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Abstract
Purpose of Review The acute management of pain using regional anesthesia techniques may prevent the development of 
persistent postsurgical pain (PPP), ultimately improving patient outcomes and enhancing overall quality of life in postsurgical 
patients. The purpose of this review is to describe the current literature regarding the role of regional anesthesia techniques 
in the perioperative setting to address and prevent PPP.
Recent Findings Data was collected and analyzed using results from randomized controlled studies stratified into categories 
based on different surgical subspecialties. Conclusions were drawn from each surgical category regarding the role of regional 
anesthesia and/or local analgesia in acute and chronic pain management on the long-term results seen in the studies analyzed.
Summary Preoperative consultations and optimized perioperative analgesia using regional anesthesia and local analgesia 
play a fundamental role preventing and treating postoperative pain after many types of surgery by managing pain in the 
acute setting to mitigate the future development of PPP. Additional studies in different surgical subspecialties are needed to 
confirm the role regional anesthesia plays in chronic postsurgical pain (CPSP) prevention.

Keywords Regional anesthesia · Local analgesia · Persistent postoperative pain (PPP) · Surgery · Chronic pain · Chronic 
postsurgical pain (CPSP)

Introduction

Chronic pain is a growing epidemic in the USA, with an 
estimated 100 million adults currently living with mild to 
debilitating chronic pain [1]. It has been reported that the 
number of Americans suffering from chronic pain exceeds 
the total of Americans with heart disease, cancer, and diabe-
tes combined, the three leading causes of death and disabil-
ity in the USA according to the National Center for Chronic 
Disease Prevention and Health Promotion [1, 2]. Persistent 

postoperative pain (PPP) is a major cause of chronic pain 
that commonly occurs in patients in the postoperative setting 
in the months to years following surgery [3••, 4, 5]. This 
literature review focuses on the role of regional anesthesia 
to prevent chronic postsurgical pain (CPSP).

The first study on chronic postsurgical pain was published 
in 1999 by Macrae et al., followed a year later by the first 
literature review published by Perkins and Kehlet et al. [4, 
5]. These early studies were instrumental in uncovering the 
large individual and societal burden postsurgical pain has 
become in the USA. One in three to five patients undergo-
ing cardiac surgery, breast surgery, thoracotomy, or limb 
amputation will experience PPP lasting months to years after 
surgical intervention [4, 6, 7]. According to the National 
Center for Health Statistics, 48.3 million ambulatory surger-
ies were performed in 2010 in the USA, further highlighting 
the large population at risk [8]. In addition, PPP is challeng-
ing to treat, and few treatment modalities exist, thereby mak-
ing it of paramount importance to prevent acute pain from 
developing into PPP. As the incidence of PPP after surgery 
continues to grow, PPP has become a major public health 
concern [9]. The total cost incurred by American society for 

This article is part of the Topical Collection on Regional Anesthesia.

 * Promil Kukreja 
 pkukreja@uabmc.edu

1 Department of Anesthesiology and Perioperative Medicine, 
University of Alabama at Birmingham, Birmingham, AL, 
USA

2 Edward Via College of Osteopathic Medicine, Auburn, AL, 
USA

3 Department of Anesthesiology, Mayo Clinic Jacksonville, 
Jacksonville, FL, USA

/ Published online: 2 June 2022

Current Anesthesiology Reports (2022) 12:417–438

http://orcid.org/0000-0001-5084-0735
http://crossmark.crossref.org/dialog/?doi=10.1007/s40140-022-00536-y&domain=pdf


1 3

all forms of chronic pain is approximately $635 billion per 
year, and the rapidly rising number of patients suffering from 
intractable chronic postsurgical pain may be contributing to 
the current opioid epidemic [1, 3••, 10].

A fundamental element in the understanding of pain is 
that every chronic pain was once acute [7]. The acute man-
agement of pain using regional anesthesia techniques and 
multi modal analgesia (MMA) may prevent the development 
of chronic postsurgical pain, ultimately improving patient 
outcomes and enhancing overall quality of life in postsurgi-
cal patients. The purpose of this review is to describe the 
current literature regarding the role of regional anesthesia 
techniques in the perioperative setting to address and prevent 
PPP.

