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Regional anesthesia for thoracic surgery
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ABSTRACT
Regional anesthesia has an important role in the anesthetic management of thoracic surgeries. Regional 
anesthesia provides better pain control than systemic opioid analgesia, controls stress response, and 
prevents respiratory complications. These factors should improve patient outcomes. The first choice 
of regional anesthesia for thoracic surgery is epidural analgesia or thoracic paravertebral block (TPVB). 
In general, analgesic efficiency of epidural analgesia and TPVB is equivalent. However, TPVB has 
some advantage over epidural analgesia including fewer complications. When these two blocks are 
contraindicated, application of intercostal nerve block or inter-pleural block can be considered.
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INTRODUCTION
Regional anesthesia plays an important role in 
thoracic surgeries.1 Severe pain is common after 
thoracic surgeries. Compared to systemic opioid 
analgesia, regional anesthesia results in better pain 
control, better control of stress response and lesser 
respiratory complications. These will improve 
overall patient outcomes. 

In addition, chronic pain after thoracic surgery is 
common and may persist for several years, use of 
regional analgesia techniques may decrease this 
complication.

Recently, non-intubated surgery with regional 
anesthesia for high-risk patients has been reported.2 
There are several regional anesthesia techniques 
for thoracic surgeries In this review, I would like to 
summarize these techniques and their indications 
for use during thoracic surgeries, in particularly 
lung surgeries.

ANATOMY CRUCIAL TO THORACIC 
SURGERY
Several nerves are involved in thoracic surgery. The 
intercostal nerve is the most important component 
in the skin and muscles at the incision site and the 
ribs. Damage to the intercostal nerve may lead to 

chronic pain, and hence nociceptive transmission 
via the intercostal nerve should be blocked by 
regional anesthesia.

The vagus and phrenic nerves are associated with 
pain stimuli originating in the mediastinal and 
diaphragmatic pleura, and the brachial plexus is 
associated with shoulder pain after surgery.

These nerves cannot be blocked by regional 
anesthesia in the thoracic region; therefore, 
multimodal analgesia with opioids and non-
steroidal anti-inflammatory drugs (NSAIDs) should 
be considered along with use of regional analgesia 
techniques.

The intercostal nerve runs between the internal 
intercostal muscle and pleura. The intercostal 
nerve block (INB) involves a distal approach to the 
intercostal nerve, while the thoracic paravertebral 
block (TPVB) involves a more proximal approach. 
TPVB provides multi-segmental intercostal nerve 
blockade as well as sympathetic block; therefore, 
it is a good alternative for epidural analgesia for 
thoracic surgeries.

CHOICE OF REGIONAL ANESTHESIA 
FOR THORACIC SURGERY
The first choice of regional anesthesia for thoracic 
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surgeries is epidural analgesia. 
Recently ultrasound guided TPVB 
is a good alternative when epidural 
analgesia is contraindicated for 
patients receiving anti-coagulant 
therapy or those with bleeding 
tendencies. Although TPVB is safer 
than epidural analgesia for these 
patients, it should be carefully 
selected. When these two blocks 
are contraindicated, the intercostal 
nerve block or interpleural block 
can be considered.

EPIDURAL ANALGESIA AND 
TPVB
Thoracic epidural analgesia 
remains the gold standard analgesia 
technique for thoracic surgeries. 
It provides excellent pain control 
after the procedure. However, it is not indicated 
for patients receiving anti-coagulant therapy or 
those with bleeding tendencies. It causes rare but 
serious complications, including epidural abscess 
and hematoma formation, after the procedure. It 
also causes hypotension.

The level of puncture for epidural analgesia 
depends on the surgical incision site, although it is 
usually between T3 and T7. The required level of 
analgesia is between T2 and T12.

Thoracic paravertebral block (TPVB) is an 
alternative to thoracic epidural analgesia. It is safe 
and successful under ultrasound guidance. We 
can perform TPVB under deep sedation or general 

anesthesia; therefore, it can also be used for 
pediatric patients. TPVB offers the advantages of a 
unilateral block and a low incidence of hypotension, 
urinary retention and pulmonary complications. It 
can result in pneumothorax, but the incidence is 
low at 0.5%. When thoracic surgery with chest tube 
placement is planned, this does not pose a serious 
problem.

Several studies have compared epidural analgesia 
and TPVB for thoracic surgery.3,4 In general, the 
analgesic efficacy of both these techniques is 
equivalent. However, complications are more 
common with epidural analgesia and include 
urinary retention, nausea and hypotension. 
Furthermore, pulmonary function is better 

Figure 1: Anatomy of thoracic paravertebral space
PV space = paravertebral space

Figure 2: Ultrasound views for thoracic paravertebral block
TP = transverse process
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preserved with TPVB. Pintaric et 
al5 compared continuous thoracic 
epidural analgesia with TPVB in 
patients who underwent open 
lung surgery. TPVB resulted in 
similar analgesia but greater 
hemodynamic stability compared 
with epidural analgesia. In 
addition, TPVB required a 
smaller volume of colloids and 
vasopressors.

An unresolved issue with TPVB is 
its safety in patients receiving anti-
coagulant therapy or those with 
bleeding tendencies. Therefore, 
the application of TPVB for the 
patients is similar to epidural 
analgesia.

