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Pain Management After Thoracic Surgery
Stephen H. Pennefather and James McKevith 

Key Points

Thoracic surgery can cause significant pain and suffering. •	
Appropriate analgesia is important both for humanitarian 
reasons and to allow early mobilisation and pulmonary 
rehabilitation. Poor pain relief can increase pulmonary com-
plications and mortality.
Pain after thoracic surgery is generated from multiple struc-•	
tures and is transmitted via a number of afferent pathways. 
Factors that affect pain post-operatively can be divided into 
patient factors, analgesic technique and surgical approach.
Paravertebral catheters and thoracic epidural analgesia are •	
widely used for thoracotomies and both have advantages 
and disadvantages. The optimal solutions for thoracic epi-
durals contain a low dose local anaesthetics combined with 
a lipophylic opioid. Paravertebrals with higher doses of 
local anaesthetic are more efficacious. Further direct com-
parisons between the two techniques are required to estab-
lish the role of each option.
Opioid tolerant patients pose a particular challenge. Mainte-•	
nance opioid should be continued peri-operatively to avoid 
withdrawal symptoms. A regional technique, supplemented 
with non-opioid analgesics is advised.

Introduction

A posterolateral thoracotomy is amongst the most painful 
incisions and thus unsurprisingly patients can, and sometimes 
do, suffer considerable pain in the post-operative period if 
analgesia is not managed appropriately. Poorly treated post-
thoracotomy pain greatly reduces patient satisfaction, their 
quality of life and sometimes the quality of life of their loved 
ones. Under-treated pain can also reduce the patient’s ability 
to co-operate with post-operative physiotherapy and remo-
bilisation. The effectiveness of post-thoracotomy pain control 
can perhaps best be determined by assessing the patient’s abil-
ity to participate in post-operative physiotherapy and other 
rehabilitation regimens. Effective pain control can facilitate 
a reduction in post-operative complications, particularly post-
operative pulmonary complications. Over the years a large 
number of drugs, combinations of drugs and techniques to 
deliver these drugs have been developed and used to con-
trol post-thoracotomy pain. Unfortunately, no technique has 
emerged that is safe, effective and applicable to all patients. 
Until the early 1980s, systemic opioids formed the mainstay 
of post-thoracotomy analgesia in the West. Thoracic epidurals 
were introduced into clinical practice for post-thoracotomy 
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analgesia in the mid-1970s [1, 2] and had become the gold 
standard of post-thoracotomy analgesia by the mid-1990s [3]. 
Somatic paravertebral blocks are now gaining acceptance as 
an alternative method for providing post-thoracotomy anal-
gesia. A number of factors have led to the increased use of 
somatic paravertebral blocks. The risks associated with the 
peri-operative use of epidural analgesia are becoming clearer 
and are perhaps greater than previously thought [4, 5]. More 
patients are presenting for thoracic surgery on multiple anti-
platelet agents sometimes with intra-coronary stents in situ. 
While dual antiplatelet therapy is known to be a contraindica-
tion to thoracic epidural analgesia [6] the risk of discontinuing 
antiplatelet agents peri-operatively is now quantifiable [7–9].  

Few randomised studies have compared outcomes after 
 thoracic epidural analgesia or paravertebral block. The limited 
results available, however, suggest that paravertebral blocks 
may be are more effective at reducing respiratory complica-
tions then thoracic epidural analgesia and after the first few 
hours provide equivalent analgesia [10, 11] (see Figs. 46.1 
and 46.2).

Well-informed patients may experience less pain [12] so 
whenever possible patients should receive a full explanation of 
the proposed analgesic technique and its likely effects including 
its limitations, potential side effects and incidence of compli-
cations. The relative merits of the alternative strategies should 
also be discussed. How much to tell patients about potential 

Fig. 46.1. A meta-analysis of trials comparing 
paravertebral block with thoracic epidural anal-
gesia on postoperative pulmonary complications 
(reproduced from Davies et al. [11] by permis-
sion of Oxford University Press).

Fig. 46.2. A meta-analysis of trials comparing paravertebral block with thoracic epidural analgesia on visual analogue pain scores (repro-
duced from Davies et al. [11] by permission of Oxford University Press).
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complications remains controversial. There is, however, a 
trend towards more openness. The understanding of informed 
consent has shifted with time. In the United Kingdom, at least, 
the standard is no longer what a body of reasonable practitio-
ners would do but what a reasonable patient would expect. In 
2001, the position was summarised “as part of the process of 
obtaining consent, except when they have indicated otherwise, 
patients should be given sufficient information about what is to 
take place, the risks, uncertainties, and possible negative con-
sequences of the proposed treatments, about any alternatives 
and about the likely outcome, to enable them to make a choice 
about how to proceed” [13]. This change in the standard has 
resulted in a change in practice. Most anaesthetists now, for 
example, take specific consent for thoracic epidural analgesia 
[14]. Acute post-thoracotomy pain management aims to reduce 
the patient’s pain as much as possible but to do so safely. In 
practice most patients undergoing thoracic surgery can be 
safely and effectively managed by thoracic epidural analgesia, 
paravertebral blocks or systemic opioids supplemented when 
appropriate by other systemic analgesics.

Pathophysiology of Post-thoracotomy Pain

The pathogenesis of post-thoracotomy pain is complex. Noci-
ceptive receptors are stimulated by the skin incision, divi-
sion and retraction of the muscles, retraction and sometimes 
fracture of ribs. In addition, ligaments may be stretched, 
 costochondral joints dislocated and intercostal nerves injured, 
causing further pain. The incised pleura are frequently irri-
tated by partial surgical stripping, chest drains and residual 
pleural blood; the resulting inflammatory responses activate 
further nociceptors. The central transmission of these multiple 
nociceptive signals amplifies pain transmission and increases 
pain perception through central sensitisation (see Fig. 46.3).

Without adequate treatment post-thoracotomy pain can be 
very severe and has been rated as near the top of a league of 
iatrogenic causes [15]. The surgical wound is subject to con-
tinuous movement as the patient breathes and ventilation is 
adversely affected. Inspiration stretches the injured  structures 
initiating a reflex contraction of the expiratory muscles. Splint-
ing of the injured hemi-thorax occurs to limit the distraction 
of the injured structures. Similarly, the usually passive expira-
tion becomes active. Functional residual capacity falls usu-
ally to below the closing capacity and airway closure occurs. 
This can result in atelectasis, shunting and hypoxaemia. Deep 
inspiration is limited by pain, forced expiratory flow is thus 
reduced and effective coughing impaired. Sputum clearance 
is often adversely affected. Effective analgesia can reverse 
some of these changes and improve pulmonary function post-
thoracotomy. There are, however, many other causes for the 
deterioration in pulmonary function that occurs post-thora-
cotomy. To date it has not been possible to determine with 
any accuracy the relative importance of pain in the aetiology 
of the changes in pulmonary function seen post-thoracotomy 
(see Table 46.1).

There are a number of mechanisms for transmitting the 
pain, generated post-thoracotomy, to the sensorium: Stimuli 
from the chest wall, costal and peripheral diaphragmatic 
pleura are transmitted via the intercostal nerves. Stimuli from 
the pericardium and mediastinuim are transmitted via the 
phrenic nerve. In addition, the vagus nerve contains somatic 
and visceral afferent nerve fibres and blockade of the vagus 
nerve has been advocated during thoracic surgery [16]. The 
sympathetic nerves may play a role in transmitting pain from 
the lung and mediastinum. It has been suggested that stretch-
ing of the brachial plexuses and distraction of the shoulder 
contributes to the pain in some patients [17].

Recent work has improved the understanding of mecha-
nisms of post-thoracotomy pain. The phrenic nerve supplies 
sensory branches to the mediastinal pleura, to the fibrous 
pericardium, the parietal layer of the serous pericardium and 
diaphragmatic dome pleura. While well-managed thoracic 
epidurals provide excellent post-thoracotomy analgesia in the 
somatic dermatomes most patients still experience ipsilateral 
shoulder pain [18, 19]. In patient’s receiving thoracic epidural 

Fig. 46.3. Direct injury to ribs and neurovascular intercostals bundle 
along with injuries to anterior and posterior intercostals articulations 
during a thoracotomy (this figure was published in Landreneau et al. 
[276]. © Elsevier [1994]).

Table 46.1. Causes for deterioration in pulmonary function 
post-thoracotomy.
•	 Lung	tissue	resection
•	 Haemorrhage	and	oedema	in	residual	lung	tissue
•	 Distortion	in	bronchial	architecture	with	resultant	lobar	collapse
•	 Gastric	and	abdominal	distension
•	 Increased	airway	resistance
•	 Impaired	mucocilary	clearance
•	 Residual	effects	of	anaesthesia
•	 Pain	related	changes	in	lung	mechanics
•	 Diaphragmatic	dysfunction

Reproduced with permission from Pennefather and Russell [279]
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analgesia, the intra-operative blocking of the phrenic nerve at 
the level of the pericardial fat pad with local anaesthetic pre-
vents ipsilateral shoulder pain in most, but not all patients [19]. 
Branches of the phrenic nerve to the pericardium or mediasti-
num arising proximal to the pericardial fat pad may account 
for the shoulder pain in some of the remaining patients. Sup-
porting this hypothesis is the observation that patients in the 
above study who had undergone an intra-pericardial pneumo-
nectomy and received a phrenic nerve block still experienced 
shoulder pain. An accessory phrenic is an alternative expla-
nation. The ability of a combined phrenic nerve block and 
thoracic epidural to almost eliminate early post-thoracotomy 
pain [19] suggests that the contribution of the vagus nerve to 
post-thoracotomy pain may be minimal. In contrast, human 
vagal nerve stimulation can suppress pain [20]. Blocking the 
vagus nerve might actually increase post-thoracotomy pain by 
reducing vagally mediated central inhibition of pain.

Factors Influencing Pain After  
Thoracic Surgery

Pre-operative Preparedness

Well-informed patients may experience less pain [12] so when-
ever possible patients should receive a full explanation of the 
proposed analgesic technique and its likely effects including 
its limitations, potential side effects and complications.

Opioid Tolerance

Continuous opioid exposure results in a rightward shift of the 
dose–response curve to opioids resulting in patients requiring 
increased amounts of opioid to obtain the same pharmaco-
logical effect. It is a predictable pharmacological adaptation 
[21]. The degree of opioid tolerance is related to the dosage, 
duration and type of opioid administered. Opioid tolerance 
probably occurs because of decreased opioid receptor sen-
sitivity and density [22], up-regulation of cyclic adenosine 
monophosphate [23] and neural adaptation [24]. Activation of 
N-methyl-d-aspartate (NMDA) receptors plays an important 
role in the development of opioid tolerance [25]. Opioid toler-
ant patients are relatively pain intolerant [26] and may have 
greater difficulty in coping with acute pain [27].

Pre-emptive Analgesia

The concept of pre-emptive analgesia was first suggested 
by Crile [28] although modern clinical interest is largely the 
result of basic science research done by Woolf [29]. Pre-
 emptive analgesia is anti-nociceptive treatment started before 
the noxious stimulus that aims to prevent the establishment of 
altered central processing of sensory input that amplifies post-
operative pain [30]. Pre-emptive analgesia aims to decrease 

acute post-operative pain, even after the analgesic effects of 
the pre-emptive drugs have worn off, and to inhibit the devel-
opment of chronic post-operative pain. Potential candidates 
for patients undergoing a thoracotomy include pre-incisional 
thoracic epidurals, paravertebral blocks, NMDA antagonists, 
gabapentin and systemic opioids. Although the results of clin-
ical studies to support the concept of initiating the pain treat-
ment prior to the injury are conflicting there is widespread 
belief in the concept amongst clinicians. A 2002 systematic 
review of pre-emptive analgesia for post-operative pain relief 
found no evidence of benefit for the pre-emptive adminis-
tration of systemic opioids, non-steroidal anti-inflammatory 
drugs (NSAIDs) or ketamine and little evidence of benefit 
with continuous epidural analgesia [31]. A 2005 systemic 
review on the impact of pre-emptive epidural analgesia on 
pain after thoracotomy concluded that pre-emptive thoracic 
epidural analgesia was associated with a reduction in acute 
pain but no reduction in chronic post-thoracotomy pain [32].

