
Post-thoracotomy Pain Management Problems

Peter Gerner, M.D.
Assistant Professor of Anesthesia, Harvard Medical School, Department of Anesthesiology,
Perioperative and Pain Medicine, Brigham and Women’s Hospital, 75 Francis Street, Boston, MA
02115, Tel: (617) 732-6889, FAX: (617) 582-6195, Page: (617) 732-5700 ID: 16560, e-mail:
pgerner@partners.org

Synopsis
Pain after thoracotomy is very severe, probably the most severe pain experienced after surgery. It is
also unique as this pain state has multiple implications, including respiratory failure due to splinting;
inability to clear secretions by effective coughing, with resulting pneumonia; and facilitation of the
often incapacitating chronic pain: the post-thoracotomy pain syndrome. Thoracic epidural analgesia
has greatly improved the pain experience and its consequences and has been considered the ‘gold
standard’ for pain management after thoracotomy. This view has recently been challenged by the
use of paravertebral nerve blocks. Nevertheless, severe ipsilateral shoulder pain and the prevention
of the post-thoracotomy pain syndrome remain the most important challenges for post-thoracotomy
pain management.

Introduction
A thoracotomy requires a very painful incision, involving multiple muscle layers, rib resection,
and continuous motion as the patient breathes. Treatment of acute post-thoracotomy pain is
particularly important not only to keep the patient comfortable but also to minimize pulmonary
complications. It enables patients to ambulate and to breathe normally (without splinting) and
deeply (to allow cough). The effects of chronic post-thoracotomy pain are generally less
detrimental to respiration but can be incapacitating, making daily activities impossible.

Many methods of pain management, each with attendant problems, have been tried with varied
success, for example: intercostal nerve block (1;2), intrapleural analgesia (3;4), cryoanalgesia
(5;6), lumbar epidural (7;8), thoracic epidural (9;10), paravertebral block (11–13), IV narcotics
(8;14;15), intrathecal (16–18) or epidural (2;15;19;20) narcotics, NSAIDS (1;21;22), and
transcutaneous nerve stimulation (23–25).

Acute post-thoracotomy pain
Severe acute pain after thoracotomy due to retraction, resection, or fracture of ribs, dislocation
of costovertebral joints, injury of intercostal nerves, and further irritation of the pleura by chest
tubes is a normal response to all these insults (26). Acute pain after video-assisted thoracoscopic
surgery is considered less severe.

Sub-optimal management of pain after thoracotomy (or after video-assisted thoracoscopic
surgery in patients with severely limited respiratory reserve) has major respiratory
consequences. Inspiration is limited by pain, which leads to reflex contraction of expiratory
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muscles, and consecutively to diaphragmatic dysfunction (decreased functional residual
capacity or FRC and atelectasis, shunting, hypoxemia). In addition, most patients are extubated
early to decrease the risk of pulmonary barotrauma (particularly “blowout” of the bronchial
suture line) and to prevent respiratory sequelae like pulmonary infection. Deep breathing
requires stretching the incision. As this may be extremely painful, patients without adequate
analgesia try to prevent stretching of the skin incision by contracting their expiratory muscles,
i.e., splinting, thus limiting the stretch on the incision during inspiration. This failure to inspire
deeply before a forceful exhalation results in an ineffective cough, which in turn promotes
retention of secretions, leading to airway closure and atelectasis, reinforcing the importance
of adequate analgesia following thoracotomy to avoid the need for reintubation due to
inadequate pulmonary toilet.

Diaphragmatic contraction is also impaired; however, thoracic epidural anesthesia has been
shown to increase diaphragmatic shortening after thoracotomy in the awake lamb (27;28).

Chronic post-thoracotomy pain
Post-thoracotomy pain syndrome or PTPS (chronic post-thoracotomy pain or post-
thoracotomy neuralgia) is defined by the International Association for the Study of Pain (IASP)
as ‘pain that recurs or persists along a thoracotomy incision at least two months following the
surgical procedure’. In general, it is burning and stabbing pain with dysesthesia and thus shares
many features of neuropathic pain (29). PTPS is increasingly acknowledged by
anesthesiologists and surgeons alike (30).

