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Management of thoracotomy pain can be difficult, but the
benefits of effective pain control are significant. A variety
of modalities for treating postoperative pain after thora-
cotomy are available, including systemic opiates, re-
gional analgesics, and new oral and parenteral agents.
This work provides a review of the literature and recom-
mendations for the clinician.
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The role of well-planned pain management has been
crucial in decreasing morbidity after major thoracic

surgery for lung resection. Pain is a key component in the
alteration of lung function after thoracic surgery, high-
lighting the importance of providing effective postoper-
ative analgesia to reduce pulmonary complications and
attenuate the stress response. Pain from a thoracotomy
incision is considered to be severe and intense as a
consequence of tissue damage to the ribs, muscles, and
peripheral nerves. Various analgesic techniques have
been developed to treat postoperative thoracotomy pain;
however, acute and chronic pain conditions associated
with thoracotomy continue to present a problem to
clinicians.

Methods

Literature review for this work was performed using the
National Library of Medicine’s PubMed search engine
and the MDConsult journal search engine. Key words
used for searching included thoracotomy, preemptive
analgesia, VATS, video-assisted thoracic surgery, post-
thoracotomy pain, postoperative pain, and epidural.

Overview of Postoperative Pain Management

Almost 200,000 patients a year are diagnosed with bron-
chogenic carcinoma, and nearly one-quarter of these
patients will undergo surgical resection [1]. In addition to
loss of lung tissue and pulmonary reserve, postoperative
thoracotomy patients experience painful wound incisions
that alter chest wall mechanics [2]. Ineffective chest
expansion may predispose to atelectasis, ventilation/
perfusion mismatching, hypoxemia, and infection [3, 4].

Thus, the goal of the clinician is to develop an analgesic
regimen that provides effective pain relief to allow post-
operative thoracotomy patients the ability to maintain
their functional residual capacity by deep breathing [5].
Effective clearing of secretions with cough and early
mobilization can lead to quicker recovery and shorter
length of hospital stay [2, 6]. Furthermore, inadequate
acute postoperative pain management may contribute to
the development of a chronic postthoracotomy pain syn-
drome [7, 8].

The pain associated with thoracotomy incisions can be
difficult to target and quantify, and prior studies have
evaluated chest tube pain, incisional pain, visceral pain,
and pain at rest or associated with coughing or move-
ment. In addition, pain itself is a complex phenomenon,
involving multiple neurotransmitters and excitatory and
inhibitory pathways.

Various pain management techniques to treat postop-
erative pain after thoracic surgery have been described.
Controversy exists, however, on what to give, when to
give it, and where to administer it. Systemic administra-
tion of opioids is the simplest and most common method
to provide analgesia for postoperative pain; unfortu-
nately, systemic opioid administration may not be ade-
quate for treating the intense postoperative pain associ-
ated with thoracotomy. Consequently, other analgesic
techniques are often implemented, including central ad-
ministration of drugs to sites of action in the spinal cord
through epidural or subarachnoid routes, and attempts at
deposition of drugs near peripheral nerves that innervate
the rib cage.

Opioids and local anesthetic agents are the pharmaco-
logic agents most commonly used for postoperative pain
management, alone or in combination, and either sytemi-
cally, regionally, or locally. Ketorolac, tramadol, COX-2
inhibitors, and ketamine are other potentially useful
analgesic agents as alternatives or adjuncts to opioids. To
improve the quality of analgesia, two classes of drugs can
be administered concurrently to obtain a synergistic
analgesic effect while minimizing the side effects of each
drug (listed in Table 1) [9]. Finally, the surgical technique
itself can be modified in an attempt to reduce the impact
of postoperative pain.

The following discussion will briefly review the anat-
omy and physiology of the pain response, describe the
concepts of preemptive analgesia and wind-up, and
provide a review of the literature concerning the cur-
rently available pain treatment modalities and future
directions in pain management.
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Concepts in Postoperative Pain

Pain can be defined as an unpleasant sensory and emo-
tional experience associated with actual or potential
tissue damage, as described in terms of such damage.
Local tissue damage results in inflammation and propa-
gation of stimuli to the central nervous system. These
stimuli are modulated by excitatory (N-methyl-D-
aspartate [NMDA]) and inhibitory (opiate) pathways.
Clinical and laboratory observations suggest that pain
can result in hyperexcitability in the spinal cord, result-
ing in increasing levels of perceived pain. This process,
also known as central sensitization or “wind-up,” in-
volves conduction of impulses along afferent C-fibers,
and release of excitatory neurotransmitters such as glu-
tamate and aspartate through the NMDA receptor
[10–14].