Sex

A considerable amount of work has been undertaken in an 
attempt to determine the influence of the sex of the patient 
on the pain experienced after surgery. Female patients report 
pain to be more severe, frequent and diffuse than male 
patients with similar disease processes [33]. A meta-analysis 
of the influence of sex differences in the perception of noxious 
experimental stimuli, found that females were less tolerant of 
noxious stimuli than males [34]. The difference in pain per-
ception between males and females decreases with age [35], 
has not been found by all investigators and is usually only 
moderately large. Social gender roles have a significant influ-
ence on pain tolerance levels [36], are sometimes difficult to 
differentiate from the sex of the patient and may account for 
some of the differences in pain tolerance between the sexes. 
Coping strategies also influence patient’s pain tolerance; 
catastrophizing is associated with an increased sensitivity to 
experimental pain [37]. Women are more likely to catastroph-
ize and this may help account for the differences in pain toler-
ance between the sexes [38]. Anaesthetists should be aware of 
the different responses male and female patients have to pain 
but as yet no specific recommendation with respect to treat-
ment can be made.

Age

A recent systematic review found young age to be a signifi-
cant predictor of post-operative pain [39]. The pharmacoki-
netics of analgesic drugs can be affected by ageing and the 
elderly are considered to be more sensitive to systemic opioids 
[40]. Similarly, there is a positive correlation between age and 
thoracic epidural spread with elderly patients requiring about 
40% less epidural solution [41, 42]. It has also been suggested 
that age blunts peripheral nociceptive function decreasing 
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pain in some contexts [43] although this is not the experience 
of at least one ageing author.

Psychological Factors

Pain is a sensory and emotional experience and thus is influ-
enced by psychological factors. It has been suggested that anxi-
ety lowers pain thresholds [44]. Pre-operative anxiety has been 
shown to be a predictor of more severe post-operative pain in 
studies of patients undergoing a variety of surgeries including 
thoracic surgery [39, 45].	Good	pre-operative	communication	
with the patient and the development of rapport will facilitate 
reducing the anxiety by reassurance and, if appropriate, anxi-
olytics [39]. A depressive mood pre-operatively [46] and neu-
roticism [47] have also been found to be predictors of more 
severe post-operative pain. There may be a relationship between 
pre-operative depression and the development of chronic pain 
[48]. Cognitive factors can also influence pain perception. 
Catastrophizing, a multidimensional construct with elements 
of rumination, magnification and helplessness, has emerged as 
one of the most reliable predictors of heightened pain experi-
ence [37]. Cognitive behavioural strategies may have a role in 
managing patients who catastrophize about pain [39].

Surgical Approach

Sternotomy

The sternum is usually internally fixed with steel wire after a 
sternotomy. Bone movement during respiration is thus mini-
mal and the post-operative pain usually only moderate. How-
ever, wide or inexpert distraction of the sternum may fracture 
the sternum, strain or even disrupt the anterior or posterior 
intercostal articulations with the potential to considerably 
increase the post-operative pain experienced.

Video-Assisted Thoracoscopic Surgery

With video-assisted thoracoscopic (VAT) surgery the extent of 
the surgical incision is limited and early post-operative pain 
can be reduced [49]. These benefits may be reduced by the use 
of larger-diameter instruments and/or the twisting of surgical 
instruments against the ribs causing injury to the intercostal 
nerves and bruising or even fracturing of the ribs.

Open Thoracotomy

Posterolateral Incision

Posterolateral incision is the classic approach to a thoracotomy 
as it provides good surgical access and can easily be extended 
if required. It does, however, involve the cutting of some of 
the major chest wall muscles and is considered one of the most 
painful surgical incisions. There is some evidence that internal 
fixation of divided ribs reduces post-operative pain [50].

Muscle-Sparing Incision

Many surgeons now use one or more of the many  muscle-sparing 
incisions that have been described. A popular approach is the 
axillary muscle-sparing incision, the skin incision for which 
extends vertically downwards from the axilla with obvious 
cosmetic advantages. Although muscle sparing incisions were 
initially reported to produce less peri-operative pain [51–53] 
most studies have not found this reduction in peri-operative 
pain [54, 55]. Muscle-sparing incisions may result in less 
chronic post-thoracotomy pain [56]. Wider rib retraction is 
frequently required for muscle sparing thoracotomies to com-
pensate for the reduced field of view [55]. Wider retraction 
may increase the risk of rib fractures, distraction of the poste-
rior costovertebral joints and damage to the intercostal nerves, 
all of which can increase post-thoracotomy pain.

Anterior Incision

Anterior incisions are used to provide access for some cardiac 
and anterior mediastinal procedures. Exposure for lung sur-
gery is, however, limited particularly on the left because of the 
heart. Rib resections are frequently performed with this inci-
sion to improve surgical access. Post-operative pain depends 
in part on the extent of the excision and the extent of surgical 
retraction but is similar to that after a posterolateral thoraco-
tomy. Intercostal nerve blocks are particularly effective with 
this approach because the incision does not involve any part 
of the chest supplied by the posterior cutaneous nerves which 
arise from the dorsal rami and are not blocked by an intercos-
tal nerve block (see intercostal nerve blocks).

Transverse Sternothoracotomy

Transverse sternothoracotomy (clamshell) incisions (see 
Fig. 46.4) provides excellent surgical exposure of both chest 
cavities and the mediastinum and were in the past used for car-
diac surgery. This incision results in significant post-operative 
pain and its use is now largely limited to lung transplantation, 
complex cardiopulmonary surgery and complex mediastinal 
tumours [57]. Post-operative pain control can be challenging 
with this incision.

Analgesic Drugs and Techniques

Systemic Opioids

Systemic opioids were used in the past as the mainstay of post-
thoracotomy analgesia; however, the pain control achieved 
was often poor. It is now appreciated that for open thoracoto-
mies systemic opioids are best administered as part of a multi-
modal strategy including nerve blocks. Titration of systemic 
opioids post-thoracotomy is needed if the balance between 
the beneficial effects (analgesia, enabling passive expiration, 
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prevention of splinting) and detrimental effects (sedation and 
suppression of ventilation, coughing and sighing) is to be 
achieved. In comparison to IM opioids, IV-PCA systems pro-
vide superior analgesia [58] and improve patient satisfaction 
[59]. In part this is because IV-PCA systems accommodate the 
many-fold, between patient variation, in post-operative opioid 
requirement [60], the halving of opioid requirements approxi-
mately every 24 h post-operatively [61] and the small group 
of patients that experience minimal post-surgery pain [15].  
A meta-analysis published in 1998 found that compared to sys-
temic opioids, epidural local anaesthetic significantly reduced 
the incidence of pulmonary complications after surgery [62]. 
This finding was not, however, supported by a systematic 
review published in 2008 [10]. Perhaps this was because of 
improvements in the administration of systemic opioids in 
later studies included in the second review. Recent studies 
suggest acute exposure to opioids can lead to the development 
of acute opioid tolerance [63].

Non-opioid Analgesic Drugs

Non-steroidal Anti-inflammatory Drugs

Prostaglandins have a role in pain perception. NSAIDs block 
the synthesis of prostaglandins by inhibiting the enzyme cyclo-
oxygenase. NSAIDs reduce the inflammatory response to sur-
gical trauma, have a peripheral non-prostaglandin analgesic 
effect [64] and act centrally [65] in part by inhibiting prosta-
glandin synthesis in the spinal cord [66]. The side effects of 
NSAIDs are well known and include gastrointestinal mucosal 
damage [67], renal tubular and platelet dysfunction [68]. The 
amount, if any, of NSAID mediated increased bleeding after 
thoracotomy has not been established, although studies after 
tonsillectomy suggest that the increased bleeding is probably 
minimal [69]. Renal failure is a particular risk for elderly 
patients undergoing major surgery [70, 71], patients with 

 pre-existing renal failure and hypovolaemic patients. These 
risk factors are often present in patients scheduled for thoracic 
surgery. There is a concern that NSAID-mediated reductions 
in inflammation may reduce the efficacy of a surgically per-
formed pleurodesis. For more than 25 years, NSAIDs have 
been used to control post-thoracotomy pain [72]. NSAIDs 
have been shown to significantly improve pain control in 
patients receiving systemic opioids post-thoracotomy [73, 
74]. NSAIDs have not been shown to significantly reduce pain 
scores in patients receiving thoracic epidural analgesia post-
thoracotomy [75]. NSAIDs may be effective in controlling the 
ipsilateral shoulder pain post-thoracotomy in patients receiv-
ing thoracic epidural analgesia [18, 76], although research in 
this area has been limited.

COX-2 Inhibitors

Different isoenzymes of the cyclo-oxygenase enzyme exist 
including COX-1 and COX-2 [77]. The COX-1 isoenzyme 
has physiological functions while the COX-2 isoenzyme is 
induced during inflammation. NSAIDs vary in their selectiv-
ity for inhibiting these cyclo-oxygenase isoenzymes. Some 
are selective cyclo-oxygenase 2 inhibitors and are termed 
COX-2 inhibitors. These agents have a lower risk of causing 
serious upper gastrointestinal side effects and cause less plate-
let inhibition than the non-selective NSAIDs. There is some 
evidence that COX-2 inhibitors may limit the development of 
acute opioid tolerance [78]. There are concerns about the det-
rimental effects of COX-2 inhibitors (and NSAIDs) on bone 
growth [79, 80]. In 2004/2005, two COX-2 inhibitors (rofe-
coxib and valdecoxib) were withdrawn because of concerns 
that there was an increased risk of cardiovascular thrombotic 
complications when these agents were taken daily for long 
periods. Subsequent studies support this finding as being a 
COX-2 (and non-selective NSAID) class effect [81, 82]. Cau-
tion is required if these drugs are to be administered regularly  

Fig. 46.4. Schematic view of a clamshell inci-
sion (this figure was published in Macchiarini 
et al. [57]. © Elsevier [1999]).
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over long periods. The safety of COX-2 inhibitors in the  
 peri-operative setting is controversial. For patients undergoing 
CABG	on	cardiopulmonary	bypass	there	is	an	increased	risk	
of cardiovascular thrombotic events in patients receiving the 
selective COX-2 inhibitors parecoxib/valdecoxib [83, 84].  
A study of a variety of non-cardiac surgical procedures includ-
ing thoracic surgery did not show an increased incidence of 
cardiovascular thrombotic events in patients receiving the 
selective COX-2 inhibitors parecoxib/valdecoxib [85]. The 
level of cardiovascular risk associated with the short-term 
peri-operative use of COX-2 and NSAIDs remains controver-
sial. For individual patients, their cardiovascular risk factors 
and the risks of alternative drugs or analgesic techniques need 
to be considered. The cardiovascular risk between agents var-
ies, for example the NSAID naproxen has a lower cardiovas-
cular risk profile than diclofenac [86].

Acetaminophen

Acetaminophen, perhaps the safest of the non-opioid anal-
gesic agents, acts centrally by inhibiting prostaglandin syn-
thesis [87] and possibly via the serotoninergic system [88]. 
Acetaminophen may also have peripheral anti-inflammatory 
actions [89]. A recent meta-analysis found that after major sur-
gery adding acetaminophen to morphine PCA reduced the mor-
phine consumption by 20% but did not decrease the incidence 
of morphine-related adverse effects [90] (see Fig. 46.5).

There is some evidence that the effects of acetaminophen 
and NSAIDs are additive [91, 92]. Regular rectal acetamin-
ophen has been shown to reduce the severity of ipsilateral 
post-thoracotomy shoulder pain [93]. When administered 
rectally the dosage should exceed the oral dose by 50%, and 
account should be taken of its slower onset [94]. Propaceto-
mol, a prodrug that is hydrolysed to acetaminophen by plasma 
esterases, can be administered intravenously. Propacetomol 
has been shown to decrease morphine consumption after 
spinal [95] and cardiac surgery [96] although a reduction in 
morphine consumption after cardiac surgery was not shown 
in an earlier study, possibly because of the methodology [97]. 

Unlike NSAIDs and COX-2 inhibitors, acetaminophen at 
clinical doses has few contraindications or side effects. It is 
considered safe for patients at risk of renal failure [94]. Acet-
aminophen is frequently administered post-thoracotomy [3].

