
Introduction 

The importance of appropriately managed postoperative pain is well-established. How-
ever, further improvements can still be made [1,2]. Despite advances in analgesics and 
multimodal pain regimens, patients still report significant postoperative pain and anxiet-
ies related to their pain control in the perioperative period [3]. Poorly controlled pain can 
have significant sequelae, predisposing patients to pulmonary and cardiac complications, 
and increasing the risk of poor wound healing. Increased wound sensitivity leads to re-
spiratory muscle splinting, immobilization, and atelectasis. Sympathetic stimulation leads 
to tachycardia, hypertension, and increased oxygen consumption, which may provoke 
coronary ischemia in susceptible individuals. Furthermore, prolonged postoperative pain 
leads to fear, helplessness, and demoralization, reducing patients' engagement with their 
recovery and reducing satisfaction [4,5]. 

Such psychological implications are a result of peripheral tissue injury as well as alter-
ations in the central nervous system. Unabated nociceptive signals may lead to changes in 
the dorsal horn and central processing of afferent stimuli, intensifying the propagation of 
their transmission. These changes contribute to the development of persistent postsurgi-
cal pain (PPSP), which is now recognized as a common and significant health burden 
[6,7]. Inadequately controlled pain tends to increase the length of post-anesthesia care 
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unit/hospital stay and also increases the risk of hospital readmis-
sion, resulting in significant economic impact. In contrast, pa-
tients who have well-controlled pain in the postoperative period 
are less likely to seek additional healthcare interventions after dis-
charge and are more likely to have superior functional outcomes 
and a faster return to normal activities of daily living [5]. 

In addition, pain management plays a fundamental role in en-
hanced recovery after surgery (ERAS) pathways [8]. The concept 
of multimodal analgesia in providing a balanced and effective ap-
proach to perioperative pain management is widely accepted and 
practiced, with regional anesthesia playing a pivotal role [2,8]. 
Nerve block techniques can be utilized to achieve the ERAS goals, 
whether it be the resolution of ileus or time to mobilization. How-
ever, the recent increase in the number and types of nerve block 
approaches can be daunting to general anesthesiologists. Which is 
the most appropriate regional technique to choose, and what skills 
and infrastructure are required for its implementation? A multi-
disciplinary team-based approach for defining the goals is essen-
tial, based on each patient's needs, and incorporating patient, sur-
gical, and social factors. This review provides a framework for a 
personalized approach to postoperative pain management with an 
emphasis on regional anesthesia techniques. 

Regional anesthesia or analgesia as part of a 
multimodal approach 

The recent guidelines on postoperative pain management creat-
ed jointly by multiple societies advocate for the use of site-specific 
regional anesthetic techniques (strong recommendation, 
high-quality evidence) as part of a multimodal analgesic regimen 
[2], which is effective in several surgical procedures including 
thoracotomy, joint replacement surgery, and cesarean sections. 
Similarly, the panel also recommended continuous perineural lo-
cal anesthetic infusion techniques for those patients who are likely 
to have prolonged pain in the postoperative period (strong rec-
ommendation, moderate quality of evidence) [2]. 

There has been a recent shift in regional anesthesia away from 
continuous neuraxial techniques, at least in part due to ERAS pro-
tocols. Although epidural analgesia still has a role in major tho-
racic and abdominal procedures, there has been a trend toward 
the use of peripheral regional anesthetic techniques instead. This 
has occurred along with a concurrent increase in less invasive sur-
gical procedures (also endorsed by ERAS protocols) and offers the 
advantages of more hemodynamic stability and less motor im-
pairment [2,9]. The increased use of oral anticoagulants and the 
need for postoperative anticoagulation has also limited the use of 
neuraxial techniques. Moreover, recent meta-analyses show that 

the previous benefits of postoperative epidural analgesia may be 
less promising today when compared to less invasive alternatives 
[10]. 

Unilateral selective nerve blocks can surpass traditional neurax-
ial techniques in certain patient populations and may be more ap-
propriate in the ambulatory/ERAS setting where the onus is on 
expediting recovery and facilitating discharge [11,12]. Several op-
tions can specifically target the operative area while minimizing 
unwanted sensory deficit and motor weakness. For major extrem-
ity surgery such as total knee arthroplasty (TKA) adductor canal 
blocks combined with posterior compartment blocks have helped 
patients achieve adequate analgesia while meeting the goals of 
physiotherapy [13]. Transversus abdominis plane (TAP) blocks, 
rectus sheath blocks, and other emerging blocks such as the erec-
tor spinae plane (ESP) block also show promise for truncal proce-
dures. These newer techniques may provide acceptable levels of 
analgesia with fewer side effects and higher patient satisfaction 
compared to established standards [14]. 