Pain Defined

Pain is defined by The International Association for the 
Study of Pain (IASP) as, “an unpleasant sensory and emo-
tional experience associated with actual or potential tissue 
damage, or described in terms of such damage” [11••]. 
According to the IASP, this definition was established in 
1979 and revised from 2018 to 2020 to reflect the advances 
in our understanding of pain. The modified gold standard 
definition has become widely accepted by health care pro-
fessionals and researchers in the field of pain, and it has 
been adopted by various professional, governmental, and 
nongovernmental organizations, including the World Health 
Organization [11••]. Clinically, pain exists in two forms: 
acute and chronic. These are further defined below.

Acute Pain

Acute pain is a dynamic psychophysiological response to tis-
sue trauma and related to the acute inflammatory processes. 
This occurs in the acute setting in response to tissue injury, 
inflammation, or disease [1]. The defining feature of this 
type of pain is its self-limiting nature, resolving within short 
period of time, or conversion to chronic pain.

Chronic Pain

Chronic pain can be defined as debilitating and possibly 
indefinite pain that persists past the healing of injured tissue 
and the related inflammatory processes [1, 3••]. This type 
of pain can have a devastating impact on patient function 
and quality of life. Chronic pain syndromes occur when a 
host of chronic pain symptoms do not respond to the medi-
cal model of care. Similarly, PPP is a type of chronic pain 
syndrome occurring in the postoperative setting and persist-
ing 2 to 3 months after surgery [12, 13]. In the first study 
published on chronic postsurgical pain, Macrae and Davies 

et al. proposed a four-point definition for chronic postsurgi-
cal pain defining it as, “the pain developed after a surgical 
procedure; the pain is of at least 2-month duration; other 
causes for the pain have been excluded; the possibility that 
the pain is continuing from a pre-existing problem should be 
explored and exclusion attempted.” Emphasis on the man-
agement of PPP in the early perioperative period is crucial, 
as this can potentially improve patient outcomes, decrease 
recovery times, and enhance quality of life.

Mechanisms of Chronic Pain

Literature focused on identifying the major cause of PPP 
has determined that PPP has varied manifestations making 
it likely to be the product of several overlapping pain mecha-
nisms rather than a single origin [1]. The transition from 
acute to chronic pain in the postoperative period is complex, 
controlled by factors such as biomedical, psychosocial, and 
genetic factors [7].

