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Background: Chronic pain after breast cancer surgery, affecting
25%-60% of patients, significantly impacts the survivors’ quality
of life. With improved survival rates, more individuals are expe-
riencing this long-term complication. It is often overlooked that
this chronic pain may stem from peripheral nerve injury, result-
ing in neuropathic pain characterized by burning sensations, elec-
tric shocks, and heightened sensitivity. Although neuropathic pain
prevalence is reported at 24%-36% post-mastectomy, the data fol-
lowing breast-conserving surgery remain limited. This systematic
review aimed to investigate the prevalence of neuropathic pain af-
ter breast-conserving surgery and its potential association with ax-
illary procedures.

Methods: The electronic databases, Medline, Embase, Web of Sci-
ence and Cochrane Central, were searched. Inclusion criteria were
defined to include studies reporting on the prevalence of neuro-
pathic pain following breast-conserving surgery and exploring as-
sociations with axillary procedures. A meta-analysis was performed
to compute a pooled prevalence rate.
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Results:  Eight studies, covering 1,469 patients post-breast-
conserving surgery, met the inclusion criteria. The meta-analysis
revealed a pooled prevalence of 31% (95% confidence intervals
[CI] 0.14-0.56) neuropathic pain among patients who underwent
breast-conserving surgery. Six studies explored associations with
axillary procedures; however, none suggested a correlation be-
tween axillary procedures and neuropathic pain after breast-
conserving surgery.
Conclusion: This systematic review and meta-analysis indicated
a pooled prevalence of 31% neuropathic pain following breast-
conserving surgery of, with confidence interval ranging from 14%
to 56%. The review did not provide conclusive evidence to suggest
correlations between axillary procedures and neuropathic pain af-
ter breast-conserving surgery.
© 2024 The Author(s). Published by Elsevier Ltd on behalf of
British Association of Plastic, Reconstructive and Aesthetic
Surgeons.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Chronic pain following surgical procedures for breast cancer presents a significant concern for
breast cancer survivors.!'? With the advancements in breast cancer screening and treatment, im-
proved survival rates have led to more individuals living with chronic pain after treatment.?> This
pain frequently results in reduced quality of life, marked by functional impairments and psychological
distress.>*# Studies indicate that 25% to 60% of individuals experience chronic pain following breast
cancer surgery, including mastectomy and breast-conserving surgery.”"®

It is often overlooked that this chronic pain may be the result of a peripheral nerve injury, po-
tentially leading to neuropathic pain.>-'%-"! Within the context of breast cancer surgery, neuropathic
pain is considered to be the result of direct surgical injury to the intercostal and intercostobrachial
nerves or as a consequence of indirect nerve damage through excessive stretching or compression
through scar formation.'?"16 Neuropathic pain is typically characterized by a burning or shooting pain
and frequently presents with altered skin sensations in the surgically treated axilla or breast.'>:17
What sets neuropathic pain apart is its potential to improve with tailored interventions. Therefore,
understanding how much of the post-surgical chronic pain is neuropathic and indeed nerve-related is
crucial.

Neuropathic pain can occur after mastectomy and breast-conserving surgery, with studies indicat-
ing a prevalence of 24%-36% following mastectomy.'®2° However, comprehensive prevalence data on
breast-conserving surgery remain underexplored, despite its increasing predominance within breast
cancer surgery.?! This systematic review aimed to fill this knowledge gap by examining neuropathic
pain prevalence after breast-conserving surgery. Additionally, the review intended to evaluate whether
axillary procedures, commonly performed in addition to breast-conserving surgery, represent a poten-
tial risk factor for the development of neuropathic pain. Studying the prevalence of neuropathic pain
post-breast-conserving surgery is essential to gain better understanding of the various types of pain,
enabling us to identify targeted pain management strategies and improve patient outcomes among
breast cancer survivors.