NMDA Antagonists

Ketamine, an anaesthetic with analgesic properties, is a non-
competitive antagonist of the phencyclidine site of the NMDA 
receptor. Ketamine is now infrequently used for the induction 
or maintenance of anaesthesia because of its side effects par-
ticularly the psychomimetic effects. There is now, however, 
renewed interest in the use of small doses of ketamine as an 
adjuvant to post-operative analgesia. Activation of spinal 
NMDA receptors plays an important role in the development 
of central neuron sensitisation causing the behavioural mani-
festations of pain [98]. NMDA receptor antagonists enhance 
opioid-induced analgesia and can limit the development of 
opioid tolerance [98, 99]. Small doses of ketamine have been 
shown to have opioid sparing effects after abdominal surgery 
[100]. In a double-blind study of patients who had under-
gone thoracic surgery adding ketamine to morphine deliv-
ered via an IV-PCA system reduced morphine consumption 
and improved the early post-operative FEV

1
 [101]. In another 

study, adding a low dose intravenous infusion of ketamine to 
thoracic epidural analgesia improved early post-thoracotomy 
analgesia [102]. The post-operative use of ketamine should be 
considered for some patients, for example patients chronically 
receiving high dose opioids.

Gabapentin

Gabapentin,	 1-(aminomethyl)cyclohexane	 acetic	 acid,	 is	 an	
anticonvulsant drug that is effective in treating neuropathic 
pain [103] and post-herpetic neuralgia [104].	Gabapentin	may	
act through a number of mechanisms. The most likely site of 
its anti-nociceptor effect is thought to be by binding to the a

2
d 

subunit of voltage-dependent calcium channels [105]. The 
absorption of gabapentin is dose dependent. In the United 

Fig. 46.5. Effect of acetaminophen on postoperative morphine consumption during the first 24 h after major surgery (reproduced from Remy 
et al. [90] by permission of Oxford University Press).
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Kingdom, gabapentin has a product licence for the treatment 
of neuropathic pain. Because of its mechanism of action and 
effectiveness in neuropathic states its effectiveness in prevent-
ing chronic post-surgical pain has been investigated. There is 
as yet no clinical evidence that it reduces chronic post-surgical 
pain [106]. The use of gabapentin for acute peri-operative pain 
is “off-label”. There is good evidence that gabapentin reduces 
early postoperative pain scores and reduces the opioid con-
sumption in the first 24 h for patients undergoing a variety of 
surgical procedures [107].	Gabapentin	has	been	administered	as	
a single pre-operative oral dose ranging from 300 to 1,200 mg 
and as multiple peri-operative doses. No additional pain reduc-
tion or opioid sparing effect was detected when multiple peri-
operative doses were administered and therefore for practical 
purposes a single pre-operative dose of 1,200 mg or less is rec-
ommended [106].	Gabapentin	is	sedative	and	anxiolytic	[108], 
and the doses of other premedication drugs used should be 
adjusted accordingly. In a placebo-controlled study, gabapen-
tin did not decrease ipsilateral shoulder pain in patients receiv-
ing thoracic epidural analgesia [109]. Pre-operative gabapentin 
use should be considered in patients in whom difficulties in 
controlling post-thoracotomy pain are anticipated, for example 
patients undergoing thoracotomy in whom local anaesthetic 
blocks are not scheduled, and opioid tolerant patients.

Glucocorticoids

Glucocorticoids	(dexamethasone)	have	many	actions	includ-
ing analgesic, anti-emetic, anti-pyretic and anti-inflammatory 
effects. Reduced prostaglandin production by the inhibition 
of phospholipase and COX-2 isoenzymes is believed to be the 
major pathway for the analgesic effect. Dexamethasone has 
been shown to produce a dose-dependent opioid sparing effect 
[110] in a general surgical setting, and has been particularly 
effective in reducing pain scores with dynamic movement 
[111, 112]. The onset of analgesia is slower than traditional 
analgesics but appears to last longer and has been reported 
to last for up to 7 days [113]. These effects have been pro-
duced with a single dose of dexamethasone within the range 
of 10–40 mg with few reported serious side effects. Risks of 
glucocorticoid use include gastric irritation, impaired wound 
healing, impaired glucose homeostasis and sodium retention. 
The optimal dose that balances the advantages against these, 
and other, risks has yet to be defined and further research, par-
ticularly in the setting of thoracic surgery is required. If diffi-
culties with post-thoracotomy pain control are anticipated and 
there are no contraindications to glucocorticoid use, selected 
patients may benefit from a single 10–16 mg dose of dexam-
ethasone as part of a multimodal analgesia regime.

Non-pharmacologic Techniques

Transcutaneous Nerve Stimulation

Transcutaneous nerve stimulation (TENS) was developed to 
utilise the gate theory to reduce pain [114]. A meta-analysis 
published in 1996 of the effectiveness of TENS in acute 

post-operative pain found little evidence for effectiveness 
in adequately randomised studies [115]. In contrast, TENS 
was considered by the original authors to be effective in 
most of the non-randomised studies analysed [115]. Seven 
studies have examined the effectiveness of adding TENS to 
post- thoracotomy analgesia regimens [116–122]. Some stud-
ies were not adequately randomised [117] and others inad-
equately blinded [116]. When appropriately analysed, most 
of the remaining studies did not show a significant benefit 
[118–120]. Although not recommended, TENS may possibly 
be of some benefit after VAT surgery [120].

Cryoanalgesia

While the chest is open the intercostal nerves can be blocked 
for up to 6 months by the application of a cryoprobe. The 
analgesia is inferior to thoracic epidural fentanyl [123] and 
the technique is associated with an increased incidence of 
chronic post-thoracotomy pain [124]. Cryoanalgesia is now 
rarely used to provide post-thoracotomy analgesia and cannot 
be recommended.

Specific Techniques

Continuous Wound Infiltration Catheters

Randomised studies have shown that delivering local anaes-
thetic into the wound via catheters placed prior to closure 
can reduce post-operative opioid use [125] and may reduce 
wound oedema [126]. For patients receiving continuous para-
vertebral infusions, the potential for local anaesthetic toxic-
ity usually makes this technique inappropriate. For patients 
receiving thoracic epidural analgesia, this technique is usually 
unnecessary. It should, however, be considered for patients 
not scheduled to receive local anaesthetic infusions by other 
routes for post-operative pain control.

Intercostal Nerve Blocks

The spinal nerves divide into a dorsal and ventral ramus. The 
upper eleven thoracic ventral rami form the intercostal nerve 
which runs forward between the ribs in the intercostal spaces. 
Each intercostal nerve gives off a lateral cutaneous branch that 
pierces the intercostal muscles proximal to the posterior axil-
lary line to supply the lateral aspect of the chest wall. It is 
important therefore the intercostal nerves are blocked proxi-
mal to the posterior axillary line to ensure that the lateral cuta-
neous branches and thus the lateral aspect of the chest wall 
are blocked. The thoracic dorsal rami pass backwards close to 
the vertebrae to supply the cutaneous innervation to the back. 
The dorsal rami are not blocked by an intercostal nerve block. 
This limits the effectiveness of intercostal nerve blocks for 
posterolateral thoracotomies (see Fig. 46.6).

The intercostal nerves can easily be blocked under direct 
vision while the chest is open but because of the relatively 
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short half-life of most local anaesthetics repeated percutaneous 
blocks are usually required. The intercostal nerves consis-
tently lie in a plane deep to the internal intercostals muscle 
although there is considerable variability in the position of 
intercostal nerves within the intercostal spaces [127]. Small 
(5 mL) bolus of local anaesthetic deposited in the correct 
plane will block the appropriate intercostal nerve. Larger 
doses may also block adjacent intercostal nerves by spreading 
medially to the paravertebral space or directly to the adjacent 
spaces (see Fig. 46.7). The systemic uptake of local anaes-
thetic from the highly vascular intercostal space is rapid and 
the dose of local anaesthetic administered by this route needs 
to be appropriately limited. Intercostal nerve blocks signifi-
cantly reduce post-operative pain and analgesic requirements 
post- thoracotomy [128–130].

Interpleural Blocks

In healthy human adults, the two layers of the pleura have a 
surface area of about 0.2 m2, are separated by a distance of 
10–20 mm and contain approximately 10 mL of pleural fluid 
[131]. The deposition of local anaesthetic between the parietal 
and visceral pleura with the aim of producing an ipsilateral 
somatic block of multiple thoaracic dermatomes constitutes an 
interpleural block and was originally described by Kvalheim 

and Reiestad [132]. Unfortunately, the terminology used in the 
literature to describe this block can be confusing, some authors 
use the term intrapleural block [133] and others pleural block 
[134]. The issue is further confused when the term interpleural 
block is used to describe a paravertebral block [135]. Although 
studies have consistently shown interpleural blocks to be effec-
tive for pain relief after cholecystectomy [135] most studies of 
patients undergoing a thoracotomy have shown interpleural 
blocks to be ineffective [136–139]. The wide spread of local 
anaesthetic within the normally small (10 mL) pleural space is 
aided by surface tension forces and this probably accounts for 
the effectiveness of interpleural blocks after cholecystectomy. 
After thoracotomy the volume of the pleural space is much 
larger and contains blood and air. The effect of surface tension 
forces is reduced and the spread of local anaesthetics is lim-
ited and principally via gravity. Dilution of the administered local 
anaesthetic by interpleural blood [140] and the loss of local 
anaesthetic into the chest drains [139–141] further reduce 
the efficacy of this technique. A possible role for interpleu-
ral bupivacaine, administered post-thoracotomy via the basal 
chest drain, to reduce local diaphragmatic irritation from the 
basal chest drain was explored in a double-blind study. Inter-
pleural local anaesthetic administered by this route was found 
to be ineffective [142]. Systemic absorption of interpleurally 
administered local anaesthetic can be considerable and high 

Fig. 46.6. Anatomy of intercostal nerve and space (reproduced with permission from Dravid and Paul [131]. © Blackwell Publishing Limited 
[2007]).
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plasma levels of local anaesthetics have been reported [138]. 
Interpleural blocks are not recommended for post-thoracotomy 
analgesia in adults [10].

Paravertebral Blocks

Paravertebral blocks were introduced into clinical practice 
in 1906 [143] and were then largely abandoned before being 
reintroduced in 1979 [144]. There has now been substan-
tial experience in the use of thoracic paravertebral block for 
thoracic surgery and their safety has been established. Con-
tinuous thoracic paravertebral blocks can provide excellent 
post-thoracotomy analgesia and a number of studies have 
shown that the analgesia is comparable to that provided by 
thoracic epidurals but with fewer complications [11]. Not all 
clinicians, however, are able to get reliably good analgesia 
with paravertebral blocks. Paravertebral block failures may 
occur for a number of reasons including failure to place or 
maintain the catheter in the paravertebral space, failure to 
contain the local anaesthetic solution within the paravertebral 
space and failure to deposit local anaesthetic at the appropri-
ate level or extend the block over sufficient dermatomes to 
provide adequate analgesia. Although it is possible to blindly 
place catheters percutaneously into the paravertebral space it 

is often more appropriate for the surgeon to insert the catheter 
into the paravertebral space under direct vision while the chest 
is open. Direct placement facilitates advancement of the cath-
eter along the paravertebral space to create a narrow longitu-
dinal pocket that will block sufficient dermatomes to provide 
adequate analgesia.

Anatomy

The paravertebral space is a potential space. At the thoracic 
level the paravertebral space is a wedge-shaped area bounded 
posteriorly by the costo-transverse ligaments, transverse pro-
cesses and necks of the ribs (see Fig. 46.8). Medially it is 
bound by the vertebral bodies, discs and intervertebral foram-
ina. The anterior border of the space is formed by the parietal 
pleura. Lateral to the tips of the transverse processes the para-
vertebral space is continuous with the intercostal neurovascu-
lar space (see Fig. 46.9).

The paravertebral space is contiguous with the para-
vertebral spaces above and below. The caudal boundary 
is formed by the psoas major muscle [145], the cranial 
boundary is, however, not well defined [146]. The thoracic 
paravertebral space is divided into an anterior subpleural 
paravertebral compartment and a posterior subendotho-
racic paravertebral compartment by the endothoracic fascia 
which is the deep fascia of the thorax [146] (see Fig. 46.10). 
Contained within the paravertebral space are the dorsal and 
ventral rami of the spinal nerves, the grey and white rami 
communicans and the sympathetic chain. The intercostal 
nerves (ventral ramus) are devoid of a fascial sheath within 
the paravertebral space making them highly susceptible to 
local anaesthetic block at this site [147].