Biomedical risk factors, such as surgery type, surgical 
technique, and pain level in the perioperative period, have 
been identified as major risk factors for the development of 
PPP in patients [7, 14]. Surgical procedures with the greatest 
incidence of chronic postsurgical pain are associated with 
intentional or unintentional nerve damage, as this produces 
acute and permanent changes in the injured nerves, the intact 
neighboring nerves, motor and sympathetic outputs, and the 
pain pathways in the central nervous system, all contrib-
uting to chronic neuropathic pain [7, 15]. These surgeries 
include limb amputation, mastectomy, and thoracotomy [7]. 
Consequently, it has been reported that upwards of 60 to 
70% of patients undergoing amputation, breast surgery (mas-
tectomy), or thoracotomy continue to suffer from chronic 
pain for months following the procedure [5, 7]. Avoiding 
intraoperative techniques with the potential to cause nerve 
damage are important mitigating factors for preventing the 
development of PPP [4, 5, 16]. Additionally, newer surgical 
techniques can significantly decrease the incidence of long-
term complication following surgery. The introduction of 
sentinel node biopsies in breast cancer surgery is an example 
of this. The sentinel node biopsy limits the need for axillary 
clearance, a major risk factor for neuropathic injury dur-
ing breast cancer surgery, ultimately decreasing the overall 
number of patients experiencing neuropathic pain following 
this procedure [6]. Additionally, a surgeon’s years in practice 
inversely correlates with incidence of PPP, as more experi-
enced surgeons have been shown to cause less complications 
and postsurgery pain than those with less surgical experi-
ence. Notably, the presence of preoperative pain may be one 
of the strongest, and most consistent independent risk factors 
of PPP across a range of surgery types [4, 5, 7].
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Psychosocial risk factors are significant factors in the 
development of PPP [7, 14, 17]. These factors include but 
are not limited to preoperative anxiety, an introverted per-
sonality, catastrophizing, depression, fear of surgery, and 
psychological inflexibility [7, 18–20]. One of the most 
constant factors related to persistent pain after surgery is 
anxiety [6]. Kaunisto et al. described the role of anxiety 
in the perioperative period, showing that patient anxiety at 
the time of surgery is significantly related to experimental 
pain sensitivity and acute postoperative pain [21]. Pain 
catastrophizing is another important factor predicting the 
development of chronic postsurgical pain [20]. It is defined 
as a patient’s unrealistic belief that their current situation 
will ultimately lead to the worst possible pain outcome, 
ultimately magnifying pain intensity. It has been shown in 
the literature that patients who do not catastrophize have 
overall better outcomes than patients who do catastrophize 
[22, 23]. Psychological inflexibility, or an individual’s 
inability to act effectively in the presence of unpleasant 
thoughts or emotions, may also be a central mediator 
in the transition from acute to chronic pain [14]. A risk 
assessment tool may have the potential to identify patients 
preoperatively with mental health factors placing them at 
high risk of developing PPP. This intervention could play a 
vital role, allocating these patients to receive preventative 
interventions prior to surgery to inhibit chronic pain. How-
ever, this literature review focuses on regional anesthetic 
techniques to prevent PPP.

Finally, genetic factors are a newer area of exploration, as 
it remains largely unknown the exact genetic links that may 
play a specific role in predicting postoperative pain and PPP 
[6, 24]. Several studies have linked genetic polymorphisms 
to acute and chronic postoperative pain states [25, 26]. How-
ever, many limitations exist in these studies, including small 
sample size and lack of duplicated results in larger studies 
[27]. Future studies with sufficient power to confirm the role 
of single-nucleotide polymorphisms (SNPs) within target 
genes, such as the u-opioid receptor, GTP cyclohydrolase, 
and catecholamine-O-methyltransferase, are of considerable 
interest, as this would be useful to identify and treat patients 
at risk for PPP [26, 27]. Furthermore, regarding gender and 
age, studies have shown that female gender and younger age 
predict chronic postsurgical pain [7, 20, 28–30]. For exam-
ple, children seem to experience significantly less persistent 
postsurgery pain as compared to adults [31].

Additional research is needed to study the effectiveness 
of primary prevention of modifiable and nonmodifiable 
risk factors to reduce the incidence of chronic pain. In most 
cases, patients have multiple factors that increase the risk 
of PPP, emphasizing the importance of early identification 
through a thorough preoperative evaluation and the use of 
regional anesthesia, local anesthesia, MMA, and psychologi-
cal interventions when appropriate.

Regional Anesthesia and PPP Prevention

Regional anesthesia may play a role in preventing central 
sensitization, the molecular mechanism driving the progres-
sion from acute to chronic pain in surgical patients. Regional 
anesthesia is defined as the delivery of local anesthetic close 
in proximity to a target nerve but at a distance from the sur-
gical site [24]. The role of regional anesthesia and its rela-
tionship with interrupting the development of central sen-
sitization is described by Atchabahian et al. in his detailed 
systematic review [9]. Pain during surgery is triggered by 
nociceptive input from the primary surgical site, activating 
a permanent increase in synaptic strength, also called cen-
tral sensitization. These pathological changes in synaptic 
transmission from the primary to secondary neuron lead to 
permanent signal amplification, leading to hyperalgesia and 
the persistent pain that is often seen after surgery. The role of 
regional anesthesia in the prevention of central sensitization 
occurs when an effective nociceptive regional block prevents 
pain signals from being conducted from the surgical site to 
the central nervous system, preventing the development of 
chronic pain and PPP. Therefore, central sensitization can-
not occur [9].