Prevalence of post-thoracotomy pain
Chronic post-thoracotomy pain was commonly noted by surgeons during the Second World
War in men who had had a thoracotomy for chest trauma; it was called chronic intercostal pain.
Unfortunately, not much has changed since then, as the majority of patients do not seek help
for their pain, but mention it only when specifically asked. Furthermore, despite a commonly
held belief that post-thoracotomy pain is transient, there is no evidence that the pain experience
decreases significantly over time. For example, incidence of long-term post-thoracotomy pain
has been reported to be 80% at 3 months, 75% at 6 months, and 61% at one year after surgery;
incidence of severe pain is 3–5%, and pain that interferes with normal life is reported by about
50% of patients (31). In one study, 66% of the patients with PTPS received treatment for pain.
(32) In another study, over 70% of the cases with PTPS received three or more of the treatment
modalities and regimens that have been reported to be of value. More than 50% needed to be
referred to three different types of specialists. Nevertheless, no patient claimed to have become
free of symptoms as a result of treatment, and a significant proportion implied that therapy was
either more disabling than PTPS or made it worse. (33) For many patients, even the gentlest
stimulation provokes intense pain, making participation in routine daily activities impossible.
The rate of long-term persistent pain (3–18 months) has been found to be the same after both
thoracotomy and thoracoscopic procedures (34;35). However, other authors concluded that the
use of video-assisted thoracic surgery for pulmonary resection may decrease the incidence of
chronic pain and disability when compared with thoracotomy (36;37).

Although there is a wide variation in reported incidence (probably attributable to differences
in the definition of pain), clearly post-thoracotomy pain can be seen as the commonest
complication of thoracotomy (38).

Mechanism of post-thoracotomy pain
Mechanisms for chronic pain after thoracotomy are several, and no consensus exists regarding
causality.
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Intercostal nerve damage—Surgery routinely crushes the intercostal nerve, particularly
as the nerve is quite exposed on the caudal side of the rib. It is also not uncommon for the nerve
to be totally severed or included in a suture when closing the chest. Among the many
possibilities for nerve injury are mechanical damage during rib resection and compression with
a retractor. Furthermore, incidental rib fractures may damage the intercostal nerve immediately
or entrap an intercostal nerve during healing, leading to neuropathic pain symptoms. The
sensation of pain in response to a normally non-painful stimulus (allodynia) or an exaggerated
response to a slightly painful stimulus (hyperalgesia), especially when accompanied by
numbness, is considered diagnostic for nerve injury. These symptoms occur frequently along
the distribution area/innervation area of the intercostal nerves and are the most frequent feature
of post-thoracotomy pain (39). Neurophysiological assessment of the intercostal nerve during
thoracotomy has demonstrated total conduction block, implying nerve injury during rib
retraction (40;41). In another study the authors performed recordings on 24 patients 1 month
after thoracotomy and found that patients with a higher degree of intercostal nerve impairment
had greater postthoracotomy pain (42).

Tumor recurrence—Many studies have shown that increasing pain may also be an early
sign of tumor recurrence (43;44).

Type of incision—Many surgical techniques have been correlated with the amount of
postoperative pain. Even muscle-sparing incisions appear to have no major advantage over
posterolateral incisions (45). Overall, variation in surgical techniques has not been shown to
reduce subsequent pain (46).

Others—Studies suggest that personality traits are strong modulatory factors in the overall
post-thoracotomy pain experience. Preoperative anxiety appears to play a major role (47). The
costochondral and costovertebral junctions may be disarticulated due to extensive rib
retraction, and ipsilateral shoulder disability is also common as a result of division of serratus
anterior muscles and latissimus dorsi. Injuries to the muscles responsible for moving the
shoulder as well as insufficiently treated pain lead to inadequate rehabilitation and may produce
frozen shoulder.

Current treatment options and their associated problems
Epidural analgesia

Technique
Median or paramedian approach: Most practitioners prefer either the median or paramedian
approach. There seems to be little difference in terms of patient safety. However, the
paramedian approach makes it much easier to locate the epidural space, when overlapping
spinous processes might prevent the operator from reaching the epidural space in the median
plane.

Asleep vs. awake technique: However, the difference between an awake technique and an
asleep technique should have a major impact on potential spinal cord cannulation. Surprisingly,
a survey of the practice of thoracic epidural analgesia in the United Kingdom in the not-too-
distant past revealed that thoracic epidural cannulation is most often (60%) performed
following induction of general anesthesia (48). We strongly discourage insertion of thoracic
epidural catheters in anesthetized/paralyzed patients in all but the rarest circumstances (for
example, a thoracoscopic surgery that is converted to a thoracotomy in a patient with severely
compromised respiratory reserve and extubation is most likely to fail) and then only by very
experienced operators. Similarly, others also state that ‘techniques above the termination of
the cord …should be avoided (in anesthetized patients)” (Horlocker TT. ASA newsletter April
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2001, Vol 65). In addition, when epidural anatomy was examined by cryomicrotome section
in humans, it was found that compared with the lumbar level, at the thoracic level the
ligamentum flavum is more frequently discontinuous (49), further pointing out the high risk
of inserting a catheter into the intrathecal space and even spinal cord in anesthetized patients
(50).

