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Background and Objective: Thoracic surgery causes significant pain which can negatively affect 
pulmonary function and increase risk of postoperative complications. Effective analgesia is important to 
reduce splinting and atelectasis. Systemic opioids and thoracic epidural analgesia (TEA) have been used 
for decades and are effective at treating acute post-thoracotomy pain, although both have risks and adverse 
effects. The advancement of thoracoscopic surgery, a focus on multimodal and opioid-sparing analgesics, and 
the development of ultrasound-guided regional anesthesia techniques have greatly expanded the options for 
acute pain management after thoracic surgery. Despite the expansion of surgical techniques and analgesic 
approaches, there is no clear optimal approach to pain management. This review aims to summarize the 
body of literature regarding systemic and regional anesthetic techniques for thoracic surgery in both 
thoracotomy and minimally invasive approaches, with a goal of providing a foundation for providers to 
make individualized decisions for patients depending on surgical approach and patient factors, and to discuss 
avenues for future research. 
Methods: We searched PubMed and Google Scholar databases from inception to May 2021 using the 
terms “thoracic surgery”, “thoracic surgery AND pain management”, “thoracic surgery AND analgesia”, 
“thoracic surgery AND regional anesthesia”, “thoracic surgery AND epidural”. We considered articles 
written in English and available to the reader. 
Key Content and Findings: There is a wide variety of strategies for treating acute pain after thoracic 
surgery, including multimodal opioid and non-opioid systemic analgesics, regional anesthesia including TEA 
and paravertebral blocks (PVB), and a recent expansion in the use of novel fascial plane blocks especially 
for thoracoscopy. The body of literature on the effectiveness of different approaches for thoracotomy and 
thoracoscopy is a rapidly expanding field and area of active debate.
Conclusions: The optimal analgesic approach for thoracic surgery may depend on patient factors, surgical 
factors, and institutional factors. Although TEA may provide optimal analgesia after thoracotomy, PVB and 
emerging fascial plane blocks may offer effective alternatives. A tailored approach using multimodal systemic 
therapies and regional anesthesia is important, and future studies comparing techniques are necessary to 
further investigate the optimal approach to improve patient outcomes.
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Introduction

Thoracic surgery causes significant postoperative pain, 
and an effective analgesic strategy in the perioperative 
period is essential to ensure optimal patient comfort, 
avoid postoperative complications, and enhance recovery. 
Disruption of respiratory mechanics by thoracic procedures 
leads to a restrictive ventilation pattern with decreased 
functional residual capacity, decreased compliance, and 
atelectasis. The detrimental effects are amplified in high-
risk patients with pre-existing cardiopulmonary disease, 
obesity, and advanced age. Inadequate analgesia amplifies 
the negative effects of splinting including reduced tidal 
volumes, impaired cough and clearance of secretions, and 
increased atelectasis. Altogether, this may increase the 
risk of postoperative pulmonary complications including 
hypoxemia, hypercarbia, pneumonia, possible need for 
prolonged mechanical ventilatory support, reintubation, and 
intensive care unit (ICU) admission (1,2). Poorly-controlled 
acute pain may also increase the risk of chronic post-
thoracotomy pain syndrome (CPTPS) after thoracotomy 
and after video-assisted thoracic surgery (VATS), which 
can be difficult to treat and have significant impacts on a 
patient’s quality of life for months to years (3). 

Thoracotomy requires a long incision anteriorly or 
posterolaterally. It may involve division of the latissimus 
dorsi, serratus anterior, and intercostal muscles with 
separation and sometimes resection of ribs. This causes 
traumatic injury to the chest wall and excess pressure on 
the neurovascular bundle during retraction. Thoracoscopic 
approaches including VATS and robot-assisted thoracic 
surgery (RATS) involve smaller incisions and the use of 
trocars for video and instrument access to the chest cavity, 
and oftentimes mini-thoracotomies for access and specimen 
removal. These minimally invasive techniques confer less 
disruption of chest wall muscles and mechanics, potentially 
less damage to intercostal nerves, and are associated 
with decreased postoperative pain, opioid consumption, 
and reduced incidence of postoperative complications. 
Nevertheless, VATS still causes significant postoperative 
pain and carries similar risks of postoperative complications 
as thoracotomy (4-8).

Multiple pathways are involved in transmission of 
pain signals in thoracic surgery. Innervation of the thorax 
(Figure 1) involves thoracic spinal nerves, with dorsal rami 
innervating the posterior thoracic wall and paraspinal 
muscles, and anterior rami becoming intercostal nerves 
which travel on the inferior rib surface between the 

innermost and internal intercostal muscles, branching into 
the lateral and anterior cutaneous nerves. The thoracic 
sympathetic chain runs adjacent to the spinal column in the 
paravertebral space and provides visceral innervation to the 
thorax and efferent sympathetic innervation. Other nerves 
relevant to the thorax include the vagus nerve, the phrenic 
nerve from C3-5 which innervates the diaphragm, and nerves 
of the brachial plexus including the dorsal scapular nerve 
to the rhomboids and levator scapulae, medial and lateral 
pectoral nerves to the pectoralis minor and major, long 
thoracic nerve to the serratus anterior, and thoracodorsal 
nerve to the latissimus dorsi (9). Severe pain could be from 
nociceptive, neuropathic, inflammatory, and ischemic sources, 
including incisional pain, damage to muscles, costovertebral 
joint disruption, intercostal nerve injury, and pleural disruption 
and inflammation. Referred ipsilateral shoulder pain (ISP) 
secondary to chest tubes and pleural/ diaphragmatic irritation 
can be present in up to 85% of patients (10). 

Multimodal analgesia incorporates the use of non-
opioid analgesics which have synergistic effects with 
opioids, providing superior analgesia and decreasing 
opioid requirements and side effects. This approach 
aims to maximize the physiologic and pharmacologic 
benefits of affecting multiple analgesic pathways while 
minimizing adverse effects and facilitating a rapid recovery 
to baseline (11). Consensus evidence-based guidelines on 
the management of postoperative pain encourage the use 
of multimodal analgesics as well as regional anesthesia 
techniques, including thoracic epidural analgesia (TEA), 
thoracic paravertebral blocks (PVB), and more recently 
novel fascial plane blocks. An effective multimodal analgesic 
strategy is essential to prevent the above negative effects 
and complications, and the optimal analgesic approach is 
influenced by dynamic factors including patient, surgical, 
and institutional considerations (12). Currently, there is no 
clear superior approach, especially with regards to regional 
anesthetic choices. Here we aim to review the available data 
for multimodal analgesia and regional anesthesia techniques 
for the management of acute postoperative pain for thoracic 
surgery, as well as the current challenges and future 
directions for further research in the field. We present the 
following article in accordance with the Narrative Review 
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-21-1740/rc).