An additional area of interest for pain control in the surgi-
cal setting is the use of local anesthetics for the prevention of 
acute and chronic pain. Local anesthesia is an intervention 
that can be applied locally to the area of interest to interrupt 
the transmission of pain impulses from the injury site to 
the central nervous system [9]. Both local and intravenous 
anesthetics can prevent central sensitization known to cause 
chronic pain and PPP. This method of pain management can 
be used alone or in conjunction with regional anesthesia to 
provide the most effective multimodal pain regimen.

Chronic Pain by Procedure

In this section, we summarize the findings and outcomes of 
clinical studies by stratifying in broad groups according to 
surgical procedure. Fifty-three randomized controlled trials 
(RCT) comparing regional or local anesthesia (by any route) 
to standard systemic methods of analgesia are included in 
this literature review. Studies and their regional or local anal-
gesic interventions, including type, timing of intervention, 
pain outcomes, and follow-up, are summarized in Table 1.

Limb Amputation

Perhaps one of the most common and best described post-
surgical chronic pain syndromes is phantom limb pain fol-
lowing limb amputation surgery [1]. The loss of a body part 
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can lead to residual pain, phantom sensations, and phan-
tom pain, contributing to long-term emotional distress and 
overall diminished quality of life in these patients [32]. 
Phantom sensations are described as pain-free perceptions 
arising from the amputated body part after deafferentation, 
while phantom pain is a painful or unpleasant sensation in 
the distribution of the lost body part [33]. Phantom pain is 
identified as a type of PPP, and the reported incidence of 
phantom limb pain is 30 to 85% in amputees, most com-
monly occurring in the first 6 months after surgery [33–35]. 
In a 2-year follow-up in amputees, 60% reported phantom 
limb pain and 21–57% reported residual limb (stump) pain 
[7]. Since acute residual limb pain is the best overall pre-
dictor of chronic residual limb pain in these patients, it is 
imperative to achieve sufficient perioperative pain control in 
patients undergoing limb amputation to prevent long-term 
PPP from developing [36].

Neuraxial anesthesia and peripheral nerve blockade 
(PNB) are important tools in mitigating and preventing PPP 
in patients who have undergone limb amputation. Bach et al. 
found evidence that preoperative lumbar epidural blockade 
with bupivacaine and morphine reduced the incidence of 
phantom limb pain in the first year postoperatively compared 
to controls treated with conventional methods [37]. Several 
smaller studies have shown that epidural anesthesia and 
PNB aid in pain reduction during the first week postsurgery 
by preventing central sensitization, a major contributor to 
chronic postoperative pain [38, 39]. In patients undergoing 
lower limb amputation, Sahin et al. found that the use of 
epidural anesthesia or PNB, rather than conventional general 
or spinal anesthesia, lead to significantly less pain in the 
first week after surgery. However, there was no difference in 
phantom limb pain, phantom sensation, or stump pain at 14 
to 17 months post amputation [39]. In another study, Kara-
nikolas et al. showed that the use of perioperative epidural 
analgesia and/or intravenous PCA reduced phantom limb 
pain intensity, prevalence, and frequency of 6 months post 
amputation [40]. Additionally, this RCT validated the use of 
epidural analgesia in controlling postoperative ischemic and 
neuropathic pain in the acute setting in this patient popula-
tion [40]. Katsuly-Liapis et al. confirmed the use of periop-
erative pain control using neuraxial anesthesia, showing that 
optimized perioperative analgesia using regional anesthesia 
techniques can be advantageous in decreasing acute phantom 
limb pain and PPP in patients who have undergone limb 
amputation [33].

