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1. Introduction

Chronic pain following surgical procedures for breast
cancer was once thought to be rare. The results of recent
studies, however, suggest that the incidence of chronic pain
following breast cancer surgery may be over 50% (Tasmuth
et al., 1995; Kwekkeboom, 1996; Fassoulaki et al., 2000).
Post-operative sensations reported by patients can be
transient or long-lasting, and can include pain, phantom
sensations, and sensory loss or changes. Chronic pain can be
a source of considerable disability and psychological
distress. In patients undergoing diagnostic studies, surgical
procedures, and other treatments for breast cancer, persist-
ing pain is an additional burden for individuals already
suffering from many psychosocial and medical stressors
(Wyatt and Friedman, 1998; Velanovich and Szymanski,
1999; Kuehn et al., 2000). Chemotherapy and radiotherapy
can be additional sources of pain and related symptoms and
make diagnosis difficult.

More patients are surviving breast cancer as a result of
progress in diagnosis and treatment. The population at risk
for chronic pain and other late complications can therefore
be expected to increase in coming years. Although most
surgical advances are less invasive and have fewer
complications, the rapid pace of change in treatment
complicates outcomes research.
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E-mail address: robert_dworkin @urmc.rochester.edu (R.H. Dworkin).

This article reviews the types of breast cancer surgery
and research on the epidemiology and natural history,
pathophysiologic mechanisms, treatment, and prevention of
chronic pain following these procedures. We emphasize
neuropathic pain because it is the most prevalent type, and
propose a classification of chronic neuropathic pain
following breast cancer surgery that takes into account
recent advances in surgical procedures. This classification
includes only chronic neuropathic pain syndromes that are a
direct consequence of breast cancer surgery. There are other
neuropathic pain syndromes that occur following breast
cancer surgery that are a consequence of breast cancer and
its non-surgical treatment. These syndromes, which include
neuropathic pain caused by tumor recurrence and para-
neoplastic processes, chemotherapy-associated neuropathy,
and radiation plexitis and plexopathy, are beyond the scope
of this article.

Breast cancer occurs in men with a low incidence
(Meguerditchian et al., 2002). Unfortunately, no studies
have systematically compared chronic pain in men and
women patients following breast cancer surgery; indeed, to
our knowledge, only one study of chronic pain following
breast cancer surgery has included men (Miaskowski and
Dibble, 1995). The nature of the samples studied therefore
limits our conclusions to women with breast cancer.
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Table 1
Surgical procedures for breast cancer

Surgical procedure Tissue removed

Radiation therapy Chemotherapy

Mastectomy
Radical mastectomy (Halsted)

Skin and breast tissue, all axillary

Not routine Not routine

lymph nodes, pectoralis major and minor

muscles
Modified radical mastectomy
lymph nodes

Breast-conserving surgery
Lumpectomy
normal tissue
Lumpectomy with axillary node dissection
axillary nodes
Lumpectomy with sentinel node biopsy

Skin and breast tissue, all axillary

Breast lump and a margin of
Breast lump, margin of normal tissue,

Breast lump, margin of normal tissue,

Not routine Not routine
Routine No
Routine

If disease present in axillary nodes

Routine If disease present in axillary nodes

axillary nodes only if positive sentinel

node biopsy

2. Types of breast cancer surgery

Table 1 presents a summary of surgical procedures for
breast cancer.

2.1. Radical mastectomy

This operation was developed by Halsted in the late 19th
century (Iglehart and Kaelin, 2001). It involves removing
the breast, skin and fat, pectoralis major and minor muscles
of the chest, and all the lymph nodes under the ipsilateral
arm. It is the most disfiguring breast cancer surgery, and
exploration of other options began in the 1970s when it was
realized that most breast cancer recurrences are not in the
chest muscles.

2.2. Modified radical mastectomy

Clinical trials conducted in the 1970s compared radical
mastectomy with less extensive procedures. One was the
modified radical mastectomy, in which the pectoralis
muscles are not removed but all other aspects of radical
mastectomy are retained (Shons and Cox, 2001). Although
removal of pectoralis minor was included with the initial
modifications, it is now rarely performed.

2.3. Breast conserving surgery (lumpectomy)

Breast-conserving surgical treatments have evolved
rapidly in recent years and currently account for as much
as 40% of breast cancer surgery (Iglehart and Kaelin, 2001).
Although commonly referred to as lumpectomy, these
procedures have also been termed breast preservation,
conservative breast surgery, wide local excision, partial
mastectomy, segmentectomy, or tylectomy (Shons and Cox,
2001). Lumpectomy involves removal of the primary tumor

and a margin of normal tissue, and it is important to
distinguish lumpectomy from lumpectomy with axillary
node dissection and lumpectomy with sentinel node biopsy.
Patients who undergo only lumpectomy generally have
earlier breast cancer (in situ disease) than those who require
an axillary procedure.

2.3.1. Lumpectomy with axillary node dissection

Outcomes of lumpectomy with axillary node dissection
were first studied in the 1970s. The primary tumor and a
margin of normal tissue are removed, and axillary node
dissection is performed through a separate incision in the
armpit. Post-operative radiation therapy is administered to
the remaining breast and the tumor bed. When disease is
found in the axillary nodes, post-operative chemotherapy is
administered (Iglehart and Kaelin, 2001; Shons and Cox,
2001).

