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Abstract

Acute pain after breast surgery decreases the quality of life of cancer survivors. Previous studies 

using a variety of definitions and methods report prevalence rates between 10% and 80%, which 

suggests the need for a comprehensive framework that can be used to guide assessment of acute 

pain and pain-related outcomes after breast surgery. A multidisciplinary task force with clinical 

and research expertise performed a focused review and synthesis and applied the 5 dimensional 

framework of the AAAPT (Analgesic, Anesthetic, and Addiction Clinical Trial Translations, 

Innovations, Opportunities, and Networks [ACTTION], American Academy of Pain Medicine 

[AAPM], American Pain Society [APS] Pain Taxonomy) to acute pain after breast surgery. 

Application of the AAAPT taxonomy yielded the following: 1) Core Criteria: Location, timing, 

severity, and impact of breast surgery pain were defined; 2) Common Features: Character and 

expected trajectories were established in relevant surgical subgroups, and common pain 

assessment tools for acute breast surgery pain identified; 3) Modulating Factors: Biological, 

psychological, and social factors that modulate interindividual variability were delineated; 4) 

Impact/Functional Consequences: Domains of impact were outlined and defined; 5) Neurobiologic 

Mechanisms: Putative mechanisms were specified ranging from nerve injury, inflammation, 

peripheral and central sensitization, to affective and social processing of pain.

Perspective: The AAAPT provides a framework to define and guide improved assessment of 

acute pain after breast surgery, which will enhance generalizability of results across studies and 

facilitate meta-analyses and studies of interindividual variation, and underlying mechanism. It will 
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allow researchers and clinicians to better compare between treatments, across institutions, and 

with other types of acute pain.
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Acute pain; mastectomy; postsurgical pain; psychosocial; taxonomy; pain assessment

Is Acute Pain After Breast Surgery Really a Problem?

Previously identified risk factors for greater acute postsurgical pain across a variety of 

surgical procedures include younger age, female gender, preoperative pain, surgical extent, 

and higher anxiety.38,52,94 Therefore, more than 200,000 women who are diagnosed with 

breast cancer (BC) each year in the United States, most of whom will have at least one 

surgical procedure,32 may be at higher risk of pain generally, and deserve more focused 

research efforts. Despite increasing interest and investigations into treating both acute70 and 

chronic56 postsurgical pain, it remains a significant problem for many individuals.1 Roughly 

28% of patients experience moderate to severe acute pain following surgery,38 leading to 

increased exposure to opioids months after surgery.17 Perhaps most concerning is the 

problem of persistent (or chronic) postsurgical pain (ie, pain lasting >3 months after 

surgery), which occurs in 20% to 30% of patients undergoing mastectomy or lumpectomy.
11,34,87 Since emergence of persistent pain is strongly associated with greater acute 

postoperative pain,6,66,67 the perioperative period may be a critical time for surveillance and 

potential intervention.

Who Experiences Acute Pain After Breast Surgery?

The most consistent surgical variables associated with postoperative pain include axillary 

dissection and reconstruction,4,5,13,35,61,85,96,97 with one study showing an 3- to 4-fold 

increased risk of moderate-severe pain and opioid use at 2 weeks after surgery.88 Although 

the perioperative management of acute pain after breast surgery has relied on opioids as the 

standard of care, opioid-sparing approaches such as regional anesthesia, (paravertebral, 

proximal intercostal, and pectoral and serratus anterior plane blocks) may reduce pain and 

decrease opioid use.7,100

However, even given relatively standard surgery and anesthetic approaches, interindividual 

variability exists in patients’ experience of pain. Psychosocial characteristics such as 

enhanced negative affect, anxiety, depression, sleep disturbance, and maladaptive coping 

(catastrophizing) are associated with higher levels of acute pain after mastectomy,
53,55,61,73,81 as well as with the transition to a more persistent pain state, making them 

important considerations in breast surgery patients.27,86 More generally, current abuse of 

ethanol or opioids may be an important risk factor for more severe postsurgical pain and 

prolonged opioid use.17
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What Underlies Acute Postmastectomy Pain? Hints From the Preclinical 

Literature

Preclinical research has focused on understanding the mechanisms that underlie postsurgical 

pain.12 As a result of damage to and microdevascularization of tissues, a cascade of 

inflammatory cells, growth factors, and other mediators are released into the surgical site in 

the hours, days, and even weeks after surgery. These mediators change the sensitivity of 

nociceptors.8,30 Changes in gene expression in the dorsal root ganglion (DRG), as well as in 

neurons and glia in the dorsal horn of the spinal cord, also occur in response to tissue injury 

like that occurring routinely in surgical procedures.39,101 In addition, exposure to high doses 

of opioids in the perioperative period may induce acute opioid tolerance and possible opioid-

induced hyperalgesia, and alter the balance of descending inhibition and facilitation from 

higher brain centers.62

Why do We Need a Taxonomy?

The lack of a consistent classification system (taxonomy) for acute pain leads to several 

important problems that limit our ability to study and treat it more effectively. First, we 

cannot determine the degree to which acute postsurgical pain is a problem (ie, what is the 

incidence and scope of the problem). Second, meaningful comparisons and meta-analyses 

cannot be performed across studies carried out in different health care systems or across 

surgical types. Third, postsurgical pain cannot be contrasted with other types of acute pain 

(eg, trauma, sickle cell, neuropathic pain). Fourth, trials to develop and evaluate new 

preventive therapies are less definitive without a taxonomy. For example, while novel 

regional anesthetic approaches have shown promise in some centers and in some patients, 

results are often inconsistent, possibly owing to differences in how pain outcomes are 

defined, surgical procedures, or patient classifications, as well as to individual differences in 

response to treatment. Having a common language and taxonomy, agreement on valid and 

reliable pain measures, and a list of important sources of interindividual variation that 

warrant further evaluation will facilitate meaningful comparison across studies, and more 

definitive conclusions about the value and personalized targeting of preventive therapies.

In order to accomplish a coordinated creation of a common language and taxonomy, the 

AAAPT (Analgesic, Anesthetic, and Addiction Clinical Trial Translations, Innovations, 

Opportunities, and Networks [ACTTION]-American Pain Society [APS]-American 

Academy of Pain Medicine [AAPM] Acute Pain Taxonomy) effort was begun in 2016. The 

resulting AAAPT is a multidimensional acute pain classification system.57 Identified sub-

categories of acute pain included acute pain after breast surgery, to which this 

multidimensional classification system was applied.

Working Group Methods

A working group (WG) of 6 individuals with expertise in research and clinical management 

of acute pain after breast surgery met in Washington, D.C, in November 2017. This meeting 

was jointly sponsored by the ACTTION, AAPM, and the APS. The WG was formed to 

specifically address issues around the assessment, study, and treatment of pain following 
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breast surgery. Before the meeting, WG members were provided with templates and 

background articles. Each member of the WG conducted her/his focused narrative literature 

review, with special attention to their particular area of expertise (ie, preclinical research, 

regional anesthesia, perioperative care, postoperative care, biopsychosocial modulators of 

pain). The WG discussed topical areas of importance through conference calls and e-mail 

exchanges and a consensus was reached. At the meeting, WG members summarized data 

and discussed their application with respect to the 5 AAAPT dimensions for acute pain: 1) 

core criteria, 2) common features, 3) modulating factors, 4) impact/functional consequences, 

and 5) neurobiologic mechanisms (Table 1). An initial presentation of findings was made to 

other acute pain WGs to align definitions and categories among the dimensions and across 

acute pain types. Feedback regarding alignment with other types of acute pain conditions 

was applied based on the other WGs’ presentations. Knowledge gaps were identified and 

strategies to translate findings into research and clinical practice were formulated.