The multimodal approach to pain management is integral to 
ERAS pathways [15], which are designed to improve periopera-
tive patient care and recovery after surgery and reduce hospital 
length of stay. Early mobilization is an important ERAS goal, and 
the use of site-specific regional techniques rather than epidurals 
may help to achieve this. In addition, ERAS pathways place signif-
icant emphasis on measures to reduce opioid use to hasten ileus 
resolution and reduce opioid-related side effects [16]. In light of 
the opioid epidemic in North America, there is an even greater 
need for techniques to reduce perioperative opioid use. Opioid 
over-prescribing in the perioperative period can lead to prolonged 
postoperative opioid use and misuse, leading to tolerance, depen-
dence, and opioid-induced hyperalgesia [17,18]. As well as non-
opioid analgesics such as ketamine, intravenous lidocaine, and ga-
bapentinoids, regional anesthesia has been shown to reduce intra- 
and postoperative opioid use [18,19]. 

The shift toward peripheral regional anesthetic techniques has 
largely been driven by the advent of ultrasound-guided regional 
anesthesia (UGRA). Ultrasound has made regional anesthesia saf-
er, more efficient, and more accessible to general anesthesiologists 
[20]. UGRA provides real-time visualization and targeting of ma-
jor nerves that were previously located with landmark-based 
"blind" techniques (e.g., nerve stimulation, loss of resistance, par-
esthesia). Currently, there is a movement toward even higher pre-
cision novel blocks in a quest for locating individual nerves and 
fascial planes as ultrasound technology continues to improve. 
However, the evidence for the widespread adoption of these novel 
techniques is still to be determined [21]. In addition, these highly 
specialized novel techniques risk excluding general anesthesiolo-
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gists who have not subspecialized in regional anesthesia. Greater 
institutional acceptance and adoption may be achieved with the 
use of a few evidence-based techniques [22]. 

We believe the incorporation of regional anesthesia into a pa-
tient's perioperative journey must be consistently applied, incor-
porating factors specific to the patient, the intended surgery, and 
the resources available in the institution, thereby providing indi-
vidualized patient-centered care. 

Factors to consider: who is my patient? 

Each individual responds differently to noxious stimuli, and so 
it is no surprise that the same surgery will evoke varied pain re-
sponses in different patients, despite the seemingly similar pain 
generator. 

When considering the most appropriate regional anesthetic 
technique for postoperative pain management, anesthesiologists 
must estimate the degree of postoperative pain the patient will ex-
perience in response to the surgical stimulus. It is well recognized 
that certain demographic and psychosocial characteristics predis-
pose patients to higher levels of postoperative pain. Younger fe-
males and those with a tendency toward catastrophizing and neu-
roticism are more likely to experience greater pain after the same 
surgery [6,23–26]. Severe and poorly controlled postoperative 
pain, as well as prolonged duration, are both associated with the 
development of PPSP [23]. Other important psychological factors 
associated with both severe acute pain and PPSP that should be 
considered are anxiety, depression, and chronic stress [24,25,27]. 

One of the most important predictors of postoperative pain is 
pre-existing pain [23–26,28]. Even with minor procedures in the 
ambulatory setting, patients with pre-existing pain syndromes 
may experience postoperative pain severe enough to warrant hos-
pital admission [29]. A subset of this population which pose a 
particular challenge are those patients on preoperative analgesics 
with baseline opioid tolerance [24]. The preoperative identifica-
tion of patients with these characteristics can allow for the appro-
priate planning and implementation of multimodal analgesia 
techniques, including nerve blocks. A regional anesthetic tech-
nique, particularly in these patients, can act in conjunction with 
other components of the multimodal regimen to reduce acute 
postoperative pain scores, and the transition from acute to PPSP, 
aligning with postoperative goals. Such planned aggressive man-
agement of these patients' pain reduces central sensitization, 
which can occur during periods of high-intensity pain [23]. Hav-
ing an open discussion with the patient and surgical team in these 
cases is essential. It is not uncommon in caring for patients with 
chronic pain to prioritize analgesia over other goals such as early 

ambulation and discharge. 
Two emerging areas in our understanding of variable pain re-

sponsiveness are genetics and epigenetics. We know that those pa-
tients who have a heightened response to certain stimuli preoper-
atively are more likely to experience higher levels of postoperative 
pain [6,23], which would suggest that those with pre-surgical sen-
sitization (and evidence of hyperalgesia and allodynia) should be 
identified early. There is currently no convincing evidence that 
gene mutations are associated with an increased pain response. 
However, some data suggest that there may be a link to single mu-
tations in certain genes (e.g., catechol-O-methyltransferase, opioid 
receptor mu 1, and guanosine-5'-triphosphate cyclohydrolase 1) 
[7]. There is a role for epigenetics and its contribution to the de-
velopment of PPSP, which infers that a patient's environment can 
contribute to the expression (or non-expression) of certain genes 
involved in pain modulation [23]. Future developments in this 
field will allow anesthesiologists to potentially identify at-risk in-
dividuals in advance and plan for targeted analgesic therapy. 