2.3.2. Lumpectomy with sentinel lymph node biopsy

This is the most recent and least invasive option. A
sentinel lymph node (i.e. the first axillary lymph node to
receive drainage from the breast tumor) is identified by
injecting a dye or radiolabelled colloid into the area of the
tumor before surgery and then the labeled node is identified
and removed for pathologic examination. If no tumor is
found within this node, the patient does not undergo axillary
dissection. With sentinel node biopsy, only those patients
with disease in the sentinel lymph node undergo axillary
dissection, sparing many patients from axillary dissection
and its complications. Post-operative breast radiation
therapy is administered to all patients.

2.4. The role of chemotherapy and radiation therapy

Chemotherapy is typically initiated after surgery and
before radiotherapy when disease is found in axillary nodes.
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It is also used in selected patients, including those with
locally advanced disease as well as those with inflammatory
breast cancer, as an initial treatment to reduce tumor size in
preparation for later surgical removal. Radiation therapy is
now a standard part of breast-conserving treatment. Patients
undergoing lumpectomy with axillary node dissection or
sentinel node biopsy are routinely administered post-
operative radiotherapy that targets the breast and tumor
bed and possibly the axillary area (Iglehart and Kaelin,
2001). Although use of brachytherapy (implantation of
small radioactive particles into the tumor bed) is increasing,
it is not widely practiced. There are many side effects of
chemotherapy and radiation, including pain and associated
symptoms such as fatigue. Peripheral neuropathy, often
painful, is common after paclitaxel, a second-line therapy
for metastatic disease, and also occurs with other
chemotherapeutic agents.

3. Anatomical considerations

The innervation of the cutaneous and subcutaneous
(adipose, lactiferous) structures of the breast is simple, with
somatic and preganglionic sympathetic innervation being
supplied through the medial and lateral cutaneous branches
of the ventral ramus of the third through sixth intercostal
nerves. The lateral cutaneous branch of T, (intercostobra-
chial nerve) crosses the axilla to innervate the upper medial
portion of the arm while the lateral and anterior branches
innervate the anterior chest and upper back. T3 innervates
the skin of the axilla as well as the anterior and posterior
torso, and T, and below are restricted to the torso. The
nipple is primarily innervated by Tj.

Axillary dissection poses risks to the intercostobrachial
nerve, from stretch during retraction as well as from frank
transection. Many patients will be left with an area of
numbness on the upper inner arm, signifying damage to the
intercostobrachial nerve, but only a minority of these will be
painful. Other nerves at risk for damage from axillary
dissection include the medial cutaneous nerve of the arm,
which contains fibers from Cg and T; and arises from the
medial cord of the brachial plexus. It can be harmed during
section of the tributaries of the axillary vein, leaving
patients with sensory loss on the lower medial skin of the
upper arm. Pain accompanied by sensory loss in one of these
areas provides the basis for a diagnosis of injury to these
specific nerves.

Neuropathic pain arises from damage to nociceptive
axons; damage to primarily motor nerves is less likely to
cause chronic pain. However, even motor nerves have
sensory nervi nervorum and vasorum. Vulnerable motor
nerves in the area include the medial and lateral pectoral
nerves, which innervate the pectoralis minor and major
muscles and are lost during resection of these muscles. The
long thoracic nerve to the serratus anterior muscle runs
along the posterior part of the medial wall of the axilla

behind the axillary nodes. Damage produces ‘winging’ of
the scapula. The thoracodorsal nerve to the latissimus dorsi
muscle runs vertically through the axilla in close proximity
to the subscapular artery and vein. Preservation of these
neurovascular structures is required if a latissimus dorsi flap
is needed for reconstructive breast surgery. Weakness of the
latissimus dorsi (which adducts the upper arm) can usually
be compensated for by the teres major and pectoralis major
muscles.

4. Classification of chronic neuropathic pain following
breast surgery

Persistent pain in a patient with a prior surgical procedure
for breast cancer can occur for many reasons, including
tumor recurrence, complications of radiotherapy or che-
motherapy, or surgical injury (Watson and Evans, 1982;
Foley, 1987). Chronic pain that is a direct consequence of
surgery can be either nociceptive — for example, resulting
from injury to ligament or muscle — or neuropathic in
origin. Nociceptive pain usually resolves as damaged tissues
heal, whereas pain from neuronal dysfunction can persist
indefinitely. Neuropathic pain, defined as pain ‘initiated or
caused by a primary lesion or dysfunction in the nervous
system’ (Merskey and Bogduk, 1994), has been the focus of
greater clinical attention and research effort because it is
considerably more common.

We distinguish four different types of chronic neuro-
pathic pain following breast cancer surgery (Table 2). This
proposed classification is based on the results of studies of
the epidemiology, mechanisms, and treatment of chronic
pain following breast cancer surgery. Because of recent
advances in the surgical treatment of breast cancer, few
studies have investigated chronic pain following the
different types of breast conserving surgery discussed
above. The goal of our classification, therefore, is to
stimulate future research that will result in a taxonomy of
chronic pain following breast cancer surgery that is valid
with respect to differences in pain mechanisms and
treatment response. Such research is required not only to
refine the descriptions of these four syndromes, but also to
develop reliable and valid diagnostic criteria and assessment
methods.