Dimensions

Using the AAAPT framework for acute pain, the 5 dimensions for acute pain after breast 

surgery were defined (Table 1).

Dimension 1: Core Criteria

The WG formulated the following definition of acute pain after breast surgery:

Pain in patients during the time of normal healing after a breast surgery.

This short definition is expanded to 4 simple diagnostic criteria (Table 2), which include the 

proximity to the surgical event, the presence of pain, in the surgical area, during a timeframe 

consistent with a normal healing process (2 weeks to as long as 3 months).

Surgical breast procedures, primarily those surgeries done for cancer, include partial 

mastectomy (lumpectomy), total mastectomy, radical mastectomy, ± axillary procedures, 

and ± reconstruction procedures (Fig 1). By definition, acute pain is distinguished from 

more persistent pain by the fact that it does NOT extend beyond the expected time of healing 

(approximately 2–3 weeks to as long as 3 months). However, it should be noted that the time 

window for acute (vs chronic) pain may vary considerably depending on the degree of tissue 

damage, occurrence of postsurgical complications, and other modulating factors.

Dimension 2: Common Features

Surgical Type—Breast surgery includes a variety of procedures, with frequent evidence-

based updates of recommendations for specific surgeries (eg, lumpectomy vs total 

mastectomy vs modified radical mastectomy), as well as ongoing advances in surgical 

reconstructive techniques (implant vs autologous flap) (Fig 1). Depending on the indication 

and approach to management, multiple surgeries may be required, which are separated in 

time and constitute repeated instances of acute pain. Furthermore, because surgical 

techniques are evolving, older studies with less frequently used approaches (radical 

mastectomy) are of uncertain relevance. Breast reconstruction has become more standard 

and more frequently combined with the initial surgery for BC, often with 2 surgical teams 
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working together. Although much of the previous literature regarding surgical risk factors 

has focused on an evaluation of chronic pain following BC surgery, some information is 

available on surgical characteristics that are associated with greater acute postoperative 

breast pain.

1. Axillary dissection, with and without preservation of the intercostal brachial 
nerve. Axillary surgery (lymph node dissection or single node biopsy) is 

associated with higher levels of acute pain.88 Evidence suggests that more 

sensory deficit is associated with increased pain. However, it is not clear if a 

specific axillary approach is consistently associated with increased pain.4,5,13 Of 

note, in a large study of patients who underwent breast reconstruction, neither 

sentinel node biopsy nor axillary dissection was associated with a significant 

increase in postoperative pain.61

2. Breast reconstruction. Numerous techniques are used to reconstruct the breast, 

from creating flaps from autologous tissue to the placement of a prosthesis. 

While some procedures are staged, others are done at the time of the 

mastectomy. The source of the material (eg, autologous muscle/fat from remote 

or local site such as a transverse rectus abdominis myocutaneous (TRAM) flap, 

implant), the location of the reconstruction (eg, under the pectoralis), treatment 

of the flap (muscle, vasculature, fascia), and the associated treatment of the 

nipple and skin are important characteristics that can influence the severity of 

acute pain. In some studies that examined implants versus autologous tissue 

flaps, implants were associated with more acute pain than autologous techniques. 

Specifically, deep inferior epigastric perforator flap (DIEP), superficial inferior 

epigastric perforator flap (SIEA), and pedicle transverse rectus abdominis 

musculocutaneous flap (PTRAM) were associated with less pain at one week 

compared to tissue expanders (TE) and implants.61,36 Avoiding the placement of 

an implant below the pectoralis appears to be associated with less pain.104 Use of 

a TE as an intermediate step to make space for implants is common (69% of 

2667 patients in one study) and necessitates a 2-stage procedure.61 In several 

studies, the use of tissue expanders was associated with increased pain.35,61,85,97 

Of note, larger volume tissue expanders were associated with higher opioid use 

in the postoperative period.35

3. Surgical extent. In general, the more extensive the surgery, the more severe the 

postoperative pain.88 Bilateral procedures are more painful than unilateral 

procedures and are associated with lower levels of physical well-being in the 

week following surgery.36,61 This is an important consideration with regards to 

the choice for reconstruction, which invariable involves a greater extent of 

surgery, and often multiple surgeries.

4. Surgical drains. An increased number of drains is associated with higher pain 

scores and a longer hospital stay.84 The impact of newer techniques that 

minimize the use of drains on acute postsurgical pain warrants investigation.
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Pain Measures—Several measures have been used to assess acute pain after breast 

surgery, including: a simple 0–10 numerical rating scale (NRS; with 0 = “no pain” and 10 = 

“the worst possible pain”), which is commonly used in clinical practice; composite scores, 

such as the breast cancer pain questionnaire34 that take into account several dimensions of 

the pain experience (eg, severity, frequency, location); pain at rest (spontaneous) versus with 

movement (evoked); all pain scores averaged over a defined period of time; and pain 

trajectory (resolving vs not) (Table 3). Many studies use multiple measures, most commonly 

an assessment of pain severity and a measure of analgesic utilization, which obviously can 

be interrelated and potentially confounded. One important conclusion of the WG regarding 

the assessment or measurement of pain was that a comprehensive approach to the 

assessment of pain is optimal (eg, cognitive, emotional, functional impact, opioid analgesic 

use) and comparisons between measures is important to future research. From a clinical 

standpoint, understanding the severity, timing, and impact of acute pain may facilitate 

matching of an analgesic approach to a specific mechanism, and allow for early detection of 

a transition from acute to chronic pain. Additionally, a careful examination of interindividual 

differences in the trajectories of acute pain and characteristics associated with postbreast 

surgical pain between 2 weeks and 3 months (depending on the procedure) is critical to 

determine risk factors and to develop more effective preventive interventions. From a 

research perspective, more comprehensive assessments will allow for comparisons across 

studies and different types of acute pain, as well as improve generalizability of findings 

across interventional studies.

Dimension 3: Modulating Factors

While the surgical technique may impact acute pain, interindividual differences in pain are 

also evident within the same surgical procedure.33 The biopsychosocial model of pain37 

outlines the contribution of pain modulation from several dimensions: 1) biological 

differences between procedures or individuals (including genetics); 2) psychological 

reactions to and processing of injury and pain; and 3) social contexts and factors that relate 

to the procedure and the pain associated with it (Table 4).