Methods

The manuscript was prepared as a Narrative Review, 

https://jtd.amegroups.com/article/view/10.21037/jtd-21-1740/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-21-1740/rc
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with a goal of providing a broad overview of the evidence 
for various systemic analgesic and regional anesthesia 
approaches for treating pain related to thoracic surgery, 
rather than the more narrow and targeted focus of questions 
addressed in a systematic review. We searched PubMed 
and Google Scholar databases from inception to May 
2021 using the search terms “thoracic surgery”, “thoracic 
surgery AND pain management”, “thoracic surgery AND 
analgesia”, “thoracic surgery AND regional anesthesia”, 
“thoracic surgery AND epidural”. We considered articles 
written in English and available to the reader, including 
prospective randomized trials, retrospective reports, review 
articles, expert opinion papers and society guidelines, 
and case reports and series. We excluded studies that 

were not clinically relevant to the scope of the review. 
Additional relevant articles suggested by peer reviewers 
after submission of the initial manuscript were also included 
when appropriate. Two authors (CH and XB) retrieved the 
full texts of all relevant articles, and additional references 
were obtained from references lists in the included articles 
where appropriately relevant (Table 1). 

Discussion

Multimodal/systemic analgesics

Acetaminophen
Acetaminophen is one of the most commonly used 

Figure 1 Axial schematic of thoracic spinal nerve (yellow) and thoracic muscle (red) anatomy at the level of T4, as well as sites of action of 
different regional anesthesia techniques, including intercostal nerve block (ICNB, purple), erector spinae plane block (ESPB, light blue), 
thoracic epidural analgesia (blue), paravertebral block (pink), and serratus anterior plane block (green). ICN, intercostal nerve; ICNB, 
intercostal nerve block; ESPB, erector spinae plane block; TEA, thoracic epidural analgesia; PVB, paravertebral block; SAPB, serratus 
anterior plane block.
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analgesics worldwide and has very few adverse effects. 
Although the exact analgesic mechanism of action remains 
unknown, it inhibits cyclooxygenase (COX) and may affect 
multiple central nervous system pathways involved in pain. 
It has little to no anti-inflammatory activity, does not affect 
platelet function, renal perfusion, or gastrointestinal (GI) 
tract mucosal integrity, and has an extremely safe profile 
when used in appropriate doses (13). The IV route provides 
a quicker onset to peak effect compared to oral (25 versus 
45 minutes, respectively), however both have similar 
maximum analgesic activity and duration (13). A recent 
systematic review in a mixed surgical cohort suggests that 
both routes provide equivalent postoperative analgesia, with 
the oral formulation being less expensive; however, there 
are no studies specifically comparing different routes of 
administration in thoracic surgery (14). 
Acetaminophen for thoracotomy
Acetaminophen has been shown to effectively reduce 
ipsilateral shoulder pain (ISP) when used perioperatively 
in conjunction with TEA in thoracotomy patients (10). 
Retrospective data in thoracic surgery patients at two 
academic centers suggest that IV acetaminophen is 
associated with reduced hospital and ICU length-of-stay 
(LOS) and time to extubation in thoracotomy patients (15). 
Acetaminophen for VATS
Acetaminophen can significantly reduce postoperative pain 
in VATS patients (16). In a small randomized controlled 
trial (RCT) in VATS patients, IV acetaminophen was 
able to achieve analgesic effects close to ketorolac (17). 
Acetaminophen and non-steroidal anti-inflammatory drugs 
(NSAIDs) have synergistic analgesic effects that result in 

much lower opioid requirements compared to either drug 
alone (18). Similar to thoracotomy, the same retrospective 
study assessing LOS, time to extubation, and ICU LOS 
proved acetaminophen’s benefits in VATS patients as well (15). 
Acetaminophen should be utilized in all patients without a 
strong contraindication given its efficacy and safety.

NSAIDs
NSAIDs inhibit the COX pathway to reduce the production 
of prostaglandins and improve pain control (19). Oral 
ibuprofen at a dose of 400 mg is almost as effective as 10 mg 
of intramuscular morphine (20), and ketorolac at a dose of 
30 mg has similar analgesic effects to 10 mg of morphine as 
well (21,22). A meta-analysis demonstrated that preoperative 
celecoxib 200 mg was able to achieve an average reduction 
of 4 mg of morphine consumption and lead to lower pain 
scores and post-operative nausea and vomiting (PONV) (23).  
Non-specific NSAIDs such as ibuprofen and ketorolac 
inhibit COX-1 and COX-2 isoforms and confer possible 
risks of bleeding related to impaired platelet redundant 
function, acute kidney injury (AKI), and GI mucosal injury. 
Specific COX-2 inhibitors were developed last decade 
to have better GI tolerance and lower potential risks of 
bleeding, but carry similar risk of renal injury as non-
selective NSAIDs (24,25). Severe adverse cardiovascular 
events forced several COX-2 inhibitors off market except 
for celecoxib.
NSAIDs for thoracotomy
The utility of NSAIDs in thoracic surgery has been known 
for decades. Indomethacin led to improved pain and reduced 
opioid consumption after thoracotomy (26). The same 

Table 1 The search strategy summary

Items Specification

Date of search May 2021

Databases and other sources searched PubMed, Google Scholar

Search terms used “thoracic surgery”, “thoracic surgery AND pain management”, “thoracic surgery AND 
analgesia”, “thoracic surgery AND regional anesthesia”, “thoracic surgery AND epidural”

Timeframe Inception to May 2021

Inclusion and exclusion criteria Inclusion: articles written in English and available to reader, prospective randomized trials, 
retrospective reports, review articles, expert opinion papers, society guidelines, case reports 
and series. Exclusion: articles not clinically relevant to scope of review

Selection process Two authors (CH and XB) retrieved full texts of relevant articles included in review

Any additional considerations, if applicable Additional references obtained from reference lists in included articles, and at suggestion of 
peer reviewers after initial submission where appropriate
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effects were observed with diclofenac without demonstrated 
risks of bleeding (27). In patients using morphine patient-
controlled analgesia (PCA), ketorolac reduced postoperative 
opioid requirements after thoracotomy (28). Even in 
combination with TEA, the beneficial signals of NSAIDs 
can still be identified: ketorolac reduces pain and opioid 
consumption and may enhance pulmonary function after 
thoracotomy (29). Celecoxib was associated with lower 
pain scores at rest and with coughing and improved patient 
satisfaction after thoracotomy (30).
NSAIDs for VATS
Analgesic effects of NSAIDs can be observed in VATS 
as well. A small RCT demonstrated that diclofenac 
and ketorolac were equally effective in reducing opioid 
consumption after VATS without significant effects on 
bleeding (31). Interestingly, in a recent RCT, ketorolac did 
increase quantity of bleeding after VATS although none 
needed reoperation (32). Ketorolac and acetaminophen 
may provide similar analgesia after VATS (17), and 
in combination may provide comparable analgesia to 
morphine after VATS (32).