4.1. Phantom breast pain (versus non-painful phantom
breast sensation)

Patients commonly experience the sensation that the
removed breast is still present after a radical mastectomy or
a modified radical mastectomy. In considering chronic pain
following breast cancer surgery, it is important to
distinguish non-painful phantom sensation from phantom
pain. Non-painful phantom breast sensation is a sensory
experience of a removed breast that still feels present.
Phantom breast pain is a sensory experience of a removed
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Table 2

Classification of chronic neuropathic pain syndromes following breast cancer surgery

Syndrome

Description

Phantom breast pain®
Intercostobrachial neuralgia (includes post-mastectomy pain syndrome)

Neuroma pain (includes scar pain)

Other nerve injury pain

Sensory experience of a removed breast that is still present and is painful
Pain, typically accompanied by sensory changes, in the distribution of the
intercostobrachial nerve following breast cancer surgery with or without
axillary dissection

Pain in the region of a scar on the breast, chest, or arm that is provoked or
exacerbated by percussion

Pain outside the distribution of the intercostobrachial nerve consistent with
damage to other nerves during breast cancer surgery (e.g. medial and lateral
pectoral, long thoracic, thoracodorsal, and other intercostal nerves)

* To be distinguished from non-painful phantom breast sensations.

breast that is still present and is painful. Phantoms, either
painful or non-painful, can occur after removal of any
innervated body part.

4.2. Intercostobrachial neuralgia

Foley and colleagues (Granek et al., 1984; Foley, 1987)
described a distinct syndrome of pain and sensory
abnormalities following mastectomy that they termed
post-mastectomy pain syndrome (PMPS). In PMPS, pain
is typically localized to the axilla, medial upper arm, and/or
the anterior chest wall on the affected side (Stevens et al.,
1995). Damage to the intercostobrachial nerve, which can
occur with axillary node dissection, has been considered the
most common cause of PMPS. For example, in a series of 38
patients who had undergone mastectomy with axillary node
dissection, a lesion of the intercostobrachial nerve was
considered the cause of pain in seven of eight patients with
persistent pain on neurologic examination (Vecht, 1990).

Further evidence that the intercostobrachial nerve plays
an important role in post-mastectomy pain is provided by a
study that compared post-operative findings in three
different surgical approaches to the intercostobrachial
nerve during modified radical mastectomy (Paredes et al.,
1990). Abnormal sensation was more common in patients
whose intercostobrachial nerve was sectioned at its origin
on the chest wall than when only the axillary branches were
sectioned (with the trunk remaining intact); sensation was
the most normal in patients whose intercostobrachial nerve
was preserved.

As breast conserving surgery has become common, it has
been recognized that chronic pain can also occur after
lumpectomy. The risk of damage to the intercostobrachial
nerve seems to be at least as great in lumpectomy with
axillary dissection as in mastectomy, judging by the
incidence of ‘post-mastectomy’ and ipsilateral arm pain
found in patients who had breast conserving surgery versus
those who had mastectomy (Tasmuth et al., 1995, 1996b,
1997; Carpenter et al., 1999).

Abdullah et al. (1998) randomly assigned patients to

intercostobrachial nerve preservation or section, but noted
that the nerve was only preserved in 65% of those assigned
to the preservation group. Pain, numbness, and other
sensory changes were significantly greater at the time of
hospital discharge in the patients whose nerve had been
sectioned. By 3 months the difference in pain was no longer
significant, but the incidence of sensory deficits remained
greater in those assigned to nerve section (84%) than
preservation (53%). Some patients with sensory loss had no
sensory symptoms and others with symptoms had no
sensory loss, a common finding in neuropathic pain. This
study demonstrates both the technical difficulty in preser-
ving the intercostobrachial nerve, and the variable relation-
ship between sensory signs and symptoms. Importantly,
wide variation in the size, location, and branching of the
intercostobrachial nerve has been found when the nerve is
carefully dissected during mastectomy (Granek et al., 1984).
These variations may provide an anatomical basis for
differences among surgical procedures and among patients
in outcomes.

Because patients with chronic pain following lumpect-
omy with axillary node dissection, as well as those with
PMPS, can have neuropathic pain, at present intercosto-
brachial neuralgia (ICN) is a more appropriate term than
PMPS for the neuropathic pain syndrome that appears to
result from damage to the intercostobrachial nerve (Fromm,
2000). This term can be applied to patients who have
neuropathic pain caused by damage to the intercostobrachial
nerve irrespective of the type of surgical procedure that has
been performed.

4.3. Neuroma pain

Neuromas can form whenever peripheral nerves are
severed or injured. Macroneuromas consist of a palpable
mass of tangled axons unable to regenerate to their target,
fibroblasts, and other cells, whereas microneuromas contain
small numbers of axons and may not be palpable. Clinical
experience and animal models indicate that the formation of
a neuroma in scar tissue can cause chronic neuropathic pain.
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Both mastectomy and lumpectomy leave a scar in which
neuromas can form (Rosso et al., 2000). Axons entrapped
within these scars can cause spontaneous pain and severe
mechanosensitivity.

Neuroma pain may be more common following lum-
pectomy than mastectomy; Tasmuth et al. (1995) reported
that patients who had lumpectomy, axillary dissection, and
radiotherapy were significantly more likely to have scar pain
than those who had a modified radical mastectomy.
Anecdotal reports suggest that resection of intercostal
neuromas may alleviate chronic pain after breast cancer
surgery (Wong, 2001). However, because a neuroma can
reform following excision, relocation to a protected site and
attempts to improve regeneration using nerve grafts are the
major neurosurgical treatment options (Burchiel, 1997;
Campbell, 1997).