Biological: Biological factors related to the surgery include the surgical extent (how much 

and what type of tissue is damaged), location (how highly innervated are the areas involved), 

and postsurgical complications (hematoma, seroma, infection, which may be associated with 

increased inflammation). Differences in genetic risk may cause variations in responses to a 

given injury, pre-disposing some patients to more severe acute pain and/or more chronic 

pain.54 Anesthetic and analgesic treatments may modify the expression of genes, proteins, 

and signaling cascades in important ways. For example, volatile anesthetics may sensitize 

peripheral sensory neurons to noxious stimuli,29 potentially leading to epigenetic changes 

such as increased DNA methylation that modifies gene expression in the skin, muscle, and 

sensory ganglia.90,92 Regional anesthetic techniques including paravertebral block, proximal 

intercostal block, and pectoral and serratus plane blocks (PECS) may decrease acute pain 

after breast surgery100 and also reduce opioid use in the acute postoperative period.7,100 

There is also evidence that the efficacy of opioids14–16 and regional anesthestics105 may also 

vary among individuals.
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Pre-existing pain is the most consistently reported risk factor for more severe acute pain 

after breast surgery. This consistent relationship between chronic and acute pain may reflect 

a biological state of generally heightened pain sensitivity which occurs in some individuals, 

and which can be assessed using quantitative sensory testing (QST).46,99 The predictive 

power of preoperative QST is variable and dependent on the testing modality used.82,83,88 In 

particular, temporal summation of pain (TSP) is associated with more severe acute pain after 

surgery.2,74,88,98 Similarly, younger age is associated with greater pain, seemingly 

independent of the stage of the BC and more extensive surgical procedures. While usually 

separated from the time of surgery, chemotherapy, and radiation therapy may activate 

biologic processes that cause new episodes of acute pain.

Psychological: Pain after breast surgery is influenced by psychological traits and factors, 

including emotional distress,49,69 preoperative levels of acute and trait anxiety or depression 

(assessed with self-report and clinician-rated measures) at the preoperative assessment,95 

pain catastrophizing,3,11,28 sleep disturbance (including the night after surgery43), coping 

strategies,80 and expectations.68 Psychological factors such as anxiety constitute an 

independent source of risk for pain at 2 days,77 3 months,63 and even later93 after surgery. 

Conversely, increased psychological “robustness,” a composite variable representing positive 

affect and dispositional optimism, was associated with decreased acute pain at rest and 

movement after surgery for BC.13 Importantly, psychological predictors of acute pain after 

breast surgery may differ in patients with and without pre-existing chronic pain. For 

example, in one study of patients with pre-existing pain, higher presurgical Pain 

Catastrophizing Scale scores were associated with higher levels of postmastectomy pain, 

while this relationship was not seen amongst those without preexisting pain.82 Higher levels 

of preoperative anxiety and depression (measured with State-Trait Anxiety Inventory and the 

Beck Depression Inventory, and PROMIS short forms) were also associated with higher 

levels of postmastectomy pain and analgesic requirements and increased functional 

impairment after surgery.49,53,75,81,88 Along with anxiety and depression, negative body 

image was associated with more severe acute pain.10 Pre-existing ethanol or opioid abuse is 

also associated with more severe postsurgical pain and prolonged opioid use.17

In addition to these psychological factors, the BC diagnosis itself can have a profound 

influence on a woman’s physical, psychological, social, and spiritual well-being. Anxiety, 

depression, anger, fatigue, and fear of recurrence are common responses to a diagnosis of 

BC and its treatment, which may impact a patient’s pain experience. On the other hand, 

protective factors like resilience and positive affect may decrease acute pain after breast 

surgery.

Social: Less education and lower social economic status (SES) may impact access to care. 

While not as stigmatizing and isolating as it once was, a cancer diagnosis may worsen 

patients’ pain and suffering. Social isolation, in the context of a BC diagnosis, is associated 

with higher mortality.60 While less well studied, certain aspects of social functioning appear 

to impact the experience of pain. Several studies suggest that a more insecure attachment 

style is associated with greater distress,19 lower self-efficacy to decrease pain,65 greater pain 

catastrophizing,59 more disability due to pain,23 and greater pain sensitivity.64 Naturally 

Schreiber et al. Page 7

J Pain. Author manuscript; available in PMC 2021 July 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



occurring social networks do seem to be protective40 and interventions to increase social 

connection have had some success in decreasing pain severity.40

Psychological and social influences may interact in important ways to affect patients’ pain 

experiences. In several studies, women with higher attachment anxiety exhibited 

hypervigilance toward medical diagnoses and pain, expressed greater negative thoughts and 

feelings about pain (ie, pain-catastrophizing),19,59,65 and at the same time had more severe 

or exaggerated pain-related behaviors,59 possibly to acquire attention and social support. In 

addition, these individuals tended to seek more support from healthcare providers.20 Other 

social issues, including societal impact on body image and sexuality, may modulate pain. 

This reaction is varied amongst individuals, more likely to be relevant in the longer term, 

and far from straightforward.

Dimension 4: Impact/Functional Consequences

Acute pain after breast surgery serves an important function: namely, the protection of 

healing tissue. In this context, pain’s “functional impact” can be viewed both positively and 

negatively. While acute pain is most commonly measured as pain severity, its impact and 

consequences also depend on its frequency, as well its effect on normal movement and 

activity (see Table 3). Importantly, any assessment of functional impact should take into 

consideration the timing of normal healing. Pain beyond this time may be considered as 

having outlasted its protective function. Sensory disturbances in the surgical area, most 

commonly numbness, as well as allodynia and spontaneous symptoms of neuropathic pain 

such as shooting or tingling, may impact normal function.

Psychological and other factors may modulate pain (see Dimension 3). However, the 

reciprocal is true: acute pain may have a negative impact on physical, emotional, and 

cognitive function. Pain, especially when more severe or prolonged, may lead to higher 

levels of anxiety, depression, and sleep disturbance. Combining various pain characteristics 

(severity, frequency, number of body areas)34 into an overall pain burden score may allow 

for a better estimation of the overall impact of pain.11,88 Another aspect that warrants further 

evaluation is identifying factors that predict continued use of opioids in the later post-

operative period,88 which may be associated with increased later risk of misuse and 

addiction. In addition, the extent to which pain interferes with patients’ ability to interact 

with others in work and social situations is an important part of pain impact.

Dimension 5: Putative Pain Mechanisms

Understanding the mechanistic pathways that contribute to postsurgical breast pain may help 

guide clinicians in a rational, multimodal approach to analgesia that will dampen sources of 

sensitization and prevent the transition to chronic pain. Surgery on the breast may involve a 

number of tissue types, including skin, breast, adipose, connective, vascular structures, 

nerve, muscle, and even bone. Depending on the surgical subtype, different subsets of these 

tissues may be involved (Fig 2). Nerve injury, particularly in the case of axillary clearance, 

appears to be an important mechanistic contributor, with a positive correlation observed 

between sensory disturbance and pain severity.5 The intercostobrachial nerve (ICBN) is the 

most common larger nerve injured, although smaller nerve branches from the intercostal 
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nerves may be injured in the course of surgery. This nerve injury is implicated in both 

persistent pain after breast surgery and permanent loss of sensory function in the region 

supplied.44,78,89,104 In preclinical models, damaged nerves begin to spontaneously and 

repetitively fire without the presence of distal sensory input within the first hours to days 

after injury.24,91 Tissue damage from surgical manipulation and the associated healing 

response leads to release of mediators including prostaglandins, bradykinins, cytokines 