Methods of Performing Paravertebral Blocks

The relatively short duration action of clinically avail-
able local anaesthetics makes single bolus paravertebral 
blocks inappropriate for most post-thoracotomy patients. 
 Paravertebral blocks are best established with a bolus of 
local anaesthetic and maintained with a constant infusion of local 
anaesthetic via a catheter placed in the paravertebral space. 
Ultra long-acting local anaesthetic agents are being devel-
oped and placement of these agents in the paravertebral space 
may in the future make single bolus paravertebral blocks 
practical and thereby reduce the risks of local anaesthetic 
toxicity and block failure because of catheter displacement. 
Biodegradable bupivacaine-containing polymer microcap-
sules can produce prolonged local anaesthesia [148], adding 
a glucocorticoid prolongs the effect further [149]. In sheep 
the granulomatous reactions that occurred around the bupi-
vacaine microcapsules can be prevented by adding dexam-
ethasone [150]. Bupivacaine–dexamethasone microcapsules 
have been shown to produce an intercostal nerve block of 
up to 4 days duration in humans [151]. Bupivacaine has also 

Fig. 46.7. Intercostal nerve block. Showing spread of local anaes-
thetic to adjacent spaces (arrows) (reproduced with permission from 
Dravid and Paul [131]. © Blackwell Publishing Limited [2007]).
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been incorporated into liposomes [152]. Liposomal bupiva-
caine has a prolonged action in animals [153] and has been 
used to provide post-operative epidural analgesia in humans 
[154]. Recently, an absorbable local anaesthetic matrix has 
been used in rats [155].

Percutaneous Methods

A number of different techniques for the percutaneous 
 placement of paravertebral catheters have been described. 
Perhaps the most widely used technique is the one described 

Fig. 46.8. Posterior relations of the thoracic paravertebral space (reproduced from Murphy [135] by permission of Oxford University Press).

Fig. 46.9. Transverse section at the level of the intervertebral foramen showing the paravertebral spaces (reproduced with permission from 
Eason and Wyatt [144]. © Blackwell Publishing Limited [1979]).
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by Eason and Wyatt [144]. For the Earson technique, a Tuohy 
needle is inserted 3 cm lateral to the cranial edge of a spinous 
process at the appropriate level. The needle is then advanced 
perpendicular to the skin until contact is made with the under-
lying transverse process. If contact with bone is not made at the 
expected depth the needle is withdrawn and then re-advanced 
slowly, while fanning it in the sagittal plane, until contact with 
bone is made. The needle is then walked off the cranial edge 
of the transverse process and advanced slowly until a loss of 
resistance, less complete than that in the epidural space, is 
encountered, usually after a further 1 cm. This is frequently 
preceded by a subtle click as the costotransverse ligament is 
penetrated. In adults after aspiration, to confirm the needle is 
extravascular, approximately 20 mL of an appropriate local 
anaesthetic (e.g. 0.25% levobupivacaine) is administered to 
open up the paravertebral space before threading an epidural 
catheter into the paravertebral space. Consideration may be 
given to adding a small quantity of dye to the local anaesthetic 
administered, so correct placement of the block can be con-
firmed visually at subsequent thoracoscopy or thoracotomy.

An alternative technique whereby the paravertebral space 
is approached from an intercostal space has recently been 
described [156]. A Tuohy needle is positioned posteriorly over 
a rib at the appropriate level about 8 cm lateral to the head of 
that rib and advanced until contact is made with the rib. The 
needle is then orientated so the bevel is pointing medially and 
the tip is angulated 45° cephalad and 60° medial to the sagittal 
plane. The needle tip is then walked off the inferior border of 
the rib while maintaining this orientation and advanced a few 
millimetres until loss of resistance confirms that the intercostal 
neurovascular space has been entered. After aspirating to con-
firm the needle is extravascular approximately 5 mL of 0.25% 
levobupivacaine is injected to open up the intercostal neuro-
vascular space. An epidural catheter is then inserted into the 

Tuohy needle and advanced into the intercostal neurovascular 
space. The orientation of the needle directs the catheter along 
the intercostal neurovascular space towards the paravertebral 
space. The catheter is inserted about 8 cm into the intercostals 
space so the tip lies in the paravertebral space [156]. Percuta-
neous thoracic paravertebral blocks are technically simple to 
perform but have a failure rate of up to 10%. The use of ultra-
sound guidance may result in reduced failure rates. Failure 
rates can also be reduced by direct surgical placement.

Open Methods

Direct placement techniques may require some surgical pre-
planning. The posterior extent of the incision needs to be 
limited to allow sufficient room for the paravertebral. In par-
ticular it is important to preserve enough pleura posterior to 
the surgical incision. Direct placement techniques are usually 
undertaken at the end of surgery immediately prior to closure 
to reduce the risk of inadvertent catheter dislodgement. The 
direct placement of catheter into the paravertebral space at the 
end of surgery was first popularised by Sabanathan  et al. [157]. 
They described a technique whereby a catheter is inserted via a 
Tuohy needle. The catheter is inserted percutaneously medial 
to the posterior edge of the thoracotomy incision to emerge 
between the angle of the ribs into the chest cavity. The pari-
etal pleura two spaces above and below the incision is peeled 
back medially to expose the intercostal nerves taking care not 
to perforate the pleura. The catheter is then positioned to lie 
against the angles of the exposed ribs before the parietal pleura 
is reattached to the posterior aspect of the wound. The authors 
later reported an improvement in their technique [158]. After 
reflecting back the parietal pleura to the vertebral bodies as 
before, a small incision is made in the endothoracic fascia and 
the catheter is passed into the subendothoracic paravertebral 

Fig. 46.10. Saggital section through the para-
vertebral space showing a needle that has been 
walked off the transverse process (reproduced 
from Karmakar [146] with permission).
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compartment and advanced cranially for a few centimetres, 
aided if necessary by blunt dissection. The hole in the endotho-
racic fascia is then closed by a suture (see Fig. 46.11).

Another technique used in the author’s institution is for the 
surgeon to insert a Tuohy needle percutaneous, under direct 
vision, into the paravertebral space one or two segments cau-
dal to the thoracotomy incision. A catheter is then introduced 
through the Tuohy needle and advanced 10 cm or more crani-
ally in the paravertebral space. This requires careful manipu-
lation of the Tuohy needle and catheter to ensure it advances 
in the correct direction and damage to the overlying pleura is 
avoided. The other end of the catheter can then be tunnelled 
subcutaneously to limit the risk of inadvertent dislodgement. 
For patients undergoing video-assisted surgery, video-assisted 
surgical placement of a catheter is possible [159].

Management of Paravertebrals

The appropriate management of paravertebrals (drug choice, 
rate, adjuvant and administration technique) has not yet been 
established and further work is required to optimise the 
efficacy and safety of this technique. A review and meta-
regression analysis [160] found that a higher bupivacaine 

dose (890–990 mg per 24 h) predicted lower pain scores and 
faster recovery of pulmonary function compared to lower dose 
(325–472.5 mg) without a significant difference in the rate 
of local anaesthetic toxicity. Continuous infusions were asso-
ciated with significantly lower pain scores than intermittent 
boluses while the addition of adjuvants, fentanyl or clonidine, 
did not improve the analgesia. The use of safer local anaes-
thetic, such as levobupivacaine, vigilance for signs and symp-
toms of local toxicity (confusion), the addition of adrenaline 
to the solution and reducing the infusion rate for elderly or 
frail patients may all be appropriate steps to reduce the inci-
dence of toxicity with the use of paravertebrals. A typical dos-
ing regime for an adult patient might be 0.3 mL kg−1 initial 
bolus of 0.25% levobupivacaine followed by a 0.1 mL kg−1 h−1 
infusion of 0.25% levobupivacaine (see Table 46.2).

Limitations and Complications  
of Paravertebral Blocks

To provide effective analgesia in the affected somatic der-
matomes, post-thoracotomy paravertebral blocks may need 
to cover up to ten segments. It usually takes a number of 
hours for the local anaesthetic to spread sufficiently along the 
paravertebral space and as a result the early post-operative 
analgesia may be poor unless supplemented initially by other 
analgesic agents or techniques. Complications that have been 
reported include inadvertent pleural puncture, pulmonary 
haemorrhage, inadvertent dural puncture, hypotension, nerve 
injury and central nervous system local anaesthetic toxicity. 
The incidence of these complications is low but the avail-
able published data does not enable an exact incidence to be 
quoted to patients [146]. Many of the potential complications 
of paravertebrals can be greatly reduced, if not eliminated, by 
using an open method of insertion. However, the large volume 
of local anaesthetic required and rapid uptake of local anaes-
thesia from the vessel-rich paravertebral space mean that local 
anaesthetic toxicity is a concern. Mean plasma concentrations 
have been shown to exceed the threshold for central nervous 
system toxicity 48 h after commencing a 0.1 mL kg−1 h−1 infu-
sion of 0.5% bupivacaine [161]. In a separate study of patients 
receiving paravertebral 0.5% bupivacaine at this rate, 7% of 
patients developed temporary confusion attributed to bupi-
vacaine accumulation [162]. Until recently, there has been 
no specific treatment available for local anaesthetic toxicity. 
There is now a growing body of evidence from animal stud-
ies and case reports that lipid emulsion given intravenously 
improves outcome. It is therefore recommended that lipid 
emulsion is available wherever patients receive large doses 
of local anaesthetic such as for a paravertebral block. The 
management of local anaesthetic toxicity induced cardiovas-
cular collapse should involve CPR as per standard protocols 
followed by the consideration to administer a lipid emulsion 
[163, 164]. To put the risks in perspective, no fatality directly 
related to thoracic paravertebral block had been reported by 
2001 [146].

Fig. 46.11. A technique for performing paravertebral blocks. The 
endothoracic fascia (stippled) is exposed by raising the parietal 
pleura from the posterior chest wall. A catheter is inserted deep to the 
endothoracic fascia through a small hole created in the fascia (this 
figure was published Berrisford and Sabanathan [158]. © Elsevier 
[1990]).
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Advantages of Paravertebral Analgesia

Paravertebral block is a relatively simple technique that is easy 
to learn, has few contraindications and has a low incidence 
of complications. The open technique enables paravertebral 
blocks to be safely initiated in anaesthetised patients. This 
makes the technique particularly appropriate for patients in 
whom a VAT procedure is converted to an open thoracotomy. 
Impaired coagulation is a relative contraindication to the per-
cutaneous insertion of paravertebrals. However, for patients 
with impaired coagulation open placement is relatively safe 
and can be recommended. Hypotension, urinary retention, 
nausea and vomiting are less frequent post-operatively with 
paravertebrals than with thoracic epidurals [11]. In the author’s 
institution, paravertebrals are associated with earlier mobilisa-
tion and shorter hospital stays than thoracic epidurals.

Intrathecal Analgesia

The lumbar administration of subarachnoid opioids is an 
infrequently used technique that may have a wider role in 

providing post-thoracotomy analgesia. The use of intrathecal 
morphine to provide operative analgesia was first described 
in 1979 [165]. Since then a number of studies have reported 
the use of intrathecal opioids for post-thoracotomy analgesia 
[166–172]. The onset time of intrathecal opioids depends in 
part on their lipid solubility [173]. With intrathecal sufenta-
nyl the onset of analgesia is very rapid whereas morphine 
has a slower onset but longer duration of action. Combina-
tions of morphine and sufentanyl have been used to provide 
post-thoracotomy analgesia. In one study, morphine 200 mg 
was combined with sufentanyl 20 mg [166] in another study 
morphine 500 mg was combined with sufentanyl 50 mg [167] 
both studies reported good early analgesia. Side effects of 
intrathecal opioids include nausea, vomiting, pruritus, uri-
nary retention and delayed respiratory depression. The lum-
bar epidural space is easy to locate making it an attractive 
technique in patients with, for example fixed spinal defor-
mities. The combination of low-dose intrathecal morphine 
and a paravertebral block via a directly placed catheter  
has been suggested as an alternative to epidural analgesia 
post-thoracotomy [174].

Table 46.2. Adult analgesic regimes.
Technique Dose Comment

Paravertebrals
Lower dose regime
 Loading dose 0.3 mL kg−1 0.25% Levobupivacaine Higher dose regime produces improved  

analgesia and pulmonary function [160] Maintenance 0.1 mL kg−1 h−1 0.25% Levobupivacaine
High dose regime
 Loading dose 20 mL 0.5% Levobupivacaine
 Maintenance 0.1 mL kg−1 h−1 0.5% Levobupivacaine

Intrathecal opioids Morphine 200 mg + sufentanil 20 mg [166]  
or morphine 500 mg + sufentanil 50 mg [167]

Thoracic epidural
Levobupivacaine 0.1% Titrate to effect
or
Ropivacaine 0.15% Reduce rate by 40% for elderly
with
 Fentanyl 4–5 mg mL−1 or
 Sufentanil 1 mg mL−1 or
 Hydromorphine 10–25 mg mL−1 [280]
Bolus 7 mL
Infusion 7 mL h−1

Intercostal nerve blocks
Injection sites T3–T7 0.25% Levobupivacaine with epinephrine 

1:200,000 3–5 mL per site
Use repeated doses or continuous infusion [10]. 

