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Objective: The objective of this article was to review the evidence regarding multimodal analgesia drugs 
and regional block techniques in the context of thoracic surgery, with a special focus on video-assisted 
thoracic surgery (VATS).
Background: Despite advances in surgical technique and the increased use of minimally invasive surgery, 
postoperative pain after thoracic surgery is still significant, especially in the first two postoperative days. 
Inadequate pain control leads to a reduced rate of pulmonary recovery which can lead to atelectasis, 
hypoxemia and pneumonia and is significantly linked to an increased incidence of chronic postsurgical pain. 
However, the optimal analgesic protocol that allows adequate postoperative pain control and facilitates fast 
recovery of this population has yet to be determined. 
Methods: An extensive review of articles published between January 1980 and November 2020 using 
different combinations of search terms that were relevant to the topic was conducted using PubMed search 
engine. All published full articles randomised controlled trials comparing the analgesic efficacy of a regional 
block or of a multimodal analgesic drug to a placebo in patients undergoing either thoracotomy or VATS 
were included in this review. 
Conclusions: Analgesic protocols in thoracic surgery must take into consideration the surgery that is being 
performed (VATS or thoracotomy) as well as patient’s characteristics. Regional blocks are highly effective at 
providing good postoperative pain control although their duration is limited. Various non opioid analgesic 
drugs have been evaluated in order to address the various pain generators that cause postoperative pain after 
thoracic surgery, although none has become a clinical standard. Using a combined multimodal and regional 
analgesic protocol could improve postoperative pain control and decrease the use of parenteral opioids and 
their unwanted side effects. Recommendations on multimodal analgesic protocols are given based on the 
literature.
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Introduction

Postoperative pain experienced after thoracic surgery can 
be severe and typically originates from surgical incisions, 
damage to lung tissue and ribs, irritation of the pleura and 
intercostal nerves by the chest tube, and from ipsilateral 
shoulder pain (ISP) syndrome (1). Postoperative pain 
after video-assisted thoracic surgery (VATS) is often less 
pronounced as tissue trauma is less extensive in comparison 
to thoracotomy, however, can present as severe in some 
patients, especially during the first 24 h (2,3).

Inadequate analgesia following thoracotomy or VATS 
is directly correlated with a reduced rate of recovery of 
pulmonary function after surgery, which can also lead 
to atelectasis, hypoxemia and pneumonia as a result of 
ineffective cough and poor clearance of sputum (3). 
Moreover, thoracic surgery is associated with a high 
incidence of chronic postsurgical pain (CPSP), defined 
by The International Association for the Study of Pain as 
pain that develops or increases in intensity after a surgical 
procedure and persists beyond 3 months after surgery (4). 
Unfortunately, 25–60% of patients report experiencing 
CPSP after thoracic surgery (thoracotomy and VATS), 
which has shown to contribute to emotional suffering, 
disability, poor quality of life, and increased health costs 
(2,5-7). The pain is described as being mixed, with both 
a somatic and neuropathic component (4,8). The exact 
mechanisms underlying CPSP after thoracic surgery are 
unknown and have not been extensively studied, although, 
many risk factors have been identified in the literature. 
Surgery-related factors can include duration of surgery, 
trauma to intercostal nerve, and open thoracotomy versus 
VATS. Thoracotomy is reported as having the highest 
incidence of CPSP and disability. However, the rate of 
chronic postoperative pain 6 months after thoracotomy is 
not significantly different from that reported after VATS 
(2,9). Patient-related factors include preoperative pain, 
opioid use, and a catastrophizing tendency, although 
increased acute pain after surgery is consistently found as 
the most significant risk factor for CPSP (2,10). Therefore, 
prevention of CPSP begins with an early and aggressive 
analgesic treatment plan that significantly reduces acute 
postoperative pain.

The optimal analgesic protocol after thoracic surgery 
has not been defined, however must take into consideration 
both the surgery being performed (VATS vs. thoracotomy) 
and patient’s characteristics (pulmonary function, chronic 
pain, comorbidities). Given the various generators of pain 

after thoracic surgery, a standardized analgesic strategy that 
combines multimodal to regional analgesia, while aiming at 
reducing parenteral opioids, would be necessary to provide 
proper postoperative analgesia, adequate recovery of lung 
function, and reduced rate of persistent pain (2,3,6,11,12). 