Electrophysiologic animal data [15] have shown that
administration of low doses of systemic morphine before
noxious stimulation suppresses spinal cord hyperexcit-
ability, whereas administration of doses after noxious
stimulation does not completely blunt it. Because the
NMDA receptor has been implicated in the generation
and maintenance of spinal cord “wind-up,” NMDA an-
tagonists (eg, ketamine and dextromethorphan) are log-
ical candidates for preemptive analgesia [16]. Animal
experiments have shown promise, with animals treated
preemptively with opiates, local anesthetic agents, or
NMDA receptor antagonists showing a significant de-
crease in poststimulus pain [17–19].

Human studies, unfortunately, have not been uni-
formly promising, and indeed, the utility of preemptive
analgesia in clinical medicine has been called into ques-
tion. A recent qualitative and quantitative review of the
literature evaluated 93 randomized clinical trials of pre-
incisional versus postincisional pain control. Among the
trials were studies of epidural, caudal, and intrathecal
analgesia, as well as studies using ketamine and various

other systemic medications used to evaluate the effects of
preemptive analgesia. Findings of the review were that
there is little, if any, experimental support for a preemp-
tive analgesic effect in the clinical setting [20].

Chronic Postthoracotomy Pain

Up to 50% of patients undergoing thoracotomy will
develop chronic pain related to the surgical site. Chronic
postthoracotomy pain has been defined as a continuous
dysesthetic burning and aching in the general area of the
incision that persists at least 2 months after thoracotomy
[21]. Although no one surgical technique has been
proven to decrease the incidence of chronic pain, inter-
costal nerve damage due to rib retraction seems to be
involved in the development of the neuralgia [22]. A
recent study by Senturk and associates [23] evaluated the
effect of preemptive epidural analgesia on long-term
pain, and found that initiation of epidural bupivacaine/
morphine before surgical incision reduced the incidence
of long-term pain. Acute postoperative pain was also
reduced, which, although at odds with the review of
preemptive analgesia efficacy, seems to compliment the
finding of Katz and associates [7] that patients with
increased postoperative pain had an increased incidence
of chronic postoperative pain.

Epidural Analgesia as the Mainstay of
Postoperative Pain Management

Epidural analgesia has emerged as the analgesic tech-
nique of choice for postoperative thoracotomy pain man-
agement. Not only does the technique provide excellent
pain control, but it also avoids much of the sedation
associated with systemic opiates. Furthermore, the epi-
dural catheter allows for continued dosing postopera-
tively, and avoids much of the motor blockade associated
with intrathecal drug administration.

Compared with systemic administration, much lower
doses of drug administered in the epidural space are
needed to provide effective pain relief. Postoperative
patients, for instance, can consume on the order of 50 to
100 mg of intravenous morphine during the first 24 hours
postoperatively when administered by a PCA device [24].
In comparison, epidural doses of 5 mg of morphine can
provide postoperative analgesia for 12 to 24 hours [25].

Commonly used opioid–local anesthetic mixtures re-
ported in the literature include fentanyl-bupivacaine,
morphine-bupivacaine, and fentanyl-ropivacaine [26–
28]. Levo-bupivacaine, an isomer of bupivacaine with
decreased cardiotoxicity, has also recently been used
alone and in conjunction with opiates [29]. Ropivacaine
has a similar onset and duration of action to bupivacaine,
but it has an enhanced safety profile due to decreased
cardiotoxicity and a less profound motor blockade than
either bupivacaine or levo-bupivacaine.

In many clinical settings, epidural analgesia is used as
often as possible, whereas systemic analgesia is reserved
for situations in which epidural analgesia is unsuccessful
or contraindicated (eg, coagulopathy, infection, neuro-

Table 1. Adverse Effects of Analgesic Drugs

Drugs Adverse Events

Opioids Respiratory depression
Nausea and vomiting
Urinary retention
Pruritus

Local anesthetics Seizures
Hypotension
Cardiac dysrhythmias

Ketorolac Renal impairment
Platelet dysfunction
Gastrointestinal bleeding

COX-2 inhibitors Side effects minimal
Ketamine Hallucinations

Emergence delirium
Catecholamine release with resulting

hypertension and tachycardia
Increased intracranial pressure
Increased secretions
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logic disease) [3, 5]. The belief that epidural analgesia
should be routinely used for all thoracotomy patients,
however, continues to be a topic of debate, as does the
location of catheter insertion [30, 31].