(IL-1B and TNF), hydrogen ions, bacterial peptides, and miR-NAs,30 many of which 

activate nociceptors directly and/or enhance sensitivity. Release of substance P and CGRP 

act to increase the epithelial permeability of local capillaries, allowing movement of immune 

cells into the area of tissue injury (ie neurogenic inflammation). These newly arrived 

neutrophils, macrophages, and T-cells release more inflammatory mediators that sustain 

nociceptor sensitization.39,47,51 Similarly, release of mediators from local glial cells in DRG,
50,103 provides an inflammatory and signaling environment to create and maintain peripheral 

sensitization. Moreover, peripheral signaling may help initiate a similar activation of spinal 

microglia and astrocytes.41,50 These processes contribute to the central inflammatory and 

signaling events underlying central sensitization and maintenance of pain in the days to 

weeks after a surgical injury.48

Psychological modifiers (eg, depression, anxiety) likely interact with functional connectivity 

in pain-relevant higher brain centers that could magnify incoming nociceptive signals. In 

addition, stress-related hormones may increase and impact inflammatory processes in the 

periphery. While the mechanisms of social influence on pain are more speculative, they 

likely involve supratentorial pain processing. In addition, emerging evidence suggests that 

oxytocin, which is released by social interaction, and is decreased in chronic pain patients, 

may inhibit nociceptive processing,79 including after surgery.31

Discussion

Implications for Perioperative Care

Because no standard of care for the management of acute pain following breast surgery 

exists, practice appears to be driven by the location of care, type of institution, and/or extent 

of operation. Historically, opioids were the foundation of perioperative analgesia. However, 

because of the opioid crisis, the use of an opioid-free anesthetic protocol21,76 is increasingly 

a goal. Enhanced Recovery After Surgery (ERAS) programs are popularizing the standard 

administration of multimodal analgesia to all patients. Multiple studies have suggested an 

analgesic benefit to gabapentinoids up to 48 hours after surgery,25,42,58 while studies of 

infiltration with local anesthetics or the use “sustained release” formulations of local 

anesthetics, NSAIDS, ketamine, or systemic lidocaine are less abundant or conclusive.18 It is 

clear that regional interventions such as thoracic epidural analgesia provide a significant 

reduction in acute postoperative pain in the initial 48 hours postmastectomy, although this is 

rarely practiced due to the interference that epidural placement imposes on timely discharge 

from the hospital.22,26 On the other hand, paravertebral nerve blocks can be used to improve 

post-operative pain for up to 72 hours with a reduction in opioid consumption, and does not 

require the placement of a catheter for continuous infusion (ie, single shot blocks).71,72,102 

Newer interfascial plane blocks, such as “Pecs-1 and Pecs-2”, show promise for reducing 
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postmastectomy acute pain.9 While efficacious, PECS-1 alone may be less effective than the 

paravertebral approach.45

The ideal management of acute pain after breast surgery includes the following 

considerations: 1) How best to balance the goals of decreasing opioid consumption and 

length of stay, while insuring adequate analgesia, 2) How to account for interindividual 

differences and treat patients according to their individual needs (personalized medicine) in 

the context of a “one size fits all” ERAS-based approach, and 3) How to evaluate novel 

therapies for their independent efficacy in the context of variability in multimodal 

approaches (varying by institution or surgeon), variable and changing surgical approaches, 

and a diverse patient population. A summary of considerations for acute pain management 

by surgical type, applying the AAAPT taxonomy, is forwarded in Table 5.

Conclusions/Recommendations

Adoption of this systematic approach to classifying acute pain following breast surgery will 

allow for more precise and meaningful assessment and result in more rational and 

personalized treatment of patients having surgery for BC. Since these patients are cared for 

in different settings, countries, and health systems, it is important to use a common 

taxonomy to report study findings. This approach will allow study findings to be generalized 

and adapted, more robust conclusions reached, improvements in care realized, and transition 

to persistent pain prevented. While commonalities exist between acute pain after breast 

surgery and other types of postsurgical pain, unique attributes, related to its occurrence 

primarily in women and in the context of cancer and survivorship, warrant unique 

consideration. Unlike other types of acute pain (eg, sickle crisis, accidental injury), it does 

not require a formal diagnostic test. Luckily, it also occurs in a controlled, scheduled setting, 

with ample time for preoperative assessment and identification of high risk patients, who 

may benefit from preventive perioperative management.

Acknowledgments

The AAAPT Pain after breast surgery WG gratefully acknowledges the vision of Robert Dworkin and Dennis Turk 
in establishing this initiative to improve the communication amongst clinicians and scientists. The leadership of 
Mike Kent and Pat Tighe in coordinating the larger AAAPT endeavor was invaluable to the completion of this 
work. We also thank Stephen Bruehl for his valuable insights and helpful editorial advice.

Funding:

This work was supported by the AAAPT (Analgesic, Anesthetic, and Addiction Clinical Trial Translations, 
Innovations, Opportunities, and Networks [ACTTION]-American Academy of Pain Medicine [AAPM]-American 
Pain Society [APS] Pain Taxonomy).

References

1. Abdallah FW, Morgan PJ, Cil T, McNaught A, Escallon JM, Semple JL, Wu W, Chan VW: 
Ultrasound-guided multilevel paravertebral blocks and total intravenous anesthesia improve the 
quality of recovery after ambulatory breast tumor resection. Anesthesiology 120:703–713, 2014 
[PubMed: 24071616] 

2. Abrecht CR, Cornelius M, Wu A, Jamison RN, Janfaza D, Urman RD, Campbell C, Smith M, 
Haythornthwaite J, Edwards RR, Schreiber KL: Prediction of pain and opioid utilization in the 

Schreiber et al. Page 10

J Pain. Author manuscript; available in PMC 2021 July 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



perioperative period in patients undergoing primary knee arthroplasty: Psychophysical and 
psychosocial factors. Pain Med 20:161–171, 2019 [PubMed: 29522115] 

3. Alves ML, Vieira JE, Mathias LA, Gozzani JL: Preoperative coping mechanisms have no predictive 
value for postoperative pain in breast cancer. Revista brasileira de psiquiatria (Sao Paulo, Brazil: 
1999) 35:364–368, 2013

4. Andersen KG, Aasvang EK, Kroman N, Kehlet H: Intercostobrachial nerve handling and pain after 
axillary lymph node dissection for breast cancer. Acta Anaesthesiol Scand 58:1240–1248, 2014 
[PubMed: 25307709] 

5. Andersen KG, Duriaud HM, Aasvang EK, Kehlet H: Association between sensory dysfunction and 
pain 1 week after breast cancer surgery: A psychophysical study. Acta Anaesthesiol Scand 60:259–
269, 2016 [PubMed: 26446738] 

6. Andersen KG, Kehlet H: Persistent pain after breast cancer treatment: A critical review of risk 
factors and strategies for prevention. J Pain 12:725–746, 2011 [PubMed: 21435953] 

7. Andreae MH, Andreae DA: Local anaesthetics and regional anaesthesia for preventing chronic pain 
after surgery. Cochrane Database Syst Rev 10:Cd007105, 2012 [PubMed: 23076930] 

8. Banik RK, Subieta AR, Wu C, Brennan TJ: Increased nerve growth factor after rat plantar incision 
contributes to guarding behavior and heat hyperalgesia. Pain 117:68–76, 2005 [PubMed: 16061324] 

9. Bashandy GM, Abbas DN: Pectoral nerves I and II blocks in multimodal analgesia for breast cancer 
surgery: A randomized clinical trial. Reg Anesth Pain Med 40:68–74, 2015 [PubMed: 25376971] 

10. Baudic S, Jayr C, Albi-Feldzer A, Fermanian J, Masselin-Dubois A, Bouhassira D, Attal N: Effect 
of alexithymia and emotional repression on postsurgical pain in women with breast cancer: A 
prospective longitudinal 12-month study. J Pain 17:90–100, 2016 [PubMed: 26476266] 