The objective of this narrative review will be to present 
the available evidence regarding the use of regional blocks 
for postoperative analgesia after thoracotomy and VATS, 
followed by a review of the multimodal analgesic strategies 
that were evaluated in this surgical population. Treatment 
options for ISP will also be briefly touched on. Finally, 
recommendations on analgesic strategies will be proposed 
based on the literature and the authors’ experience. 

Methods

We searched PubMed for articles published between 
January 1980 and November 2020 using different 
combinations of search terms that were relevant to the 
topic. All published full articles randomised controlled 
trials comparing the analgesic efficacy of a regional block 
or of a multimodal analgesic drug to a placebo in patients 
undergoing either thoracotomy or VATS were considered 
for inclusion. Only articles published in English language 
were included. We present this article in accordance with 
the Narrative Review reporting checklist (available at 
https://ccts.amegroups.com/article/view/10.21037/ccts-
20-184/rc).

Discussion

Part 1: regional analgesia

Cutaneous innervation of the thorax, relevant to thoracic 
surgery, is provided primarily by the intercostal nerves 
T3–T8 and the phrenic nerve (1) (Figure 1). Two principal 
cutaneous nerves, the lateral and anterior cutaneous nerves, 
provide sensory innervation to the lateral and anterior skin 
of the thorax, respectively. Additionally, the supraclavicular 
nerve provides cutaneous innervation to the uppermost 
parts of the thorax. Many types of nerve blocks targeting 
these nerves have been evaluated in thoracic surgery, the 
most common being thoracic epidural analgesia (TEA), 
paravertebral (PVB) and intercostal nerve (ICNB) blocks, 
and the newer plane blocks: erector spinae plane (ESP) 
and serratus anterior plane (SAP) blocks. This section will 
review regional analgesic techniques for thoracotomy and 
VATS separately.

https://ccts.amegroups.com/article/view/10.21037/ccts-20-184/rc
https://ccts.amegroups.com/article/view/10.21037/ccts-20-184/rc
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Thoracotomy
Postoperative pain after thoracotomy is reported as one of 
the most severe types of pain following surgery. Continuous 
regional analgesia has been reported to significantly 
improve pain relief after thoracotomy, compared to 
systemic analgesia (13,14). As such, continuous regional 
analgesia should be strongly considered for patients after 
thoracotomy, provided there are no contraindications. 
TEA is the regional analgesia technique widely regarded 
as the gold standard for analgesia and reduction of 
postoperative complications after thoracotomy (15). 
The most effective preventative strategy to reduce intra- 
and postoperative acute pain, and risks associated to the 
development of chronic pain after thoracotomy, is to begin 
the epidural infusion as soon as the catheter is placed 
and to continuously infuse local anesthetics intra- and 
postoperatively (16). This also decreases intraoperative need 
of opioids, which may contribute to significant increases 
in intraoperative central pain sensitization if administered 
in high doses (6). However, TEA has the potential to 
cause significant complications like spinal hematoma and 
can cause significant sympatholysis, which can lead to 
hypotension. Alternatively, a continuous PVB can be used, 
providing comparable analgesia with potentially fewer side 
effects (17). 

VATS
Optimal postoperative thoracic analgesia after VATS 
remains an open issue. 

Epidurals have been used for VATS surgery. However, 
the lesser surgical trauma and less intense postoperative 
pain compared to thoracotomy, the potential for significant 
side effects associated with thoracic epidural catheterization 

and the availability of effective, simpler regional analgesia 
blocks make the use of epidural analgesia questionable in 
this context (18-20). However, epidural placement may be 
considered when there is a high probability of conversion to 
open thoracotomy. 

The ICNB is an appealing technique because it is easy 
to perform. Its primary flaw is a limited duration of action 
due to unreliable local anesthetic spread. The placement 
of a catheter could potentially overcome this limitation, 
however, multiple catheters would be necessary to provide 
adequate long-acting analgesia (21). 