Whereas there is evidence that suggests that epidural
analgesia offers superior pain relief, not all studies have
shown that epidural analgesia improves pulmonary
function and reduces pulmonary complications [32–35].
Shulman and associates [32] found that when compared
with systemic morphine, lumbar epidural morphine was
efficacious in alleviating pain and improving respiratory
function in patients who underwent lung resection. Salo-
maki and associates [33] compared patients receiving
intravenous versus thoracic epidural fentanyl; patients in
the epidural group had less fentanyl consumption and
better preservation of respiratory function. In contrast,
Benzon and associates [34] found that patients receiving
epidural fentanyl infusion had better postoperative pain
relief compared with patients receiving intravenous mor-
phine PCA, but no beneficial effect on pulmonary func-
tion was noted. Grant and associates [36] found that both
systemic and lumbar epidural fentanyl offered satisfac-
tory analgesia with no differences in pulmonary function;
the only difference was that the quantity of fentanyl
consumed in the epidural group was less than the sys-
temic group. Finally, in a meta-analysis review of 65
studies, Ballantyne and associates [37] concluded that
postoperative epidural pain control may significantly
decrease pulmonary morbidity.

Thoracic Versus Lumbar Catheters
Both lumbar and thoracic epidural catheters can be used
for postoperative thoracotomy pain management. De-
spite the theoretical advantage of delivering smaller
amounts of drug to provide analgesia along thoracic
dermatomes only, the superiority of thoracic epidural
analgesia over lumbar epidural analgesia has been called
into question. In their meta-analysis of eight studies
comparing thoracic versus lumbar epidural opioid ad-
ministration in thoracotomy patients, Ballantyne and
associates [37] found few positive findings. Guinard and
associates [38] found that thoracic epidural analgesia
improved pulmonary function and shortened hospital
stay without differences in the quality of analgesia. In
other studies, no significant differences in analgesia and
pulmonary function were seen; however, less opioid was
required in patients receiving thoracic epidural analgesia
[39, 36]. Grant and associates [36] found that patients
receiving thoracic epidural morphine required less mor-
phine than patients receiving lumbar epidural morphine
to attain similar degrees of analgesia without any inter-
group differences in postoperative pulmonary function.
Hurford and associates [39] found no differences in pain
scores or the incidence of side effects when administering
fentanyl through thoracic or lumbar epidural catheters,
but patients in the lumbar epidural group required a
higher infusion rate. In another study, thoracic epidural
analgesia was associated with an increased incidence of
ventilatory depression [40]. As a result of limited evi-
dence confirming the benefits of thoracic versus lumbar

epidural analgesia, some authors have expressed caution
in using thoracic epidural analgesia on a routine basis
[31, 40, 41].

It should be noted that most anesthesiologists are more
comfortable placing lumbar epidural catheters because
these catheters are placed below the conus medullaris
[39], and experience placing obstetric labor epidurals is a
commonplace procedure in all anesthesia training pro-
grams, whereas thoracic epidural experience varies be-
tween programs. With thoracic epidural placement, the
risk of injuring spinal cord tissue if the dura is inadver-
tently punctured is theoretically greater, and placement
of a thoracic epidural catheter can be technically more
difficult due to the greater caudad angulation of the
spinous processes.

Patient-Controlled Epidural Anesthesia
One alternative to continuous postoperative infusion of
epidural opiates or local anesthetic agents has been the
use of patient-controlled epidural anesthesia (PCEA).
Although studies in patients undergoing orthopedic sur-
gery suggest a decrease in total drug use [42], postthora-
cotomy studies comparing PCEA to continuous infusions
have not yet been done. The quality of postoperative pain
control has not been shown to be improved in PCEA-
treated patients in orthopedics or obstetrics [43], nor has
there been any benefit in overall morbidity or recovery.
Considering the small doses of medications used in
continuous epidural infusions and the lack of beneficial
effects of PCEA, the advantage of this technique is
unclear.