A patient's comorbidities also play a role in postoperative pain 
management needs. The use of regional analgesia generally reduc-
es the requirement for systemic medications, including opioids. 
This can be beneficial in those with renal impairment who can 
experience prolonged effects of opioids due to altered opioid 
pharmacokinetics [30]. Similarly, reduced opioid consumption 
can result in less respiratory depression and reduced functional 
capacity. This is especially important for those with respiratory 
comorbidities, who are at a higher risk of respiratory sequelae in 
the postoperative period, and for whom targeted effective pain 
management with regional techniques is beneficial [30,31]. 
Neuraxial analgesia for major thoracic and abdominal procedures 
tends to blunt cardio-acceleratory response and sympathetic acti-
vation. This can reduce the risk of myocardial ischemia in patients 
with coronary artery disease by improving the myocardial oxygen 
supply-demand ratio, as long as hypotension is avoided [30]. 

However, it is important to recognize the altered metabolism of 
local anesthetic drugs in patients with end-stage liver and renal 
disease, who may need their dosing regimen altered. Similarly, 
some comorbidities may influence the anesthesiologist's decision 
regarding specific regional anesthetic techniques. For example, 
choosing an alternative technique instead of an interscalene nerve 
block for shoulder surgery can result in better preservation of vital 
capacity, which may be a relevant consideration in certain patients 
with significant pre-existing respiratory impairment [32]. Anoth-
er patient-specific consideration is the requirement for the early 
resumption of anticoagulation postoperatively with novel oral an-
ticoagulants, which precludes the use of an epidural or deep plex-
us catheter technique [33]. 

365https://doi.org/10.4097/kja.20323

Korean J Anesthesiol 2020;73(5):363-371



Factors to consider: what is the procedure? 

Pain management should be procedure-specific. Knowing the 
character and duration of pain a patient will encounter in the 
postoperative period has an important bearing on the ideal re-
gional analgesic technique for them. Different surgeries have dif-
ferent pain trajectories (Fig. 1) [34], and so anesthesiologists must 
provide each patient with the right intervention at the right time 
for the right duration. 

An open procedure with a large incision can be expected to in-
duce more pain than a minimally invasive procedure. However, 
patients can experience severe pain even after ambulatory surgery, 
particularly with orthopedic, urologic, and general surgeries [35]. 
Certain types of surgery are particularly associated with increased 
acute postoperative pain and even increased PPSP. These include 
herniorrhaphy, mastectomy, TKA, limb amputation, thoracotomy, 
and cesarean sections [7,25]. Patients undergoing these proce-
dures need early identification and aggressive multimodal pain 
management, including regional nerve blocks. Particular tech-
niques, such as a paravertebral block, may help to prevent PPSP 
after breast surgery [36]. The surgical technique in itself is also 
important. Avoiding nerve injury with careful dissection and dif-
ferent surgical approaches, such as avoidance of injury to the in-
tercostobrachial nerve during mastectomy and avoiding the pos-
terolateral approach with a thoracotomy, may decrease chronic 

pain [6,25]. Therefore, anesthesiologists must understand the 
technique and approach of the surgical team with whom they are 
working on a day-to-day basis and plan for procedures collabora-
tively in advance. 

The regional anesthetic technique and local anesthetic chosen 
should match the predicted pain trajectory of the surgery. Certain 
procedures result in postoperative pain that far outlast the effects 
of a single injection peripheral nerve block (sPNB). Adjuvants 
added to long-acting local anesthetics in sPNB may prolong anal-
gesia and may be beneficial in procedures with an intermediate 
duration of pain [14,20,37]. However, the only reliable technique 
that provides analgesia for several days is a continuous peripheral 
nerve block (cPNB). Perineural catheters can reduce pain scores 
and opioid consumption in comparison to sPNB [38]. For TKA in 
particular, a review of postoperative pain suggests that pain scores 
do not fall below four on a numeric rating scale (0: no pain, 10: 
worst possible pain) until after postoperative day seven [34]. It is 
clear that for these patients, an sPNB technique may be inade-
quate. Similarly, postoperative pain scores after mastectomy, hip 
arthroplasty, and shoulder arthroscopy all suggest that patients 
undergoing these procedures have high pain scores for at least 
three postoperative days, and would, therefore, benefit from a 
cPNB technique [34]. Unfortunately, the hope of liposomal for-
mulations of local anesthetics in sPNB as a substitute for cPNB 
techniques has not been realized [20,34,39]. 