The PVB provides ipsilateral somatic and sympathetic 
coverage of the hemithorax. PVBs are achieved through 
blocking the spinal nerves directly after leaving the spinal 
cord, although there may be intercostal and epidural  
spread (22). These blocks can be performed either 
as a “single shot” or continuous injection through a 
catheter placed percutaneously using ultrasound by the 
anesthesiologist or visually by the surgeon during surgery. 
Complications such as vascular puncture, pleural puncture, 
and pneumothorax are very uncommon with the use of 
ultrasound guidance (23). Dermatomal spread is variable 
and multiple injections would theoretically be needed 
to cover the entire surgical area (22), although sufficient 
postoperative analgesia at rest, and at movement, is reported 
using a single paravertebral catheter inserted at the T5 
paravertebral space (24). 

For many reasons, the newer plane blocks like the ESP 
and SAP blocks have gained a lot of popularity. First, they 
are easy to perform, and a single injection provides longer 
analgesia than most traditional blocks because of poor 
vascular uptake. Second, unlike the other traditional blocks 
(intercostal and paravertebral), they are performed far from 
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Figure 1 Sensory innervation of the thorax.
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critical structures between two fascial planes, making them 
safer even in the presence of anticoagulation. Also, they 
are not associated with any side effects, like hypotension. 
The SAP block targets the lateral cutaneous branches of 
the intercostal nerves blocking dermatomes T2–T9. It 
provides long-acting analgesia on the anterolateral and 
posterior chest wall. This block has a very low potential 
for complications, such as pneumothorax and hematoma, 
and also provides more hemodynamic stability than a 
thoracic epidural (21). It has been used successfully for rib 
fractures and even for thoracotomies (25). A single shot 
provides sufficient analgesia for 6 h after a VATS, however, 
a continuous block can also be used (26). 

Compared with the SAP block, the ESP block is 
performed more posteriorly, over the tip of the thoracic 
transverse process, and is intended to block both the 
intercostal nerves and the posterior rami of the spinal nerves 
from T3 to T9 (27). The duration of analgesia after a single 
injection ESP block is limited to 8 h, however, it can be 
significantly prolonged by the addition of dexmedetomidine 
to the local anesthetic mixture or by threading a  
catheter (28). As with other plane blocks, there is a low 
probability of complications, including hemodynamic 
instability and pneumothorax, associated with this technique. 
ESP blocks are increasingly used for thoracic analgesia in 
VATS since they are relatively easy to execute (even for 
novices in regional anesthesia) and are performed far from 
vascular structures in a compressible site, superficial to the 
bony floor provided by the transverse process, instead of 
rib cage. These blocks have also shown to reduce intra- 
and postoperative opioid consumption and the level of 
inflammatory cytokines in the postoperative period (29). 
The analgesic effect of an ESP block illustrated to be non-
inferior to that of a PVB, 24 h after VATS surgery. The 
ESP block also improves pain scores after breast, cardiac, 
thoracic, and abdominal surgeries (30). 

In the context of VATS, it is still unclear which block, 
if any, is preferable, but both the SAP and the ESP block 
are very popular due to the good quality of analgesia and 
their ease of performance, although the ESP may provide 
superior analgesia (31-33).

Unlike epidurals, the ESP block can be performed pre-
emptively or postoperatively, which can be highly beneficial 
in the event of unplanned thoracotomy, for example (34). 
Performing a plane block pre-emptively permits it to set 
in completely and prevents sensitization of the nociceptive 
system by blocking the surgical wound pain signals (6,35). 
However, since the duration of the block is limited to 

8 h, performing the block pre-emptively shortens the 
analgesic benefit of the block in the postoperative period, 
unless a catheter is threaded. In that case, a programmed 
intermittent bolus infusion mode, rather than a continuous 
mode, may provide better analgesia since the plane blocks 
work better with higher volumes of local anesthetics.

Surgical infiltration
Local anesthetic infiltration (LAI) of incision sites can be 
easily performed by the surgeon. Steps must be taken to 
avoid exceeding toxic doses, especially if a nerve block is 
also performed in conjunction with the anesthesiologist, 
in order to avoid potential neurologic and cardiac toxicity 
that can lead to fatal cardiac arrest. The recommended 
maximum dose of bupivacaine with epinephrine (5 µg/mL)  
is 175 mg, although many other factors affecting peak 
plasma concentration must be considered. Consulting 
with the anesthesiologist before performing LAI is highly 
recommended (36). When compared to the regional 
anesthesia techniques listed above, LAI of local anesthetics 
or liposomal bupivacaine appears to be an option solely for 
rescue analgesia when a block fails (37,38). LAI cannot be 
recommended as a primary regional technique for analgesia 
in VATS.

