subject, additional studies are necessary to enhance the efficacy of postoperative pain 
management; to reduce both pain levels and opioid consumption.96 A review of 27 trials indicated that Local Infiltration 
Analgesia (LIA) is sufficient to manage postoperative pain after Total Knee Arthroplasty (TKA), leading to reduced pain 
and opioid use. However, hip Arthroplasty (THA) was limited. Wound catheters did not show any benefits and pain relief 
did not affect the length of hospital stay. LIA is effective in TKA but less so in THA.97 LIA effectively alleviates acute 
pain, reduces postoperative nausea and vomiting, shortens the hospital stay, and improves range of motion after TKA. 
Peri-articular injection provides 24-hour pain relief, while catheter placement extends the analgesic effects to 48 hours 
but comes with a risk of infection. The efficacy of LIA with regional anesthetic techniques remains unproven.98

Combining an Adductor Canal Block with LIA improves early pain management after TKA by reducing the need for 
opioids, improving sleep quality, and maintaining a low complication rate.99 LIA or periarticular analgesia (PAI) during 
joint replacement surgery offers pain relief at rest, similar to that of peripheral nerve blocks or epidurals. However, this 
method may have limitations in terms of pain management during movement. Meta-analyses presented divergent outcomes 
for knee and hip surgeries, highlighting the need for additional research on hospital stay and time to discharge.100

Adductor Canal Block (ACB)
A comparison was made between total knee arthroplasty patients who received ACB with periarticular infiltration (PI), 
ACB alone, or PI alone. The group that received ACB + PI reported less walking pain in the first and second 24 hours 
after surgery.101 A meta-analysis of 11 trials involving 1185 patients concluded that continuous catheter-based ACB does 
not provide additional pain relief compared to single-shot ACB within the first two days after TKA.102 However, ACB 
combined with LIA offered better early pain relief, reduced opioid use, improved sleep quality, and no increase in TKA. 
Although the marginal statistical advantage may lack clinical significance, combined approaches still show promise for 
effective pain management and are recommended for improved knee pain control.99

Another meta-analysis by Wei Zuo et al,103 revealed that the ACB + LIA group had lower VAS scores at rest on the day 
of surgery and the following day, as well as reduced morphine consumption on those days compared to the ACB alone 
group. Additionally, the ACB + LIA group showed significantly better postoperative range of motion, with no significant 
differences in adverse event rates between the two groups. In a study involving 565 patients, those who received ACB were 
less likely to require anti-nausea medication after surgery. However, other outcomes, such as the length of hospital stay and 
narcotic consumption, did not show significant differences between the groups. After adjusting for risk factors, the only 
notable outcome was the reduced likelihood of experiencing nausea in patients who received ACB.104

Saphenous Nerve Block (SNB)
Utilizing SNB as a supplementary analgesic approach holds promise for effectively managing postoperative pain in 
patients undergoing knee surgery, particularly those undergoing TKA, with the aid of a continuous nerve catheter.105 The 
saphenous nerve is responsible for intense and rapid pain, and blocking this nerve improves the pain relief. These 
findings indicate that it may be beneficial to routinely include a saphenous nerve block in major ankle surgeries.106 

Researchers suggest utilizing a combination of popliteal and SNB for knee surgeries, especially for high-risk patients 
with other medical conditions who are unsuitable for general or spinal anesthesia. This minimally invasive method 
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provides effective pain control after surgery and presents a beneficial option for general anesthesia for procedures below 
the knee. The block can be performed with or without a nerve stimulator, and experience with 60 cases using this 
technique has demonstrated few adverse effects and positive outcomes.107 The study found that adding dexamethasone to 
a single-injection SNB prolonged pain relief in the ankle region and reduced opioid use on the first postoperative day. It 
suggests that this approach can improve pain management after major ankle surgery.108 However, Understanding the 
anatomy can be beneficial in identifying a protected area to avoid motor block during saphenous nerve block 
procedures.109 The combination of a Crosswise Approach to Popliteal Sciatic block (CAPSB) with saphenous nerve 
block may offer comprehensive pain relief for surgeries below the knee.110 Administering continuous popliteal and SNB 
in the adductor canal demonstrated decreased opioid requirements and lower pain levels, resulting in increased patient 
satisfaction upon discharge from the surgery center compared to employing only a continuous popliteal block alongside 
a single-injection SNB. Considering both popliteal and Saphenous nerve catheters together are crucial for enhancing 
postoperative pain management and streamlining outpatient procedures.111