Methods
Literature search

The methods and results of this systematic review are written following the preferred reporting
items of systematic reviews and meta-analyses (PRISMA) guidelines.2? The electronic bibliographic
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databases of Medline, Embase, Web of Science, and Cochrane Central were searched from inception
until September 18, 2023. The full electronic search strategy, including the search terms, is detailed in
the Appendix (Appendix 1).

Study selection

Four authors (EK, LG, KK, and PR) independently screened relevant studies based on titles and ab-
stracts and reviewed the full-text articles according to predetermined inclusion criteria. These criteria
required clinical studies reporting the prevalence of neuropathic pain after lumpectomy or breast-
conserving surgery, with the pain persisting for at least 3 months post-surgery. Studies that did not
distinguish neuropathic pain outcomes between different types of breast cancer surgery were ex-
cluded. Additionally, reviews, case reports, animal studies, conference abstracts, poster presentations,
and non-English articles were excluded. Any discrepancies were resolved by consulting the last author
(MZ).

Data extraction and quality scoring

During the data collection process, 2 authors (EK and LG) analyzed the included articles in de-
tail and extracted data using a standardized data collection form. The following data were extracted:
year of publication, publication classification, sample size, breast cancer surgeries, neuropathic pain
assessment tool, proportion and percentage of patients with neuropathic pain after breast-conserving
surgery, and the time to follow-up. The primary outcome was the prevalence of neuropathic pain
following breast-conserving surgery, persisting for at least 3 months post-surgery. The secondary
outcome focused on investigating any correlations between neuropathic pain after breast-conserving
surgery and sentinel lymph node or axillary lymph node procedures.

Articles were classified according to the strength of evidence using the Jovell and Narvarro-Rubio
classification (Appendix 2).23> Quality assessment was performed using the study quality assessment
tools of the National Institutes of Health for observational cohort and cross-sectional studies (Ap-
pendix 3).2* The Jadad Scale was employed to evaluate the quality of randomized controlled trials
(Appendix 4).2°

Statistical analysis

The calculated prevalence rates of neuropathic pain following breast-conserving surgery in each
study, along with their 95% confidence intervals (CIs), were visually depicted in a forest plot. The
pooled prevalence of neuropathic pain among patients undergoing breast-conserving surgery in each
included study was estimated using the “metaprop” function in R. Notably, studies were not weighted
in the analysis. Heterogeneity among the included studies was assessed using the chi-squared test. A
p-value <0.05 was considered statistically significant. I* values were interpreted in accordance with
the Cochrane guidelines.26 A random effects model was employed when substantial heterogeneity be-
tween studies was suspected, based on the I values and methodological differences between studies.

Results

The literature search initially identified 1072 articles, among which 622 remained after duplicate
removal following title and abstract screening. A detailed full-text review of 82 studies resulted in the
inclusion of 8 articles meeting the predefined criteria (Figure 1).27-34

The overview of the included studies is detailed within Tables 1 and 2, primarily compromising
observational cohort and cross-sectional studies. Four studies were specifically designed to assess pain
prevalence following breast cancer surgery, while the remaining studies focused on investigating risk
factors and treatment effects.?’-28.31.33 In total, the 8 included studies encompassed 1,469 patients
who underwent breast-conserving surgery.

Neuropathic pain assessment employed validated instruments such as the Douleur Neuropatique
Questionnaire (DN4), with neuropathic pain defined at a cut-off of 3 out of 7, and the Self-report
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Table 1

Prevalence of chronic neuropathic pain following breast-conserving surgery.