Part 2: multimodal analgesia

Systemic opioids are still widely used in thoracic surgery. 
Some patients may have inadequate pain control despite 
using regional anesthesia. Indeed, failure of the technique, 
patient refusal or contraindication to regional anesthesia, are 
all examples where the use of opioids may become necessary. 
Additionally, post thoracotomy ISP can be significant 
even in the presence of a competent epidural analgesia 
(see Part 3: postoperative ISP in thoracic surgery) (39).  
Opioids are potent analgesics, however, their use is 
associated with significant side effects that can hinder and 
even prolong recovery, which is particularly why their use 
must be kept to a minimum or avoided entirely (6,11,12,40). 
This can be achieved by using a multimodal analgesic 
protocol that combines many non-opioid analgesics 
initiated in the intraoperative period and continued, or not, 
in the postoperative period. A summary of the multimodal 
analgesic drugs is provided in Table 1.

Acetaminophen and non-steroidal anti-inflammatory 
drugs (NSAIDs) have opioid-sparing properties, especially 
when administered concomitantly,  and should be 
administered regularly to all patients in the postoperative 
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Table 1 Recommendations on the use, timing and dosage of multimodal nonopioid analgesic drugs for the management of postoperative pain 
after thoracic surgery

Drug Recommendation Timing Dosage

Acetaminophen Routine use Preoperatively 1 g qid

Celecoxib Routine use* Preoperatively 200 mg bid

Ketamine If regional analgesia impossible Intraoperatively 0.15–0.25 mg/kg iv bolus dose, can be 
continued postoperatively

Patient with chronic pain

Magnesium If regional analgesia impossible and 
ketamine contra-indicated

Intraoperatively 40 mg/kg over 10 min ±10 mg/kg/h until 
24 h post operative

Gabapentinoids Not recommended – –

Dexmedetomidine Recommended Intraoperatively 0.5–1 µg/kg over 20 min

Dexamethasone Recommended Intraoperatively 4–8 mg IV

Lidocaine Not recommended – –

*, unless contra-indicated (e.g., advanced age, renal failure, hypovolemia, gastrointestinal bleeding). Bid, twice daily; IV, intravenous; qid, 
four times daily.

period, provided there are no contraindications (advanced 
age, renal failure, hypovolemia) (40). In addition, the 
preoperative administration of celecoxib, a selective 
NSAID, can be considered since it has shown to decrease 
postoperative pain and opioid requirements after major 
surgery (40). It does not alter platelet function, which is 
very interesting in the perioperative period, especially when 
the use of other anticoagulants for thromboprophylaxis are 
often used (41).

Compared to opioids alone, the addition of N-methyl-
D-aspartate (NMDA) Antagonist ketamine to morphine 
intravenous patient-controlled analgesia (IVPCA) 
significantly reduces consumption of the opioid and 
improves respiratory function after thoracotomy (42,43). 
However, in the setting of TEA, supplemental benefits of 
ketamine are less clear. For example, one study found that 
ketamine could enhance analgesia in the early postoperative 
period and decrease the incidence of post-thoracotomy 
pain syndrome at 3 months after the surgery (44), however, 
this effect could not be replicated in three other studies 
(42,45,46). Compared with thoracotomy, the analgesic 
effect of ketamine on postoperative pain after VATS has not 
been thoroughly evaluated. One study involving 70 VATS 
patients found that a fentanyl-based IVPCA with low-
dose ketamine provided adequate postoperative analgesia, 
similar to that of a thoracic epidural, and with very few side 
effects (20). The analgesic benefit of ketamine has been very 
well demonstrated in a variety of surgical procedures (47).  
An initial bolus at induction of anesthesia, followed by an 

intraoperative infusion, can improve postoperative pain 
scores while reducing postoperative opioid consumption by 
30–40%. Ketamine should be considered for some patients, 
when regional anesthesia is not possible in the setting of 
thoracotomy or for patients on chronic opioid therapy (48). 