Associated with rapid absorption of local  
anaesthetic

Ketamine
For intravenous supplementation  

of epidural analgesia
0.05 mg kg−1 h−1 [102]

Without epidural analgesia
 Bolus 0.5 mg kg−1 [274]
 Infusion 4 mg kg−1 min−1 Continued for few days [274]
Gabapentin 300–1,200 mg Orally 1–2 h pre-operatively [106] No benefit from multiple post operative doses [106]
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Fig. 46.12. The thoracic vertebra. The steepest caudal inclination of 
the spinous processes is in the midthoracic region (this figure was 
published in Ramamurthy [277]. © Elsevier [1996]).

1Editors note: It has been my personal experience that the paramedian 
approach has greatly improved my success rate for mid-thoracic epidurals, 
T3–T8, deliberately walking the Tuohy needle medially and up the lamina.

Epidural Analgesia

Epidural injections via the sacral hiatus in dogs were described 
in 1901 [175]. The interspinous approach for  epidural anaes-
thesia in clinical surgery was demonstrated in 1921 [176] 
and an article in 1933 by Dogliotti popularised epidural 
 anaesthesia [177].

Post-thoracotomy thoracic epidural analgesia was intro-
duced into clinical practice in the mid-1970s for high risk pro-
cedures [1, 2], by the mid-1980s it was being used by some 
for routine surgery [178] and by the 1990s it had become the 
mainstay of post-thoracotomy analgesia in many high volume 
Western units [3]. The widespread use of thoracic epidural for 
routine post-thoracotomy analgesia occurred because it pro-
vides effective, reliable post-thoracotomy analgesia, had been 
shown in a meta-analysis to reduce post-thoracotomy pulmo-
nary complication [62] and was believed by many to improve 
the outcome after thoracic surgery.

Lumbar Epidural Analgesia

Lumbar epidural insertion is an easier and more familiar tech-
nique for most anaesthesiologists and also because of the 
absence of an underlying spinal cord lumbar epidurals are 
probably safer than thoracic epidurals. Lumbar epidural hydro-
philic opioids are effective and were once used by a number 
of units to provide post-thoracotomy analgesia. Their wide-
spread use declined when a meta-analysis showed that, unlike 
epidural local anaesthetics, epidural opioids did not reduce 
the incidence of post-operative pulmonary complications 
[62]. Late respiratory depression is also a potential problem 
with epidural hydrophilic opioids. Because of synergistic anti- 
nociceptive interactions, mixtures of local anaesthetics and 
opioids are now routinely used to provide post-thoracotomy 
analgesia [14]. Epidural mixtures of segmentally acting lipo-
philic opioids and local anaesthetics are best administered at 
the dermatomal level of the surgical incision. For thoracic 
procedures, this equates to a thoracic epidural. If the mixture 
is administered by a lumbar epidural away from the incision 
larger volumes are required, greater hemodynamic instability 
results and achieving good analgesia is more difficult. Lumbar 
epidurals are not now generally used for providing post-thora-
cotomy analgesia; however, in the occasional patient in whom 
attempts at placing a thoracic epidural are unsuccessful, a lum-
bar epidural may be appropriate. It is also a technique worth 
considering in the rare circumstance in which it is considered 
appropriate to insert an epidural in an anaesthetised patient.

Thoracic Epidural Analgesia

Technique of Insertion

After inserting a venous cannula and positioning the patient 
in either the lateral or sitting position, depending largely on 
operator preference, a wide area of the back is prepped with 
alcoholic chlorhexidine or an alternative antiseptic solution.  

At least two applications are recommended. The initial 
 application should be with a sponge or similar material to 
abrade the superficial layers of the skin. Care should be taken 
to ensure that epidural drugs and equipment are not contami-
nated by the antiseptic used as all antiseptics are potentially 
neurotoxic. Similarly, the antiseptic solution used should be 
allowed to dry before commencing epidural insertion. The 
vertebral spinous processes are at their most oblique in the 
midthoracic region. At this level the tip of the spinous process 
is a landmark for the intervertebral space below the next ver-
tebrae (see Fig. 46.12).

For the midline approach, a local anaesthetic wheal is raised 
over the appropriate vertebral interspace. A Tuohy needle is 
then inserted immediately above the palpable tip of the lower 
spinous process and advanced at the oblique cephalad angle 
determined by the obliquity of the spinous processes at this 
particular level. The angle of insertion may need adjustment 
if contact is made with a spinous process. For the paramedian 
approach, a local anaesthetic wheal is raised about 1 cm lateral 
to the palpable tip of the appropriate spinous process. A Tuohy 
needle is then inserted through this wheal perpendicular to all 
the planes. When contact is made with bone (lamina) the nee-
dle is withdrawn to the skin and angulated about 45° cephalad 
and 10° medial before being reinserted to the original depth1. 
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The needle is then gradually advanced into the epidural space. 
If contact is again made with the lamina it may be necessary to 
walk the needle up the lamina to find the epidural space. After 
the tip of the Touhy needle has been in contact with bone it is 
advisable to ensure that the needle remains patent by gently 
re-inserting the trocar before re-advancing the needle.

It is known that during insertion epidural catheters do not 
follow a predictable course in the epidural space [179]. The 
optimal length of epidural catheter to leave in the epidural 
space is thus a balance between insufficient length resulting 
in catheter migration out of the space and excessive length 
resulting in technical failure because of malpositioning of the 
catheter tip. In a prospective analysis of post-operative epidu-
ral failure by computed tomography epidurolography during 
which 4 cm of epidural catheter was left in the epidural space 
25% of the epidurals failed. The major cause of epidural failure 
was dislodgement of the epidural catheter out of the epidural 
space [180]. Four centimetre of catheter is probably insuffi-
cient for thoracic epidurals that are to remain in situ for a few 
days, 5–6 cm may be more appropriate [181]. Migration of the  
catheter out of the epidural space can be reduced by appro-
priate fixation with adhesive dressings, tunnelling or suturing. 
We recommend suturing of the catheter to the skin.

Epidural Solutions

High concentrations of unsupplemented thoracic epidural local 
anaesthetics can provide effective post-thoracotomy analgesia 
but the incidence of hypotension is high [182], while lower 
concentrations are less effective. Because the synergistic anti-
nociceptive interactions of epidural local anaesthetics and opi-
oids [183] enable the amount of each drug to be minimised 
reducing the incidence and severity of the associated side 
effects, mixtures of local anaesthetics and opioids are now 
routinely used to provide post-thoracotomy analgesia [14]. 
Although there is probably no epidural mixture that is optimal 
for all patients, a mixture of 5 mg mL−1 of fentanyl in 0.1% 
bupivacaine is close to the optimal [184–186]. The newer 
local anaesthetic agents (levobupivacaine and ropivacaine) 
are less toxic than bupivacaine and although relatively small 
amounts are administered epidurally, we now use 5 mg mL−1 
of fentanyl in 0.1% levobupivacaine. The analgesic effects of 
epidural opioid and local anaesthetic mixtures are improved 
by epinephrine. Vasoconstriction of epidural vessels with 
reduced systemic uptake of epidural opioids is thought to be 
the major cause of this potentiation. The a-2 adrenergic action 
of epinephrine in the substantia gelatinosa may also contribute 
to the improved analgesia [187]. Potential cord ischemia as a 
result of excessive vasoconstrictive has limited the use of epi-
dural epinephrine. Clonidine, another a-2 adrenergic agonist, 
when combined with epidural opioids, reduces opioid require-
ments and opioid-related side effects [188]. In a study using 
an optimisation model to find the best epidural combination of 
fentanyl, bupivacaine and clonidine to administer after laparo-
tomy, the addition of clonidine did not significantly improve  

analgesia [184]. Epidural clonidine is not widely used to 
 provide post-thoracotomy analgesia [14], although the addi-
tion of clonidine should be considered for patients who are par-
ticularly sensitive to the systemic effects of epidural opioids.

The extent of the sensory block after the administration of 
epidural anaesthetics varies considerably between individu-
als. A number of factors are known to affect the spread of the 
sensory block during thoracic epidural analgesia including the 
level at which the epidural is sited. For high thoracic epidurals 
the direction of spread is mainly caudal, for low thoracic epi-
durals the spread is mainly cranial and for midthoracic epidur-
als the spread is almost equally distributed [41, 189]. The total 
extent of the spread, however, is not significantly different at 
these three sites [41, 189]. While administering an epidural 
solution via a high thoracic epidural it may be appropriate to 
avoid neck flexion to further limit the potentially harmful cra-
nial spread of the epidural solution [190]. Although widely 
believed and apparently logical, there is little evidence that 
the extent of thoracic epidural spread is related to the height 
of the patient [41]. Similarly, for adult patients weight does 
not appear to correlate with the extent of thoracic epidural 
spread [41]. There is, however, a positive correlation between 
the patient’s age and the thoracic epidural spread, with elderly 
patients requiring about 40% less epidural solution [41, 42]. 
For younger patients, we usually administer a ~7 mL epidural 
bolus of a mixture containing 5 mg mL−1 of fentanyl in 0.1% 
levobupivacaine via a midthoracic catheter and then infuse the 
epidural solution at ~7 mL h−1. For elderly patients, we reduce 
the bolus and infusion rate by about 40% (see Table 46.2 and 
Fig. 46.13)2.

Fig. 46.13. Relationship between age and epidural dose requirements 
of 2% mepivacaine in thoracic epidural analgesia. D Dermatome 
(reproduced from Hirabayashi and Shimizu [42] by permission of 
Oxford University Press).

2Editors note: Several alternative protocols for thoracic epidural infusions are 
described in the addendum at the end of this chapter.
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Benefits of Thoracic Epidural Analgesia

Thoracic epidurals provide excellent early post-thoracotomy 
analgesia and are widely regarded as the “gold standard” for 
post-thoracotomy pain relief.

Improved Post-operative Diaphragmatic Dysfunction
Prolonged diaphragmatic dysfunction has been shown to 
occur after thoracic [191] and upper abdominal [192] surgery. 
Diaphragmatic contractility is not impaired [193, 194] and the 
diaphragmatic dysfunction is thought to be secondary to reflex 
inhibition of the phrenic nerve as a result of stimulation of 
afferents in the viscera, diaphragm and chest wall [193]. Pain 
is not considered to be a major mediator of this dysfunction 
[195]. Thoracic epidural local anaesthetics have been shown 
to improve diaphragmatic function after upper abdominal sur-
gery [196]. Epidural opioids are not effective [192]. Thoracic 
epidural local anaesthetics have not been shown to improve 
the impaired diaphragmatic segmental shortening after thora-
cotomy but other ventilatory parameters did improve. How-
ever, as epidural local anaesthetics can alter other respiratory 
muscle functions the improvement in diaphragmatic function 
may have been masked [191]. Thoracic epidural analgesia may 
directly affect functional residual capacity post-thoracotomy 
as an increase in functional residual capacity occurs in healthy 
humans receiving thoracic epidural analgesia [197].

Reduced Cardiovascular Complications
Cardiovascular complications contribute significantly to post-
thoracotomy morbidity and mortality. Thoracic epidural local 
anaesthetics can block the sympathetic nerve fibres to the heart 
(T1–T5) and have been used to treat refractory angina [198, 
199]. Thoracic epidural analgesia can also dilate constricted 
coronary arteries and improve the hemodynamic stability of 
patients undergoing thoracic surgery. These changes have the 
potential to reduce myocardial ischaemia. A meta-analysis of 
patients undergoing various surgeries has confirmed this poten-
tial and shows that epidural analgesia reduces post-operative 
myocardial infarctions by 40%; thoracic epidural analgesia 
is superior to lumbar epidural analgesia in this respect [200]. 
There is some evidence that thoracic epidural local anaes-
thetics reduce the incidence of supraventricular arrhythmias 
[201], which occur in 20–30% of post-thoracotomy patients  
[202, 203] and are associated with an increased mortality 
[204, 205].