With each surgical procedure comes a different set of postoper-
ative recovery goals on a different timeline. The regional anesthe-
siologist needs to be cognizant of and work in line with these 
goals. For example, in lower limb joint arthroplasty, the analgesic 
technique should allow for the patient to participate in physio-
therapy within a day to maximize the functional outcomes. In 
same-day discharge arthroplasty cases, the technique must also 
minimize muscle weakness and fall risk, particularly at home. For 
TKA, more distal nerve block techniques, either at or proximal to 
the anatomical adductor canal, can offer effective analgesia with 
quadriceps sparing to allow for early physical therapy [13]. 

Targeted regional analgesia can also reduce unwanted adverse 
effects after some surgeries. A paravertebral block may offer 
equivalent analgesic benefit to a thoracic epidural, with lower 
rates of urinary retention and hypotension in those undergoing 
thoracic surgery [40–42]. Fascial plane blocks, such as TAP, rectus 
sheath, or ESP blocks, can provide analgesia for abdominal proce-
dures while avoiding sympathetic block and hypotension encoun-
tered with a thoracic epidural and the risk of epidural hematoma 
in patients with coagulopathy [20]. 

As we manage patients as part of a multidisciplinary team, the 
decision regarding which (if any) regional analgesia technique is 

Fig. 1. The mean worst pain scores for the following four surgical 
procedures: knee arthroplasty, hip arthroplasty, mastectomy, and 
shoulder arthroscopy (adapted from Mariano et al. [34]). *Data 
for the shoulder arthroscopy patients were only collected through 
postoperative day 3.
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best must be agreed upon by the surgeons, anesthesiologists, and 
of course, the patients themselves. There may be resistance among 
some surgeons regarding the use of regional analgesia techniques 
in cases when there is the potential for surgical nerve damage or 
compartment syndrome. While these may be valid concerns, es-
pecially with traumatic injuries of the forearm and lower limbs, 
robust evidence is lacking. No convincing studies have shown that 
regional analgesia delays the diagnosis of compartment syndrome 
[43]. Nevertheless, institutional experience can determine a surgi-
cal department's willingness to incorporate regional analgesia in 
these controversial situations and will affect the number of tools 
for acute pain management available for the anesthesiologist and 
acute pain medicine specialist. 

Factors to consider: what resources do I have? 

The successful implementation of regional anesthesia for post-
operative pain management requires proper resources and infra-
structure [44]. The infrastructure to support these techniques 
must be established and embraced by the multidisciplinary team, 
including anesthesiologists, surgeons, nurses, physiotherapists, 
and occupational therapists. Evidence-based techniques guided 
by the procedures performed at the institution should be selected 
to provide safe, consistent care. Anesthesiologists must be profi-
cient in performing these techniques and lead the development of 
protocols for patient management in the postoperative period. 
Ongoing education of all team members is essential along with a 
process for evaluating the quality of care and patient safety. 

Techniques such as epidurals and cPNB require a dedicated 
acute pain service not only to lead these initiatives but to manage 
patients with these modalities. Staff on the ward need to be confi-
dent and capable of managing these techniques and be able to 
recognize any adverse effects [38,45]. With the growing pressure 
to shorten hospital stays, many patients may be discharged with 
cPNB techniques or the effects of a sPNB in place. Therefore, ap-
propriate patient selection and education are critical [34]. 