Magnesium sulfate is also believed to have opioid 
sparing effects by blocking the NMDA receptor and central 
sensitization. Compared to IVPCA alone, magnesium 
sulfate reduced cumulative morphine consumption 48 h 
after thoracotomy in patients who had a contraindication to 
TEA or who refused it (49). However, it failed to provide 
further analgesic benefit in patients treated with TEA (50).  
In one study, patients undergoing VATS received an 
intraoperative infusion of magnesium sulfate, which 
reduced postoperative opioid requirements and improved 
postoperative pulmonary function tests (51). Like ketamine, 
the significant opioid-sparing effect and small analgesic 
effect of magnesium sulfate has been well demonstrated in 
various surgical settings. However, its effect in the presence 
of regional analgesia, or commonly used non-opioid 
analgesics, is less certain (52). Thus, magnesium sulfate 
could be considered in patients undergoing thoracotomy 
without regional analgesia and in whom the use of ketamine 
is not possible.

The impact of gabapentinoids on postoperative analgesia 
and the incidence of chronic postoperative pain has been 
studied extensively in various surgeries using different 
dosing protocols. In the setting of thoracotomy, gabapentin 
and pregabalin have no impact on the severity of acute pain 
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at the surgical site, on the incidence or severity of ISP, or 
on the incidence of chronic postoperative pain (53-55). 
After VATS, one study found that a single preoperative 
dose of pregabalin 150 mg reduced the severity of pain in 
the first 24 h (56). However, this analgesic effect could not 
be reproduced by another study despite using higher doses 
of pregabalin, nor could a beneficial effect on chronic pain 
be demonstrated (57). Also, there is very strong evidence 
demonstrating the lack of significant analgesic effect and 
the unfavorable side effect profile of gabapentinoids in the 
perioperative period. Thus, gabapentinoids should not be 
routinely used in the perioperative period (58).

Dexmedetomidine is a central alpha-2-agonist with 
sedative, analgesic and opioid-sparing properties (59). One 
study illustrated that a low-dose intravenous infusion of 
dexmedetomidine initiated before the end of surgery and 
continued for 12 h after thoracotomy amplified TEA (60).  
Patients receiving dexmedetomidine expressed lower 
Visual Analog Pain (VAS) scores during the first 48 h 
after surgery despite using fewer opioid analgesics. This 
analgesic and opioid-sparing effect of dexmedetomidine 
was also observed in patients undergoing VATS surgery. 
During the first 48 h after surgery, patients who received 
dexmedetomidine 1 µg/kg intraoperatively towards the end 
of their surgery experienced improved Quality of Recovery 
(QoR-40) scores, mostly relating to physical comfort and 
pain (61). Dexmedetomidine, added to the local anesthetic 
mixture, significantly prolongs the analgesic duration of 
regional blocks and reduces the total opioid consumption 
48 h after VATS (28,62). Additionally, this effect is further 
enhanced by the addition of perineural dexamethasone (62).  
Intraoperative dexmedetomidine also reduces the incidence 
of emergence agitation and cough after thoracic surgery, 
although, time to awakening from anesthesia may be 
prolonged and bradycardia may be observed (60,61,63). 
Dexmedetomidine presents significant benefits in terms of 
analgesia and quality of recovery after thoracic surgery and 
its use should be considered.

Dexamethasone is an effective adjunct to multimodal 
analgesia strategies because it reduces postoperative pain, 
opioid consumption, and the incidence of postoperative 
nausea and vomiting in a general surgical setting (64). 
However, a single preoperative dose of 0.1 mg/kg did 
not result in improved analgesia in patients undergoing 
thoracotomy and receiving TEA (65). This may be because 
the effect of dexamethasone is masked by a potent TEA, or 
by the low dose of dexamethasone that was used. Indeed, 
the analgesic effect of dexamethasone is dose-dependent, 

and doses >0.1 mg/kg are more efficient (64). In patients 
undergoing VATS, the analgesic effect of intravenous 
dexamethasone has not been sufficiently evaluated. While 
it enhances the analgesic duration of regional blocks and 
reduces postoperative opioid requirements when it is added 
to the local anesthetic mixture used for regional blocks 
(28,62,66), its effect may be less pronounced than that of 
perineural dexmedetomidine (28,67). One study suggested 
that the perineural combination of these two adjuvants 
may lead to significantly further analgesic duration (62). 
However, considering that the intravenous administration 
of dexmedetomidine and dexamethasone provide similar 
prolongation of the analgesic duration of regional blocks 
while avoiding potential neurotoxicity associated with 
their perineural administration, their routine addition to 
the local anesthetic mixture for regional blocks cannot be 
recommended (68,69).