Figure 1 shows the anatomy of 
the thoracic paravertebral space. 
The paravertebral space lies 
adjacent to the vertebral body and between the 
pleura and internal intercostal muscle. Note that on 
the proximal side, the internal intercostal muscle 
transitions to the internal intercostal membrane 
and the costotransverse ligament.

Figure 2 shows an ultrasound view for PVB. 
In the longitudinal view, we can recognize the 
paravertebral space between the transverse process 
and between the 

costotransverse ligament and pleura. In the 
transverse view, the paravertebral space is 
recognized between the internal intercostal muscle 
and pleura. I use the transverse view for ultrasound-
guided TPVB. The needle is inserted using an in-
line approach.

The patient is placed in the lateral position. TPVB 
can be administered before or after the induction 
of general anesthesia. I administer a single 
injection of 20 mL of 0.2% ropivacaine at needle 
insertion, followed by catheter insertion. I then 
administer another single injection of 10 mL of 
0.2% ropivacaine at the end of surgery, followed by 
continuous infusion of 0.2% ropivacaine at 4 mL/h 
in the post-operative period. 

INTERCOSTAL NERVE BLOCK AND 
OTHER TECHNIQUES
The intercostal nerve block involves a more distal 
approach to the intercostal nerve compared with 
TPVB. The indications for this block are similar to 

those for TPVB. Video-assisted thoracic surgery is a 
good indication for this block. The local anesthetic 
remains confined to the intercostal space and 
should be injected at several intercostal levels 
depending on the procedure.

There are two techniques for intercostal nerve block. 
The percutaneous approach is normally employed 
before the procedure. The other approach involves 
the intra-operative injection of local anesthetic 
solution under direct vision by the surgeon.6

Figure 3 shows the anatomy of the intercostal nerve, 
which runs between the internal intercostal muscle 
and the innermost internal intercostal muscle. The 

Figure 3: Anatomy of intercostal nerve (N)

Figure 4: Ultrasound view during intercostal nerve block
LA = local anesthetic; ▲: block needle
LA is injected between internal intercostal muscle(M) and most-
internal intercostal M.
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intercostal nerve gives out a cutaneous branch at 
the mid-axillary line; therefore, the intercostal 
nerve block should be administered at the posterior 
thoracic wall for thoracic surgery.

I perform this block after the induction of general 
anesthesia under ultrasound guidance (Figure 
4). The patient is placed in lateral position. After 
locating the ultrasound probe in the intercostal 
space, the pleura and the intercostal muscles 

should be identified. I insert the block needle by 
using an in-line approach. Then, a local anesthetic 
is injected between the internal intercostal muscle 
and the innermost internal intercostal muscle. If 
the innermost internal intercostal muscle is not 
identified, the anesthetic can be injected above the 
pleura. I use 5 mL of 0.375% ropivacaine for each 
intercostal space. 

A recent study used liposomal bupivacaine for 
intercostal nerve blocks.7 This technique offered 
post-operative pain scores comparable to those 
after thoracic epidural analgesia. Therefore, 
intercostal nerve block with liposomal bupivacaine 
may be considered a suitable alternative to epidural 
analgesia.

Another approach is interpleural administration 
of local anesthetics. A catheter is introduced 
percutaneously into the pleural space with the 
chest tube before the end of the procedure. Then, a 
large amount of anesthetic is infused intermittently 
or continuously, and the chest tubes are clamped 
for 5 to 30 min. This technique is easy and reliably 
places the catheter into the pleural space. However, 
the effects of this approach are limited. Chest tube 
management is essential.

NON-INTUBATED THORACIC SURGERY
Non-intubated thoracic surgery, which is also called 
awake thoracic surgery, is aimed at minimizing 
the risks of general anesthesia with one-lung 
ventilation.2 This technique is less invasive and does 
not require endotracheal intubation. Non-intubated 

thoracic surgery facilitates faster recovery and a 
shorter hospital stay. On the other hand, coughing, 
poor maneuverability due to diaphragmatic and 
lung movements, and patient movements are 
the limitations of this procedure. Therefore, the 
indications for this technique should be well 
considered with the surgeon and the patient.

Non-intubated thoracic surgery is technically more 
challenging than thoracic surgery under general 
anesthesia. Regional anesthesia plays a major role 
in this procedure. Awake video-assisted thoracic 
surgery has been performed with intercostal 
nerve blocks and local anesthetic infiltration at the 
incision site, while TPVB and epidural anesthesia 
are used for more invasive procedures.8  Piccioni 
et al9 reported two cases of non-intubated thoracic 
surgeries with TPVB and concluded that the use 
of TPVB for video-assisted thoracoscopy resulted 
in adequate anesthesia with high levels of patient 
satisfaction.

In the near future, non-intubated thoracic surgery 
by regional anesthesia will play an increased role in 
the anesthetic management for thoracic surgery.

CONCLUSIONS
Regional anesthesia plays an important role in 
thoracic surgery, particularly with regard to post-
operative pain control. The first choice of regional 
anesthesia for thoracic surgery is epidural analgesia 
or TPVB. In general, the analgesic efficiencies 
of epidural analgesia and TPVB are equivalent. 
However, TPVB has some advantages over epidural 
analgesia, including fewer complications. When 
these two blocks are contraindicated, intercostal 
nerve block or interpleural block should be 
considered.

Non-intubated thoracic surgery presents a 
challenge, and excellent regional anesthesia 
techniques facilitate the successful performance of 
this procedure. 
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