Breast Surgery

PPP following breast surgery is a major complication, with 
up to 50% of women complaining of chronic pain follow-
ing breast surgery, 13% of which is reported to be severe 
[24, 30, 41]. The incidence of chronic pain occurring after 

breast surgery increases with invasiveness, with 49% report-
ing chronic pain following mastectomy with reconstruction, 
31% reporting chronic pain following mastectomy, and 22% 
reporting chronic pain for breast reconstruction [42, 43•]. A 
literature review examining the use of regional anesthesia 
techniques in breast surgery included paravertebral block, 
multimodal block, local infiltration, and a combined bra-
chial plexus block and intercostal block. Additionally, intra-
venous local anesthetics were included as data has shown to 
be favorable for the use of local anesthetics for the treatment 
of pain in breast surgery patients [3••].

Many RCTs have been published in the literature to assess 
the role of paravertebral block for pain control in the set-
ting of breast cancer surgery to prevent PPP. In a large-scale 
literature review pooling 18 RCTs with 1297 participants, 
regional anesthesia was found to promote a reduced risk of 
PPP after breast cancer surgery [3••]. Of these 18 studies, 
six studies investigated paravertebral block [44–49], four 
investigated a multimodal block [50–53], six investigated 
local infiltration [50, 54–59], and two investigated local 
anesthetics [60, 61]. Overall, the paravertebral block was 
found to be the superior and favored regional anesthesia 
technique over conventional methods for the prevention of 
pain in this population of patients.

The use of intravenous local anesthetics has been shown 
in the literature to reduce postoperative pain and PPP in 
patients undergoing breast cancer surgery. Two trials with 
97 total participants showed a statistically significant benefit 
for the use of intravenous local anesthesia to prevent PPP 3 
to 6 months after breast cancer surgery (P < 0.05) [60, 61].

Fewer studies have evaluated postoperative regional pain 
management techniques in cosmetic breast surgery [43•]. 
The use of TAP blocks for the prevention of chronic pain in 
patients undergoing breast reconstruction surgery has shown 
to be successful in several studies. Morphine requirements 
were lower in the TAP block groups and reduced pain scores 
acutely [62]. Additional research is needed to evaluate the 
long-term effects of TAP blocks on PPP in cosmetic breast 
patients.

In summary, the literature supports the use of regional 
anesthesia, particularly paravertebral blocks, and local anal-
gesia for women undergoing breast surgery, especially with 
regards to breast cancer surgery, to decrease postoperative 
pain acutely and reduce the risk of development of PPP.

Thoracotomy

Up to 80% of patients undergoing thoracic surgery are at 
risk of experiencing chronic pain. Early and aggressive pain 
management in the acute setting is crucial for these patients, 
as there is a strong relationship between the severity of acute 
postoperative pain and the development of long-term PPP 
[7, 63, 64••].
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Epidural analgesia is regarded as the gold standard for 
controlling postthoracotomy pain [65]. Several studies in 
the literature demonstrate the important role of thoracic epi-
dural analgesia in controlling postthoracotomy pain in both 
the acute and chronic settings [65–69]. Notably, Ju et al. 
compared two treatments for postthoracotomy pain, thoracic 
epidural using bupivacaine or intercostal nerve cryoanalge-
sia (cryo) [65]. Results of the study showed that the cryo 
group experienced significantly more severe chronic pain 
interfering with daily life than the thoracic epidural group 
(P < 0.05). Additionally, the cryo group experienced a higher 
allodynia-like pain than the thoracic epidural group at 6 and 
12 months postoperatively (P < 0.05). A limitation of this 
study was the use of cryo in place of a placebo, as cryo 
might worsen neuropathic pain [65]. In another study, Obata 
et al. examined the role of a preoperative versus postopera-
tive continuous epidural block for tumor patients after thora-
cotomy. Results at 3 and 6 months after surgery showed that 
preemptive administration of thoracic epidural ropivacaine 
and morphine significantly decreased the incidence and 
duration of PPP [70]. Another study investigated the role of 
intercostal nerve block using bupivacaine as a form of anal-
gesia [7, 70]. Results found that there was no significant dif-
ferences in postoperative pain scores between the intercostal 
nerve block and placebo group 18 months after thoracotomy. 
However, there are several fundamental limitations that exist 
in this study, questioning its validity [9]. Finally, Liu et al. 
sought to describe the role of continuous wound infusion 
with ropivacaine compared to patient-controlled analgesia 
with sufentanil for postoperative pain after thoracotomy 
[71]. The study found that continuous wound infusion with 
ropivacaine is effective for postoperative pain control. Fur-
thermore, continuous wound infusion may reduce adverse 
side effects seen during sufentanil pain control such as diz-
ziness, respiratory depression, and drowsiness, decreasing 
ICU stay and enhancing overall recovery [71]. Regional 
anesthesia, specifically thoracic epidural analgesia, imple-
mented perioperatively in the setting of thoracotomy has 
been shown to have a significant reduction in the risk of PPP 
compared to standard analgesia alone [3••].