Outcome—Many researchers have addressed outcomes after thoracic epidural anesthesia.
Since the publication of an extensive review of techniques for pain control after thoracic surgery
more than 10 years ago (51), no major new approaches have been proposed since then. Some
strongly suggest improved outcomes with utilization of epidural catheters, while others found
no improvement. In general, it is difficult to compare these studies. Some authors looked at
the effects of different analgesia techniques on long-term post-thoracotomy pain (52), while
others investigated the effect of epidural analgesia in the reduction of postoperative myocardial
infarction via a meta-analysis(53). Similarly, in a cumulative meta-analysis of randomized,
controlled trials, the comparative effects of postoperative analgesic therapies on pulmonary
outcome were evaluated; it was concluded that ‘…epidural pain control can significantly
decrease the incidence of pulmonary morbidity’ (54). However, some randomized studies
looked at epidural vs. iv (or i.m.) on demand and, not surprisingly, found a superior outcome
with the epidural group. Overall, it appears important not only whether the patient received
epidural analgesia, but also how the epidural was managed: e.g., untreated hypotension with
epidural analgesia is clearly detrimental for cardiovascular outcomes.

The shoulder pain reported by thoracotomy patients is mostly referred pain and is not covered
by the epidural analgesia. Most surgeons would agree that shoulder pain is a major
postoperative pain problem that deserves special attention.

Shoulder pain
Over 75% of thoracotomy patients report constant severe ache in the ipsilateral shoulder post-
surgery (55). This pain is relatively resistant to intravenous opioids and is only partially relieved
by NSAIDs. Postulated mechanisms include transection of a major bronchus, ligamentous
strain from malposition or surgical mobilization of the scapula, pleural irritation due to the
thoracostomy tube, or referred pain from irritation of the pericardium or mediastinal and
diaphragmatic pleural surfaces.

Several methods have been investigated with varying results. Intrapleural bupivacaine did not
provide effective pain relief (56). Superficial cervical plexus or interscalene brachial plexus
blocks effectively reduced localized shoulder pain in some patients (57;58), whereas
suprascapular nerve block was not helpful (59). Phrenic nerve block via intraoperative
infiltration of the periphrenic fat pad with lidocaine reduced the incidence of shoulder pain
from 85% to 33% and lowered overall pain scores (60). Ropivacaine 0.2% reduced the
incidence and delayed the onset of shoulder pain for the first 24 hours postoperatively with no
adverse effect on respiratory function (61).

It appears that the main origin of shoulder pain may be referred pain via the phrenic nerve
(blocked by periphrenic infiltration and interscalene brachial plexus block) with contribution
from positioning and surgery (coracoid impingement syndrome and coraco-clavicular ligament
strain), which is partially relieved by the use of NSAIDS (58;62) and acetoaminophen (63).
However, some patients who received phrenic nerve infiltration still reported pain. This could
be due to anatomical variations in the emergence of the sensory fibers from the phrenic nerve,
reaching the fibrous pericardium and parietal layers of the pleura.
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The most effective management strategy would be multimodal, consisting of acetoaminophen
(preemptive and regularly), NSAIDS if not contra-indicated, and infiltration of the phrenic
nerve with a long-acting local anesthetic.

Intercostal nerve block
Intercostal nerve blockade is used routinely at some centers. The simplest method is a single
injection of local anesthetics in multiple intercostal nerves before closure of a thoracotomy
incision (five interspaces are usually blocked: two above, two below, and one at the site of the
incision). However, single-shot intercostal nerve blocks with local anesthetic generally do not
provide effective long-term analgesia and frequently have to be repeated. A longer-lasting
method involves continuous infusion of local anesthetics for several days through an indwelling
catheter placed in a subpleural/extrapleural pocket, allowing the local anesthetic to diffuse to
the nerves. Most surgeons use this approach for thoracoscopic surgeries, although others argue
that an intercostal catheter is equivalent to epidural analgesia combined with patient-controlled
analgesia (64;65). Another approach is intraoperative cryoneurolysis of the intercostal nerves
prior to closure of the thoracotomy incision. Similar to single-shot intercostal blocks, direct
application of the probe onto the intercostal nerve at the site of the incision as well as the nerves
two levels above and below leads to axon degeneration. Because endoneurium and perineural
connective tissue are preserved, restoration of nerve structure occurs 1–3 months after freezing.

Although this has been shown to be effective in decreasing postoperative pain as well as the
amount of oral and parenteral analgesics required post-procedure, long-term outcomes have
been less positive, due to the high incidence of development of neuropathic pain, dysesthesia,
and intercostal muscle paralysis (5;66–68).