Epidurals and Dysrrhythmias
A recently suggested benefit to epidural placement is the
potential for decreasing dysrrhythmias. Oka and associ-
ates [44] found that patients who received epidural bu-
pivacaine had a reduced incidence of supraventricular
tachyarrhythmias when compared with patients who
only received epidural opiates. This reduction was
thought to be due to the reduced sympathetic tone that
resulted from the sympathectomy of the local anesthetic.
This reduction, if borne out in future studies, could have
a significant impact on the postoperative cardiac morbid-
ity of thoracotomy patients.

Peripheral Neural Blockade

Peripheral nerve block techniques to anesthetize the
chest wall have been utilized as alternatives to epidural
analgesia. Many patients are not candidates for epidural
analgesia because of anatomic consideration or patient
refusal [46]. Adverse effects seen with systemic and
epidural opioids can also be avoided by employing
peripheral nerve block techniques in which only local
anesthetic agents are administered. Even though nerve
blocks may avoid the problems associated with opioids,
complications associated with infiltration of large quan-
tities of local anesthetic agents still exist. Specifically,
because of the rich blood supply that surrounds the
intercostal nerve, this type of block is associated with
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high plasma concentrations of local anesthetic after in-
jection. Consequently, the clinician needs to be meticu-
lous in calculating the maximum dose of local anesthetic
to administer. Toxic doses of commonly used local anes-
thetic agents are listed in Table 2. Manifestations of local
anesthetic overdose include seizures, precipitous hypo-
tension, and ventricular arrythmias.

Intercostal Nerve Block
Blockade of intercostal nerves interrupts C-fiber afferent
transmission of impulses to the spinal cord. A single
intercostal injection of a long-acting local anesthetic can
provide pain relief and improve pulmonary function for
up to 6 hours [46–48]. To achieve longer durations of
analgesia, a continuous extrapleural intercostal nerve
block technique by Sabanathan and associates [49] has
been developed in which a catheter is placed percutane-
ously into an extrapleural pocket by the thoracic surgeon.
A continuous intercostal catheter allows frequent dosing
or infusions of local anesthetic agents and avoids multi-
ple needle injections. Various studies have confirmed the
analgesic efficacy of this technique [50–52]. Interestingly,
Watson and associates [50] showed that a shorter-acting
local anesthetic, lidocaine, was just as effective as the
longer-acting agent bupivacaine. The potential advan-
tage of using lidocaine instead of bupivacaine is that the
cardiotoxicity of bupivacaine is far more dangerous than
with lidocaine, especially in light of the fact that systemic
absorption is great with an intercostal block. However,
the advent of newer long-acting local anesthetic agents,
including ropivacaine and levo-bupivacaine, has intro-
duced new possibilities for prolonged analgesia with
minimal cardiotoxicity.

Several investigators have compared extrapleural in-
tercostal analgesia with epidural analgesia for postoper-
ative thoracotomy pain relief in a randomized fashion
[45, 53, 54]. Dauphin and associates [53] compared pa-
tients receiving either continuous lumbar epidural anal-
gesia or continuous intercostal analgesia; they found
similar pain scores in both groups, whereas patients in
the intercostal group required more supplemental mor-
phine analgesia for breakthrough pain. Richardson and
associates [54] showed that there was similar analgesia in
both patient groups, with vomiting, pruritus, and urinary
retention occurring only in the epidural group, suggest-
ing that intercostal analgesia may be more favorable than
epidural analgesia. Kaiser and associates [45] noted that
both thoracic epidural analgesia and extrapleural inter-
costal analgesia were safe and effective, and concluded

that intercostal analgesia should be instituted in patients
who do not qualify for thoracic epidural analgesia.

Intrapleural Analgesia
Local anesthetic agents can also be administered through
a catheter positioned inside the pleural cavity as another
modality to anesthetize intercostal nerves. The mecha-
nism of action appears to be diffusion across the parietal
pleura [55]. Interpleural analgesia is the more correct
terminology to describe this anesthetic technique be-
cause the catheter lies between the parietal and visceral
pleura [4]; however, the term “intrapleural analgesia”
has been used synonymously. Several studies have
shown limited or no improvement in analgesia with
interpleural analgesia [4, 56–58]. Scheinin and associates
[56], compared patients receiving interpleural analgesia
plus oxycodone supplementation with a control group of
patients who received systemic oxycodone alone; a de-
crease in opiate consumption was seen in the interpleural
group during the first postoperative day, but not over a
48-hour period. Kambam and associates [57] found that
interpleural analgesia improved pain control in patients
receiving posterior and lateral thoracotomy incisions but
not anterior thoracotomy incisions. In a placebo-
controlled trial, Schneider and associates [58] found no
subjective or objective clinical benefit with interpleural
analgesia. Silimon and associates [4] did not demonstrate
analgesic efficacy in patients undergoing anterolateral
and posterolateral thoracotomies when comparing pa-
tients receiving either interpleural bupivacaine or saline.
Explanations for the limited analgesic efficacy of inter-
pleural analgesia include: (1) loss of local anesthetic
through the chest tube; (2) dilution of local anesthetic
with blood and exudative fluid present in the pleural
cavity; (3) binding of local anesthetic with proteins; and
(4) altered diffusion across the parietal pleural following
surgical manipulation and inflammation [4, 59].