Finally, lidocaine infusion during abdominal surgeries 
provides superior postoperative analgesia and reduces 
postoperative ileus (70). However, results in other surgeries 
are less evident, including VATS, where analgesic benefits 
could not be effectively demonstrated (71).

Part 3: postoperative ISP in thoracic surgery

The incidence of ISP is reported to be as high as 85% after 
thoracotomy and is usually of moderate to severe intensity. 
Though less frequently, it can also affect VATS patients (72).  
In the context of TEA, ISP can be the predominant source 
of pain and have a negative impact on postoperative 
recovery (39,72). The pain is mostly located in the 
posterior part of the shoulder and begins as early as the 
first postoperative hour, however, gradually fading over the 
course of the first 3–4 postoperative days (72-76) and is very 
unlikely to become chronic (73). 

ISP appears to originate most commonly from an 
irritation of the diaphragm and mediastinal pleura, and, to a 
lesser extent, from shoulder strain due to positioning during 
surgery (39,77). TEA and opioids have a poor impact 
on the severity of ISP and multimodal interventions are 
often required to adequately treat and reduce its incidence 
(74,75,78-80). 

Effective treatments include the routine use of 
acetaminophen and NSAIDs (73,76,79,81). Other drugs 
such as gabapentin and pregabalin have not proved to be 
beneficial (53,82). Intraoperative phrenic nerve blocks, 
through local anesthetic infiltration of the diaphragmatic 
fat pad by the surgeon, are very efficient in reducing 
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the incidence and severity of ISP after both VATS and 
thoracotomy (78,83-86). The analgesic duration of this 
block can be extended to 48 h with the use of long-acting 
local anesthetics, which are sufficient to provide analgesia 
when ISP is most severe, without significantly affecting 
postoperative respiratory function tests (83,85,87). Stellate 
ganglion and interscalene brachial plexus blocks have also 
reduced the incidence and severity of ISP, most likely 
through blockade of the phrenic nerve, although their 
performance can be time and resource consuming (88-91).  
Studies evaluating the efficacy of suprascapular nerve and 
intrapleural blocks have not demonstrated a significant 
benefit in this regard (87,92-95).

Part 4: suggestions based on available literature and 
authors’ experience (Table 2, Figure 2)

In our institution, all patients scheduled for thoracic 

surgery receive a preoperative dose of acetaminophen 1 g 
and celecoxib 200 mg (if not contraindicated). This drug 
protocol is continued into the postoperative period until the 
third postoperative day. A dose of dexamethasone 4–8 mg  
is also given after the induction of general anesthesia for 
postoperative pain and prevention of nausea and vomiting.

Unless contraindicated, all thoracotomy patients receive 
a TEA that is initiated before the surgical incision allowing 
a significant reduction in the use of intraoperative opioids. 
Postoperatively, patients will be kept on TEA until the 
second or third postoperative day, usually after removal of 
the chest tubes. Patients usually report excellent analgesia 
with the use of an epidural-based patient-controlled 
analgesia (PCA), which combines a low basal infusion rate 
to frequent bolus availability. Additionally, when such PCAs 
are used, hypotension is very uncommon. An intraoperative 
phrenic nerve block is usually not performed, and oral 
opioids are available as required to treat significant ISP. 

Table 2 Suggested multimodal analgesic combinations for the management of postoperative pain after thoracic surgery, depending on the context

Intervention Regional analgesia Non opioid analgesics* Opioids

Thoracotomy

Planned TEA 5 mL/h basal rate + 5 mL bolus 
(bupivacaine 0.1% with fentanyl 2 µg/mL)

Acetaminophen PO doses may be needed for 
ISP

Celecoxib

Dexamethasone

Unplanned, or TEA 
impossible

ESP block with catheter, or Acetaminophen Will be needed if no regional 
analgesia: opioid ± ketamine 
IVPCA