11. Belfer I, Schreiber KL, Shaffer JR, Shnol H, Blaney K, Morando A, Englert D, Greco C, Brufsky 
A, Ahrendt G, Kehlet H, Edwards RR, Bovbjerg DH: Persistent postmastectomy pain in breast 
cancer survivors: Analysis of clinical, demographic, and psychosocial factors. J Pain 14:1185–
1195, 2013 [PubMed: 23890847] 

12. Brennan TJ: Pathophysiology of postoperative pain. Pain 152:S33–S40, 2011 [PubMed: 21232860] 

13. Bruce J, Thornton AJ, Scott NW, Marfizo S, Powell R, Johnston M, Wells M, Heys SD, Thompson 
AM: Chronic preoperative pain and psychological robustness predict acute postoperative pain 
outcomes after surgery for breast cancer. Br J Cancer 107:937–946, 2012 [PubMed: 22850552] 

14. Bruehl S, Burns JW, Gupta R, Buvanendran A, Chont M, Kinner E, Schuster E, Passik S, France 
CR: Endogenous opioid function mediates the association between laboratory-evoked pain 
sensitivity and morphine analgesic responses. Pain 154:1856–1864, 2013 [PubMed: 23748117] 

15. Bruehl S, Burns JW, Gupta R, Buvanendran A, Chont M, Schuster E, France CR: Endogenous 
opioid inhibition of chronic low-back pain influences degree of back pain relief after morphine 
administration. Reg Anesth Pain Med 39:120–125, 2014 [PubMed: 24553304] 

16. Bruehl S, Burns JW, Morgan A, Koltyn K, Gupta R, Buvanendran A, Edwards D, Chont M, 
Kingsley PJ, Marnett L, Stone A, Patel S: The association between endogenous opioid function 
and morphine responsiveness: A moderating role for endocannabinoids. Pain 160:676–687, 2019 
[PubMed: 30562268] 

17. Brummett CM, Waljee JF, Goesling J, Moser S, Lin P, Englesbe MJ, Bohnert ASB, Kheterpal S, 
Nallamothu BK: New persistent opioid use after minor and major surgical procedures in US 
adults. JAMA Surg 152:e170504, 2017 [PubMed: 28403427] 

18. Cheng GS, Ilfeld BM: An evidence-based review of the efficacy of perioperative analgesic 
techniques for breast cancer-related surgery. Pain Med 18:1344–1365, 2017 [PubMed: 27550949] 

19. Ciechanowski P, Sullivan M, Jensen M, Romano J, Summers H: The relationship of attachment 
style to depression, catastrophizing and health care utilization in patients with chronic pain. Pain 
104:627–637, 2003 [PubMed: 12927635] 

20. Ciechanowski PS, Walker EA, Katon WJ, Russo JE: Attachment theory: A model for health care 
utilization and somatization. Psychosom Med 64:660–667, 2002 [PubMed: 12140356] 

21. Clark DJ, Schumacher MA: America’s opioid epidemic: Supply and demand considerations. 
Anesth Analg 125:1667–1674, 2017 [PubMed: 29049112] 

22. Correll DJ, Viscusi ER, Grunwald Z, Moore JH Jr.: Epidural analgesia compared with intravenous 
morphine patient-controlled analgesia: Postoperative outcome measures after mastectomy with 

Schreiber et al. Page 11

J Pain. Author manuscript; available in PMC 2021 July 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



immediate TRAM flap breast reconstruction. Reg Anesth Pain Med 26:444–449, 2001 [PubMed: 
11561265] 

23. Davies KA, Macfarlane GJ, McBeth J, Morriss R, Dickens C: Insecure attachment style is 
associated with chronic widespread pain. Pain 143:200–205, 2009 [PubMed: 19345016] 

24. Devor M: Ectopic discharge in Abeta afferents as a source of neuropathic pain. Exp Brain Res 
196:115–128, 2009 [PubMed: 19242687] 

25. Dirks J, Fredensborg BB, Christensen D, Fomsgaard JS, Flyger H, Dahl JB: A randomized study of 
the effects of single-dose gabapentin versus placebo on postoperative pain and morphine 
consumption after mastectomy. Anesthesiology 97:560–564, 2002 [PubMed: 12218520] 

26. Doss NW, Ipe J, Crimi T, Rajpal S, Cohen S, Fogler RJ, Michael R, Gintautas J: Continuous 
thoracic epidural anesthesia with 0.2% ropivacaine versus general anesthesia for perioperative 
management of modified radical mastectomy. Anesth Analg 92:1552–1557, 2001 [PubMed: 
11375845] 

27. Edwards RR, Dworkin RH, Sullivan MD, Turk DC, Wasan AD: The role of psychosocial processes 
in the development and maintenance of chronic pain. J Pain 17:T70–T92, 2016 [PubMed: 
27586832] 

28. Edwards RR, Mensing G, Cahalan C, Greenbaum S, Narang S, Belfer I, Schreiber KL, Campbell 
C, Wasan AD, Jamison RN: Alteration in pain modulation in women with persistent pain after 
lumpectomy: Influence of catastrophizing. J Pain Symptom Manage 46:30–42, 2013 [PubMed: 
23102562] 

29. Eilers H, Cattaruzza F, Nassini R, Materazzi S, Andre E, Chu C, Cottrell GS, Schumacher M, 
Geppetti P, Bunnett NW: Pungent general anesthetics activate transient receptor potential-A1 to 
produce hyperalgesia and neurogenic bronchoconstriction. Anesthesiology 112:1452–1463, 2010 
[PubMed: 20463581] 

30. Ellis A, Bennett DL: Neuroinflammation and the generation of neuropathic pain. Br J Anaesth 
111:26–37, 2013 [PubMed: 23794642] 

31. Ende HB, Soens MA, Nandi M, Strichartz GR, Schreiber KL: Association of interindividual 
variation in plasma oxytocin with postcesarean incisional pain. Anesth Analg 129: e118–e121, 
2019 [PubMed: 29916862] 

32. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, Parkin DM, Forman D, Bray 
F: Cancer incidence and mortality worldwide: sources, methods and major patterns in 
GLOBOCAN 2012. Int J Cancer 136:E359–E386, 2015 [PubMed: 25220842] 

33. Fillingim RB: Individual differences in pain: Understanding the mosaic that makes pain personal. 
Pain 158 (Suppl 1):S11–S18, 2017 [PubMed: 27902569] 

34. Gartner R, Jensen MB, Nielsen J, Ewertz M, Kroman N, Kehlet H: Prevalence of and factors 
associated with persistent pain following breast cancer surgery. JAMA 302:1985–1992, 2009 
[PubMed: 19903919] 

35. Gassman AA, Yoon AP, Festekjian J, Da Lio AL, Tseng CY, Crisera C: Comparison of immediate 
postoperative pain in implant-based breast reconstructions. J Plast Reconstr Aesthet Surg 69:604–
616, 2016 [PubMed: 26947947] 

36. Gassman AA, Yoon AP, Maxhimer JB, Sanchez I, Sethi H, Cheng KW, Tseng CY, Festekjian JH, 
Da Lio AL, Crisera CA: Comparison of postoperative pain control in autologous abdominal free 
flap versus implant-based breast reconstructions. Plast Reconstr Surg 135:356–367, 2015 
[PubMed: 25626783] 

37. Gatchel RJ, Peng YB, Peters ML, Fuchs PN, Turk DC: The biopsychosocial approach to chronic 
pain: Scientific advances and future directions. Psychol Bull 133:581–624, 2007 [PubMed: 
17592957] 