Based on the current literature, unless patients have 
contraindications including high bleeding risk, renal 
insufficiency, or GI bleeding, NSAIDs should be strongly 
considered as part of multimodal analgesia for both 
thoracotomy and VATS procedures (33).

N-methyl-D-aspartate (NMDA) receptor antagonists
Ketamine, a NMDA receptor antagonist, is a potent 
analgesic. Ketamine potentiates the analgesic effects 
of opioids, can improve analgesia and reduce opioid-
consumption in the immediate postoperative period, may 
prevent acute opioid tolerance and central sensitization 
to nociceptive signaling, and reduce inflammation related 
to surgery (34-38). Interestingly, the analgesic effect of 
ketamine is more pronounced in certain types of operations 
including spine and abdominal surgery compared to others 
such as arthroplasty. Nevertheless, ketamine can lead to 
psychomimetic side effects such as hallucinations and 
nightmares. The prevention of delirium and complications 
of surgical treatment (PODCAST) study found that a single 
dose of ketamine in older patients led to increased incidence 
of hallucination and nightmares (39). Magnesium also has 
NMDA receptor antagonist properties and is used as a non-
opioid analgesic with possible benefits including improved 
pain and reduced opioid requirements with few adverse 
effects (40-42).

NMDA receptor antagonists for thoracotomy
Ketamine has been demonstrated to effectively reduce pain 
scores and opioid consumption for acute thoracotomy pain 
either as a single bolus or mixed with morphine in PCA 
when TEA was not possible (43-45). The utility of ketamine 
when used as an adjunct to TEA is less clear. Suzuki et al.  
found that low dose continuous infusion of ketamine 
postoperatively could potentiate analgesic effects of TEA (37).  
However, another trial failed to find any difference in acute 
or chronic pain with ketamine infusions (46). Nevertheless, 
in the presence of a subpleural paravertebral catheter, 
continuous ketamine infusions may provide superior 
pain control (47). Magnesium may also reduce opioid 
consumption in thoracotomy in patients who do not receive 
TEA (48). There is also limited observational data that 
magnesium may have beneficial effects on both acute and 
chronic post-thoracotomy pain, however more data are 
needed to further investigate its effects (49).
NMDA receptor antagonists for VATS
There is limited data specifically describing the utility of 
ketamine for VATS. After multi-level PVB, the addition of 
a ketamine infusion was not found to have any beneficial 
effects in VATS patients (50). One small randomized trial 
showed that a combination fentanyl and ketamine PCA 
can provide similar analgesia to patient-controlled epidural 
analgesia (PCEA). Nevertheless, the study was confounded by 
intercostal nerve blocks (ICNB) in both groups as well as lack 
of control to assess opioid sparing effects of ketamine (51).

Given these data, ketamine may be a useful opioid-
sparing adjunct in select patients, especially in those 
undergoing thoracotomies who are not candidates for TEA, 
but can be associated with adverse effects and should be 
used with caution, especially in older patients. Magnesium 
can also be considered as an adjunct with possible benefits 
and few adverse effects.

Gabapentinoids
Gabapentin and pregabalin inhibit voltage-gated calcium 
channels resulting in decreased excitatory neurotransmitter 
release with attenuated transmission of pain signals (52). 
There have been many studies evaluating the efficacy of 
gabapentin at reducing postoperative pain and opioid 
requirements, often with conflicting results (53,54). A 
systematic review from 2015 found an association between 
gabapentin and reduced postoperative pain and opioid 
consumption (55). Perioperative gabapentin seems to be 
associated with a shorter time to cessation of opioid therapy 
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in a mixed surgical cohort (56). However, a systematic 
review of 281 trials which focused on clinically meaningful 
differences found no clinically significant effect on 
postoperative pain for pregabalin or gabapentin despite small 
but statistically significant reductions in pain scores (57).  
In addition, a large retrospective propensity score-
matched study found that gabapentin was associated with 
respiratory depression, with a greater effect noted in older 
patients who had received intraoperative opioids (58), and 
both gabapentin and pregabalin may also cause increased 
sedation (53,55).
Gabapentinoids for thoracotomy
A small RCT by Sattari et al. found that, in the absence of 
TEA, preoperative single-dose pregabalin is able to reduce 
pain scores and opioid consumption over the first 24 hours, 
although the percent change in pain scores was small (59).  
Omran et al. observed that gabapentin administrated 
preoperatively and continued two days postoperatively 
was associated with decreased pain scores and opioid 
consumption in the presence of TEA (60). However, a 
larger prospective trial of patients undergoing thoracotomy 
found no benefit of gabapentin when used as an adjunct to 
TEA (61). These results were repeated in a prospective trial of 
pediatric patients undergoing thoracic surgery with TEA (62). 
Gabapentinoids for VATS
There are limited data on the use of gabapentin specifically 
for VATS. Results from a mixed cohort study did not 
support the use of gabapentin in VATS; a single dose of 
pregabalin was found to lower pain scores but not opioid 
consumption in healthy young VATS patients (63). The 
efficacy of gabapentinoids in preventing chronic pain after 
thoracic surgery is still in debate (64,65). 

Given the questionable clinically significant benefit 
and potential adverse effects of sedation, dizziness, 
and synergistic respiratory depression with opioids, 
gabapentinoids should not be routinely used in the acute 
setting for thoracic surgery (66).