4.4. Other nerve injury pain

The three chronic neuropathic pain syndromes we have
discussed — phantom breast pain, ICN, and neuroma pain —
do not exhaust the types of chronic neuropathic pain found
after breast cancer surgery. For example, Carpenter et al.
(1999) reported that two of four patients who had
lumpectomy without axillary dissection had ‘post-mastect-
omy pain’ on medical record review, as did four of 18 whose
records documented sparing of the intercostobrachial nerve
during surgery. One explanation of these findings is that
other intercostal nerves are involved in some patients with
chronic neuropathic pain following breast cancer surgery
(Granek et al., 1984; Watson et al., 1989). Of course, these
patients may have had neuroma pain with symptoms that
mimicked PMPS (Carpenter et al., 1998), and it is also
possible that fascicles or small branches of the intercosto-
brachial nerve were damaged during surgery in these
patients despite the absence of axillary node dissection
and efforts to preserve the nerve. Other sources of
neuropathic pain following breast cancer surgery are
damage to the medial and lateral pectoral, long thoracic,
or thoracodorsal nerves, which are routinely spared but may
be injured by scarring or by traction during mastectomy
(Wallace and Wallace, 1997).

5. Epidemiology and natural history

Unfortunately, the research literature on chronic pain
following breast cancer surgery has used a variety of
definitions of chronic pain, ranging from two (Macrae and
Davies, 1999) to six (Kwekkeboom, 1996) months post-
operatively. The convention established by the International
Association for the Study of Pain (IASP) is that pain can be
considered chronic when it has persisted beyond the normal
time of healing, with 3 months being considered ‘the most
convenient point of division between acute and chronic
pain’ (Merskey and Bogduk, 1994). To facilitate compari-

son of research results, this definition of chronic pain should
be used in all future studies of phantom breast pain, ICN,
and neuroma pain following breast cancer surgery.
Although it was further proposed in the IASP taxonomy
that when pain is associated with cancer, ‘3 months can be
too long to wait before considering the pain as chronic’
(Merskey and Bogduk, 1994), we believe that for research
purposes this qualification should apply only to pain
associated with tumor recurrence, and not to neuropathic
pain syndromes caused by breast cancer surgery.

5.1. Prevalence

A summary of the results of studies that have examined
the prevalence of chronic neuropathic pain following breast
cancer surgery is presented in Table 3. Data are presented
for phantom breast pain, ICN, and neuroma pain. There are
many other studies that have not specified the type of
chronic pain following breast cancer surgery, and the results
of such studies are not included in the table. For ICN, the
table includes only the results of studies clearly referring to
PMPS or pain in the ipsilateral axilla or arm; studies
reporting the prevalence of chest or shoulder pain were not
included because damage to the intercostobrachial nerve
may not be the cause of such pain. For neuroma pain, the
table includes only the results of studies referring to
neuroma pain, scar pain, or cicatrix pain. Many of the
studies summarized in the table have examined small
samples of patients, and most have important methodologi-
cal shortcomings, including use of retrospective samples of
convenience.

Estimates of the prevalence of phantom breast
sensation in patients following mastectomy have been
as high as 60-80% (Jamison et al., 1979; Lierman,
1988). As can be seen from Table 3, reports of the
prevalence of phantom breast pain range from 13 to
44%. Estimates of the prevalence of ICN (or PMPS) also
vary widely. Stevens et al. (1995) reported that the
prevalence of PMPS was 20% after breast cancer
surgery, and that patients with PMPS constituted 58%
of those who reported pain following their surgery (the
remainder had somatic or visceral pain directly associ-
ated with tumor involvement). Estimates of the risk of a
painful neuroma following breast cancer surgery also
vary widely, ranging from 23 to 49% (Table 3).

Wallace et al. (1996) conducted one of the few studies of
pain following breast cancer surgery that specifically
examined breast reconstruction and found that the preva-
lence of any pain was greatest in patients who had had
mastectomy with reconstruction (49%) versus those who
had undergone mastectomy without reconstruction (31%).
Women whose reconstruction had included breast implants
had a greater prevalence of pain (53%) than patients who
had reconstruction without implants (30%), who had a very
similar prevalence of pain as patients who had mastectomy
without reconstruction.
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Table 3

Prevalence of chronic neuropathic pain syndromes following breast cancer surgery

Author, year N Time after surgery (months)® Prevalence (%)
Phantom breast pain

Jamison et al. (1979) 41 22 44
Krgner et al. (1989) 110 12 13
Krgner et al. (1992) 69 72 17
Intercostobrachial neuralgia (including post-mastectomy pain syndrome

and ipsilateral axillary or arm pain)

Vecht (1990) 38 1-6 18
Keramopoulos et al. (1993) 104 3 16
Polinsky (1994) 223 96 33-39
Stevens et al. (1995) 95 NAP 20
Tasmuth et al. (1995)

Modified radical mastectomy 283 32 28-41

Breast conserving surgery 184 28 37-61
Tasmuth et al. (1996b)

Modified radical mastectomy 53 6 23

12 13

Breast conserving surgery 40 6 35

12 23
Wallace et al. (1996)

Mastectomy 103 12-72 56

Mastectomy -+ reconstruction 78 12-72 42
Abdullah et al. (1998)

Nerve preserved 40 3 14

Nerve removed 80 3 32
Carpenter et al. (1998) 134 38 27
Kakuda et al. (1999) 95 1-210 20
Tasmuth et al. 1999)

High-volume hospitals 129 12 43

Low-volume hospitals 92 12 56
Fassoulaki et al. (2000)

Control group 22 3 50-68
Johansen et al. (2000) 266 78 15
Fassoulaki et al. (2002)

Control group 24 3 33

Neuroma pain (including scar pain)
Krgner et al. (1989) 110 12 23
Krgner et al. (1992) 69 72 31
Polinsky (1994) 223 96 31
Tasmuth et al. (1995)

Modified radical mastectomy 283 32 32-40

Breast conserving surgery 184 28 45-49

# Mean, median, or range of follow-up duration after surgery.
® NA = not available.

Tasmuth et al. (1999) examined whether there is a
volume-outcome relationship in the development of chronic
pain following breast cancer surgery. Although the
incidence of pain and abnormal sensations was reduced in
high-volume hospitals, such outcome differences likely
reflect multiple factors, including the availability of better
support services in high-volume hospitals.