38. Gerbershagen HJ, Pogatzki-Zahn E, Aduckathil S, Peelen LM, Kappen TH, van Wijck AJ, 
Kalkman CJ, Meissner W: Procedure-specific risk factor analysis for the development of severe 
postoperative pain. Anesthesiology 120:1237–1245, 2014 [PubMed: 24356102] 

39. Gold MS, Gebhart GF: Nociceptor sensitization in pain pathogenesis. Nat Med 16:1248–1257, 
2010 [PubMed: 20948530] 

Schreiber et al. Page 12

J Pain. Author manuscript; available in PMC 2021 July 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



40. Goodwin PJ, Leszcz M, Ennis M, Koopmans J, Vincent L, Guther H, Drysdale E, Hundleby M, 
Chochinov HM, Navarro M, Speca M, Hunter J: The effect of group psychosocial support on 
survival in metastatic breast cancer. N Engl J Med 345:1719–1726, 2001 [PubMed: 11742045] 

41. Grace PM, Hutchinson MR, Maier SF, Watkins LR: Pathological pain and the neuroimmune 
interface. Nat Rev Immunol 14:217–231, 2014 [PubMed: 24577438] 

42. Grover VM P, Yaddanapudi S, Sehgal S: A single dose of preoperative gabapentin for pain 
reduction and requirement of morphine after total mastectomy and axillary dissection: 
Randomized placebo-controlled double-blind trial. J Postgrad Med 55:257–260, 2009 [PubMed: 
20083871] 

43. Hansen MV, Madsen MT, Wildschiodtz G, Rosenberg J, Gogenur I: Sleep disturbances and 
changes in urinary 6-sulphatoxymelatonin levels in patients with breast cancer undergoing 
lumpectomy. Acta Anaesthesiol Scand 57:1146–1153, 2013 [PubMed: 23848183] 

44. Henry BM, Graves MJ, Pekala JR, Sanna B, Hsieh WC, Tubbs RS, Walocha JA, Tomaszewski KA: 
Origin, branching, and communications of the intercostobrachial nerve: A meta-analysis with 
implications for mastectomy and axillary lymph node dissection in breast cancer. Cureus 9:e1101, 
2017 [PubMed: 28428928] 

45. Hetta DF, Rezk KM: Pectoralis-serratus interfascial plane block vs thoracic paravertebral block for 
unilateral radical mastectomy with axillary evacuation. J Clin Anesth 34:91–97, 2016 [PubMed: 
27687353] 

46. Hsu YW, Somma J, Hung YC, Tsai PS, Yang CH, Chen CC: Predicting postoperative pain by 
preoperative pressure pain assessment. Anesthesiology 103:613–618, 2005 [PubMed: 16129988] 

47. Hucho T, Levine JD: Signaling pathways in sensitization: Toward a nociceptor cell biology. 
Neuron 55:365–376, 2007 [PubMed: 17678851] 

48. Inoue K, Tsuda M: Microglia in neuropathic pain: Cellular and molecular mechanisms and 
therapeutic potential. Nat Rev Neurosci 19:138–152, 2018 [PubMed: 29416128] 

49. Jackson T, Tian P, Wang Y, Iezzi T, Xie W: Toward identifying moderators of associations between 
presurgery emotional distress and postoperative pain outcomes: A meta-analysis of longitudinal 
studies. J Pain 17:874–888, 2016 [PubMed: 27163836] 

50. Ji RR, Berta T, Nedergaard M: Glia and pain: Is chronic pain a gliopathy? Pain 154(Suppl 1):S10–
S28, 2013 [PubMed: 23792284] 

51. Ji RR, Xu ZZ, Gao YJ: Emerging targets in neuroinflammation-driven chronic pain. Nat Rev Drug 
Discovery 13:533–548, 2014 [PubMed: 24948120] 

52. Kalkman CJ, Visser K, Moen J, Bonsel GJ, Grobbee DE, Moons KG: Preoperative prediction of 
severe postoperative pain. Pain 105:415–423, 2003 [PubMed: 14527702] 

53. Katz J, Poleshuck EL, Andrus CH, Hogan LA, Jung BF, Kulick DI, Dworkin RH: Risk factors for 
acute pain and its persistence following breast cancer surgery. Pain 119:16–25, 2005 [PubMed: 
16298063] 

54. Katz J, Seltzer Z: Transition from acute to chronic postsurgical pain: Risk factors and protective 
factors. Expert Rev Neurother 9:723–744, 2009 [PubMed: 19402781] 

55. Kaunisto MA, Jokela R, Tallgren M, Kambur O, Tikkanen E, Tasmuth T, Sipila R, Palotie A, 
Estlander AM, Leidenius M, Ripatti S, Kalso EA: Pain in 1,000 women treated for breast cancer: 
A prospective study of pain sensitivity and postoperative pain. Anesthesiology 119:1410–1421, 
2013 [PubMed: 24343286] 

56. Kehlet H, Jensen TS, Woolf CJ: Persistent postsurgical pain: risk factors and prevention. Lancet 
(London, England) 367:1618–1625, 2006

57. Kent ML, Tighe PJ, Belfer I, Brennan TJ, Bruehl S, Brummett CM, Buckenmaier CC 3rd, 
Buvanendran A, Cohen RI, Desjardins P, Edwards D, Fillingim R, Gewandter J, Gordon DB, 
Hurley RW, Kehlet H, Loeser JD, Mackey S, McLean SA, Polomano R, Rahman S, Raja S, 
Rowbotham M, Suresh S, Schachtel B, Schreiber K, Schumacher M, Stacey B, Stanos S, Todd K, 
Turk DC, Weisman SJ, Wu C, Carr DB, Dworkin RH, Terman G: The ACTTION-APS-AAPM 
pain taxonomy (AAAPT) multidimensional approach to classifying acute pain conditions. Pain 
Med 18:947–958, 2017 [PubMed: 28482098] 

Schreiber et al. Page 13

J Pain. Author manuscript; available in PMC 2021 July 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



58. Kim SY, Song JW, Park B, Park S, An YJ, Shim YH: Pregabalin reduces post-operative pain after 
mastectomy: A double-blind, randomized, placebo-controlled study. Acta Anaesthesiol Scand 
55:290–296, 2011 [PubMed: 21288209] 

59. Kratz AL, Davis MC, Zautra AJ: Attachment predicts daily catastrophizing and social coping in 
women with pain. Health Psychol 31:278–285, 2012 [PubMed: 21859214] 

60. Kroenke CH, Kubzansky LD, Schernhammer ES, Holmes MD, Kawachi I: Social networks, social 
support, and survival after breast cancer diagnosis. J Clin Oncol 24:1105–1111, 2006 [PubMed: 
16505430] 

61. Kulkarni AR, Pusic AL, Hamill JB, Kim HM, Qi J, Wilkins EG, Roth RS: Factors associated with 
acute postoperative pain following breast reconstruction. JPRAS Open 11:1–13, 2017 [PubMed: 
28713853] 

62. Lavand’homme P, Steyaert A: Opioid-free anesthesia opioid side effects: Tolerance and 
hyperalgesia. Best Pract Res Clin Anaesthesiol 31:487–498, 2017 [PubMed: 29739537] 

63. Masselin-Dubois A, Attal N, Fletcher D, Jayr C, Albi A, Fermanian J, Bouhassira D, Baudic S: 
Are psychological predictors of chronic postsurgical pain dependent on the surgical model? A 
comparison of total knee arthroplasty and breast surgery for cancer. J Pain 14:854–864, 2013 
[PubMed: 23685186] 