Cesarean Section

Regional anesthesia has been shown to markedly reduce 
the risk of chronic postoperative pain following cesarean 
section, a novel finding in the development of PPP in this 
patient population [3••, 24]. Lavand’homme et al. described 
the continuous intrawound infusion of diclofenac after elec-
tive cesarean delivery [72]. This method of pain control was 
shown to significantly reduce postoperative morphine con-
sumption, and adverse effects compared to saline infusion 
control with systemic diclofenac pain control describe the 
transversus abdominis plane (TAP) block with or without 

adjuvants such as intrathecal morphine and clonidine as a 
regional technique to manage postcesarean delivery pain [24, 
73–76]. Singh et al. found that the use of TAP blocks as part 
of a multimodal pain regimen with intrathecal morphine was 
shown to improve pain scores at 24 h after cesarean section. 
High-dose TAP blocks may improve pain scores 12 h after 
cesarean section [73]. Additionally, Loane et al. found that 
the use of intrathecal morphine versus TAP block was shown 
to improve pain scores and decrease opioid consumption 
in patients undergoing cesarean delivery at 2, 6, and 10 h 
postoperatively [76]. Two studies report numerous advan-
tages to administering a TAP block in conjunction with a 
multimodal pain regimen, including long-term pain control, 
decreased opioid consumption, and enhanced recovery post-
cesarean delivery [24, 77]. Shahin et al. evaluated the effects 
of intraperitoneal instillation of lidocaine for postcesarean 
section pain in patients who underwent pariental peritoneal 
closure [78]. Patients received either 200 mg of intraperito-
neal lidocaine or sterile saline and were assessed for pain at 
every 2 weeks up to 8 months after surgery. Results showed 
that intraperitoneal lidocaine played a role in decreasing 
postcesarean pain up to 8 months after surgery [78]. Fur-
ther studies are warranted for the use of regional analgesia 
techniques in patients undergoing cesarean section to sup-
port our conclusions.

Hysterectomy

Regional anesthesia is a popular alternative to conventional 
patient-controlled analgesia (PCA) for the prevention of 
early postoperative pain in vaginal and abdominal hyster-
ectomy. However, there is very limited data on the use of 
regional analgesia for the prevention of long-term pain and 
PPP. Spinal anesthesia is a commonly used regional tech-
nique in patients undergoing vaginal hysterectomy, ulti-
mately providing optimized pain management and enhanced 
recovery up to 6 months postoperatively [79, 80]. The use of 
subarachnoid block anesthesia was found to provide a sig-
nificantly better postoperative analgesia in the acute setting 
compared to traditional pain control after vaginal hysterec-
tomy, providing long-term analgesic effects up to 3 months 
after surgery [81].

Iliac Crest Bone Graft Surgery

Iliac crest bone graft is the gold standard in achieving spinal 
arthrodesis. Additionally, iliac crest bone graft harvesting 
(IBGH) is the preferred choice in a number of procedures 
requiring the use of bone grafts due to its many advantages 
over other sites [82, 83]. However, harvesting iliac crest bone 
is an acutely painful procedure, with chronic pain develop-
ing in up to 39% of patients [84]. Several studies investi-
gating the role of regional analgesia and local analgesia in 
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preventing acute pain and PPP after iliac crest bone graft 
harvesting (IBGH) have been described in the literature.