Sciatic Nerve Block and Popliteal Nerve Block (PSNB)
Ultrasound-guided PSNB is a reliable and efficient technique for managing resting pain and enhancing patient comfort 
and adherence during endovascular procedures for chronic limb-threatening ischemia. This method is especially 
beneficial for frail patients with numerous comorbidities who are not suitable candidates for deep sedation or general 
anesthesia.112 Research has demonstrated that the addition of an SNB to a sciatic nerve block provides adequate comfort 
following extensive ankle surgery.106 Regional anesthesia proved to be a secure and dependable addition to managing 
perioperative pain, showing great effectiveness in patients undergoing elective orthopedic forefoot procedures (Tables 5). 
Nonetheless, those who underwent PFB experienced notably improved pain control and reduced need for opioids in the 
early perioperative period compared with those who were treated with an ankle block.113

Techniques Used in Various Surgeries
Quadratus Lumborum Block (QLB)
In a study involving 82 patients undergoing laparotomy, postoperative analgesia was provided through either a QLB or 
a pre-peritoneal catheter block with ropivacaine infusion for 48h. Pain scores during coughing were similar between the 
groups; however, the QLB group exhibited lower resting pain scores and higher satisfaction levels. The administered 
block levels ranged from T4 to L1.114 Nerve block targeting the QLB has been identified as an effective method for 
controlling pain after TKA. This approach has been proven to reduce pain, opioid usage, and nausea, while enhancing 
patient satisfaction.115 Another study investigated the use of a QLB to enhance pain relief after cesarean sections 
performed under spinal anesthesia and morphine administration. While the block resulted in reduced pain scores 6h after 
surgery, it did not significantly impact the overall morphine need within one day.116 However, a systematic examination 
and analysis revealed that QLB notably decreased morphine consumption and discomfort ratings among individuals 
undergoing hip surgery.2 Although the quality of evidence is moderate and statistically significant outcomes have been 
observed, the practical significance of QLB pain relief is questionable of its minimal effect size.2

Epidural Analgesia and Paravertebral Block
Effective pain management is crucial in patients undergoing thoracic surgery. Employing both medications and regional 
anesthesia, such as nerve blocks, in tandem is deemed the optimal strategy to decrease opioid consumption and mitigate 
associated adverse effects. The selection of a nerve block depends on the patient’s health condition and the proficiency of 
the healthcare provider (Tables 2–6).117 For thoracotomy, regional anesthesia is typically recommended, with Thoracic 
Epidural Analgesia (TEA) or Paravertebral Block (PVB) is the preferred options. If these methods are not feasible, 
alternatives such as an Intercostal Nerve Block (ICNB) can be considered (Table 3). Judicious use of opioids is essential 
to mitigate the risk of addiction, although it may still be necessary in certain situations. Nevertheless, healthcare 
providers strive to limit opioid administration to reduce adverse effects and potential addiction.117

Traditional methods of thoracic anesthesia, including epidural, spinal, and paravertebral blocks, carry inherent risks, 
particularly in patients undergoing cardiac surgery. Modern techniques that incorporate ultrasound guidance and regional 
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nerve blocks offer safer alternatives, minimizing complications associated with conventional approaches.118 Although 
epidural analgesia initially provides superior pain control compared to systemic opioids, it has limitations, notably 
a declining efficacy within 18–24 hours.119,120 Studies exploring the effects of postoperative epidural analgesia on pain 
control and rehabilitation in patients with hip fracture have produced diverse findings, highlighting the necessity for 
a thorough assessment before its applications.121 However, pairing peripheral nerve blocks with epidural anesthesia 
offers supplementary benefits, particularly in elderly patients with cardiac comorbidities, thereby improving the overall 
perioperative care.122