64. McWilliams LA, Asmundson GJ: The relationship of adult attachment dimensions to pain-related 
fear, hypervigilance, and catastrophizing. Pain 127:27–34, 2007 [PubMed: 16963183] 

65. Meredith P, Strong J, Feeney JA: Adult attachment, anxiety, and pain self-efficacy as predictors of 
pain intensity and disability. Pain 123:146–154, 2006 [PubMed: 16644132] 

66. Meretoja TJ, Andersen KG, Bruce J, Haasio L, Sipila R, Scott NW, Ripatti S, Kehlet H, Kalso E: 
Clinical prediction model and tool for assessing risk of persistent pain after breast cancer surgery. J 
Clin Oncol 35:1660–1667, 2017 [PubMed: 28524782] 

67. Meretoja TJ, Leidenius MHK, Tasmuth T, Sipila R, Kalso E: Pain at 12 months after surgery for 
breast cancer. JAMA 311:90–92, 2014 [PubMed: 24381969] 

68. Montgomery GH, Hallquist MN, Schnur JB, David D, Silverstein JH, Bovbjerg DH: Mediators of 
a brief hypnosis intervention to control side effects in breast surgery patients: Response 
expectancies and emotional distress. J Consult Clin Psychol 78:80–88, 2010 [PubMed: 20099953] 

69. Montgomery GH, Schnur JB, Erblich J, Diefenbach MA, Bovbjerg DH: Presurgery psychological 
factors predict pain, nausea, and fatigue one week after breast cancer surgery. J Pain Symptom 
Manage 39:1043–1052, 2010 [PubMed: 20538186] 

70. Myles PS, Williams DL, Hendrata M, Anderson H, Weeks AM: Patient satisfaction after 
anaesthesia and surgery: Results of a prospective survey of 10,811 patients. Br J Anaesth 84:6–10, 
2000 [PubMed: 10740539] 

71. Naja MZ, Ziade MF, Lonnqvist PA: Nerve-stimulator guided paravertebral blockade vs. general 
anaesthesia for breast surgery: A prospective randomized trial. Eur J Anaesthesiol 20:897–903, 
2003 [PubMed: 14649342] 

72. Naja ZM, Ziade FM, El-Rajab MA, Naccash N, Ayoubi JM: Guided paravertebral blocks with 
versus without clonidine for women undergoing breast surgery: A prospective double-blinded 
randomized study. Anesth Analg 117:252–258, 2013 [PubMed: 23632052] 

73. Nishimura D, Kosugi S, Onishi Y, Ihara N, Wakaizumi K, Nagata H, Yamada T, Suzuki T, 
Hashiguchi S, Morisaki H: Psychological and endocrine factors and pain after mastectomy. Eur J 
Pain 21:1144–1153, 2017 [PubMed: 28169489] 

74. Ortner CM, Granot M, Richebe P, Cardoso M, Bollag L, Landau R: Preoperative scar hyperalgesia 
is associated with post-operative pain in women undergoing a repeat Caesarean delivery. Eur J 
Pain 17:111–123, 2013 [PubMed: 22689634] 

75. Ozalp G, Sarioglu R, Tuncel G, Aslan K, Kadiogullari N: Preoperative emotional states in patients 
with breast cancer and postoperative pain. Acta Anaesthesiol Scand 47:26–29, 2003 [PubMed: 
12492793] 

76. Phillips JK, Ford MA, Bonnie RJ, National Academies of Sciences, Engineering and Medicine: 
Pain Management and the Opioid Epidemic: Balancing Societal and Individual Benefits and Risks 
of Prescription Opioid Use. Washington (DC), National Academies Press (US) Copyright 2017 by 
the National Academy of Sciences, 2017 All rights reserved.

Schreiber et al. Page 14

J Pain. Author manuscript; available in PMC 2021 July 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



77. Poleshuck EL, Katz J, Andrus CH, Hogan LA, Jung BF, Kulick DI, Dworkin RH: Risk factors for 
chronic pain following breast cancer surgery: A prospective study. J Pain 7:626–634, 2006 
[PubMed: 16942948] 

78. Rao R, Euhus D, Mayo HG, Balch C: Axillary node interventions in breast cancer: A systematic 
review. JAMA 310:1385–1394, 2013 [PubMed: 24084924] 

79. Rash JA, Aguirre-Camacho A, Campbell TS: Oxytocin and pain: A systematic review and 
synthesis of findings. Clin J Pain 30:453–462, 2014 [PubMed: 23887343] 

80. Reddick BK, Nanda JP, Campbell L, Ryman DG, Gaston-Johansson F: Examining the influence of 
coping with pain on depression, anxiety, and fatigue among women with breast cancer. J 
Psychosoc Oncol 23:137–157, 2005 [PubMed: 16492656] 

81. Rehberg B, Mathivon S, Combescure C, Mercier Y, Savoldelli GL: Prediction of acute 
postoperative pain following breast cancer surgery using the pain sensitivity questionnaire: A 
cohort study. Clin J Pain 33:57–66, 2017 [PubMed: 27922844] 

82. Ruscheweyh R, Viehoff A, Tio J, Pogatzki-Zahn EM: Psychophysical and psychological predictors 
of acute pain after breast surgery differ in patients with and without pre-existing chronic pain. Pain 
158:1030–1038, 2017 [PubMed: 28195858] 

83. Sangesland A, Storen C, Vaegter HB: Are preoperative experimental pain assessments correlated 
with clinical pain outcomes after surgery? A systematic review. Scand J Pain 15:44–52, 2017 
[PubMed: 28850344] 

84. Saratzis A, Soumian S, Willetts R, Rastall S, Stonelake PS: Use of multiple drains after 
mastectomy is associated with more patient discomfort and longer postoperative stay. Clin Breast 
Cancer 9:243–246, 2009 [PubMed: 19933080] 

85. Saulis AS, Mustoe TA, Fine NA: A retrospective analysis of patient satisfaction with immediate 
postmastectomy breast reconstruction: Comparison of three common procedures. Plast Reconstr 
Surg 119:1669–1676, 2007. discussion 1677–1668 [PubMed: 17440339] 

86. Schreiber KL, Kehlet H, Belfer I, Edwards RR: Predicting, preventing and managing persistent 
pain after breast cancer surgery: The importance of psychosocial factors. Pain Manage 4:445–459, 
2014

87. Schreiber KL, Martel MO, Shnol H, Shaffer JR, Greco C, Viray N, Taylor LN, McLaughlin M, 
Brufsky A, Ahrendt G, Bovbjerg D, Edwards RR, Belfer I: Persistent pain in postmastectomy 
patients: Comparison of psychophysical, medical, surgical, and psychosocial characteristics 
between patients with and without pain. Pain 154:660–668, 2013 [PubMed: 23290256] 

88. Schreiber KL, Zinboonyahgoon N, Xu X, Spivey T, King T, Dominici L, Partridge A, Golshan M, 
Strichartz G, Edwards RR: Preoperative psychosocial and psychophysical phenotypes as predictors 
of acute pain outcomes after breast surgery. J Pain 20:540–556, 2019 [PubMed: 30476655] 

89. Soares E: Anatomical variations of the axilla, 2014, Springerplus, 24:3:306.

90. Spofford CM, Brennan TJ: Gene expression in skin, muscle, and dorsal root ganglion after plantar 
incision in the rat. Anesthesiology 117:161–172, 2012 [PubMed: 22617252] 