Lidocaine
Inflammatory changes after surgery are associated with 
adverse outcomes including pain, cognitive dysfunction, 
arrhythmias, and AKI. IV lidocaine has been shown to 
reduce inflammation, with mixed data regarding the clinical 
significance on reduced postoperative pain and opioid 
requirements (67,68). 
Lidocaine for thoracotomy
There is limited data on the use of IV lidocaine for 
thoracotomy. A small randomized trial of IV lidocaine 

infusion versus placebo for thoracic surgery which did 
not detail surgical approach showed reduced pain scores 
and lower opioid requirements in the first six hours in the 
PACU (69). However, a smaller study limited by sample size 
did not show any difference in postoperative pain or opioid 
consumption (70). Interestingly, pre-emptive lidocaine 
patches applied three days prior to surgery were able to 
reduce postoperative pain at rest and with coughing as well 
as opioid consumption (71). 
Lidocaine for VATS
Unlike thoracotomy, several randomized studies did not 
find any differences in opioid requirements or pain scores 
up to 48 hours after VATS nor improvement of quality of 
recovery (72,73). There is currently an ongoing prospective 
trial to investigate IV lidocaine compared to paravertebral 
lidocaine for VATS on various outcomes including 
postoperative complications, inflammation, and pain (74).

Due to negative data in VATS patients and potential 
risk of local anesthetic systemic toxicity, IV lidocaine 
should not be considered as a part of a multimodal strategy 
unless patients are undergoing thoracotomy and regional 
anesthetics are not utilized.  

Corticosteroids
Glucocorticoids including dexamethasone are often used 
perioperatively for PONV prophylaxis, and they also 
confer analgesic benefits likely by reducing inflammation. 
Multiple systematic reviews have demonstrated reduced 
postoperative pain scores, shorter PACU stays, and 
lower opioid requirements in patients who received 
intraoperative dexamethasone (75,76). There is no evidence 
to suggest an increased risk of infections or delayed wound 
healing, however hyperglycemia is a known side-effect 
of glucocorticoids (77). There is conflicting data on the 
optimal dose, with an initial systematic review showing 
analgesic effects at doses greater than 0.1 mg/kg (75), 
while more recent review did not confirm a dose-response 
relationship (76). Dexamethasone should be considered 
for all patients undergoing thoracic surgery unless strong 
contraindications exist. There is no available data describing 
the utility of corticosteroids specifically for thoracotomy or 
VATS.

Summary of multimodal/systemic analgesics (Table 2)
Acetaminophen and NSAIDs can have synergistic effects 
and should be routinely utilized perioperatively unless 
contraindicated. Ketamine has its merits in patients with 
chronic pain or opioid tolerance as well as in patients 
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undergoing thoracotomy who are unable to receive regional 
anesthesia, but caution is warranted in elderly patients 
given psychomimetic effects. Gabapentin may have some 
opioid-sparing effect, but can cause sedation and synergistic 
respiratory depression with opioids, and should not be 
routinely used in naïve patients. Although the utility of IV 
lidocaine is unclear in thoracic surgery, glucocorticoids 
including dexamethasone have multiple benefits including 
analgesia and should be used unless contraindicated.

Regional anesthesia 

TEA
Epidural local anesthetic and opioid analgesics affect the 
spinal nerve roots and sympathetic chain, modulating 
afferent transmission of painful stimuli and efferent 
sympathetic transmission (Figure 1). Epidural analgesia 
has been postulated to have beneficial effects on immune 
and metabolic function, coagulation, and GI function (78).  
It has also been associated with improved outcomes 
including reduced mortality and fewer adverse events 

including dysrhythmias, deep venous thrombosis, respiratory 
depression, and atelectasis (79). Common adverse effects 
include hypotension from bilateral sympathetic block, urinary 
retention, and pruritis related to neuraxial opioids (78).  
The failure rate is variable and operator dependent, quoted 
up to 15% in certain centers (79). Given the excellent 
analgesia and beneficial effects on reducing pulmonary 
complications and morbidity, epidural analgesia has 
traditionally been advocated in thoracic operations (80).
TEA for thoracotomy
TEA has been the gold standard to manage post-
thoracotomy pain. A large retrospective analysis of the 
Medicare claims database revealed a significantly lower 
odds of death at seven and 30 days after surgery in patients 
who underwent lung resection with epidural analgesia (81). 
A randomized trial of patients undergoing thoracotomy 
for esophageal cancer showed that TEA delays the 
increase in and shortens the elevation of cortisol levels in 
addition to reducing postoperative pain, hospital LOS, and 
intraoperative costs (82). There are many studies comparing 
the efficacy of different regional anesthesia techniques to 

Table 2 Summary of systemic analgesic options for acute perioperative pain control with benefits, cautions, and considerations for use in 
thoracotomy and thoracoscopic surgical approaches 

Drug Benefits Cautions Thoracotomy Thoracoscopy

Acetaminophen Safe, synergistic with NSAIDs, 
effective for referred shoulder 
pain

Low-risk without significant 
adverse effects, caution if 
significant liver disease

Use unless contraindicated Use unless 
contraindicated

NSAIDs Opioid-sparing, synergistic 
with acetaminophen

Risk of bleeding, AKI, and 
GI mucosal damage

Use unless contraindicated Use unless 
contraindicated

Ketamine Opioid-sparing, synergistic 
with opioids, avoids respiratory 
depression

Hallucinations, nightmares Consider in select patients 
(e.g., chronic pain on opioid 
therapy, contraindication to 
TEA)

Consider in select patients 
(e.g., chronic pain on opioid 
therapy, not candidate for 
other adjuncts)

Gabapentinoids Possibly opioid-sparing, 
questionable clinical 
significance

Risk of sedation, respiratory 
depression with opioids

Avoid unless on prior to 
surgery

Avoid unless on prior to 
surgery

IV Lidocaine Potential anti-inflammatory 
effect, pre-emptive topical 
effect

Risk of local anesthetic 
systemic toxicity

Consider if not using regional 
local anesthetics, but unclear 
benefit

Consider if not using 
regional local anesthetics, 
but unclear benefit

Dexamethasone Opioid-sparing analgesic 
effects, PONV prophylaxis

Hyperglycemia Use unless contraindicated Use unless 
contraindicated

Opioids Analgesia Respiratory depression, 
sedation, constipation, 
tolerance, dependence

Use as needed (e.g., PCA, 
oral opioids with IV for 
breakthrough pain)

Use as needed (e.g., PCA, 
oral opioids with IV for 
breakthrough pain)

NSAID, non-steroidal anti-inflammatory drug; AKI, acute kidney injury; GI, gastrointestinal; TEA, thoracic epidural analgesia; PONV, post-
operative nausea and vomiting; PCA, patient-controlled analgesia; IV, intravenous.
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TEA, which will be elaborated below. 
TEA for VATS
Although the effectiveness of TEA for management of 
acute post-thoracotomy pain is well-demonstrated, its 
superiority over other analgesic approaches in VATS is 
less clear. Regional anesthesia techniques including PVBs, 
ICNB, and fascial plane blocks may provide effective 
analgesia with lower risk profiles as detailed below (33). 
Several randomized studies and retrospective reviews have 
shown no significant difference in pain, patient satisfaction, 
or change in FVC or FEV1 in patients who used PCA 
compared to TEA (51,83,84). In fact, a retrospective 
review linked TEA with prolonged hospital stay in VATS 
lobectomy patients (85). 