Additional resources are required for regional analgesia include 
staff, capital, equipment, and consumable costs. Institutions re-
quire anesthesiologists trained in performing these techniques 
[22]. In addition, specialized nurses are invaluable in helping to 
maintain these programs and provide ongoing staff education. 
Capital costs include ultrasounds, infusion pumps, and potentially 
a dedicated block room to perform these procedures efficiently. 
Specialized epidural and block kits with needles, ultrasound ma-
chines, catheters, and local anesthetic solutions are also additional 
expenses. However, these costs may be offset by improved patient 
outcomes, reduced complications, shorter lengths of stays, and 

less downstream healthcare utilization post-discharge [46]. 
Unfortunately, poor access and inequitable distribution of 

healthcare resources may limit postoperative analgesic options for 
patients. There needs to be a minimum standard of care estab-
lished that must be met at all institutions regardless of each pa-
tient's socioeconomic status. This should be a priority not only 
with postoperative analgesia but across the spectrum of healthcare 
delivery [47]. Local anesthetic, in some form, should be part of 
every multimodal pain management strategy. In situations where 
sophisticated regional analgesia is not available, this may mean 
meticulous layer by layer local anesthetic infiltration by the sur-
geon during wound closure or adjustments in the regional anes-
thesia technique if other limitations exist such as using adjuvants 
to prolong sPNB [14,20] or elastomeric infusion pumps if dedi-
cated programmable pumps are not available [48]. 

Increasing patient access to a range of regional anesthesia op-
tions for various surgeries starts with having a critical mass of an-
esthesiologists willing and able to perform the procedures safely 
and effectively. Then, these techniques need to be incorporated 
into standardized surgical pathways. Even though it is well-estab-
lished that paravertebral blockade is effective for pain manage-
ment after breast surgery, some general anesthesiologists may be 
hesitant to attempt this due to a lack of experience and fear of 
complications. Education and training play a major role in in-
creasing patient access to robust multimodal analgesia involving 
regional nerve blocks. In this example, the ESP block may be an 
attractive alternative to paravertebral block because the deposition 
of local anesthetic superficial to the paravertebral space may be 
perceived as easier and safer by the general anesthesiologist [47]. 
Given the opioid epidemic, educators have recognized the impor-
tance of training every anesthesiologist in a basic armamentarium 
of regional analgesia options. With a consistent curriculum, every 
anesthesiologist can achieve the competence and confidence to 
perform a basic set of nerve blocks and learn to incorporate re-
gional analgesic techniques into routine perioperative care [22]. 

Putting it together: a personalized plan for 
postoperative pain management 

Consideration of patient and procedural factors, combined with 
the resources available at the center at which they practice, will al-
low anesthesiologists to formulate the most appropriate postoper-
ative pain management plan, incorporating regional anesthesia 
techniques (Fig. 2). This is a process that should be considered by 
all anesthesiologists, not just regional anesthesia enthusiasts, for 
every patient in accordance with postoperative pain management 
guidelines [2] to effectuate ERAS principles. 
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Future research directions 

Neuromodulation, typically used in chronic pain, may be a 
non-pharmacological option for acute postoperative pain that 
lasts for several days to weeks. Ilfeld and colleagues [49-51] have 
used this technique to provide analgesia following various types 
of surgery, including anterior cruciate ligament reconstruction, 
foot surgery, and TKA. Under ultrasound guidance, a lead is 
placed in a manner similar to perineural catheter insertion in 
proximity to a target nerve. Electrical current emitted from the 
indwelling lead is responsible for the subsequent pain control [49]. 
Although it may be more costly, neuromodulation is an alterna-
tive to cPNB that requires no infusate solution, produces no mo-
tor block, and can be maintained for up to two months [52]. 
Long-term outcome studies of this intervention, particularly on 
the incidence of PPSP and chronic opioid use, will be of great 
public health interest. 

More research is required so that novel blocks can be incorpo-
rated into patient care pathways. Robust data are available for 
well-established regional analgesic techniques such as neuraxial 
and major nerve and plexus blocks. However, there are limited 
outcomes data for novel techniques such as fascial plane blocks. 
There are still many unanswered questions regarding the mecha-
nism of action of fascial plane blocks [53], which may explain the 
variation in the clinical outcomes that have been reported. A ma-
jor drawback is the heterogeneity of small datasets with varied 

techniques and outcome measures that do not allow for easy com-
parison and pooling of data. Establishment of standardized, clini-
cally-relevant, and patient-oriented outcome measures may be the 
first step to improving the evidence for these novel techniques. 

Precision medicine incorporating artificial intelligence may be 
a game-changer and has many potential applications for pain 
management [54]. Electronic health records, despite their short-
comings, provide large datasets that have the potential to inform 
medical decision making and improve patient care [55]. Neural 
networks may help to identify factors that predispose patients to 
experience greater than expected pain after surgery and predict 
pain trajectories. The future of perioperative pain management 
may be a personalized plan based on the patient's surgery, medical 
history, current medications, socioeconomic and demographic 
factors, baseline testing, pharmacogenetics, and trajectory model-
ing. Such an approach will allow for advanced preoperative plan-
ning and provide patients with a truly patient-centered experi-
ence. 
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