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Introduction

Understanding the development of chronic postsurgical pain (CPSP) following major 

surgery, including breast cancer surgery, has become a major concern,1–4 but there has been 

relatively little attention to the risk of CPSP following breast reconstruction.5 From one-

fourth to one-half of women who undergo post-mastectomy breast reconstruction report 

persistent pain months and years after surgery.5–15 However, determining the incidence of 

CPSP due specifically to breast reconstruction may be confounded by methodological 

problems inherent in the examination of CPSP16–19 and is particularly difficult when 

immediate reconstructive surgery is chosen given the substantial risk of CPSP associated 

with mastectomy.20,21 Preliminary evidence suggests that women who receive breast 

reconstruction, compared with those who undergo mastectomy-alone, do not report higher 

rates of CPSP.7,9,22

CPSP is defined as ongoing pain that persists for at least 3 months beyond surgery, and 

should reflect a new onset of persistent pain that is directly attributable to the surgical 

procedure under study.16,17 In addition, it should be of sufficient severity to cause clinically 

meaningful impairment in functional ability and quality of life.17,26 Identified 

methodological problems with prior studies of CPSP following major surgery leave unclear 

whether the presence of postoperative pain reported by a particular surgical cohort is merely 

an estimate of the prevalence of pain in the postoperative period or actually reflects a new 
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incidence of surgically-related pain.16, The majority of investigations of CPSP following 

major surgery, including breast reconstruction, are retrospective and cross-sectional in study 

design and fail to control for the contribution of preoperative pain when interpreting the 

etiology of CPSP being reported,18,19,27 and, moreover, rely on potentially inaccurate patient 

recall of prior pain experience.28,29 In addition, the majority of these studies fail to quantify 

the clinical significance of postoperative pain and thus are unable to establish whether CPSP 

is of sufficient clinical concern to compromise a woman’s functional ability.2,17,26 As a 

result, there is concern that prior investigations of CPSP may overestimate the incidence of 

surgery-induced and clinically relevant persistent postoperative pain.30

This study will examine the prevalence of and risk factors associated with CPSP for women 

seeking breast reconstruction following mastectomy. To address identified methodological 

limitations in previous investigations, this prospective study will examine the report of the 

presence and severity of persistent pain prior to surgery and at two years postoperatively. 

Persistent pain following surgery and site-specific (e.g., upper body and chest) physical 

discomfort will be compared for patients grouped by type and timing of reconstructive 

surgery. Additional medical factors, surgical procedure characteristics, demographic 

variables, and standardized measures of both anxiety and depression will also be obtained to 

assess their contribution to post-reconstruction reports of CPSP.

Materials and Methods

Study Setting and Participants

Patients were recruited as part of the Mastectomy Reconstruction Outcomes Consortium 

(MROC) Study, a five-year prospective, multicenter cohort study of mastectomy 

reconstruction patients funded by the National Cancer Institute (NCI 1RO1CA152192). 

Appropriate Institutional Review Board (IRB) approval was obtained from all participating 

sites. Women 18 years or older undergoing first-time unilateral or bilateral mastectomy, and 

immediate or delayed breast reconstruction, were eligible for MROC participation. Figure 1 

depicts the consortium enrollment process for MROC including exclusion criteria. Reasons 

for exclusion included early withdrawal subjects who did not complete preoperative baseline 

questionnaires (n = 1316), low volume procedure type (n = 213), mixed reconstruction 

timing (n = 37), reconstructive failure (n = 117), and less than 2-year follow-up (n = 738). 

Of a total of 4417 women enrolled by July 2016, a remaining sample of 1996 served as the 

study cohort.

Study Design and Data Collection

Relevant clinical data such as medical and surgical factors were collected via medical record 

reviews by trained research assistants at each site. Self-administered Patient Reported-

Outcome questionnaires (PROs) assessing various patient and demographic characteristics, 

psychological status (depression and anxiety symptom severity), pain experience, and chest 

and upper body discomfort were collected preoperatively and postoperatively at one week, 

one-year and two-years after the initiation of reconstruction. Most patients completed 

questionnaires electronically via the Internet in a password protected patient-portal of the 

study’s database system (the Velos eResearch System).
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Description of Surgical Procedures and Sample Composition

Based on patient preference, reconstructive surgery for this study included one of seven 

available techniques. Most commonly, patients underwent implant-based reconstructions, 

either one-staged, direct-to-implant techniques (DTI; n = 93, 4.7%) or two-staged 

procedures (TE/I; n = 1263, 63.3%) in which implant placement was preceded by a 

temporary tissue expander. The study cohort also included women receiving latissimus dorsi 

procedures (LD; n = 64, 3.2%), or four types of abdominally-based tissue flap procedures: 

pedicle transverse rectus abdominis musculocutaneous flaps (PTRAM; n = 77, 3.9%), free 

TRAM (FTRAM; n = 87, 4.4%), deep inferior epigastric artery perforator (DIEP; n = 350, 

17.5%), and superficial inferior epigastric artery perforator (SIEA; n = 62, 3.1%) flaps.