Thoracic Epidurals and Outcome

The mortality from lung cancer surgery has decreased over the 
last few decades and this reduction in post-thoracotomy mortal-
ity has been attributed, in part, to improvements in post-operative 
analgesia. There are a number of possible mechanisms whereby 
thoracic epidural analgesia may reduce respiratory complica-
tions post-thoracotomy. These include better preservation of 
functional residual capacity, improved mucociliary clearance, 
reduction of inhibitory effects on the diaphragm, less pain, nau-
sea and sedation and better collaboration with physiotherapy. 

Although transferable evidence and early analysis found that 
when compared with systemic analgesia, thoracic epidural 
analgesia reduced post-operative pulmonary complications 
[62], later quantitative analyses have not shown this reduction  
[10]. Similarly, although thoracic epidurals may decrease 
peri-operative myocardial infarctions [200] and reduce the 
incidence of thrombo-embolic events [206, 207] there are 
no prospective studies showing thoracic epidurals improve 
survival after thoracotomy. A meta-analysis of randomised 
controlled studies did show reduced mortality with neuroaxial 
blocks after surgery but much of this effect was after orthopae-
dic surgery [208]. In contrast, a large prospective randomised 
study of patients undergoing major abdominal surgery did not 
show epidural analgesia to be associated with reduced mortal-
ity [209]. A large prospective study is required to determine if 
post-thoracotomy outcome is improved with thoracic epidural 
analgesia.

Limitations and Adverse Effects

The reported rates of epidural failure vary. Although success-
ful catheter placement rates of 99% and subsequent technical 
failure rates of <1% have been reported [210], some audits 
have reported a 30–50% failure rate [211] and a recent meta-
analysis reported a 15% thoracic epidural failure rate [11]. 
Thoracic epidurals are considered technically more difficult 
to insert than lumbar epidurals; however, the dural perfora-
tion rate has been found to be lower during thoracic epidural 
insertion (0.9%) than during lumbar epidural insertion (3.4%) 
[210]. Respiratory depression is a concern with epidural opi-
oids particularly hydrophilic opioids. The incidence is related 
to the type and dose of the epidural opioids used. A Swed-
ish study also found that age >70 year and the administration 
of additional opioids by other routes were risk factors for the 
development of respiratory depression [212]. However, the 
reported incidence of respiratory depression with fentanyl local 
anaesthetic epidurals of 0.3% [213] is no higher than the inci-
dence of respiratory depression when opioids are administered 
by other routes. Drug errors whereby the wrong drug is admin-
istered epidurally have been reported [214] but fortunately are 
rare and should be reduced further by using dedicated epidural 
delivery systems. The reported incidence of serious compli-
cations has varied although an estimate of 0.0007% is often 
quoted. The Third National Audit Project, the largest prospec-
tive study of complications after central neuraxial blocks, has 
helped clarify the incidence of serious complications associ-
ated with epidurals [4, 5]. This confirmed that overall (peri-
operative, obstetric, paediatric and chronic pain) central nerve 
blocks were associated with a very low (0.007%) incidence 
of major complications. The incidence of major complication 
after epidurals inserted peri-operatively was, however, much 
higher at 0.02%. The most frequent complications were epi-
dural haematomas [5]. This incidence of major complications 
after peri-operative epidurals is almost the same as that inci-
dence reported in an earlier Swedish study [215].
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Neuroaxial Block and Coagulation

Due to the rarity of spinal epidural hematomata case reports, 
expert opinion, not scientific evidence from controlled trials, 
provides the mainstay of recommendations for epidural anal-
gesia in patients receiving antithrombotic medications. This is 
particularly true for thromboprophylaxis [216]. The risk of an 
epidural inserted for post-thoracotomy analgesia resulting in 
a permanent injury or death is approximately 0.02%. Epidural 
haematomas account for most of this morbidity [4, 5]. Anti-
coagulants and antiplatelet agents can further increase the risk 
of vertebral canal haematoma [217, 218] and may increase 
the risk of epidural abscesses by causing small haematomas 
that become secondarily infected. All patients receiving tho-
racic epidural analgesia and patients who have undergone 
unsuccessful attempts at epidural catheter placement should 
be monitored regularly for symptoms and signs of vertebral 
canal haematoma, specifically back pain, motor or sensory 
changes and urinary retention (if not catheterised). Of these, 
motor block is the most reliable sign and most sensitive prog-
nostic indicator [219]. Vertebral canal haematoma occurring 
in the peri-operative period have a poor outcome.

Oral Anticoagulants (Warfarin)
When thoracic epidural analgesia is planned warfarin should be 
discontinued at least 4–5 days pre-operatively. The INR should 
be within normal limits prior to placing the epidural catheter to 
ensure adequate levels of active vitamin K-dependent clotting 
factors. Haemostasis may not be adequate even with an INR of 
1.3 [6]. Warfarin therapy should not be reinstituted until after 
removal of the epidural catheter and the INR should be <1.5 
prior to catheter removal.

Antiplatelet Medications
There is considerable variability in patient responses to 
antiplatelet agents. The increased risk in individual patients 
may therefore be difficult to quantify, although female sex, 
advanced age and a history of easily bruising can signify an 
increased risk. The role of near-patient testing of platelet func-
tion prior to neuraxial block needs to be established.

NSAIDs (Including Aspirin)
NSAIDs appear not to increase the risk of vertebral canal hae-
matoma in patients undergoing neuroaxial blockade [6, 220, 
221]. Concurrent administration of other haemostasis alter-
ing medications does, however, appear to increase the risk of 
bleeding [6], especially in the case of aspirin. This includes 
heparin for post-operative thromboprophylaxis [216, 218]. 
Thus, if feasible, aspirin should be discontinued 5–7 days 
prior to surgery if central neuraxial blockade and heparin-
based DVT prophylaxis is planned.

Thienopyridine Derivatives
These include clopidogrel and ticlopidine. They are potent anti-
platelet agents causing irreversible inhibition of ADP-induced 
platelet aggregation and platelet–fibrinogen binding inhibition. 
Clopidogrel should be discontinued at least 7 days and ticlopi-
dine at least 10–14 days prior to neuraxial blockade [6].

Herbal (Alternative) Medication [6, 216]
Up to 50% of surgical patients may be taking herbal medi-
cations pre-operatively although many do not volunteer this 
information. Although herbal drugs by themselves probably 
pose	no	 significant	 added	 risk,	Garlic,	Ginseng	and	Gingko	
have raised concern because they are associated with throm-
bocytopenia, inhibition of platelet aggregation and interaction 
with vitamin K antagonists. There may be a small increased 
risk of an epidural haematoma if patients receive heparin for 
thromboembolism prophylaxis. It is probably wise to actively 
seek a history of such herbal therapy usage and discontinue it 
7 days pre-operatively.

Coronary Stents
An increasing number of patients with coronary artery stents 
in situ and receiving antiplatelet drugs are presenting for tho-
racic surgery. After insertion patients receiving bare metal stents 
require aspirin and clopidogrel for at least 4 weeks. Patients 
receiving drug eluting stents require aspirin and clopidogrel for 
at least 12 months. All patients with stents in situ require aspirin 
for life [7, 9, 222]. Dual-antiplatelet therapy is a contraindication 
to epidural analgesia [6]. Although discontinuing clopidogrel 
³7 days pre-operatively while continuing aspirin may make 
thoracic epidural feasible, the premature discontinuation of 
one antiplatelet agent markedly increases the risk of acute peri- 
operative stent thrombosis with significant cardiac morbidity 
and mortality [7–9]. Aspirin therapy should rarely be interrupted 
[9]. The planned duration of post-operative epidural analgesia 
is also relevant as antiplatelet therapy should be recommenced 
as soon as possible post-procedure as delays may expose the 
patient to an unacceptable risk of stent thrombosis [7].

Thromboprophylaxis
Subcutaneous unfractionated heparin is effective in reduc-
ing the incidence of thromboembolic complications [6, 223]. 
As there have been only five case reports of vertebral canal 
haematomata associated with neuraxial blockade in patients 
receiving subcutaneous unfractionated heparin published in 
the literature [224–226] subcutaneous heparin in patients with 
thoracic epidurals in situ appears safe [227]. If subcutaneous 
heparin is continued for greater than 4–5 days a platelet count 
is recommended prior to removal of the epidural catheter as 
heparin-induced thrombocytopenia may occur. Low molecu-
lar weight heparins have different biochemical and pharmaco-
logical properties to unfractionated heparin including anti-Xa 
activity [6]. The half life of anticoagulant activity following 
the administration of a dose of subcutaneous low molecular 
weight heparin is considerably longer than that following a 
subcutaneous dose of unfractionated heparin, allowing once 
daily dosage. In the late 1990s, there were reports of more than 
40 cases of vertebral canal hematomata in patients following 
neuraxial blockade in the United States. This may have been 
the result of the North American guidelines recommending 
twice daily dosage, meaning there was effectively no “safe” 
time in which to perform a block or remove an epidural cathe-
ter. Similar clusters of cases of hematomata were not reported 
in Europe despite extensive experience of regional blockade 
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concurrent with low molecular weight heparin thrombopro-
phylaxis [228, 229]. This is thought to represent the once daily 
dosage employed in Europe. However, despite this neuraxial 
blockade in the presence of low molecular weight heparin 
thromboprophylaxis is more risky than with unfractionated 
heparin, especially for epidural catheter techniques [6].

Urinary Retention

Urinary retention is a well-known complication of epidural 
opioids use [230]. The mechanisms for this include inhibi-
tion of the sacral parasympathetic outflow and inhibition 
of the pontine micturition centre [231]. Epidural morphine-
mediated reduction in detrusor muscle function is antagonised 
by naloxone [232] and in post-hysterectomy patients naloxone 
can reverse bladder dysfunction without reversing epidural 
morphine analgesia [233]. However, when given to post-
thoracotomy patients receiving thoracic fentanyl bupivacaine 
epidural analgesia, naloxone reversed the analgesic effects of 
the epidural without reducing the need for urinary catheterisa-
tion [234] and is not recommended for this purpose.

Gastric	Emptying

The excellent early analgesia provided by thoracic epidural 
analgesia enables most patients to resume their normal diet and 
oral medications a few hours post-thoracotomy. The rate-lim-
iting step for the absorption of most orally administered drugs 
is	gastric	emptying.	Gastric	emptying	is	variably	affected	by	
anaesthesia and surgery [235–237]. Epidural opioids can result 
in gastric hypomobility. Branches of the T6–T10 sympathetic 
nerves innervate the stomach [238] and sympathetic blockade 
of	these	nerves	could	hasten	gastric	emptying.	Gastric	empty-
ing has been shown to be normal in patients receiving bupi-
vacaine epidural analgesia post-cholecystectomy [237]. For 
post-thoracotomy patients receiving a fentanyl bupivacaine, 
thoracic epidural gastric emptying is delayed for >48 h [239]. 
This delayed gastric emptying may lead to reflux or regurgita-
tion and altered effects of orally administered drugs.

Hypotension

Hypotension is a common clinical occurrence during thoracic 
epidural analgesia. It is important to appreciate the differ-
ences between hypotension due to a lumbar vs. mid-thoracic 
epidural sympathetic blockade. With lumbar neuraxial block-
ade, hypotension is primarily due to systemic vasodilation, 
decreasing cardiac preload and afterload. The hypotension due 
to thoracic epidural blockade occurs for these two previous 
reasons and also due to blockade of the cardiac sympathetic 
supply, T2–T4, which interferes with the heart’s ability to 
increase contractility. Unlike treatment of hypotension during 
lumbar blockade, hypotension during thoracic epidural block-
ade will have a limited response to increases of preload and 
afterload and therefore requires treatment with a b-adrenergic 
or mixed agonist (e.g. ephedrine, dopamine, etc.) to increase 
cardiac contractility and restore cardiac output [240].