Thoracic PVB
The paravertebral space runs alongside the vertebral column 
bilaterally. It is continuous with the intercostal space 
laterally and the epidural space medially, and contains the 
spinal nerve with its dorsal ramus as well as the sympathetic 
chain (Figure 1) (86). Paravertebral local anesthetic can 
spread multiple levels into the epidural and intercostal 
spaces, blocking the spinal nerve and sympathetics resulting 
in a segmental block and ipsilateral sympathectomy. Major 
risks or complications of PVB include pneumothorax, 
hypotension with bilateral PVBs, dural puncture, and 
possible risks associated with epidural injections including 
epidural abscess or hematoma (87). PVB has been long 
sought as an alternative to TEA in thoracic surgery.
PVB for thoracotomy
Numerous studies have compared PVB with TEA for 
thoracotomy pain, with an initial systematic review from 
2006 showing no significant difference between TEA and 
continuous PVB on pain scores in the first 48 hours after 
thoracotomy, but fewer pulmonary complications and 
adverse effects including hypotension, urinary retention, 
and nausea/ vomiting with PVB (88). Subsequent systematic 
reviews concluded that continuous PVB may be as effective 
as TEA for post-thoracotomy pain with fewer complications 
(89-91). However, there is heterogeneity within and among 
studies including the types and concentrations of local 
anesthetics used for the different techniques, and differences 
in the use of neuraxial opioids (89), which also makes it 
difficult to delineate differences in static and dynamic pain 
scores for each technique. Although two recent RCTs 
favored TEA more for post-thoracotomy pain control, its 
side effects including hypotension and urinary retention 
cannot be ignored (92,93). Due to the heterogeneity of the 

studies and differences in local institutional expertise and 
experience, there is still a debate of the best way to control 
thoracotomy pain between TEA and PVB (94,95). Also, the 
differential impacts of each technique on the progression 
to chronic pain, hospital costs, postoperative respiratory 
function, and other clinically relevant outcomes remains to 
be explored further (89,90).
PVB for VATS
Given that VATS is less invasive and morbid than 
thoracotomy, PVB is more commonly utilized than TEA 
for VATS. A randomized study comparing single-shot 
PVB, paravertebral catheters, and TEA for VATS showed 
that although TEA was associated with better pain control 
at 24 and 48 hours, there were no differences in patient 
satisfaction, and single-shot PVB was as effective as the 
continuous PVB catheter approach (96). Preemptive 
PVB for VATS also results in significantly lower pain at 
rest and with coughing, less opioid consumption, and 
better preservation of respiratory function at four hours 
compared to ICNB (97). A systematic review suggested 
that PVB is effective at reducing pain scores within the first 
six hours after VATS and may also reduce postoperative 
analgesic requirements and LOS, though the limited 
and heterogenous data failed to show any significant 
difference on pain scores at 24 hours (98). Most recently, 
a randomized study proved that PVB was far superior to 
ICNB and erector spinae plane block (ESPB) in the first  
24 hours in VATS patients (99). Overall, the data suggests 
that PVB provides excellent analgesia in VATS and 
continuous catheter techniques may provide non-inferior 
analgesia to TEA with fewer adverse effects.

ICNB 
The ICNB involves injection of local anesthetic in the 
intercostal space inferior to the rib between the internal 
and innermost intercostal muscles (Figure 1) and can be 
performed percutaneously with landmark or ultrasound-
guidance, or intraoperatively with direct or video 
visualization (100). Meta-analysis of ICNB versus PVB for 
thoracic and breast surgery showed that PVB was superior 
to ICNB with improved analgesia at one and 24 hours, 
lower opioid consumption, and potentially improved 
postoperative respiratory function (101). More recently, 
a large systematic review and meta-analysis demonstrated 
that ICNB has benefits including improved pain control 
and reduced opioid consumption in the first 24 hours after 
thoracic surgery compared to systemic therapy alone (102). 
There are relatively few studies directly comparing ICNB 
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with TEA or other regional techniques for thoracic surgery, 
and the limited data has yielded mixed results 
ICNB for thoracotomy
Luketich et al. conducted a RCT which demonstrated that 
in comparison to TEA, continuous ICNB with morphine 
PCA was able to achieve the same level of pain control for 
postoperative days one through five with no difference in 
postoperative pulmonary function, ICU admission, and 
hospital LOS (103). However, a single-shot ICNB with 
PCA in two separate randomized trials proved to be inferior 
to TEA with regards to rest and dynamic pain control and 
preservation of pulmonary function especially in the first 
12–24 hours after thoracotomy (104,105). Although ICNB 
is superior to systemic analgesics after thoracotomy, PVB 
provides superior static and dynamic analgesia and opioid 
reduction (102). Due to high absorption of local anesthetics 
at the intercostal space, continuous infusion of ICNB 
requires closer monitoring for toxicity.
ICNB for VATS
ICNB is easy to perform and proves to decrease both 
intraoperative and postoperative opioid consumption (106). 
Although single-shot PVB has been favored over ICNB for 
better pain control (99), a small randomized trial comparing 
continuous PVB with multiple continuous ICNBs for VATS 
did not find any significant difference in pain in the first  
24 hours postoperatively, with better analgesia at 48 hours in 
the PVB group; however this was a small study with the end 
of the ICNB catheters deposited along the sympathetic chain 
in a similar position to the PVB catheters, making it difficult 
to delineate differences between the two techniques (107).

Other variations of ICNB include cryoanalgesia, 
interpleural local anesthetics, and sub/extrapleural local 
anesthetic infusions. Cryoanalgesia involves freezing the 
intercostal nerve and damaging the myelin sheath, with 
theoretical regeneration and return to normal function 
over several months. This technique was used in the past 
prior to widespread use of TEA for thoracotomy, but it 
did not have significant benefit compared to IV analgesics 
and was not comparable to TEA (100). The subpleural 
block involves catheters with multiple side holes inserted 
in the extrapleural space adjacent to the sympathetic chain, 
however it does not offer advantages over PCA (108). 
Similarly, intrapleural analgesia is not beneficial and is not 
recommended after thoracic surgery (12,100). Given the 
simplicity but limited duration of single-shot ICNBs, there 
is interest in utilizing liposomal bupivacaine, which has a 
longer duration of action than bupivacaine due to its slow 
release over time, and is described separately below.