Erector Spinae Plane Block (ESPB)
Surgical treatment of thoracic outlet syndrome (TOS) often results in significant postoperative pain. A successful multi-
modal analgesic approach utilizing ESPB after supraclavicular surgery has been reported to enhance postoperative pain 
management and promote recovery in patients.123 The application of ESPB with continuous infusion provides effective 
analgesia during trans-axillary first rib resection for venous thoracic outlet syndrome, facilitating efficient pain control; and 
enabling unrestricted postoperative physiotherapy without complications.124 In the context of post-video-assisted thoracic 
surgery (VATS), the combination of rhomboid intercostal block (RIB) and ESPB has demonstrated notable benefits, 
including reduced fentanyl consumption, lower pain scores within the initial 24h, and distinct inflammatory factor 
concentrations compared to serratus anterior block (SAB). Ultrasound-guided RIB and ESP have been shown effectiveness 
to enhance pain management and reduce opioid use after surgery.125 Additionally, ESPB has shown efficacy as an efficient 
option in adult cardiac surgery for perioperative pain control and facilitating a fast-tracking process.126 Research suggests 
that bilateral USG ESPB provides superior and prolonged postoperative pain management for total abdominal hysterect-
omy, resulting in decreased morphine consumption compared to patients without the block.127

A meta-analysis evaluating ESPB for lumbar surgery indicated reduced opioid utilization and improved pain 
management and postoperative outcomes, leading to enhanced patient satisfaction and potentially shorter hospital stay. 
However, low-quality evidence from the study necessitates further research to validate this findings.128 Studies involving 
171 participants across various anesthetic planes have assessed ESPB for lumbar spine surgery, noting benefits in pain 
relief and decreased analgesic requirements. Nevertheless, the efficacy and safety of ESPB remain uncertain, under-
scoring the need for high-quality randomized controlled trials for confirmation.129 However, a series of cases documented 
in the literature demonstrated that patients who underwent hip and proximal femoral surgery experienced successful 
management of postoperative pain after receiving an ESPB at the 4th lumbar vertebra level.130 Additionally, the report 
also highlights the success of the ESPB block in alleviating severe thoracic neuropathic pain in two cases. This technique 
is safe and straightforward for managing both chronic and acute thoracic pain.131

Complications Associated with Nerve Blocks
Although peripheral nerve blocks and continuous PNBs are valuable pain management tools, the potential adverse events 
warrant consideration. PNBs present potential hazards such as local nerve damage, anesthetic systemic toxicity, infection, 
and motor block (Tables 2–6). The psoas component block introduces additional concerns, including retroperitoneal 
hematoma, kidney injury, and subarachnoid puncture. Implementing meticulous monitoring and adherence to optimal 
catheter placement strategies significantly reduces the complication rates. However, a comprehensive risk-benefit 
analysis considering both potential advantages and adverse effects remains crucial before implementing PNBs or 
CPNBs in clinical practice (Table 6).77,132 Additionally, research suggests that certain pain management techniques 
used during lower limb surgery may weaken muscles, potentially leading to a higher risk of falls after patients are 
discharged from the hospital (Table 5).90,133 Nevertheless, pulmonary bleeding has been reported in individuals who 
underwent a paravertebral block for thoracic surgery (Table 6).134

Nerve Injury
Nerve injury in regional anesthesia is uncommon (8–10% of temporary symptoms). Permanent damage is rare (<0.1%), 
and catheters slightly increase this risk (0.21%). The main culprit: is direct injection into the nerve, especially at high 
pressures.122 Although rare, nerve injuries are a risk factor for regional anesthesia. The update from the American 
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Society of Regional Anesthesia and Pain Medicine offers improved prevention methods such as ultrasound guidance and 
monitoring. It also addresses new considerations, such as spinal issues, blood pressure management, and procedures on 
sedated patients or those with pre-existing nerve conditions.135

Infection Risk
Single-shot nerve blocks have minimal infection risk, while catheters carry a 0–3.2% chance. The risk increases in 
vulnerable patients (critical illness, trauma, immune issues, male sex, and no antibiotics). Removing catheters within 
48–72 hours helps reduce the risk infection.122

Local Anesthetic Toxicity
High-dose FICB (75mL) raised toxicity concerns, whereas large FICB volumes (40–60mL) caused issues and weakness- 
related falls. Combining fascia iliaca and sacral plexus blocks offers advantages such as reduced toxicity, effective pain 
control, and potentially faster healing than traditional methods.71,136