There can be little doubt that the variability in estimates
of the incidence of chronic pain following breast cancer
surgery — whether phantom pain, ICN, or neuroma pain — is
due to multiple factors, including duration of time since

surgery, type of surgery, research method (retrospective
versus prospective), diagnostic criteria, pain assessment
methods, and the distribution of various demographic and
clinical characteristics in the samples studied (e.g. age, use
of chemotherapy and radiotherapy, tumor recurrence).

5.2. Prognosis

Assessments of the overall duration of pain following
breast cancer surgery are complicated by sources of pain
that follow surgery. These include radiotherapy and
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chemotherapy, reconstruction, restrictions in shoulder range
of motion and arm strength, and disease progression.
Patients may also undergo treatment for their pain, which
makes it difficult to evaluate whether decreased pain is a
result of natural history or treatment effects. Most studies of
the prognosis of chronic pain following breast cancer
surgery have used retrospective methods, and it is very
likely that the results of these studies include various recall
and selection biases.

There is some evidence that the incidence of chronic pain
following breast cancer surgery, its intensity (de Vries et al.,
1994), and associated sensory abnormalities decrease over
time. For example, Ivens et al. (1992) found that the
likelihood of chronic pain diminished from 31% at 1-2
years following breast cancer surgery to 20% after more
than 4 years following surgery. With respect to phantom
breast sensations, it was found that 26% of patients reported
phantom sensation 3 weeks after surgery, with approxi-
mately half of these patients reporting pain; when
recontacted 6 years later, the incidence of phantom breast
sensation remained the same but only 17% of these patients
reported pain (Krgner et al., 1989, 1992).

5.3. Quality of life

As is generally true of chronic and cancer pain
syndromes (Glover et al., 1995), phantom breast pain,
ICN, and neuroma pain following breast cancer surgery can
have a profound negative impact on a patient’s physical and
psychosocial functioning. In one study, approximately half
of patients following breast cancer surgery reported some
impact of pain on their activities, with one-quarter of
patients reporting that their pain had moderate or greater
impact on their daily lives (Tasmuth et al., 1995). The
impact of pain following breast cancer surgery occurs at
work and at home (Polinsky, 1994), and because of their
pain some patients must apply for disability benefits or
reduce their work schedule to part-time (Stevens et al.,
1995).

Several studies have examined whether patients with
chronic pain following breast cancer surgery have elevated
levels of psychosocial distress. Compared to the general
population, patients with chronic pain following breast
cancer surgery have been found to have significantly greater
psychological distress (Tasmuth et al., 1996a), although not
in all studies (Hack et al., 1999). The results of other
research suggest that the presence and intensity of chronic
pain and discomfort following breast cancer surgery is, not
surprisingly, associated with greater psychological or
psychiatric morbidity, including depression and anxiety
(Maunsell et al., 1993; Glover et al., 1995; Miaskowski and
Dibble, 1995; Tasmuth et al., 1996b; Carpenter et al., 1998;
Akechi et al.,, 2001). Such cross-sectional relationships
between psychosocial distress and the presence and
intensity of pain are certainly consistent with elevated
levels of distress being a consequence of chronic pain.

However, it is also possible that these relationships reflect
psychosocial risk factors for chronic pain; as will be seen
below, only the results of prospective studies have the
potential to disentangle these causal relationships.

5.4. Risk factors for chronic pain following breast cancer
surgery

Identification of risk factors for phantom pain, ICN, and
neuroma pain after breast cancer surgery not only provides
important information about the natural history of these
syndromes but may increase understanding of their
pathophysiologic mechanisms. In addition, knowledge of
risk factors can be used to design interventions intended to
prevent the development of chronic pain following breast
cancer surgery, and will identify the important covariates
that should be examined in clinical trials of such preventive
interventions. Finally, determining the risk factors for
chronic pain following breast cancer surgery makes it
possible to identify those patients who have greatest need
for preventive efforts because of their increased risk of
chronic pain.

5.4.1. Demographic risk factors

The results of research examining whether age is a risk
factor for chronic pain following breast cancer surgery are
inconsistent. Although several studies suggest that younger
patients are at greater risk (de Vries et al., 1994; Tasmuth
et al., 1995; Smith et al., 1999), others find no relationship
between age and pain after breast surgery (Krgner et al.,
1989; Ivens et al., 1992; Carpenter et al., 1999). Impor-
tantly, breast cancer patients under 35 years of age have a
poorer prognosis, which may explain the results of studies
reporting a greater likelihood of chronic pain in younger
patients. Tumors in younger patients are more likely to be
estrogen-receptor negative, of higher tumor grade, more
proliferating, and more vessel invasive (Kroman et al.,
2000; Yildirim et al., 2000), and age independently predicts
increased relapse and decreased survival (Colleoni et al.,
2002).

5.4.2. Medical and surgical risk factors

Chemotherapy and radiation therapy seem not to increase
the risk of phantom breast pain (Krgner et al., 1989; de Vries
et al., 1994) but have been found to be associated with other
types of pain after lumpectomy or mastectomy in some
studies (Tasmuth et al., 1995, 1997; Smith et al., 1999) but
not others (Carpenter et al., 1999). However, chemotherapy
and radiotherapy are related to age and disease stage and can
themselves be the cause of various neuropathic pain
syndromes and it is therefore unclear whether they make
an independent contribution to the development of ICN or
neuroma pain.