91. Sun Q, Tu H, Xing GG, Han JS, Wan Y: Ectopic discharges from injured nerve fibers are highly 
correlated with tactile allodynia only in early, but not late, stage in rats with spinal nerve ligation. 
Exp Neurol 191:128–136, 2005 [PubMed: 15589519] 

92. Sun Y, Sahbaie P, Liang D, Li W, Shi X, Kingery P, Clark JD: DNA methylation modulates 
nociceptive sensitization after incision. PLoS One 10:e0142046, 2015 [PubMed: 26535894] 

93. Tait RC, Zoberi K, Ferguson M, Levenhagen K, Luebbert RA, Rowland K, Salsich GB, Herndon 
C: Persistent post-mastectomy pain: Risk factors and current approaches to treatment. J Pain 
19:1367–1383, 2018 [PubMed: 29966772] 

94. Tighe PJ, Le-Wendling LT, Patel A, Zou B, Fillingim RB: Clinically derived early postoperative 
pain trajectories differ by age, sex, and type of surgery. Pain 156:609–617, 2015 [PubMed: 
25790453] 

95. Torer N, Nursal TZ, Caliskan K, Ezer A, Colakoglu T, Moray G, Haberal M: The effect of the 
psychological status of breast cancer patients on the short-term clinical outcome after mastectomy. 
Acta Chir Belg 110:467–470, 2010 [PubMed: 20919671] 

96. Wallace MS, Wallace AM, Lee J, Dobke MK: Pain after breast surgery: A survey of 282 women. 
Pain 66:195–205, 1996 [PubMed: 8880841] 

Schreiber et al. Page 15

J Pain. Author manuscript; available in PMC 2021 July 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



97. Weichman KE, Hamill JB, Kim HM, Chen X, Wilkins EG, Pusic AL: Understanding the recovery 
phase of breast reconstructions: Patient-reported outcomes correlated to the type and timing of 
reconstruction. J Plast Reconstr Aesthet Surg 68:1370–1378, 2015 [PubMed: 26165633] 

98. Weissman-Fogel I, Granovsky Y, Crispel Y, Ben-Nun A, Best LA, Yarnitsky D, Granot M: 
Enhanced presurgical pain temporal summation response predicts post-thoracotomy pain intensity 
during the acute postoperative phase. J Pain 10:628–636, 2009 [PubMed: 19398382] 

99. Werner MU, Duun P, Kehlet H: Prediction of postoperative pain by preoperative nociceptive 
responses to heat stimulation. Anesthesiology 100:115–119, 2004. discussion 115A [PubMed: 
14695732] 

100. Woodworth GE, Ivie RMJ, Nelson SM, Walker CM, Maniker RB: Perioperative breast analgesia: 
A qualitative review of anatomy and regional techniques. Reg Anesth Pain Med 42:609–631, 
2017 [PubMed: 28820803] 

101. Woolf CJ, Salter MW: Neuronal plasticity: Increasing the gain in pain. Science (New York, N.Y.). 
288:1765–1769, 2000

102. Wu J, Buggy D, Fleischmann E, Parra-Sanchez I, Treschan T, Kurz A, Mascha EJ, Sessler DI: 
Thoracic paravertebral regional anesthesia improves analgesia after breast cancer surgery: a 
randomized controlled multicentre clinical trial. Can J Anaesth = Journal canadien d’anesthesie 
62:241–251, 2015

103. Zhang X, Chen Y, Wang C, Huang LY: Neuronal somatic ATP release triggers neuron-satellite 
glial cell communication in dorsal root ganglia. PNAS 104:9864–9869, 2007 [PubMed: 
17525149] 

104. Zhu L, Mohan AT, Abdelsattar JM, Wang Z, Vijayasekaran A, Hwang SM, Tran NV, Saint-Cyr 
M: Comparison of subcutaneous versus submuscular expander placement in the first stage of 
immediate breast reconstruction. J Plast Reconstr Aesthet Surg 69:e77–e86, 2016 [PubMed: 
26922050] 

105. Zinboonyahgoon N, Vlassakov K, Lirk P, Spivey T, King T, Dominici L, Golshan M, Strichartz 
G, Edwards R, Schreiber K: Benefit of regional anaesthesia on postoperative pain following 
mastectomy: the influence of catastrophising. Br J Anaesth 123:e293–e302, 2019 [PubMed: 
31331591] 

Schreiber et al. Page 16

J Pain. Author manuscript; available in PMC 2021 July 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Surgical subtypes and current procedural terminology (CPT) codes. Breast surgery may 

include several aspects, including the operation on the breast itself, procedure in the axillary 

to gather diagnostic tissue from nodes, and reconstruction of the breast using a variety of 

techniques. Listed are several of the common procedural codes related to these aspects of the 

surgical procedure, and a representation of how they may overlap.
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Figure 2. 
Proposed mechanisms of acute pain after breast surgery. Several putative mechanisms, 

involving a wide variety of tissues types within the surgical area, as well as along the pain 

transduction pathway, may contribute to acute pain after breast surgery. ICBN, 

intercostobrachial nerve; ICNs I-VI, intercostal nerves 1–6; LPN, lateral pectoral nerve; 

MPN, medial pectoral nerve.

Schreiber et al. Page 18

J Pain. Author manuscript; available in PMC 2021 July 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Schreiber et al. Page 19

Ta
b

le
 1

.

D
im

en
si

on
s 

of
 A

cu
te

 P
ai

n 
A

ft
er

 B
re

as
t C

an
ce

r 
Su

rg
er

y

D
im

en
si

on
D

es
cr

ip
ti

on
U

ni
qu

e 
C

on
si

de
ra

ti
on

s

C
or

e 
cr

ite
ri

a
W

ho
?

L
in

ke
d 

to
 s

ur
gi

ca
l e

ve
nt

; i
de

nt
if

ia
bl

e 
in

 a
dv

an
ce

 (
Ta

bl
e 

2)

C
om

m
on

 f
ea

tu
re

s
W

ha
t?

Su
rg

ic
al

 a
nd

 a
ne

st
he

tic
 te

ch
ni

qu
e 

(F
ig

 1
, T

ab
le

 5
)

M
od

if
yi

ng
 f

ac
to

rs
W

hy
 v

ar
ia

bl
e?

B
io

ps
yc

ho
so

ci
al

 c
on

tr
ib

ut
or

s 
(T

ab
le

 4
)

Fu
nc

tio
na

l i
m

pa
ct

So
 w

ha
t?

Im
pa

ct
 a

nd
 li

nk
s 

(T
ab

le
 3

)

Pu
ta

tiv
e 

m
ec

ha
ni

sm
s

H
ow

?
R

at
io

na
l t

ar
ge

ts
 f

or
 p

re
ve

nt
io

n 
(F

ig
 2

)

J Pain. Author manuscript; available in PMC 2021 July 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Schreiber et al. Page 20

Table 2.

Core Criteria for Acute Pain After Breast Surgery

Core (Diagnostic) Criteria:

1 The patient has undergone breast, lymph node, or breast-related reconstructive surgery.

2 Pain of some severity (>0/10) is present

3 The pain is primarily in the area of the surgery (typically breast, axilla, upper arm, chest, or flap site for autologous 
reconstruction)

4 Onset of the pain is immediately following surgery and duration extends to the point of normal healing (2 weeks to as long as 3 
months).
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