Systemic Treatment Options

As discussed previously, opioids have been the mainstay
of postoperative pain management for decades. Unfortu-
nately, systemic opioids can be associated with signifi-
cant side effects, which has prompted the search for
alternative systemic medications.

Nonsteroidal Anti-Inflammatory Drugs
Nonsteroidal anti-inflammatory drugs (NSAIDs) are use-
ful in pain states, and work by inhibiting the cyclooxy-
genase (COX) enzyme responsible for the release of
mediators of inflammation. Ketorolac is an NSAID avail-
able in a parenteral form, and it has been shown to be an
effective adjunct agent to improve the quality of intercos-
tal and epidural analgesia [60, 61]. Nonsteroidal anti-
inflammatory drugs, however, have been associated with
inhibition of platelet aggregation, gastrointestinal bleed-
ing, and renal toxicity, limiting their usefulness in clinical
practice. Many of these side effects are associated with
the COX-1 enzyme, and a newer class of selective

Table 2. Toxic Doses of Local Anesthetics

Anesthetic Toxic Dose (mg/kg)

Lidocaine 5 if plain
7 if with epinephrine

Bupivacaine 2.5
Ropivacaine 2
Levo-bupivacaine 2.5
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NSAIDs, the COX-2 inhibitors, has recently been
introduced.

COX-2 Inhibitors
Oral COX-2 inhibitors and clinical trials with parenteral
formulations have shown promise in reducing postoper-
ative pain and in decreasing opiate requirements [62, 63].
As mentioned above, blocking COX-1 activity alters
platelet function and promotes gastrointestinal bleeding,
whereas blocking COX-2 inhibits production of prosta-
glandins that mediate inflammation and pain-signaling
transmission [64]. Consequently, selective COX-2 inhib-
itors such as the oral celecoxib (Celebrex) and rofecoxib
(Vioxx), and the parenteral parecoxib and nimesulide
(both investigational, with the latter not available in the
US [65]), have been developed to relieve pain and lessen
the risk of gastrointestinal bleeding [66, 67]. A recent
phase III trial showed that rofecoxib was well tolerated
and provided analgesic efficacy comparable with other
traditional nonsteroidal antiinflammatory agents for
knee and hip osteoarthritis pain [68]. Experimental find-
ings from an animal model of postoperative pain have
been promising; in a rat model of incisional pain,
Yamamoto and associates [69] showed the COX-2 inhib-
itors decreased the level of allodynia (pain perception in
response to minimal stimulation).

It should be noted that case reports and early studies
suggest that even COX-2 inhibitors can be associated
with gastrointestinal bleeding and renal toxicity [70–73].
The incidence is rare, however, and the greatest risk
seems to be in patients with preexisting peptic ulcer
disease and renal impairment. Careful patient selection,
therefore, would seem to be the prudent course of action
when choosing these agents perioperatively.

Tramadol
Tramadol is a unique, nonopiate drug with an unclear
mechanism of action. It binds to opiate receptors and
inhibits epinephrine and serotonin reuptake, but lacks
many of the side effects associated with other drugs with
similar sites of action. A recent study in patients under-
going thoracotomy examined the effect of intraoperative
tramadol infusion on postoperative pain [74]. Patients
were randomized to receive either epidural morphine,
systemic opiates, or tramadol bolus and infusion. Pain
scores, morphine consumption, and respiratory levels
were similar in the epidural morphine and tramadol
groups, and superior to those in the systemic morphine
group. Although not studied against a group receiving
epidural local anesthetic agents, either alone or in con-
junction with opiates, the findings do provide an alter-
native to opiates given either systemically or epidurally.