5.4.3. Acute pain
The presence of breast pain before mastectomy predicted
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the presence of phantom breast pain 3 weeks after surgery
but not 1 year later; however, pre-operative breast pain did
predict the presence of phantom breast sensation at the 1-
year follow up in this study (Krgner et al., 1989). Greater
intensity of acute post-operative pain and greater post-
operative analgesic use have been found to be associated
with chronic breast and ipsilateral arm pain following breast
cancer surgery in both retrospective and prospective
research studies (Tasmuth et al., 1995, 1996a, 1997; Jung
et al., 2002).

5.4.4. Psychosocial risk factors

As noted above, cross-sectional associations between
chronic pain and psychosocial distress are consistent with
distress being either a consequence of chronic pain or one
of its risk factors. For this reason, only the results of
prospective studies can provide compelling evidence that
psychological variables are risk factors for chronic pain
(Dworkin and Banks, 1999). In the first study to
prospectively examine psychosocial risk factors for chronic
pain following breast cancer surgery, pre-operative
depression and anxiety were non-significantly greater in
patients who developed chronic pain than in those who did
not (Tasmuth et al., 1996a). Interim analyzes of the results
of an ongoing prospective study provide further support for
the possibility that psychosocial distress prior to breast
cancer surgery is a risk factor for chronic pain after surgery
(Jung et al., 2002).

5.4.5. Necessity of multivariate analyzes of risk factors

It is very likely that there are significant associations
among risk factors for chronic pain following breast cancer
surgery. For example, patients with more advanced disease
undergo more invasive treatment and may have greater
psychological distress. It is important to identify whether
such variables and others (e.g. age, chemotherapy) are
independent risk factors or whether their association with
the development of chronic pain is explained by their
relationships with other variables. This will require studies
in which all of these demographic, clinical, and psychoso-
cial characteristics are carefully assessed and then analyzed
using multivariate statistics. Prospective studies in which
interventions that modify putative risk factors are adminis-
tered prior to surgery also have the potential to further
clarify the role of these factors in the development of
chronic pain.

6. Pathophysiologic mechanisms

Because it is caused by tissue damage and inflam-
mation, post-operative pain immediately following breast
cancer surgery has both nociceptive and neuropathic
components. As healing occurs, neuropathic pain mechan-
isms associated with breast removal and surgical insult to
the intercostobrachial and other nerves become predomi-

nant. The pathophysiologic basis for the development of
chronic phantom breast pain, ICN, and neuroma pain is
provided by the damage to peripheral nerve fibers that
occurs during breast cancer surgery. Identifying the
specific pathophysiologic mechanisms that are involved
in peripheral neuropathic pain syndromes has recently
become the focus of intense research effort. Current
understanding of these mechanisms, however, is largely
based on studies of animal and human experimental
models of neuropathic pain rather than on the results of
studies of human clinical syndromes.

6.1. Mechanisms of phantom breast pain

Few studies have sought to identify the mechanisms of
phantom breast pain. In an early study, Aglioti et al. (1994)
examined responses to pinprick and light touch in patients
with phantom breast sensations, including some whose
phantom sensations had resolved. When testing on
operated and non-operated sides, upper and lower limbs,
head and neck, back, and facial areas, stimulation of skin
areas well outside the dermatomes of the operated breast in
patients who still had phantom sensations produced a
phantom that reflected the kind of stimulus given. The
duration of time that had elapsed between surgery and
these assessments varied greatly among patients,
suggesting that remapping of peripheral input and cortical
reorganization may begin very soon after surgery.
Appearance of this type of cortical plasticity within a
few days of surgery provides evidence for unmasking of
extant non-functional connections.

Flor et al. (2000) have proposed a model of the
development of phantom limb pain and its perpetuation by
peripheral factors that provides a valuable guide to future
research on the development of phantom breast pain
following breast cancer surgery. In this model, presence of
pain before amputation can lead to the development of a
cortical pain memory, which promotes the cortical reor-
ganization after amputation that underlies phantom limb
pain. Reorganization of the amputation zone in the
somatosensory cortex is perpetuated by peripheral input,
including ectopic discharges from central and/or peripheral
neurons, sympathetic activation, and loss of nociceptive
input. Different contributions by these different peripheral
and central mechanisms may explain different symptoms
and responses to regional analgesia. In some amputees,
elimination of both phantom pain and cortical reorganiz-
ation occurred during brachial plexus anesthesia, whereas in
other patients, pain and cortical reorganization remained
unchanged (Birbaumer et al., 1997).

An important question for future research is whether
cortical reorganization provides the mechanism of phantom
pain or whether reorganization is a concomitant or
consequence of the experience of a phantom sensation
(and can perhaps serve as a biomarker for it). It can be
expected, however, that relationships between phantom
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breast pain and cortical reorganization will differ from those
found between phantom limb pain and reorganization. This
is because the cortical representation of breasts presumably
differs from that of limbs, which convey detailed somato-
sensory information, including proprioception and joint
sensation that breasts do not.

6.2. Mechanisms of ICN

In an important study addressing mechanisms, Gottrup
et al. (2000) did extensive psychophysical testing in 15
patients with pain after mastectomy or lumpectomy and in
11 patients without persistent pain after breast cancer
surgery. There were increased warm and cold thresholds on
the operated side in both groups, but compared to those
without pain, patients with pain had less sensory deficit,
that is, their thermal sensation was relatively preserved.
Patients with pain also had lower pressure pain thresholds
and more cutaneous blood flow on the operated compared
to the non-operated side (differences that were not seen in
the pain-free group). Temporal summation, demonstrated
by greater evoked pain intensity after repetitive tactile
stimulation, was found near the surgical site in the patients
with pain, but was not seen on their unaffected side or in
the pain-free patients. Finally, stimulus-evoked pain and
spontaneous pain intensity were associated in the patients
with pain.