Author (year), LoE Patients Mean follow-up Neuropathic pain assessment tool Patients after BCS % Neuropathic pain
after BCS months (range) with neuropathic pain patients after BCS of total

Fuzier et al. (2022), IlI 137 3 (0-4) DN4 25 18.3%

Abdallah et al. (2021), Il 3 3(0-3) S-LANSS 0 0%

Mustonen et al. (2019), III 81 78 (48-108) Clinical and physical evaluation (NeuPSIG) 66 81.5%

Pereira et al. (2017), III 236 13 (0-18) Clinical and physical evaluation 32 13.6%

Schou Bredal et al. (2014), III 563 24 (24-72) S-LANSS 78 13.9%

Wilson et al. (2013), III 316 12 (12-60) Clinical and physical evaluation 41 13.0%

Elkaradawy et al. (2012), II 43 9 (0-12) Clinical and physical evaluation 31 72.1%

Carpenter et al. (1998), Il 54 35 (3-151) Clinical and physical evaluation 32 60.0%

LoE, Level of evidence; BCS, Breast-conserving surgery; DN4, Douleur Neuropathique-4; S-LANSS, Self-report leeds assessment of neuropathic symptoms and sign.

D 33 2amy

25-8% (¥202) ¢¥ uado Svadl
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Figure 1. Flowchart depicting the selection of articles according to the PRISMA guidelines.

Leeds Assessment of Neuropathic Symptoms and Signs (S-LANSS), defining neuropathic pain from 12
points on the questionnaire.2’-23:3! Other studies adopted a comprehensive approach, combining clin-
ical assessments, questionnaires, and physical or sensory examinations to evaluate neuropathic pain
after breast-conserving surgery.

The prevalence of neuropathic pain after breast-conserving surgery ranged from 0% to 82% across
the studies included in this review. A meta-analysis was conducted to ascertain the combined preva-
lence of neuropathic pain following breast-conserving surgery (Figure 2). The synthesis revealed a
pooled prevalence estimate of neuropathic pain at 31% (95% CI 0.14-0.56) among patients who under-
went breast-conserving surgery.

Six studies investigated axillary procedures, specifically sentinel lymph node biopsy (SLNB) or ax-
illary lymph node dissection (ALND), as a potential risk factor for chronic pain after breast-conserving
surgery.’30.33.34 Ppereira et al. reported a higher risk of neuropathic pain among patients following
breast-conserving surgery with ALND, while other studies did not observe a higher risk.>? Two studies,
including that of Pereira et al., conducted multivariate analyses revealing no significant associations
between axillary procedures and neuropathic pain following breast-conserving surgery.%’-30

Discussion

The aim of this systematic review and meta-analysis was to evaluate the prevalence of neuropathic
pain following breast-conserving surgery and explore the potential associations between this pain and
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Table 2
Axillary surgery and chronic pain.
Author (year), LoE Patients after  Patients after ~ Neuropathic Patients after ~ Neuropathic pain
BCS BCS + SLNB pain after BCS + ALND after BCS + ALND
BCS + SLNB (%) (%)
Fuzier et al. (2022), IIl 137 43 93.0%? 43 7.0%°
Abdallah et al. (2021), II 3 3 0%
Mustonen et al. (2019), 11l 81 81 81.5%" 81 81.5%"
Pereira et al. (2017), III 236 189 9.5% 47 29.8%
Elkaradawy et al. (2012), II 43 43 72.1%
Carpenter et al. (1998), III 54 54 60%

LoE, Level of evidence; BCS, Breast-conserving surgery; SLNB, Sentinel lymph node biopsy; ALND, Axillary lymph node dissec-
tion.

2 In the multivariate analyses, a distinction between chronic and neuropathic pain was not established.

* Distinctions between SLNB and ALND were not made among patients undergoing breast-conserving surgery.

Study Neuropathic pain Total Proportion 95%-Cl

Fuzier et al. 25 137 0.18 [0.13; 0.26] 4

Abdallah et al. 0 3 0.00 [0.01; 0.73] —_—
Mustonen et al. 66 81 0.82 [0.72; 0.89] —
Pereira et al. 32 236 0.14 [0.10; 0.19] =

Schou Bredal et al. 78 563 0.14 [0.11; 0.17] =

Wilson et al. 41 316 0.13 [0.10; 0.17] |

Elkaradawy et al. 31 43 0.72 [0.57; 0.83] —
Carpenter et al. 32 54 0.60 [0.47;0.72] —
Random effects model 0.31 [0.14; 0.56] ——i—

Heterogeneity: 12 = 97%, p < 0.01 I T T T T |
0 02 04 06 08 1
Prevalence

Figure 2. Forest plot showing the prevalence of neuropathic pain following breast-conserving surgery.

axillary procedures. The pooled prevalence of neuropathic pain following breast-conserving surgery
was found to be 31%, with a CI ranging from 14% to 56%. The review did not provide conclusive
evidence indicating the correlations between axillary procedures and neuropathic pain after breast-
conserving surgery.