Blumenthal et al. compared ropivacaine to a placebo 
through an iliac crest catheter after Bankart repair with 
IBGH [85]. This study demonstrated significantly lower 
pain and high patient satisfaction in the ropivacaine group 
compared to placebo up to 3-month postsurgery [85]. Singh 
et al. performed a similar study delivering either 0.5% Mar-
caine or normal saline via a continuous infusion catheter 
placed at the IBGH harvest site in order to determine the 
long-term effects of postoperative continuous delivery of 
local anesthetic [86]. The results showed statistically signifi-
cant decrease in graft site pain score (P < 0.05), significantly 
improved overall postoperative function and patient satis-
faction at a 4-year follow-up (P < 0.05), and significantly 
reduced chronic dysesthesias (P < 0.05) [86]. Gundes et al. 
showed favorable results using regional delivery of either 
bupivacaine alone or combined morphine-bupivacaine at 
the iliac crest graft site [87]. Results showed that chronic 
pain and dysesthesia were decreased at a 3-month follow-up 
for both groups, showing favorable effect on long-term pain 
in these patients. Additionally, analgesic consumption was 
shown to be significantly less in the combined morphine-
bupivacaine group when compared to bupivacaine alone 
[87]. Regional anesthesia used perioperatively during IBGH 
has been shown to have a significant reduction in the risk 
of PPP.

With regard to pain management using local analgesia, 
O’Neill et al. study showed that a single local administra-
tion of bupivacaine at the iliac crest graft harvest site during 
posterior spine fusion surgery results in improved overall 
outcomes and pain scores in the acute and long-term set-
tings [84]. Barkhuysen et al. also investigated the use of 
local infiltration using a single dose of bupivacaine for pain 
management during anterior IBGH [83]. In contrast, this 
study showed no significant differences in postoperative pain 
acutely between those who received bupivacaine and the 
control group.

Laparotomy

The role of regional anesthesia in major digestive surgery 
has been described in very few studies in the literature, each 
exploring the role of epidural anesthesia for pain manage-
ment. Lavand’homme et al. found that intraoperative epi-
dural anesthesia in combination with ketamine provides 
effective preventive pain management after laparotomy [88]. 
Furthermore, administration of an intraoperative epidural, 
versus postoperative, was shown to have a greater effect 
on residual pain in a 1-year follow-up. This study demon-
strates a clear benefit to epidural analgesia as a preventative 
treatment for the development of PPP after major digestive 
surgery, such as laparotomy. Another study by Katz et al. 

examined the role of epidural anesthesia in pain outcomes 
in the acute postoperative setting following laparotomy [89]. 
Katz et al. showed that patients who received periopera-
tive lumbar epidural experienced significantly less pain at a 
3-week follow-up than those who received general anesthe-
sia alone. Longer follow-up was not included.

Hernia Repair

Chronic pain is the most common complication seen after 
inguinal hernia repair, occurring in up to 30% of patients 
who undergo this procedure. The persistence of pain at 1 and 
4 weeks postoperatively has been linked to chronic pain and 
PPP [90, 91]. Therefore, optimal pain control in the acute 
setting is critical in this patient population to prevent chronic 
pain and PPP from developing. Mounir et al. examined the 
use of spinal anesthesia for pain control in these patients, 
concluding that subfascicle infiltration with bupivacaine is 
effective for decreasing postoperative pain at 3 and 6 months 
postoperatively [92]. Kurmann et al. evaluated the use of 
local bupivacaine 0.25% intraoperatively for the preven-
tion of chronic pain after hernia repair [93]. The results of 
this study found no significant pain differences between the 
intraoperative infiltration group and the placebo group in 
the prevention of chronic pain at 3 months postoperatively, 
favoring conventional postoperative analgesia over local 
infiltration [93]. This suggests that local analgesia may not 
play a predominant role in the pain management of inguinal 
hernia surgery, in contrast to spinal anesthesia.