Considered together, these results are reminiscent of
those reported in patients with postherpetic neuralgia by
Rowbotham et al. (1998), who propose that such patterns of
sensory findings and symptoms reflect the maintenance of
central sensitization by input from damaged primary
afferent nociceptors that remain in continuity with their
central targets. It is difficult, however, to determine the
extent to which peripheral versus central sensitization
accounts for these results. Moreover, tactile allodynia
presumably involves low-threshold mechanoreceptors;
these sprout into the superficial nociceptive layers of the
dorsal horn, allowing cross-stimulation of nociceptive as
well as non-nociceptive central pathways in animals with
nerve injuries (Woolf et al., 1992).

6.3. Mechanisms of neuroma pain

Chronically painful scars can develop after mastectomy
and lumpectomy, and abnormal neuronal activity originat-
ing in neuromas or entrapped axons within this scar tissue is
the likely mechanism of such pain. It is well-established that
neuromas can be a source of ectopic discharges that
contribute to pain (Devor, 1997; Kretschmer et al., 2002).
These can be either spontaneous or evoked by mechanical
stimuli; the abnormal activity is thought to result from
upregulation and/or ectopic placement of energy transdu-
cers normally deployed only at the receptive field. Tapping
of neuromas is associated with increased activity in C fibers
as well as increased pain, and greater phantom limb pain is

associated with lower stump pressure pain thresholds
(Nikolajsen and Jensen, 2001).

7. Treatment

There are very few randomized, double-blind, placebo-
controlled trials of treatments for chronic pain following
breast cancer surgery. In open-label trials of topical
capsaicin for patients diagnosed with PMPS, Watson et al.
(1989) reported that eight of 14 patients (who completed the
trial) had good or excellent results, and Dini et al. (1993)
reported that after treatment two of 21 patients had complete
pain relief and another 11 had less pain. In the only
randomized controlled trial of topical capsaicin, crossover
treatment with capsaicin versus placebo in 25 patients
diagnosed with PMPS was associated with significantly
greater pain relief and reduction in jabbing pain, although
the treatment groups did not differ in the relief of steady pain
and allodynia (Watson and Evans, 1992). It was noted that
burning caused by capsaicin made it probable that the
integrity of the double-blind in this trial was compromised.

Amitriptyline has been examined in a randomized,
double-blind, placebo-controlled, crossover trial of neuro-
pathic pain following breast cancer surgery (Kalso et al.,
1995). Pain relief was significantly greater with amitripty-
line than placebo, and eight of 15 patients reported at least
50% decrease in their pain intensity; five of these patients,
however, did not want to continue treatment after the trial
ended because of adverse effects. A recent randomized,
double-blind, placebo-controlled, crossover trial failed to
find a significant benefit of venlafaxine versus placebo on
the primary endpoint (daily pain diary ratings) but did find
greater relief associated with venlafaxine treatment for two
secondary endpoints, pain relief and maximum pain
(Tasmuth et al., 2002).

These few clinical trials of chronic pain following breast
cancer surgery do not provide a basis for evidence-based
treatment of phantom breast pain, ICN, and neuroma pain.
However, there have been recent major advances in the
treatment of neuropathic pain that are based on the results
of randomized controlled trials in other chronic peripheral
neuropathic pain syndromes that likely share similar
mechanisms. The extent to which the results of clinical
trials of one chronic neuropathic syndrome apply to other
chronic neuropathic syndromes cannot be determined at
present. Nevertheless, the results of published clinical trials
and current knowledge of pathophysiologic mechanisms
and patterns of symptoms and signs suggest that treatments
found to be efficacious in one chronic neuropathic pain
syndrome may be efficacious in other neuropathic pain
syndromes (Sindrup and Jensen, 1999). In considering
treatment with medications not studied in phantom breast
pain, ICN, and neuroma pain, potential risks and benefits
should be carefully evaluated by considering the medica-
tion’s safety and tolerability in light of the patient’s



10 B.F. Jung et al. / Pain 104 (2003) 1-13

medical condition, age, pain severity, degree of suffering,
and previous treatment history.

For many years, amitriptyline was considered the first-
line treatment for chronic neuropathic pain. However, a
recent study of patients with postherpetic neuralgia demon-
strated that nortriptyline and amitriptyline provide equival-
ent analgesic benefits but that nortriptyline is better
tolerated (Watson et al., 1998). Therefore, secondary
amine tricyclic antidepressants, in particular nortriptyline
and desipramine, should be used in place of amitriptyline
and the other poorly tolerated tertiary amine tricyclics.

In addition to tricyclic antidepressants, recent placebo-
controlled trials have demonstrated the efficacy of gaba-
pentin, tramadol, and lidocaine patch 5% in patients with
various chronic neuropathic pain syndromes, especially
painful peripheral neuropathy (Sindrup and Jensen, 2000)
and postherpetic neuralgia (Dworkin and Schmader, 2003).
In addition to its analgesic benefit, the lidocaine patch 5%
provides a protective barrier that may be especially
beneficial in patients whose allodynia makes it difficult to
wear clothing.