Previous studies mainly focused on the prevalence of chronic pain after breast cancer surgery, re-
porting rates between 25% and 60%.°° Although the term “chronic pain” is commonly used to cover
various pain types, this review specifically focused on neuropathic pain, a subtype arising from dam-
age to the peripheral nerve system. Recent literature estimates the prevalence of neuropathic pain
following breast cancer surgery to range between 33% and 58%, highlighting its significant role in
post-surgical chronic pain.”>'%:11:35.36 Given that targeted interventions hold potential to alleviate neu-
ropathic pain, recognizing the various types of chronic pain and acknowledging the presence of neu-
ropathic pain can improve outcomes in breast cancer survivors.

A notable gap exists in the literature regarding differentiation mastectomy and breast-conserving
surgery when reporting chronic pain. Although some studies have explored neuropathic pain preva-
lence after mastectomy (24% to 36%), comprehensive data on breast-conserving surgery are lacking,
despite its predominance in breast cancer surgery.'8-! This review addresses the gap by specifically
studying neuropathic pain following breast-conserving surgery. The findings revealed a prevalence of
31% with a CI ranging from 14% to 56%.

Three of the included studies explored whether the type of surgery (mastectomy or breast-
conserving surgery) may contribute to a higher prevalence of neuropathic pain. Bredal et al. (n = 832)
and Carpenter et al. (n = 119) reported no significant association between the surgical type and inci-
dence of neuropathic pain.":** In contrast, Mustonen et al. (n = 200) observed a higher prevalence
of neuropathic pain following breast-conserving surgery compared to mastectomy in their multivari-
ate analysis, even after adjusting for radiotherapy.2? Mustonen et al. suggested that better access and
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visualization of the axilla during mastectomy procedures might explain the difference in neuropathic
pain prevalence.

The axilla is at risk for neuropathic pain during breast cancer surgery owing to the intercosto-
brachial nerve passing through it.'>?! Axillary surgeries, including SLNB and ALND, are potential risk
factors for chronic pain.?-6-40 The secondary aim of the review was to investigate the correlation be-
tween neuropathic pain after breast-conserving surgery and axillary procedures. Among the 6 studies
that focused on this aspect (n = 460), only Pereira et al. (n = 47) reported a relatively increased risk
of neuropathic pain with ALND, though no statistical significance was found.?° The studies by Bredal
et al. and Wilson et al. were excluded from the secondary evaluation as they did not differentiate be-
tween mastectomy and breast-conserving surgery in their reported outcomes. However, these studies
(n = 412) revealed a significant correlation between ALND and neuropathic pain after breast cancer
surgery.>'-32 Overall, the current literature findings suggest a trend toward an increased risk but lack
statistical support for a direct correlation between axillary procedures and neuropathic pain following
breast-conserving surgery.