Paravertebral catheter placed by surgeon Celecoxib

Ketamine

VATS

Routine Single injection ESP block Acetaminophen PO doses usually sufficient

Celecoxib IVPCA may be needed

Dexamethasone

Dexmedetomidine or ketamine

Severe OSA, high risk of 
thoracotomy

Strongly consider TEA Acetaminophen Avoid if severe OSA

Continuous ESP block (with catheter) Celecoxib

Ketamine and/or dexmedetomidine

Dexamethasone

Chronic pain As above As above Higher doses of opioids may 
be needed

Continue gabapentinoids if taken 
preoperatively

Consider opioid + ketamine 
IVPCA

*, refer to Table 1 for dosing. ESP, erector spinae plane; IVPCA, intravenous patient-controlled analgesia; OSA, obstructive sleep apnea; 
PO, per os; TEA, thoracic epidural analgesia; VATS, video-assisted thoracic surgery.
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Preoperative Intraoperative Postoperative

Planned thoracotomy

-Initiate:
Celecoxib 
Acetaminophen

-Insertion of TEA

-Initiate TEA
-Dexamethasone

-May consider*:
-Ketamine 

For 48-72h:

-TEA
-Routine Celecoxib and 
Acetaminophen
-Opioids if needed 

Preoperative Intraoperative Postoperative

Planned VATS

-Initiate:
Celecoxib 
Acetaminophen

-Dexamethasone
-Dexmedetomidine or ketamine
-ESP block  at the end of surgery**  

For 48-72h:

-Routine Celecoxib and 
Acetaminophen
-Opioids if needed  

Figure 2 Timeline for the use of suggested regional blocks and multimodal analgesic drugs in thoracic surgery, according to surgery type. 
*, in the context of chronic pain or in the absence of TEA; **, consider continuous ESP block with catheter/TEA in the context of chronic 
pain, severe obstructive sleep apnea or very poor pulmonary function. TEA, thoracic epidural analgesia; PCA, patient-controlled analgesia; 
ESP, erector spinae plane.

Patients who have a contraindication to or refuse TEA 
will usually receive an intraoperative bolus and infusion of 
ketamine along with a single-shot ESP block (if possible), 
followed postoperatively by an opioid and ketamine based 
IVPCA.

The analgesic strategy for VATS is more varied, 
reflecting the lack of consensus in the literature. Patients 
usually receive a single injection ESP block with 20 mL 

0.5% ropivacaine that is usually performed after the end 
of surgery, before waking the patient (see Video 1: ESP 
block for minimally invasive thoracic surgery, digital 
content). TEA is only used in patients with poor pulmonary 
function, significant sleep apnea, or who are at high risk 
of conversion to open thoracotomy. Clear communication 
between surgeons and anesthesiologists on this specific 
risk is preoperatively warranted in our institution. An 
intraoperative bolus of ketamine or dexmedetomidine (see 
Table 1), depending on the anesthesiologist’s preference, is 
quite often used, and the ketamine infusion is continued 
postoperatively only in patients with a history of chronic 
pain/opioid use. With the use of regional analgesic blocks, 
postoperative breakthrough pain is usually well managed 
with oral opioids, and opioid-based IVPCA is rarely needed. 
The occurrence of severe ISP after VATS is low, and an 
intraoperative phrenic nerve block is usually not performed. 
When significant, ISP is treated with oral opioids. Using 
this multimodal analgesic combination (acetaminophen, 
celecoxib, single injection ESP block, intraoperative bolus 
of dexmedetomidine or ketamine, and oral opioids), we find 
that postoperative pain is well managed, and most patients 
are discharged on postoperative day 2. In a few select cases, 
patients have even been discharged home on the morning 

Video 1 Erector spinae plane block for minimally invasive thoracic 
surgery.
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after surgery, with the help of a continuous ESP block using 
an outpatient infusion pump. 

Limitations

This review is limited by the heterogeneity and the 
relatively small number of clinical trials that assessed the 
analgesic benefits of the newer plane blocks and adjunct 
multimodal analgesic drugs, especially regarding minimally 
invasive surgery. Large scale studies evaluating the analgesic 
and fast-tracking benefits of combined regional and 
multimodal analgesic protocols are needed. 

Conclusions

Unlike thoracotomy, the optimal analgesic protocol after 
minimally invasive thoracic surgery remains an open 
question. Various analgesic strategies have been evaluated 
in different settings, but none has been adopted as a clinical 
standard. Given the various generators of pain after thoracic 
surgery, a standardized analgesic strategy that combines 
multimodal to regional analgesia, while aiming at reducing 
parenteral opioids, appears to be necessary to provide 
proper postoperative analgesia and adequate recovery of 
lung function, although this has yet to be confirmed by 
large scale clinical trials.
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