As can be seen in fig. 1, an intercostal nerve block by a needle inserted perpendicular to the
skin in the posterior axillary line does not cover pain in the more posterior parts of the back.
In addition, if a chest tube is not in place, the risk of pneumothorax from the block needs to be
considered.

Paravertebral nerve block
Some authors consider paravertebral block nearly equivalent to epidural analgesia, without the
detrimental effects of bilateral sympathetic blockade (69;70). It is somewhat surprising that
this technique is not more widespread, though possibly because it has only recently become
reintroduced into clinical practice. Fewer practitioners are therefore familiar with it, it is more
difficult to thread the catheter compared to epidural, and a loss of resistance is not so much
appreciable as with an epidural approach.

Another problem with paravertebral blocks with either the percutaneous approach or the open
technique is the relatively high failure rate of ~10%. This might be due to the interference by
the endothoracic fascia. Once the tip of the needle or of the catheter is ventral to this fascia,
the diffusion of the local anesthetic back to the nerve(s) is severely hindered (71)

With the advent of video-assisted pulmonary resection, more patients undergoing thoracic
procedures became ambulatory surgical candidates. Central neuraxial techniques, even those
incorporating very low concentrations of neuraxial local anesthetics and opiates, do not appear
to be useful in the ambulatory setting. Though paravertebral nerve blocks are a well-established
and safe technique, most published results are from patients admitted to the hospital, and
application of these principles in the ambulatory setting may not be feasible.
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Preemptive analgesia and thoracotomy
Some of the mechanisms for the development of allodynia and hyperalgesia are well-known.
The concept of sensitization has led to an increased effort to control acute pain by a more or
less total afferent blockade, with the goal of reducing the development of post-thoracotomy
pain.

Preemptive analgesia is intended to prevent the establishment of central sensitization caused
by incisional and inflammatory injuries. Evidence from basic research has indicated that
analgesic drugs are more effective if administered before, rather than after, a noxious stimulus
(72;73). The benefit of pre-emptive analgesia has been supported by some clinical studies using
local anesthetics (74;75), opioids, and non-steroidal anti-inflammatory drugs (76;77).
However, the clinical usefulness of pre-emptive analgesia has remained controversial (78–
80), probably due in part to the wide variation in study conditions such as surgery, drugs, doses,
routes of administration, and treatment duration as well as pain assessment methods used in
different studies (81–83).

Previous studies comparing the effects of pre-operative and post-operative epidural block in
abdominal surgery have failed to demonstrate any benefit of pre-emptive analgesia (78;79).
This lack of benefit was partly attributed to the less discrete, visceral nature of pain after
abdominal surgery. Thoracotomy produces high-intensity noxious stimuli sufficient to cause
central sensitization (84;85), and the area of post-thoracotomy pain is more discrete and largely
restricted to the site of surgery. Hence, any benefit of preemptive epidural analgesia should,
theoretically, be more apparent in thoracic surgery than in abdominal surgery.

Though results from clinical studies so far have not shown a major impact of pre-emptive
epidural analgesia on postoperative pain after thoracic surgery (86;87), the concept holds
promise, especially in preventing the development of chronic post-thoracotomy pain (52;88).

It has also been suggested that while preemptive analgesia is beneficial in some surgical
procedures, it is ineffective in others (14). One explanation offered is that the surgical area is
innervated by multiple segmental and cranial nerves (89).

It has also been shown that the degree of acute pain after thoracic surgery predicts long-term
post-thoracotomy pain, and hence aggressive management of early postoperative pain may
reduce the likelihood of long-term post-thoracotomy pain (84). A good analgesic regime not
only reduces pulmonary complications in the immediate perioperative period (90), but also
helps in early mobilization (91;92). The most common technique for pain relief is a thoracic
epidural, with the catheter in the mid-thoracic region with a continuous infusion of local
anesthetic and narcotics (93). Some recent studies (52;85;88;94) have shown beneficial effects
(both immediate and late) when preemptive analgesia (nerve blockade either by epidural or
intercostal nerve block) was begun before the surgical incision. However, other researchers
have found marginal or no benefits even when a multimodal approach was used (86;87;95;
96).

In summary, it appears that the most logical explanation for the failure of preemptive analgesia
has two components: first, afferent impulse blockade should be complete, which is impossible
given the variety of incoming stimuli, and should also last for at least several days
postoperatively (97;98). Secondly, a complete “humoral blockade” would be necessary, as it
has been shown that circulating pro-inflammatory cytokines lead to central COX-2 induction,
e.g., Interleukin-1β-mediated induction of COX-2 in the CNS contributes to inflammatory pain
hypersensitivity (99).
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Fig 1.
Drawing depicting a typical intercostal nerve and its branches
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