Fascial plane blocks
Over the past several years there has been growing interest 
in the development of novel ultrasound-guided fascial 
plane blocks, which involve the spread of large volumes of 
local anesthetics into fascial planes through which nerves 
penetrate or which communicate with other spaces that 
contain nerves of interest. The serratus anterior plane 
block (SAPB) and ESPB are the most relevant for thoracic 
surgery, and there is a growing body of evidence on their 
efficacy. These blocks are technically easier to perform 
and theoretically have lower risks of serious adverse events 
associated with TEA and PVB including epidural hematoma 
or abscess or pneumothorax, are less likely to cause 
sympathectomy or hypotension, and may provide adequate 
analgesia especially for VATS (109-112).

SAPB
The SAPB targets the lateral cutaneous branches of the 
intercostal nerves as they penetrate the serratus anterior 
muscle (SAM) as well as the long thoracic and thoracodorsal 
nerves which lie anterior the SAM, with possible diffusion 
into the intercostal space directly affecting the intercostal 
nerves (111). Performed at the level of the fourth or fifth 

rib in the midaxillary or posterior axillary line, the needle 
penetrates the latissimus dorsi muscle posteriorly or the 
pectoralis muscles anteriorly and enters the SAM which 
overlies the rib, and local anesthetic is deposited either 
superficial or deep to the SAM (Figure 1) (112,113). 
Injection of 20–40 mL of local anesthetic can spread up to 
seven levels with sensory changes in the T2-T9 distribution 
(112,114,115). Rare complications include pneumothorax, 
winged scapula from blocked long thoracic nerve, or 
vascular injury to the thoracodorsal artery. A recent 
systematic review of SAPB for thoracic surgery which 
included 8 trials (6 VATS, 2 with thoracotomy) showed 
evidence of reduced pain scores at multiple time points and 
reduced opioid consumption up to 24 hours (116).
SAPB for thoracotomy
An early retrospective analysis of SAPB for thoracotomy 
pain showed lower pain scores and lower morphine 
consumption in the first 24 hours after SAPB was 
introduced (117). In a small prospective study comparing 
TEA with SAPB for thoracotomy, there were no significant 
differences in pain scores between TEA and SAPB in the 
first 12 hours; though at multiple subsequent time points 
up to 24 hours TEA was associated with significantly lower 
pain score (118). Interestingly, a sub-group analysis of a 
meta-analysis data set failed to identify any beneficial effects 
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of SAPB in thoracotomy patients (116). A subsequent study 
of 90 patients undergoing thoracotomy comparing PVB to 
SAPB showed no significant differences in pain scores in 
the immediate postoperative period, but at 12 and 24 hours 
PVB provided superior analgesia, suggesting that SAPB 
may provide good analgesia immediately after thoracotomy 
but the effect is not as durable as PVB (119).
SAPB for VATS
A prospective trial for SAPB for VATS comparing tramadol 
PCA to tramadol PCA plus SAPB showed lower pain scores 
and lower tramadol consumption postoperatively, however 
the trial included a small number of patients, and there 
was no placebo/sham control group (120). Compared to 
sham block, SAPB can improve postoperative pain scores 
and reduce fentanyl requirements after VATS (121), as 
well as improved composite quality of recovery scores 
for two days, lower pain scores up to six hours, and lower 
opioid consumption up to 24 hours, with no difference in 
pain scores at 24 and 48 hours (122). Multiple prospective 
trials investigating SAPB versus standard analgesia for 
thoracoscopic surgery have shown reduced pain scores, 
however the duration varies, with one study showing no 
difference after the first nine hours, and lower opioid 
consumption only within the first 30 minutes in the PACU 
(121,123). However, a small randomized trial failed to find 
any difference in pain scores or opioid consumption in 
patients who receive either SAPB or ICNB for VATS (124). 
Interestingly, a recent randomized non-inferiority trial of 
SAPB and PVB for VATS showed no significant difference 
in post-operative pain scores at two hour between the two 
approaches, but also no difference in pain scores for either 
compared to no block at 24 or 48 hours, and no difference 
in 24 hours post-operative opioid consumption (125).

Overall, the data suggests that SAPB may provide 
effective analgesia as part of a multimodal approach for 
thoracic surgery patients, especially in the immediate 
postoperative period, but the duration of analgesia may not 
extend beyond PACU or early postoperative courses. There 
are very few adverse effects to SAPB and this technique 
may confer additional benefits such as decreased PONV 
(116,123). As shown in Figure 1, SAPB covers the lateral 
cutaneous branch of the intercostal nerve and is unable to 
block pleural/visceral sensation conducted via sympathetic 
fibers, which may explain why PVB provides better 
analgesia for thoracotomy. Given that this is a relatively 
novel regional technique for thoracic surgery and there are 
limited data on its clinical impact compared to other proven 
techniques, more investigation will be necessary to delineate 

its efficacy and in which patients and procedures it may be 
most useful.

ESPB
The ESPB targets the facial plane between the erector 
spinae muscles and the posterior border of the transverse 
processes, blocking the dorsal rami of the spinal nerves, 
and potentially also spreading anteriorly into the adjacent 
paravertebral and epidural spaces to block the ventral rami 
and sympathetic chain (Figure 1). This block has been 
increasingly used for thoracic surgery over the past three 
to four years (112,113,126-129). A recent systematic review 
evaluating ESPB for breast and thoracic surgery found 
that ESPB improves pain and reduces 24-hour opioid 
consumption and PONV compared to no block in both 
subgroups. Although no significant differences between 
ESPB and PVB were observed in opioid consumption or 
pain scorers, the trend favored PVB (130). 
ESPB for thoracotomy
A recent prospective trial investigating continuous infusion 
fascial plane blocks for thoracotomy showed that TEA 
provides superior analgesia after thoracotomy compared to 
SAPB up to 24 hours, however continuous ESPB resulted 
in similar pain scores as TEA; patients who received 
continuous ESPB had lower overall opioid consumption 
than those with continuous SAPB, suggesting that ESPB 
can provide effective analgesia and may be superior to SAPB 
after thoracotomy (131). For mini-thoracotomy, single-
shot ESPB can result in lower static and dynamic pain 
scores, fewer requested additional analgesics, and improved 
patient satisfaction compared to multi-level intrapleural 
ICNB delivered by the surgeon at the end of the case, 
indicating that ESPB may be more effective than ICNB for 
thoracotomy (132).
ESPB for VATS
In VATS patients, ESPB resulted in lower PACU pain 
scores in the first six hours, lower opioid consumption, and 
shorter PACU stays compared to sham block (133). There 
are mixed data on the efficacy of ESPB compared to PVB. 
Although two non-inferiority studies failed to reveal any 
clinically significant differences in postoperative pain scores 
between PVB and ESPB for VATS (134,135), two other 
clinical trials demonstrated PVB provided better analgesia 
in VATS patients (9,99). Unlike in mini-thoracotomy, these 
two studies also found patients that had ESPB actually had 
higher dynamic pain score and higher opioid consumption 
compared to ICNB (9,99).