Although the role of opioid analgesics in the treatment of
neuropathic pain was controversial for many years, the
efficacy of controlled-release oxycodone (Watson and
Babul, 1998) and morphine (Raja et al., 2002) has recently
been demonstrated in patients with postherpetic neuralgia.
The results of these studies provide compelling evidence
that opioid analgesics can be effective in neuropathic pain,
and should be considered in the treatment of the often-
refractory patient with neuropathic pain following breast
cancer surgery.

Although multidisciplinary treatment — which includes
psychological interventions and physical therapy as well as
medical and interventional treatments — has not been
studied in patients following breast cancer surgery, it has
very well established efficacy in the treatment of other
chronic pain syndromes. Indeed, patients with metastatic
carcinoma of the breast treated with group therapy with or
without self-hypnosis training reported significantly less
pain and suffering compared to control patients over the
course of 1 year (Spiegel and Bloom, 1983). There is
therefore no reason to doubt that the multidisciplinary
approach would provide as significant a benefit in treating
phantom breast pain, ICN, and neuroma pain as it does in all
of the other chronic pain syndromes in which it has been
studied.

8. Prevention

The risk of chronic pain following breast cancer surgery
can be attenuated by the surgical procedure employed.
Although it can be technically difficult to preserve the
intercostobrachial nerve, preservation or careful dissection
reduces the risk of sensory deficits and may reduce the risk
of ICN (Paredes et al., 1990; Abdullah et al., 1998). Because

only patients with disease in their lymph nodes undergo
axillary dissection, increasing use of sentinel lymph node
biopsy may also reduce the incidence of sensory deficits and
ICN (Dentsman et al., 2003).

Despite these and other advances in breast cancer
surgery, some patients will still develop chronic pain
following mastectomy and lumpectomy. Severe acute pain
is a risk factor for several pain syndromes, including chronic
pain following breast cancer surgery, and it has been
suggested that relief of acute pain may therefore reduce the
risk of chronic pain (Dworkin, 1997; Dworkin et al., 2000).
Recent placebo-controlled studies have examined whether
peri-operative treatment with eutectic mixture of local
anesthetics (EMLA), gabapentin, or mexiletine reduces the
risk of chronic pain following breast cancer surgery.
Patients undergoing mastectomy or lumpectomy with
axillary dissection who were treated with EMLA beginning
before surgery and continuing for six post-operative days
had a lower incidence and intensity of chronic pain 3
months later compared with placebo-treated patients
(Fassoulaki et al., 2000). Although peri-operative treatment
with gabapentin and mexiletine did not reduce the incidence
or intensity of chronic pain in a subsequent study by the
same research group (Fassoulaki et al., 2002), burning pain
was significantly more common in the placebo group at the
3-month assessment (burning pain was reported by 7/24
placebo-treated patients, versus 1/20 mexiletine-treated and
1/22 gabapentin-treated patients). In these studies, peri-
operative treatment with EMLA, mexiletine, or gabapentin
also reduced acute post-operative pain, including spon-
taneous and movement-associated pain, and decreased post-
operative analgesic consumption (Fassoulaki et al., 2000,
2002).

Considered together, the results of these studies have two
important implications. The first is that treatments for
chronic neuropathic pain can be effective for acute post-
operative pain, which is caused by a combination of
nociceptive and neuropathic mechanisms. Moreover, by
reducing acute post-operative pain, these agents might
attenuate the risk that chronic pain will develop following
breast cancer surgery. However, studies of the efficacy of
pre-, intra-, and post-operative epidural analgesia in
preventing phantom limb pain have had mixed results
(Nikolajsen and Jensen, 2001). Whether chronic neuro-
pathic pain following breast cancer surgery (or limb
amputation) can be prevented by optimizing peri-operative
pain management is an important question that demands
further research.

9. Future directions

We have reviewed chronic neuropathic pain syndromes
that develop following breast cancer surgery. Unfortunately,
few studies have directly compared the natural history,
mechanisms, or treatment response of the different neuro-
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pathic pain syndromes within the same sample of patients.
This is unfortunate, because such studies would make it
possible to examine the unique aspects of each of these
different neuropathic pain syndromes by holding constant
across all three groups the presence of cancer and cancer
treatment. Stratification by mechanism of pain should be
encouraged in future studies.

We have not discussed breast surgery procedures that do
not involve malignancy. Evidence of malignancy is
sometimes not found after surgical procedures for breast
cancer, and there are, of course, cosmetic and reconstruc-
tive breast surgeries that do not involve a diagnosis of
cancer. These surgical procedures provide an opportunity
to study chronic neuropathic pain following breast surgery
in patients free of the physical and psychological
consequences of cancer, chemotherapy, and radiotherapy
(Wallace et al., 1996). Such patients would provide a
valuable comparison group in studies of physical and
psychosocial functioning and mechanisms of neuropathic
pain following breast cancer surgery, making it possible to
identify what is unique about chronic neuropathic pain
following breast cancer surgery and what are more general
concomitants of breast surgery.

The aging of the population and advances in diagnosis
and treatment of breast cancer that prolong survival will
increase the challenge of controlling chronic pain and other
late complications and their negative impacts on quality of
life. Chronic neuropathic pain following breast cancer
surgery is one of the few types of neuropathic pain in which
large samples of patients known to be at risk for chronic
pain can be first assessed before their pain has developed
and then followed until their chronic pain is well
established. Such prospective studies will not only increase
understanding of the natural history of these chronic pain
syndromes, but will also provide an important opportunity
to investigate mechanisms accounting for the transition
from acute to chronic pain. This knowledge of natural
history and mechanisms will inform and enhance efforts to
develop interventions to prevent chronic neuropathic pain
following breast cancer surgery.
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