Ketamine
Ketamine confers analgesia by blocking the NMDA re-
ceptor. As discussed previously, the NMDA receptor is
involved in central sensitization, making ketamine a
logical choice in preemptive pain management. Clinical
studies have shown that ketamine, administered by the
systemic or epidural route, improves postoperative anal-

gesia for abdominal surgery [24, 75, 76], although it is not
entirely clear whether these effects reflect a preemptive
action of the drug, or a direct analgesic effect. Significant
side effects, however, including catecholamine release
and significant cognitive impairment, limit the utility of
this agent. A newly available version of ketamine, the
S(�) isomer, seems to be associated with a significant
decrease in side effects [77], and may prove to be more
useful. To date, the role of ketamine in treating postop-
erative thoracotomy pain has not been investigated in a
randomized fashion, but several authors suggest that
ketamine may be a useful adjunct [3, 5, 78, 79].

Trends in Thoracic Pain Management Research

Paravertebral Nerve Block
Recent interest has reemerged in the management of
thoracotomy pain by paravertebral nerve blockade.
Blockade is achieved with a catheter placed surgically
into a localized extrapleural paravertebral pocket. Sev-
eral recent studies have suggested that paravertebral
analgesia can be an effective alternative to epidural
analgesia in thoracotomy patients [80]. Richardson and
associates [81] found that when compared with patients
receiving analgesia through a thoracic epidural catheter,
patients in the thoracic paravertebral group had lower
pain scores, less postoperative morphine consumption,
and better preservation of pulmonary function. In addi-
tion, side effects such as nausea, vomiting, and hypoten-
sion were more problematic in the epidural group. Bim-
ston and associates [82] randomized 50 patients to receive
either paravertebral or epidural analgesia. Both methods
of analgesia provided adequate postoperative pain,
whereas urinary retention was more frequent in patients
receiving epidural analgesia.

Video-Assisted Thoracic Surgery
Video-assisted thoracic surgery (VATS) has emerged as a
new and exciting technique for lung biopsy and resection
of peripheral lung cancer. Although there has been
concern that VATS provides inadequate resection of
pulmonary tumors [83], multiple studies have shown that
survival of patients is the same or improved after VATS
[84, 85]. Other studied benefits of the technique when
compared with thoracotomy in lung cancer patients in-
clude improvement in postoperative pulmonary func-
tion, more rapid return to activity, shorter postoperative
stay, shorter intraoperative time, and improved patient
satisfaction [86].

Regarding perioperative pain control, Petrakis and
associates [87] evaluated 95 patients who underwent
video-assisted thoracoscopy and found that all patients
had low pain scores. When compared with standard
thoracotomy incisions, patients undergoing VATS had
less postoperative pain and narcotic consumption in
multiple studies [88, 86, 89]. However, a randomized trial
comparing VATS with limited thoracotomy (10- to 14-cm
anterolateral incisions without rib resection) for biopsy in
patients with interstitial lung disease showed no differ-
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ence in postoperative pain, narcotic requirements, spi-
rometry, or operative time [90]. A more recent study [89]
found a decrease in serum cytokine levels and postoper-
ative pain in patients undergoing VATS versus those
undergoing thoracotomy with a 20-cm incision and rib
resection. The implications seem to be that VATS is
associated with less postoperative pain and postopera-
tive morbidity when compared with operations with a
significantly greater level of surgical stimulation and
tissue damage than in those with limited dissection.

Phrenic Nerve Infiltration
Patients undergoing thoracic surgery frequently com-
plain of ipsilateral shoulder pain due to diaphragmatic
irritation. This pain is often not covered with the band of
analgesia achieved with epidural pain management. A
recent study [91] evaluated the effect of infiltration of 10
mL of 1% lidocaine into the periphrenic fat pad at
conclusion of surgery at the level of the diaphragm in
patients undergoing thoracotomy. Patients receiving li-
docaine had a significantly decreased incidence of ipsi-
lateral shoulder pain and an overall reduction in pain
score when compared with placebo infiltration. This may
be a simple and effective technique for optimizing post-
operative pain control when used in conjunction with
epidural analgesia.

Cryoablation
Much of the pain associated with thoracotomy is medi-
ated through the intercostal nerves. Bucerius and associ-
ates showed that patients undergoing minithoracotomy
for minimally invasive cardiac surgery benefited from
cryoablation of the intercostal nerve at the completion of
surgery [92]. When compared with patients receiving
perineural injections of lidocaine, the cryoablation pa-
tients had lower pain scores. Long-term numbness at the
incision site was not a complaint in any of the study
patients. Cryoablation seems to be a simple and effective
option for patients undergoing thoracotomy, assuming
that the equipment is available.