Personalized Pain Control: Minimizing Opioid Reliance for Patients
General anesthesia allows pain signals to reach the brain, causing issues such as blood pressure swings. It can also affect 
heart and lung function. Peripheral nerve blocks target specific areas, prevent pain signals, and has a minimal impact on 
rest (Tables 2–6). They offer good pain relief and are suitable for elderly patients who might not be candidates for spinal 
anesthesia.137 Impaired cognitive status in hip fracture leads to poorer postoperative outcomes, including extended 
recovery periods and increased mortality rates, thus impacting daily functionality.138 Those with fractures and cognitive 
impairment often endure heightened pain levels due to delayed pain management and reduced analgesic access compared 
to their cognitively intact counterparts.138 Chronic pain management typically involves NSAIDs, antidepressants, and 
opioids; however, concerns about the opioid crisis and medication efficacy have prompted personalized treatment 
plans.139 Despite the historical efficacy of opioids in post-surgical pain relief, concerns still persist regarding their 
immediate complications and potential for long-term addiction.140 Specifically, elderly patients are at an increased risk of 
opioid-related adverse effects.141 A comprehensive approach to postoperative pain management entails considering 
various analgesic modalities to optimize pain control and minimize complications such as fear, anxiety, and cognitive 
disturbances.142 Severe pain following hip fractures may contribute to delirium, exacerbated by opioid use.143,144 

Moreover, inadequate pain relief may result in issues such as apprehension, unease, hostile conduct, impairment of 
thinking, and bodily alterations, necessitating individualized therapies.145

Multimodal analgesia, which integrates diverse pain medications and techniques, has emerged as a preferred 
approach, particularly following knee replacement surgery (TKA), to improve pain relief while reducing reliance on 
opioids and mitigating their adverse effects.146 Regular assessment of pain levels and functional status is crucial for 
effective pain management and optimal recovery, particularly in elderly patients.147 Tailored analgesia, considering age- 
related changes and cognitive status, along with a multimodal; opioid-sparing approach, is recommended for efficient 
pain management and improved postoperative outcomes.148 Although opioids remain essential for intraoperative pain 
control, remifentanil is a favorable option for elderly patients because of its rapid onset and minimal side effects.148

A multimodal pain program after total hip replacement that avoided parenteral narcotics, resulted in positive 
outcomes. Only 15% of patients required parenteral narcotics, with low pain scores and minimal complications such 
as respiratory depression and ileus. The program effectively managed the pain, reduced emesis, and accelerated 
recovery.149 Treatment options for acute thoracic surgery pain include opioids, regional anesthesia, and new blocks. 
The best approach considers patient, surgical, and institutional variables, with a trend towards tailored multimodal 
therapy (Table 6).150 Combining various pain medications that address different pain mechanisms is effective in post- 
surgical pain management. This approach reduces the reliance on opioids and their side effects. While the ideal 
combination is still under investigation, certain medications such as NSAIDs and acetaminophen are commonly used. 
Opioids can still be used for additional pain relief.27
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Strategies and Considerations in Peripheral Nerve Blocks
Regional anesthesia techniques have the potential to decrease the need for opioids (Tables 2–6); however, there is a risk of 
rebound pain. Physicians have developed various strategies to mitigate this risk, including prescribing medications and 
educating patients. These measures assist patients in effectively controlling pain and avoiding prolonged use of opioids.151 

The study examined whether nerve blocks could predict long-term surgical outcomes for lower back pain. Sixty patients 
were followed up for 2 years, and short-term improvement after the block was associated with improvement in lower back 
pain at 1 year; it did not predict the overall function or quality of life after surgery. In other words, the pain relief effect of 
a block is not a reliable indicator of long-term success.152 A study of 21 patients found that peripheral nerve blocks 
effectively controlled postoperative pain; however, stopping the blocks caused intense increases in pain, especially in 
younger patients. Rebound pain was less severe in older patients; but still problematic. High morphine consumption during 
rebound pain suggests that rebound pain may outweigh the benefits of nerve blocks, especially in younger patients.153

The research discovered that PNB therapy resulted in an average decrease in pain of 3.3 with a standard deviation of 2.8. 
Furthermore, 68% of patients reported long-term pain relief lasting ≥ 1 month. More than half of the patients experienced 
a pain reduction of 50% or more, with an average pain reduction rate of 43.6%. Importantly, the majority of patients (13 of 
22) were open to receiving a second PNB treatment, and all nine who did not experienced adverse effects. These results 
indicated that PNB may be an effective and viable approach for managing CPSP.154 Surgical pain usually subsides within 
24–72 hours. When peripheral nerve blocks (PNBs) are successful, pain signals are entirely blocked (Figure 1). However, 
after the PNB wears off, there may be a sudden increase in pain intensity, commonly known as ‘rebound pain’.155 Rebound 
pain (RP) is a common issue. Recognizing and managing it can help to prevent short-term pain, patient frustration, 
unnecessary complications, and resource use. Doctors can anticipate, treat, and potentially avoid RP altogether.156