Several studies have recently compared ESPB to SAPB 
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for VATS: in a prospective randomized trial, Gaballah et al. 
demonstrated reduced pain scores at multiple postoperative 
time points with ESPB and higher mean arterial pressures 
in SAPB, suggesting that ESPB may provide slightly 
improved analgesia but potentially some sympathectomy 
and decreased blood pressure from paravertebral/epidural 
spread (136). In a subsequent prospective trial, Finnerty 
et al. showed a higher composite quality of recovery score 
as well as longer time to first opioid use, lower static and 
dynamic pain scores, and lower in-hospital composite 
complication scores without significant effects on LOS or 
overall opioid consumption with ESPB compared to SAPB 
for minimally invasive thoracic surgery (137). One possible 
explanation for evidence supporting improved analgesia 
with ESPB compared to SAPB could the postulated spread 
to the paravertebral space with coverage of dorsal and 
ventral rami and sympathetic chain similar to a PVB, which 
may block noxious stimuli related to chest wall muscles, 
pleura, and thoracic viscera which is transmitted by 
muscular branches of the intercostal nerve, dorsal rami, and 
sympathetic chain. This is in contrast to the SAPB, which 
may only directly affect the lateral cutaneous branches of 
the intercostal nerves (Figure 1). However, there are some 
conflicting results on whether the ESPB reliably or actually 
spreads to the paravertebral and epidural spaces (138-140).

Liposomal bupivacaine (LB) for regional anesthesia
LB is a long-acting local anesthetic encased in a carrier 
matrix which slowly releases bupivacaine over time, with 
a duration of up to 96 hours, and it has been approved for 
local wound infiltration and interscalene brachial plexus 
blocks. Given its longer duration of action, there has been 
interest the last several years in incorporating LB for 
regional anesthesia in thoracic surgery (141,142). However, 
two recent meta-analyses of clinical trials cast doubt on the 
efficacy of LB (143,144).
LB for thoracotomy
An initial retrospective review by Rice et al. revealed 
that ICNB with LB produced comparable pain control 
and opioid consumption as TEA for up to three days 
postoperatively (145). Khalil et al. found that ICNB with 
LB provided even better pain control than TEA with 
decreased pain scores, pulmonary complications and 
hospital LOS (146). Although the findings suggested 
that LB could offer a safe, simple alternative to TEA for 
thoracotomy, the intrinsic pitfalls of retrospective studies 
could not be ignored, especially when comparing different 

treatment periods and surgical techniques. A RCT failed to 
yield any positive results of LB ICNB in thoracotomy (147).  
A separate RCT to compare LB ICNB with TEA was 
terminated due to insufficient enrollment numbers, though 
no difference was found on initial analysis (148). 
LB for VATS
Efficacy of LB ICNB for VATS is controversial as well 
with mixed results. The retrospective study by Medina 
et al. favored LB to decrease pain scores and early 
discharge compared to TEA (149), while opposite results 
were presented by Sztain et al. (150). There are several 
retrospective studies comparing ICNB with bupivacaine or 
LB: three out of seven studies failed to show any significant 
benefits, while the others demonstrated benefits at different 
time points (151-157).  

Although there is evidence that LB may be a safe 
analgesic option for thoracic surgery, the data are mixed 
with significant heterogeneity in study design and results, 
and clear recommendations on the use of LB for thoracic 
surgery are limited due to this.

Phrenic nerve block 
ISP can occur in up to 85% of patients undergoing thoracic 
surgery, and is due to referred pain from diaphragmatic 
or pleural irritation transmitted via the phrenic nerve. 
Injection of local anesthetic at the phrenic fat pad was able 
to significantly lower shoulder pain in thoracotomy without 
change of blood gas postoperatively (158-160). Ultrasound-
guided phrenic nerve blockade at the suprascapular or 
interscalene regions both significantly decreased shoulder 
pain in open lobectomy and pneumonectomy with no 
effect on postoperative pulmonary function tests (161,162). 
One concern for phrenic nerve blockade is diaphragmatic 
hemiparesis and possible perioperative pulmonary 
complications related to this, but surprisingly none of 
these studies were able to identify such complications even 
in the presence of continuous phrenic nerve blockade for 
three days (161,162). Although ISP can be refractory to 
pharmacological management and is not blocked by chest 
wall regional anesthesia approaches, the above studies 
identify a new avenue at controlling this common problem 
for thoracic surgery patients. There were intrinsic problems 
in study designs however, as patients were not blinded and 
overall patient satisfaction from upper extremity block 
was not mentioned. Caution has to be taken to extrapolate 
findings from thoracotomy to VATS patients as well 
especially regarding pulmonary complications. 
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Additives for regional blocks
There have been a number of additives investigated for 
prolonging or enhancing the analgesic effect of neuraxial 
and peripheral blocks. In addition to the routine use of 
epinephrine as an additive to local anesthetics for regional 
anesthesia, some of the most commonly used additives 
include dexamethasone and alpha-2 agonists including 
dexmedetomidine. Although both intravenous and 
perineural dexamethasone may both improve analgesia 
quality and duration of upper extremity peripheral 
nerve blocks, there is no conclusive data suggesting its 
effectiveness in other regional anesthesia techniques outside 
of its systemic benefits detailed above (163). Similarly, 
dexmedetomidine may prolong the duration of analgesia 
in upper limb nerve blocks; however, it also increases the 
risk of transient hypotension and bradycardia and may 
contribute to sedation, and its effectiveness in regional 
anesthesia techniques for thoracic surgery is not well-
investigated (164). However, limited evidence suggests that 
magnesium and dexmedetomidine added to paravertebral 
bupivacaine may enhance the analgesic effect after thoracic 
surgery (165-167). Although such additives may prolong the 
effect of certain regional blocks, it is unclear if this is related 
to perineural or systemic effects, and more investigations 
are needed to determine if their routine use in thoracic 
surgery patients is beneficial.