Shoulder Pain

Ipsilateral shoulder pain is common in patients receiving 
effective thoracic epidural analgesia and occurs occasion-
ally in patients receiving paravertebral blocks, but is rare in 
patients not receiving nerve blocks for post-thoracotomy anal-
gesia. The reported incidence of ipsilateral shoulder pain in 
patients receiving thoracic epidural analgesia varies from 42 
to 86% [18, 19, 109, 142, 241]. This shoulder pain is often 
described by patients as an ache, usually of moderate to severe 
intensity, and lasts for a few days. Early explanations of this 
shoulder pain were that it was related to the transection of a 
major bronchus although no mechanism was suggested [18]. 
Other early explanations included stretching of the brachial 
plexus or the shoulder joint as a result of the intra-operative 
positioning and distraction of the posterior thoracic ligaments 
by surgical retractors [17]. Recent studies have helped explain 
the pathogenesis of this pain. A double-blind study of patients 
who had developed ipsilateral post-thoracotomy shoulder pain 
in which patients were given either bupivacaine or saline to 
block the suprascapular nerve found that blocking the supras-
capular nerve did not affect the incidence of pain [241]. This 
makes intra-operative shoulder distraction an unlikely cause 
of ipsilateral post-thoracotomy shoulder pain. A placebo-
controlled study of the administration of bupivacaine through 
the basal drain found that bupivacaine was not effective in 
reducing ipsilateral post-thoracotomy shoulder pain [142]. 
Irritation of the diaphragmatic pleura by a basal chest drain 
is therefore unlikely to be a significant cause of ipsilateral 
post-thoracotomy shoulder pain. A placebo-controlled study 
in which the periphrenic fat pad, at the level of the diaphragm, 
was infiltrated with either lidocaine or saline intraoperatively 
reduced the early incidence of ipsilateral post-thoracotomy 
shoulder pain from 85 to 33% [19] (see Fig. 46.14).

This marked reduction in the incidence of ipsilateral post-
thoracotomy shoulder pain with phrenic nerve infiltration was 
confirmed in a later study [242]. The phrenic nerve must there-
fore be importantly involved in the pathogenesis of ipsilateral 
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Fig. 46.14. Diagram to illustrate the site of the periphrenic nerve 
fat sheath for phrenic nerve blocks (modified with permission from 
Gosling	et	al.	[278] and Scawn et al. [19]).
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post-thoracotomy shoulder pain. The phrenic nerve supplies 
sensory branches to the mediastinal pleura, the fibrous peri-
cardium, the parietal layer of the serous pericardium and the 
pleura related to the central part of the diaphragm. In most 
patients, the likely explanation of ipsilateral post-thoracotomy 
shoulder pain is irritation of the pericardium, mediastinal and 
diaphragmatic pleural surfaces resulting in pain referred to the 
shoulder via the phrenic nerve. In a few patients with ipsi-
lateral post-thoracotomy shoulder pain and an apical chest 
drain extending to the apex of the chest cavity, withdrawal 
of the chest drain by a few centimetres relieves the pain. This 
implies that irritation of the apical pleura by the chest drain is 
another cause of ipsilateral post-thoracotomy shoulder pain.

Recent studies have helped guide the treatment of ipsilateral 
post-thoracotomy shoulder pain. The pain is resistant to epi-
dural boluses [76] and intravenous opioids [19]. Pre-operative  
gabapentin [109] is similarly ineffective. Effective treat-
ment options for ipsilateral post-thoracotomy shoulder pain 
include acetaminophen [93], non-steroidal anti-inflammatory 
agents [18, 76], direct intra-operative phrenic nerve blocks 
[19, 242] and indirect post-operative phrenic nerve blocks 
[243, 244]. Rectal acetaminophen is safe and moderately effec-
tive [93] although personal experience suggests intravenous 
acetaminophen to be more effective. The use of acetamino-
phen orally, rectally or intravenously to treat ipsilateral post- 
thoracotomy shoulder pain is recommended. Non-steroidal 
anti-inflammatory agents are effective in controlling ipsilateral 
post-thoracotomy shoulder pain [18, 76] and personal experi-
ence suggests that they are more effective than acetamino-
phen. The well-known side effects of NSAIDs are, however, 
a particular concern in the often old and debilitated patients 
who have undergone thoracic surgery and the risks should be 
assessed before their use. Intra-operative phrenic nerve blocks 
are effective. The short duration of effect with lidocaine [19] 
can be extended by the use of ropivacaine [242] but patient 
selection is important as the resultant unilateral diaphragmatic 
paresis can further impair ventilation. Phrenic nerve blocks 
should be considered for patients in whom post-operative pul-
monary function is not a concern and for patients undergo-
ing a pneumonectomy. In post-pneumonectomy patients, the 
unilateral loss of diaphragmatic function has limited effects 
on ventilation and may have an additional benefit of helping 
to reduce the pneumonectomy space. Post-operative intersca-
lene brachial plexus blocks have been shown to be effective 
in treating ipsilateral post-thoracotomy shoulder pain in case 
reports [243] and in a prospective study [244]. The phrenic 
nerve block that is a side effect of interscalene brachial plexus 
block [245] almost certainly explains the blocks effectiveness. 
Because of the potential complications associated with this 
block we recommend that interscalene brachial plexus blocks 
be considered only in patients with severe ipsilateral post-
thoracotomy shoulder pain and adequate pulmonary reserve. 
Although a stellate ganglion block may be effective in treating 
ipsilateral post-thoracotomy shoulder pain [246], its use for 
this purpose is not recommended.

Techniques for Specific Procedures

Sternotomy

A sternotomy can be used to provide access for a range of 
 surgical procedures including the resection of anterior medi-
astinal tumours. At closure the divided sternum is usually inter-
nally fixed with wire. This fixation restricts bone movement 
and limits pain. Adequate post-sternotomy analgesia can usu-
ally be achieved with a morphine IV-PCA system supplemented 
when appropriate by non-opioid analgesics. Local anaesthetic 
wound infiltration can reduce opioid consumption [247] and 
should be considered. Continuous wound infiltration via deep 
and/or subcutaneous catheters may be more effective but evi-
dence of effectiveness is limited, with some studies showing 
no benefit [248]. Thoracic epidurals can provide very effec-
tive post-sternotomy analgesia. The catheter should be sited at 
a higher level (T3/T4) than for a thoracotomy (T6/T7) and any 
parasthesia of the medial surface of the arms detected early, to 
enable a timely reduction in the epidural infusion rate to limit 
the risk of bilateral phrenic nerve (C4–C5) blocks. Thoracic 
epidural analgesia should be considered for patients with poor 
lung function undergoing bilateral pulmonary procedures via 
a sternotomy (e.g. volume reduction surgery). A parasternal  
local anaesthetic block can reduce opioid requirements [249] 
and should be considered in patients with poor lung function 
in whom epidural anaesthesia is contraindicated.

Video-Assisted Surgery

The limited incision may limit post-operative pain. The appro-
priate analgesia depends in part on the nature of the surgery 
undertaken. Thoracic epidural analgesia is usually provided 
for patients undergoing VAT lung volume reduction surgery 
and may be advantageous in patients undergoing minimally 
invasive oesophagectomies [250]. Paravertebral blocks and/or 
an IV-PCA system may be appropriate for patients undergoing 
VAT lung resections. Minimal analgesia may be required after 
VAT pleural biopsies or sympathectomies.

Open Thoracotomy

A large number of pain management techniques have been 
described for open thoracotomy patients. These have included 
the administration of local anaesthetics, opioids and other 
drugs to provide intercostal nerve blocks [128–130], interpleu-
ral blocks [136–139], paravertebral blocks [162, 251, 252], 
lumbar epidural analgesia [253–255], thoracic epidural anal-
gesia [1, 2, 178, 185, 186], intrathecal analgesia [166–172] and 
systemic analgesia [10]. In addition, the non-pharmacological 
techniques of cryoanalgesia [123, 124] and TENS [116–122]  
have	been	used.	Good	post-thoracotomy	pain	 	control	 is	 dif-
ficult to achieve without regional anaesthesia (or multiple 
nerve blocks) and it is recommended that a regional anaes-
thetic technique be used alone, or in combination with  
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systemic analgesics, to provide post-thoracotomy analgesia. 
As apart from paravertebral blocks all other regional analgesic 
techniques are inferior to thoracic epidural analgesia [10], the 
choice of regional anaesthetic technique is usually between 
thoracic epidural analgesia and a paravertebral block.

Thoracic epidurals usually provide post-thoracotomy anal-
gesia with an epidural mixture of opioids and local anaes-
thetics; patients usually receive no systemic analgesics apart 
from perhaps acetaminophen or NSAIDs for shoulder pain. In 
contrast, paravertebral blocks are usually supplemented with 
systemic morphine, NSAIDs and other systemic analgesics for 
at least the early post-operative period. These differences are 
important in the interpretation of studies that have compared 
thoracic epidural analgesia and paravertebral blocks. A meta-
analysis published in 2006 included 10 trials with 520 enrolled 
patients [11]. In six of the trials, the epidural group received 
higher concentrations of epidural local anaesthetics than gen-
erally used [14] or recommended. It is well known that the 
incidence of post-operative hypotension is increased when 
higher concentrations of epidural local anaesthetics are used. 
Similarly, in only four of the trials were epidural local anaes-
thetics supplemented with opioids used as is recommended 
and usual practice [14]. Notwithstanding these limitations, it 
was concluded that the two techniques provided comparable 
analgesia and that pulmonary complications were lower in the 
paravertebral group [11]. Similarly, a 2008 review of regional 
techniques for post-thoracotomy analgesia found that a con-
tinuous thoracic epidural infusion of local anaesthetics and 
opioids provided the most consistently effective analgesia 
[10]. However, when compared to systematic analgesia, tho-
racic paravertebral blocks, but not thoracic epidural analgesia, 
reduced the incidence of pulmonary complications [10]. In 
practice both techniques have advantages in particular patients 
and the acquisition of expertise in both techniques is recom-
mended. For patients with borderline predicted post-operative 
lung function, good early analgesia and the ability to co-operate 
with lung recruitment manoeuvres immediately post-operatively 
may be critical. Correctly sited thoracic epidurals provide 
 reliable good early analgesia with minimal sedation and their 
use in this scenario is recommended. A retrospective analy-
sis of one institute’s data showed that a pre-operative FEV

1
 of 

less than 60% predicted was an independent risk factor for the 
development of post-thoracotomy pulmonary complications 
and mortality. The use of thoracic epidural analgesia was asso-
ciated with reduced pulmonary complications and a reduced 
mortality in patients with an FEV

1
 < 60%, although no patients 

were reported to have received a paravertebral block [256] (see 
Fig. 46.15). A prospective 1-year observational study of pneu-
monectomies in the United Kingdom found epidural analgesia 
to be a significant associate of poor outcome [257].

For patients with good pulmonary function undergoing 
 limited lung resection, early analgesia may be less critical and 
paravertebral analgesia may enable earlier mobilisation and 
shorten hospital stays. For most patients, the decision is less 
clear cut and consideration of the relative risks and benefits of 

the two techniques should be made for the particular patient 
(see Table 46.3). For patients for whom neither thoracic epidu-
ral or paravertebral blocks is appropriate consideration should 
be given to the use of intercostal nerve blocks or pre-operative 
intrathecal opioids.

Fig. 46.15. Thirty-day mortality rate (top) and incidence of respira-
tory complications (bottom) according to pre-operative FEV

1
 (<60% 

or ³60%) and type of analgesic regimen: without thoracic epidural 
analgesia (white bars) or with thoracic epidural analgesia (black 
bars). *p < 0.05, compared with group without thoracic epidural 
analgesia; †p < 0.05, compared with group FEV

1
 ³ 60% (FEV

1
 forced 

expiratory volume in 1 s) (this figure was published in Licker et al. 
[256]. © Elsevier [2006]).