Rebound pain is a common occurrence after peripheral nerve blocks, affecting 35–50% of patients.157 Additionally, 
rebound pain was observed in 61.7% of the patient with post-peripheral nerve block, and 50.6% experienced severe rebound 
pain.158 Preoperative dexamethasone use, preoperative pain, type of surgery, postoperative NSAID use, and opioid use were 
independent risk factors. Healthcare providers should employ preventive measures for patients who are at increased risk of 
experiencing rebound pain.158 Current evidence supports the use of dexamethasone, either intravenously or perineurally, to 
mitigate rebound pain in patients who have undergone a peripheral nerve block following surgery. The consistent and 
noteworthy positive outcomes render this approach robust; therefore, dexamethasone should be used whenever possible to 
prevent rebound pain with peripheral nerve blocks.157 While continuous infraclavicular BPB did not result in a decrease in 
overall opioid usage compared to BPB alone, it proved to successfully manage rebound pain at 9 and 12h after surgery for 
distal radius fracture fixation under BPB.159 The double-blind prospective study found that one dose of intravenious 
ketamine (0.3 mg/kg) did not diminish the incidence or intensity of rebound pain following surgery. Predictive risk factors 
for rebound pain included bone surgery, severe preoperative pain, and high pain catastrophizing. By Day 30, patients with 
rebound pain reported increased daily pain with neuropathic features, but central sensitization was not involved. The 
findings indicate that despite adequate postoperative analgesia, rebound pain is common, highlighting the need for 
individualized pain management strategies based on preoperative pain intensity and patient pain perception.160

It is often underreported in clinical trials but is prevalent in routine practice. Younger patients, females, and those 
undergoing bone surgeries are at higher risk for this challenging postoperative pain response.157 The use of adjuvants in 
peripheral nerve blocks was associated with a lower likelihood of developing rebound pain compared to nerve blocks 
without adjuvants. This effect may be due to the addition of adjuvants, which prolong the duration of analgesia and 
reduce the overall dose of local anesthetics required, thereby decreasing the incidence of rebound pain when the nerve 
block wears off.158 A RCT found that the combination of pre-operative dexamethasone and post-operative FICB resulted 
in significantly lower VAS scores, patient-controlled intravenous analgesia (PCIA) pressing times, serum levels of 
inflammatory factors (IL-1β, IL-6, CRP), and Pittsburgh sleep quality index (PSQI) scores compared to the control 
group and the FICB-only group.161

Although nerve blocks offer a promising alternative, some limitations must be addressed. The effectiveness can vary 
depending on the type of surgery and individual patient factors (Tables 2–6). Additionally, rebound pain, which is 
a temporary increase in pain after the block is worn off, can occur as a side effect. Furthermore, some techniques require 
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specialized guidance for accurate placement, potentially limiting their wider application. Future research should optimize 
nerve block techniques for different surgical procedures and patient populations. Further studies should investigate 
methods to minimize the risk of rebound pain and explore ways to make the most effective techniques more accessible 
through advancements in guidance technology. Additionally, a cost-effectiveness analysis comparing nerve blocks to 
traditional opioid-based pain management strategies would be valuable for healthcare decision- making.

Conclusion
This review underscores the potential of nerve blocks as a valuable alternative for managing post-surgical pain, offering 
significant advantages over traditional opioid-based methods. Techniques such as peripheral nerve blocks (PNB) and 
fascial plane blocks provide targeted analgesia across various surgical procedures, effectively reducing the need for 
opioids and minimizing associated risks. While these nerve block techniques demonstrate substantial short-term pain 
relief and enhance patient satisfaction, challenges such as rebound pain particularly in younger patients following the 
cessation of blocks necessitate careful management and patient education. Furthermore, the long-term effectiveness of 
nerve blocks in predicting surgical outcomes can vary, highlighting the importance of selecting the appropriate technique 
based on individual patient characteristics and the specific surgical context. Future research should focus on optimizing 
nerve block protocols, exploring their long-term effects, and conducting cost-effectiveness analyses compared to 
traditional opioid-based pain management strategies. By integrating nerve blocks into multimodal analgesia approaches, 
healthcare providers can improve recovery trajectories, enhance patient outcomes, and contribute to efforts aimed at 
mitigating the post-surgical pain and opioid crisis.
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