Broadly, neuropathic pain after breast-conserving surgery may arise from direct surgical injury to
the intercostal and intercostobrachial nerves or because of indirect nerve damage caused by exces-
sive stretching or compression due to scar formation.”>-'6 This nerve injury triggers dysregulation of
miRNAs and IncRNAs, contributing to neuropathic pain development through neuroinflammation and
altered ion channel expression.*! Neuropathic pain manifests as burning, shooting pains, or altered
skin sensations in the affected nerve’s distribution area. The breast and chest wall are innervated by
intercostal nerves T2-T6, whereas the intercostobrachial nerve supplies the upper medial arm and
anterolateral chest wall.*?> Pain sketches, where patients draw painful areas on a human body illus-
tration, can help to identify the pain location and its distribution area, providing insights into which
nerves may be affected.??->' The studies included in this review generally lacked details on nerve
pathology or identification of the specific nerve affected by the surgery. Mustonen et al. was an ex-
ception, and focused on patients with intercostobrachial nerve dissections and reported the highest
neuropathic pain prevalence at 85.5%. This high prevalence was likely due to the selective inclusion
of patients with confirmed nerve dissections. Interestingly, among the 81 patients studied, 15 had
confirmed nerve damage without concurrent neuropathic pain, raising questions on the connection
between nerve damage and the manifestation of neuropathic pain. Studies assessing neuropathic pain
should prioritize identification of the affected nerve(s) and confirmation of its nerve-related nature,
to enhance preventive or surgical management of neuropathic pain after breast-conserving surgery.

No gold standard exists for diagnosing neuropathic pain following breast-conserving surgery. Stud-
ies often use questionnaire-based assessments such as the DN4 and S-LANSS. However, these methods
may miss 10%-20% of the clinically diagnosed cases.*>:#4 The Neuropathic Pain Special Interest Group
(NeuPSIG) of the International Association for the Study of Pain suggests a comprehensive approach,
combining medical history, clinical examination, and diagnostic tests.***> Ilhan et al. compared var-
ious screening tools, revealing that the DN4 tends to show higher prevalence rates, aligning closely
with the NeuPSIG criteria.?> Abdallah et al. directly compared the DN4 with NeuPSIG, reporting 90%
sensitivity and 60% specificity for the DN4.%® Combining standardized screening tools such as the DN4
with in-depth evaluations guided by NeuPSIG criteria is recommended for a comprehensive under-
standing of neuropathic pain after breast cancer surgery.>®

The systematic review encountered several limitations. Despite an extensive search effort, the fi-
nal analysis included a limited number of studies (n = 8). This can be attributed to the scarcity of
available research, coupled with challenges in distinguishing between chronic pain types (nociceptive
or neuropathic) and surgical procedures (mastectomy or breast-conserving surgery). Additionally, the
use of diverse assessment tools for diagnosing neuropathic pain across studies hindered inter-study
comparisons. Notably, the absence of standardized guidelines for neuropathic pain assessment was
evident. Furthermore, the differences in surgical inclusion criteria, such as specific nerve dissections
or variations in axillary procedures, complicated direct comparisons of neuropathic pain prevalence
between studies, as certain patient groups may have been more predisposed to neuropathic pain than
the others. Lastly, the lack of studies with extended follow-up hindered a comprehensive long-term
analysis. Longer follow-up, surpassing the conventional 3-month threshold, could provide a more com-
plete understanding of neuropathic pain after breast-conserving surgery.
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This systematic review offers valuable insights into the prevalence of neuropathic pain after breast-
conserving surgery. Nevertheless, the identified limitations underscore the pressing need for future
studies to employ more comprehensive and standardized approaches in investigating post-breast can-
cer surgery pain. Central to this issue is the need to accurately assess neuropathic pain within the
broader scope of chronic pain and to confirm its nerve-related origin. Moreover, healthcare profes-
sionals should heighten their awareness of the neuropathic component in breast cancer survivors. A
deeper understanding of neuropathic pain following breast-conserving surgery is key to tailoring in-
terventions that can reduce long-lasting neuropathic pain experienced by the survivors of post-breast-
conserving surgery.

Conclusion

The systematic review and meta-analysis focused on neuropathic pain post-breast-conserving
surgery, revealing a prevalence of 31%, with a CI ranging from 14% to 56%. These results highlight
the considerable burden of neuropathic pain within this specific population. The review did not iden-

tify any substantial correlations between the axillary procedures and development of neuropathic pain
after breast-conserving surgery.
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