Table 46.3. Factors influencing choice of paravertebral block or 
thoracic epidural.
Favours thoracic epidural Favours paravertebral block

Poor PFTs Good	PFTs
Extensive lung resection Limited lung resection
Chest wall involvement Sepsis
Non-steroidal anti-inflammatory 

drugs (NSAIDs) contraindicated
Impaired coagulation

Patient preference Patient preference
Fixed spinal deformity
Anaesthetised patient

PFTs Pulmonary function tests
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Oesophageal Surgery

Post-operative pain can be very severe after open oesopha-
geal surgery and thoracic epidural analgesia is usually used 
to provide post-operative analgesia for these patients. For 
patients undergoing a minimally invasive oesophagectomy, 
the combination of an IV-PCA system, a paravertebral block 
and non-opioid analgesics is frequently used. Recent work, 
however, found an increased mortality in patients undergo-
ing a minimally invasive oesophagectomy without a thoracic 
epidural [250] and a thoracic epidural should be considered 
for all patients scheduled to undergo an oesophagectomy. 
Post-oesophagectomy thoracic epidural analgesia probably 
has benefits in addition to providing good analgesia. In non-
randomised studies comparing systemic opioids with epidural 
analgesia after open oesophageal surgery, patients receiving 
epidural analgesia had fewer respiratory complications [258], 
spent less time in intensive care [258, 259] and had a lower 
mortality [258, 260, 261]. In 1994, Watson and Allen [261] 
stated that in their experience “the routine use of thoracic epi-
dural analgesia has been the most significant advance in the 
management of patients with oesophageal cancer during the 
past 15 years”. Similarly, Law et al. [262] attributed their low 
post-oesophagectomy complication rate to thoracic epidural 
analgesia and said “Perhaps the most important advance in 
peri-operative care in oesophagectomy in the 1990s was the 
use of epidural analgesia, which was shown to reduce compli-
cations and death rate”. Thoracic epidurals may decrease the 
incidence of anastomotic leakage post-oesophagectomy [263]. 
Ischemia at the anastomotic end of the newly formed gastric 
tube is a major cause of anastomotic leaks post-oesophagec-
tomy [264]. A relationship between low Doppler determined 
blood flow at the anastomotic site and subsequent anastomotic 
leakage has been shown [265]. Although intra-operative epi-
dural boluses can cause hypotension and reduced blood flow 
to the anastomotic end of the gastric tube [266], a study using 
continuous post-operative thoracic epidurals found epidurals 
to be associated with minimal hypotension and an increased 
distal conduit blood flow [267]. We recommend that “anes-
thesiologists should be cautious in accepting intra-operative 
hypotension secondary to epidural administration in patients 
undergoing esophagectomy” [266]. For patients undergoing 
open oesophageal surgery in whom epidural analgesia is inap-
propriate or contraindicated consideration should be given to 
the use of a continuous paravertebral block as they have been 
reported to provide reasonable analgesia when supplemented 
by systemic analgesics [268].

Opioid Tolerant Patients

Opioid tolerant patients presenting for thoracic surgery include 
patients with malignant diseases receiving opioids for pain, 
a rapidly increasing group of patients with non-malignant 

disease receiving opioids chronically for pain management, 
opioid-dependent substance abusers and former addicts on 
long-term maintenance programmes. The principles of treat-
ment are similar for all groups but opioid substance abusers 
may present additional challenges due to their psychological 
problems, dependency on other substances (e.g. alcohol) and 
concomitant infectious diseases (e.g. tuberculosis, human 
immunodeficiency virus) which may affect the delivery of 
anaesthesia.

Achieving good post-operative analgesia in patients who 
are chronically receiving opioids is frequently difficult and 
these patients may experience more post-operative pain. 
Patients should when practical be involved in the plans for 
their post-operative pain management. Abrupt cessation of 
opioids can result in an acute opioid withdrawal syndrome 
and should be avoided. Naltrexone, a long acting opioid 
antagonist used to help prevent relapse in detoxified former 
opioid dependent patients, should be discontinued a few days 
before surgery. The route and usual daily dose of opioids 
should be established, and for patients scheduled for major 
surgery and an equivalent intravenous dose of morphine esti-
mated. Unfortunately, variability in the pharmacokinetics, 
pharmacodynamics, route of administration and daily opioid 
consumption make estimating a morphine equivalent dose 
difficult. For opioid naïve patients, receiving an IV-PCA for 
post- thoracotomy analgesia, a background opioid infusion is 
usually not appropriate. Opioid-dependent patients however 
should, in addition to any demand opioids, receive at least 
50% of their usual dose of opioid orally, or if this is not appro-
priate, as a background infusion throughout the peri-operative  
period. Most patients undergoing open thoracic surgery ben-
efit from the addition of a regional anaesthetic technique 
and/or the addition of adjunctive pharmacologic agents to 
their opioids. Thoracic epidurals can provide excellent post- 
thoracotomy analgesia in opioid tolerant patients and their 
use is recommended. The use of a lipophilic opioid local 
anaesthetic mixture is recommended. Lipophilic opioids local 
anaesthetic mixtures have been shown to provide pain con-
trol that is superior to morphine local anaesthetic mixtures in 
opioids tolerant patients perhaps because analgesic effects are 
exerted at lower receptor occupancy [269, 270]. An alterna-
tive for patients scheduled to receive significant amounts of 
opioids by other routes is the use of a plain local anaesthetic 
epidural solution. Where thoracic epidural use is inappropri-
ate a surgically placed catheter and paravertebral infusion is 
recommended. Non-opioid adjuvant analgesic agents should 
also be considered. The use of NSAIDs or COX-2 inhibitors 
is particularly appropriate for opioid tolerant patients and their 
use is recommended although there are few studies evaluating 
their use in opioid-dependent patients.

For a few patients, parental opioids may be the most 
appropriate means of providing post-operative analgesia. 
Despite earlier concerns of increasing addiction and manipu-
lative behaviour, the use of intravenous IV-PCA systems to 
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control pain in substance abusers is now generally considered 
acceptable, if this system is used appropriately. Predicting 
the postoperative opioid requirement for opioid-dependent 
patients is difficult. Opioid tolerant patients are more likely 
to become sedated than opioid naïve patients despite  having 
higher pain scores [271]. Swenson et al noted that during 
drug administration there is initially a disparity between the 
plasma concentration and the concentration of the drug at 
its site of action (effect site concentration). They describe a 
method of determining the effect site concentration of fen-
tanyl at the threshold of respiratory depression in individual 
patients using simulation software and a fentanyl infusion. 
After determining the effect site concentration of fentanyl 
at the threshold for respiratory depression an hourly fenta-
nyl administration rate that will result in 30% of this effect 
site concentration is calculated. Utilising an intravenous PCA 
system half of this calculated fentanyl dose can be admin-
istered as a background infusion while the remaining 50% 
is programmed for demand administration as boluses with 
a 15-min lockout period. They recommend that the regi-
men be reviewed at 4 hourly intervals and adjustments made 
based on the number of demand boluses administered, the 
level of conscious and the respiratory rate [272]. Methadone, 
a NMDA receptor antagonist which can activate a adrener-
gic receptors and a different range of m receptors subtypes 
to morphine, is regarded as the intravenous PCA opioid of 
choice for opioid-dependent patients by some authors [273]. 
Consideration should be given to using a methadone IV-PCA 
system in opioid-dependent patients whose post-operative 
pain is refractory to large doses of systemic morphine. The 
administration of a low dose ketamine infusion should be 
considered particularly in patients for whom regional anaes-
thetic techniques are not planned. The literature suggests 
that for opioids tolerant patients an intra-operative bolus 
of ketamine (~0.25 mg kg−1) should be followed by an intra-
venous infusion (~2 mg kg−1 min−1) continued for a few days 
[274]. Although adding ketamine to morphine delivered via 
an IV-PCA has been described [101] this is not recommended 
in opioids tolerant patients because the large and unpredicta-
ble opioids requirements may result in the administration of 
excessive doses of ketamine with the associated psychotropic 
side effects [274].

Conclusion

Pain control after surgery is central to the anaesthetic man-
agement of patients undergoing thoracic surgery. The provi-
sion of good post-operative analgesia is of itself important 
and is regarded by some as the core business of anaesthesia 
and a fundamental human right [275]. Effective analgesia 
can reduce pulmonary complications and mortality [256]. It 
is unlikely that a single technique will optimally fulfil these 
objectives for all patients. Analgesia should be tailored to the 

specific patient undergoing a specific procedure and aim to 
minimise mortality, patient suffering, pulmonary complica-
tions and other morbidity. Experience with a wide range of 
analgesic techniques is helpful as it enables the implementa-
tion of an appropriate technique. For open thoracotomies most 
patients are best managed by a combination of regional anal-
gesia and opioids, sometimes supplemented with non-opioid 
analgesics. There is no role for interpleural blocks or cryoanal-
gesia in adults. Lumbar epidural analgesia, intrathecal opioids 
or intercostal nerve blocks should usually be considered only 
if neither thoracic epidural analgesia or paravertebral blocks 
are possible. At present the dilemma for thoracic anaesthe-
tists and their patients scheduled to undergo a thoracotomy is 
the choice between thoracic epidural analgesia and paraver-
tebral block. It has been well established that thoracic epidu-
rals produce excellent post-thoracotomy analgesia. There is 
also evidence that thoracic epidural analgesia reduces post-
thoracotomy pulmonary complication [256] although these 
advantages have not been shown in recent analyses particu-
larly when thoracic epidurals are compared with paraverte-
brals [10, 11]. Thoracic epidurals are associated with a risk of 
permanent injury and this risk is orders of magnitude greater 
than the risks associated with lumbar epidural administered in 
parturients [5]. The most frequent disabling complications are 
epidural haematomas [5]. An increasing number of patients 
presenting for thoracic surgery are receiving drugs that affect 
coagulation, not all of which are prescribed. Current antico-
agulant and antiplatelet medication increases the risk of epi-
dural by an unquantified amount. Impaired coagulation is less 
of a contraindication to thoracic paravertebrals, particularly 
when they are inserted under direct vision. Serious complica-
tions are rare with paravertebrals. Recent meta-analysis and 
systemic analysis have suggested that paravertebrals are more 
effective at reducing pulmonary complications than thoracic 
epidurals [10, 11]. However, only a limited number of patients 
have been enrolled in studies comparing paravertebrals with 
thoracic epidural analgesia and many received suboptimal 
epidural solutions. It is anticipated that in the future addi-
tional data on the relative benefits of opioid/local anaesthetic 
thoracic epidural vs. paravertebral with systemic opioids will 
aid the difficult decision on epidural insertion for high risk 
patients who are also at increased risk of epidural related  
complications. In the future, the development of clinically 
useable ultra-long acting local anaesthetics might enable sig-
nificant further advances to be made in the provision of post-
thoracotomy analgesia.

Addendum

Editors note: For the reader’s further information, Figs. 46.16, 
and 46.17 are protocols for Patient Controlled Epidural Anal-
gesia after thoracic or upper abdominal surgery from the 
Toronto	General	Hospital.



Fig. 46.16. (a, b) Standard anaesthesiologist order 
sheets for thoracic epidural analgesia infusions 
with patient-controlled boluses p.r.n., following 
thoracic or upper abdominal surgery (images 
courtesy	of	the	Toronto	General	Hospital).
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Clinical Case Discussion

Case

A 39-year-old man is scheduled for bronchoscopy and right 
lower lobectomy. He presented to his family doctor 4 months 
earlier with hemoptosis, diagnosis was delayed because of 
his frequent non-attendance. A CT-guided fine needle biopsy 
established the diagnosis as non-small cell carcinoma. He 
remains a heavy smoker of both marijuana and tobacco and 
has a 12-year history of heroin addiction. He is presently main-
tained on oral methadone but admits to occasional intravenous 
heroin use. Past medical history includes an exploratory right 
thoracotomy for a knife wound to the chest 5 years ago but no 
significant illnesses. He is very concerned about post-thorac-
otomy pain, stating that he suffered greatly after his previous 
thoracotomy. Clinical examination reveals a thin clubbed man 
who is very anxious. Pulmonary functions tests show a FEV

1
 

of 65% predicted and a DLCO of 68% predicted. A full blood 
count, renal function and clotting screen are normal.

Questions

What additional information might be useful in planning •	
his anaesthetic?

Current dose of methadone (substantiated by primary  –
care physician or rehabilitation unit).
Ability to tolerate NSAIDs. –
Intravenous drug use associated infectious diseases  –
 status (HIV, Hep C and Hep B).

How will his long-term opioid intake affect his postoperative •	
analgesia?

Tolerance to opioid analgesics impacts on the ability to  –
treat acute pain adequately and he may experience more 
post-operative pain.
Need for maintenance dose of opioids, either orally or  –
by infusion to avoid acute withdrawal.

What are the post-operative analgesic options?•	
Establish the appropriate route and equivalent dose of  –
the opioid to be administered peri-operatively. Ensure 
patient receives at least 50% of the equivalent dose to 
avoid acute withdrawal symptoms. Use a multimodal 
approach with a regional technique combined with regu-
lar acetaminophen and NSAIDs.
Choice of regional technique includes thoracic epidural  –
or paravertebral and would be influenced by factors as 
given in Table 46.3 but a thoracic epidural with a lipo-
philic opioid offers the best analgesic option.
Consideration of gabapentin pre-operative as a single  –
oral dose.
If a regional technique is not possible, a ketamine bolus  –
in theatre followed by a ketamine infusion supplemented 
to an opioid IV-PCA system.
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