N-Type Calcium-Channel Blockers
Pain events are signaled through voltage-sensitive, calci-
um-channel conduction [93]. Various subtypes of calci-
um-channel blockers have been identified in the central
nervous system, including types L and N. Traditional
calcium-channel blockers, used for treating cardiac pa-
tients, interact with the L-type channel, without produc-
ing analgesia [94]. Ziconotide, a neuronal N-type channel
blocker derived from the venom of the fish-hunting
marine snail (Conus magnus), exerts its analgesic effect by
hindering the influx of calcium needed to induce neuro-
transmitter release in the signaling of pain [93]. Cur-
rently, ziconotide is being recommended for Food and
Drug Administration (FDA) approval for malignant and
nonmalignant pain syndromes [95]. Both animal and
clinical data suggest that ziconotide may be promising in
treating acute postoperative pain [96–98]. Using a rat
incisional model of postoperative pain, Wang and asso-
ciates [96] found that subarachnoid ziconotide is more

potent and longer acting than subarachnoid morphine.
Although, the majority of the clinical data on ziconotide
pertain to the treatment of chronic pain, Atanassoff and
associates [98] recently published findings from a phase
II trial that was the first investigation to use ziconotide for
acute postoperative pain. They showed that subarach-
noid ziconotide was efficacious in decreasing postopera-
tive morphine consumption and decreasing pain scores
in patients undergoing abdominal, prostate, and hip
surgery, although they suggested that this was at the cost
of an increase in unfavorable side effects from the zico-
nitide (dizziness, blurred vision, sedation), especially at
higher doses. In the future, ziconotide may become a
useful and widely used analgesic agent that can be
administered in the epidural or subarachnoid space, in
combination with local anesthetic agents or opiates.

Conclusions and Recommendations

Pain control is a significant concern in hospitalized pa-
tients, with many clinicians now considering pain to be
the fifth vital sign [99]. Although a myriad of pain
treatment options is available, it can be difficult to for-
mulate a rational treatment plan based on the frequently
conflicting literature. Based on the literature reviewed
above, we make the following conclusions and
recommendations.

Preemptive analgesia, although an attractive concept,
has not been proven to provide the same benefit in
patients as it has in animal experiments; therefore, a
recommendation cannot be made to institute pain man-
agement before surgical stimulation. Adequate pain con-
trol in the immediate postoperative period, however,
does seem to prevent the development of chronic thora-
cotomy pain; therefore, an effective pain plan must be
developed and implemented, with the goal of having a
pain-free patient at the conclusion of surgery.

Based on a review of the literature, we recommend
VATS if appropriate for the patient’s disease, and if the
surgery avoids a large incision and dissection. When
compared with mini-thoracotomies, however, the benefit
of VATS on minimizing pain is not evident. Epidural
analgesia is a highly effective technique, especially when
combining local anesthetic agents and opiates. Although
thoracic epidurals are preferred, epidural catheters
placed in the lumbar region can provide excellent anal-
gesia if the expertise required to safely place a thoracic
catheter is not available. Intercostal blocks are useful for
patients in whom an epidural is refused or contraindi-
cated, although an increased risk for local anesthetic
toxicity is present. COX-2 inhibitors are viable adjuncts
for patients undergoing thoracic surgery, with the caveat
that the patient have no history of peptic ulcer disease or
renal impairment.

Treatment with tramadol and S(�) ketamine, as well as
the use of paravertebral nerve blockade, intraoperative
phrenic nerve infiltration, and intercostal nerve cryoab-
lation, hold promise, but more research needs to be
performed to fully explore the benefits of these
modalities.
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Currently, the literature does not support the use of
intrapleural analgesia or patient-controlled epidural an-
algesia. It is too early to recommend N-type calcium-
channel blockers for perioperative pain control in tho-
racic patients because the majority of studies involving
these drugs have involved intrathecal administration
with a significant incidence of side effects.

In conclusion, proper patient preparation and a com-
prehensive team approach to pain management, involv-
ing the surgeon and anesthesiologist, are vital for mini-
mizing postoperative pain and morbidity and improving
patient satisfaction.
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