Summary of regional anesthesia (Table 3)
Regional and neuraxial anesthesia should be strongly 
considered in patients undergoing thoracic surgery. 
Thoracotomy patients should have either TEA or 
continuous PVB. For VATS, PVB targeting the origin of 
intercostal nerves and the sympathetic chain can attenuate 
pain signals from somatic and visceral sources, and have 
demonstrated advantages over other chest wall blocks. Fascial 
plane blocks and ICNB can be considered in patients with 
contraindications for PVB who are undergoing VATS, however 
the comparative efficacy or optimal block is still not clear. 
The data on the utility of LB for blocks for thoracic surgery is 
mixed, and future studies are needed to clarify its role in this 
field. Beyond LB, there is no real data comparing different 
types of local anesthetics, but utilizing long-acting agents such 
as bupivacaine or ropivacaine within their safe dose range offers 
optimal analgesia, especially for single-shot techniques.

Chronic pain after thoracic surgery

CPTPS involves pain persisting for greater than two 

months after thoracic surgery, and can follow thoracotomy 
or thoracoscopic approaches. The pain is often described 
as severe and burning likely related to neuropathic pain 
from damage to intercostal nerves. Approximately 40% of 
patients that have significant acute pain after thoracotomy 
may develop CPTPS, with risk factors including female 
gender, younger age, anxiety, and depression, as well as 
intensity of post-operative pain in the first three days 
(168-170). A Cochrane review of trials comparing local or 
regional anesthetics with conventional analgesic techniques 
for preventing chronic pain after surgery showed that 
regional anesthesia may help prevent chronic pain at six 
months after thoracotomy, with a similar signal for PVB 
for breast cancer surgery (171). A randomized prospective 
study of 300 patients undergoing thoracotomy found that 
the TEA group had significantly lower incidence of chronic 
pain compared to the ICNB group, while the PVB group 
showed no difference from the ICNB group (169). There is 
no conclusive data that ketamine, opioids, gabapentinoids, 
acetaminophen, or NSAIDs are effective preventive 
analgesics or can decrease the risk of developing chronic 
pain (57,80,172).

Conclusions and future directions

For the past decade, there has been a significant paradigm 
shift in pain management for thoracic surgery. With the 
advancement of minimally invasive surgery, the widespread 
use of ultrasound technology, a better understanding of 
anatomy, and the development of novel pharmacological 
strategies for perioperative pain management, it is 
incumbent on anesthesiologists and surgeons to leverage 
these resources to formulate individual pain management 
plans to enhance patient recovery. Also, preoperative 
discussions with patients focused on determining beliefs 
around pain, coping strategies, and expectations both of 
post-operative pain and the planned strategies to mitigate it, 
are essential for optimal patient care (170). 

At the same time, attention needs to be paid to the 
deficiency of the current literature in determining the 
optimal perioperative pain management strategy for 
thoracic surgery patients. Significant heterogeneity in 
study design, small sample numbers in many studies, 
and a large amount of retrospective data with relatively 
fewer prospective studies make it difficult to ascertain the 
validity and generalizability of many conclusions. Strategies 
proven to effectively treat pain and improve outcomes for 
thoracotomy may not directly translate to thoracoscopic 
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surgery, with TEA as an example. Outcome measurements 
such as opioid consumption and pain scores in isolation 
may not correlate with other clinically important 
outcomes such as morbidity, mortality, and a functional 
return to baseline. Also considering clinical significance 
to statistical significance is important when evaluating 
reported outcomes. A focus on such clinically important 
outcomes rather than only changes in pain scores or opioid 
consumption should be prioritized in study designs in this 
patient population.

Emerging new technology and pharmacologic agents 
provide ample opportunities to investigate and define 
the future of pain management for thoracic surgery. In 
addition to traditional head-to-head comparisons of the 
different regional anesthesia techniques described above, 
combinations of multiple approaches based on their 
anatomic targeting sites and pharmacokinetic profiles 
may offer interesting avenues of research; for instance, 
combining ICNB with SAPB or ESPB, or SAPB with ESPB. 
A more thorough understanding of the effects of timing of 
administration, such as pre-incisional to provide possible 
preventive analgesia, versus at the end of the procedure to 
maximize postoperative analgesia duration, could further 
guide customized analgesia plans for individual patients 
and procedures. Even for LB, it is quite possible that mixed 

results were due to initial low-level release of bupivacaine 
from depot that was insufficient to produce effective 
analgesia immediately after administration. Combination 
of LB with bupivacaine was able to produce significant 
analgesia by transversus abdominis plane (TAP) blocks in 
cesarean section patients, which may open a new avenue 
of utilizing LB in thoracic operations (173). Overall, many 
questions remain unanswered, and continued advancements 
in the field and ongoing research to address such questions 
will provide guidance for tailored pain management plans 
for each patient that will enhance their recovery after 
thoracic surgery.
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Table 3 Summary of regional anesthesia options for thoracic surgery with target of each block, intended clinical effect, and considerations for use 
in thoracotomy and thoracoscopy surgical approaches 

Regional anesthesia Nerves affected Expected effect Thoracotomy Thoracoscopy

Thoracic epidural 
analgesia

Bilateral spinal nerves (includes 
dorsal ramus, ventral ramus/ 
intercostal nerve, and visceral 
fibers/sympathetic chain)

Multi-level bilateral 
segmental somatic 
and visceral block,  
sympathectomy

Consider unless 
contraindicated

Likely not necessary/ 
advantageous over other 
regional approaches

Paravertebral block Ipsilateral spinal nerve (includes 
dorsal ramus, ventral ramus/
intercostal nerve, and visceral 
fibers/sympathetic chain)

Multi-level unilateral 
segmental somatic and 
visceral

Consider continuous 
PVB

Strongly consider unless 
contraindicated

Intercostal nerve block Intercostal nerve with lateral and 
anterior cutaneous branches, 
muscle and pleural branches

Single-level unilateral 
lateral and anterior 
somatic block

Consider if unable to 
use TEA or PVB

Consider, possibly in 
combination with other 
chest wall blocks

Serratus anterior plane 
block

Lateral cutaneous branch of 
intercostal nerve

Multi-level anterolateral 
somatic block

Consider if unable to 
use TEA or PVB

Consider, possibly in 
combination with other 
chest wall blocks

Erector spinae plane 
block

Dorsal ramus, potentially ventral 
ramus/intercostal nerve and 
visceral fibers/sympathetic 
chain

Multi-level unilateral 
posterior somatic block, 
potential segmental 
somatic and visceral block

Consider if unable to 
use TEA or PVB

Consider, possibly in 
combination with other 
chest wall blocks

PVB, paravertebral block; TEA, thoracic epidural analgesia.
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