Prostatectomy

Radical prostatectomy is major treatment choice for prostate 
cancer, a common cancer in men in the USA [94]. Early and 
effective pain management in patients undergoing radical 
retropubic prostatectomy is recommended to prevent mod-
erate to severe postoperative pain from developing in these 
patients, potentially leading to chronic PPP.

In his RCT, Gupta et al. found evidence for low tho-
racic epidural analgesia providing superior pain relief and 
improved expiratory muscle function compared to PCA [94]. 
Patients received either a low thoracic epidural or patient-
controlled intravenous analgesia for postoperative pain 
control following radical retropubic prostatectomy. Results 
support the use of thoracic epidural analgesia for optimal 
pain control in the acute postoperative setting to achieve 
long-term pain management for radical prostatectomy [94]. 
In a similar study, Haythornthwaite et al. found no signifi-
cant difference in pain outcomes in patients who received 
epidural anesthesia versus traditional analgesia for radical 
prostatectomy [95]. This study concluded that intraopera-
tive anesthetic technique did not adequately predict the inci-
dence of pain at 3- or 6- month follow-up. Lastly, Brown 
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et al. looked at the role of intrathecal analgesia in patients 
undergoing radical retropubic prostatectomy [96]. Primary 
outcome measures of the study included pain and functional 
status over a 3-week follow-up period in the intrathecal 
administration. Patients received either general anesthesia 
and accompanying intravenous fentanyl or general anesthe-
sia preceded by intrathecal administration of bupivacaine 
15 mg, clonidine 75 microg, and morphine 0.2 mg. Results 
of the study showed improved immediate pain scores (18 h 
postoperatively), decreased opioid requirements in patients 
who received intrathecal analgesia, and well-controlled pain 
during the 12-week follow-up. However, there was no sig-
nificant difference in pain control in the group who received 
intrathecal analgesia and the control [96].

Vasectomy

One study in the literature supports the role of local anes-
thesia in vasectomy for acute analgesia and the prevention 
of PPP. Paxton et  al. describes vasectomy syndrome, a 
common complication of vasectomy, that causes both acute 
and chronic testicular pain in these patients following the 
procedure [97]. This study found that infiltration of local 
bupivacaine into the lumen of the vas deferens is effective 
in preventing vasectomy syndrome from occurring, as no 
patients experienced prolonged testicular discomfort in the 
infiltration group in a 24-week follow-up period [97].

Limitations

Limitations in our study include a restricted number of 
studies that could be included due to high risk of bias from 
missing data, small sample sizes, and attrition and data loss, 
thereby reducing confidence in our findings. Furthermore, 
clinical heterogeneity, performance bias due to incomplete 
participant blinding, and sparse outcome data for some 
surgical groups hindered evidence synthesis. Therefore, 
additional data is needed in many surgical subspecialties to 
confirm findings listed in our study.

Conclusions

In the most recent systematic literature review to date, there 
is evidence validating the role of regional anesthesia to 
prevent CPSP in the perioperative setting. PPP and CPSP 
are shown to be devastating and resistant to many forms 
of treatment, but may be preventable in one out of every 
four patients with the implementation of regional anesthesia 
techniques [9]. Results of numerous studies (Table 1) show 
that perioperative regional anesthesia during breast sur-
gery, thoracotomy, and cesarean section resulted in reduced 

PPP beyond 3 months postoperatively compared to stand-
ard analgesia [3••, 24]. In addition, our literature review 
noted that regional anesthesia plays a key role in the risk 
reduction of PPP in limb amputation, hysterectomy, IBGH, 
laparotomy, hernia repair, and prostatectomy, although 
more data is needed to support these findings. Preoperative 
consultations and optimized perioperative analgesia using 
regional anesthesia and local analgesia play a fundamental 
role preventing and treating postoperative pain after many 
types of surgery by identifying patients who are at risk for 
PPP and managing pain in the acute setting to mitigate the 
future development of PPP. Additional large-scale prospec-
tive randomized studies are needed to further validate the 
benefits of regional anesthesia and its extended perioperative 
nociceptive blockade to prevent the development of CPSP in 
different surgical subgroups.
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