To determine if CPSP is related to selected medical and surgical factors associated with 

reconstructive surgery, patients were assessed for their body mass index (BMI), and lymph 

node management (none, sentinel lymph node biopsy [SLNB] or axillary lymph node 

dissection [ALND]) at the time of reconstruction. In addition to surgical procedure type 

(TE/I, DTI, LD, PTRAM, FTRAM, DIEP, SIEA), patients were further categorized by 

laterality (unilateral vs. bilateral), and timing of reconstruction (immediate vs. delayed). To 

assess the influence of adjuvant cancer therapies, patients were also stratified for a history 

and timing of both radiation and chemotherapy (none, before reconstruction, during or after 

reconstruction).

Measures

Pain Assessment—For the three pain metrics, participants were asked to provide a single 

global rating of their current level of pain experience per each metric’s standard instructions. 

The same questionnaire format was repeated for all preoperative and postoperative pain 

assessments. Overall pain intensity was assessed by the Numerical Pain Rating Scale 

(NPRS),31 which provides a single measure of overall pain intensity drawn from an ordinal 

numerical scale reflecting increasing pain severity, ranging from 0 to 10. A broader measure 

of pain experience was obtained by the McGill Pain Questionnaire-Short Form (MPQ-SF).32 

The MPQ-SF contains 15 descriptors of pain experience (11 sensory, 4 affective) and 

provides separate measures of the sensory and affective components of pain experience. The 

sensory pain rating (MPQ-Sensory Rating) quantifies the sensory dimensions of pain 

experience including mechanical, spatial and temporal characteristics (range 0 – 33) while 

the affective pain rating (MPQ-Affective Rating) provides a measure of the subjective 

unpleasantness or suffering associated with pain (range 0 – 12). For both the NPRS and 

MPQ-Sensory Rating and MPQ-Affective Rating, higher scores indicate more severe pain 

experience.

Chest and Upper Body Discomfort—Symptoms of chest and upper body discomfort 

associated with reconstructive surgery were assessed by The BREAST-Q.33,34 The 

BREAST-Q includes a Physical Well-being: Chest and Upper Body Scale utilized in this 

study, which solicits problems over the prior two weeks with shoulder, neck, back, arm, 

chest muscle and rib pain, complaints of discomfort such as tightness, pulling, or throbbing, 

and reports of related activity limitations. Higher scores on the BREAST-Q indicate better 

physical well-being and less pain.
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Psychological Distress—To assess the severity of anxiety and depressive symptoms, 

each participant completed the Generalized Anxiety Disorders Scale (GAD-7)35 and Patient 

Health Questionnaire (PHQ-9).36 The GAD-7 and PHQ-9 scales share a common format 

whereby subjects report the frequency of various symptoms that may have occurred during 

the previous two weeks and individual items are summed to derive a composite score, with a 

higher score indicating more severe symptom complaints. The GAD-7 has a range from 0–

21, and a cut point score ≥10 demonstrates a sensitivity of 89% and specificity of 82% for a 

diagnosis of generalized anxiety disorder. The PHQ-9 score can range from 0–27 and a score 

≥10 has a sensitivity of 88% and a specificity of 88% for major depression.

Statistical Analysis

Patients at or beyond two-years following the initiation of breast reconstruction surgery were 

included for the analysis. For each of the four primary outcome measures (NPRS, MPQ-

Sensory Rating, MPQ-Affective Rating, BREAST-Q), unadjusted within-patient changes 

from preoperative to one- and two-year postoperative assessment points were examined to 

determine whether pain persisted beyond the pain level at the onset of initial reconstruction 

surgery. Mixed-effects regression modeling was used to assess the relationship between 

preoperative patient-specific factors and acute postoperative pain (independent variables) 

and two-year postoperative pain (dependent variable) for each pain and bodily discomfort 

outcome measure, while accounting for between-center variability using random intercepts 

for centers (hospitals). For MPQ-Sensory Rating, MPQ-Affective Rating, and BREAST-Q 

Physical Well-being, a linear mixed-effects regression model was employed to model each 

pain outcome. For the NPRS, we dichotomized the pain score into moderate to severe pain 

(NPRS > 3) versus not, and modeled moderate-to-severe using a generalized linear mixed-

effects model with logit link. For all models, the independent variables included age, BMI, 

preoperative anxiety score (GAD-7), depression score (PHQ-9), acute postoperative pain, 

and a number of surgical procedure factors including laterality (unilateral or bilateral), 

timing (immediate or delayed), procedure type (TE/Implant, DTI, LD, PTRAM, FTRAM, 

DIEP or SIEA), lymph node management (SLNB, ALND or none), adjuvant radiation 

therapy (before reconstruction, during/after reconstruction vs. none) and adjuvant 

chemotherapy (during/after reconstruction, both before and during/after reconstruction or 

none). The primary regression model included the preoperative values of the dependent 

variable to adjust for baseline differences in pain level. All statistical analyses were 

performed in SAS 9.4 (SAS Institute, Cary, NC), and statistical significance was set at 0.05.

RESULTS

Study Participants

Table 1 lists the clinical and demographic characteristics of the analytic cohort (N = 1996). 

The mean age was 49.5 (SD = 10.2) years old. Mean BMI was 26.5 (SD = 5.6). The 

majority of patients received immediate (92.7%) and bilateral (53.8%) reconstruction. For 

lymph node management, 47.6% of women underwent SLNB and 25.9% ALND. The 

majority of women did not receive radiation therapy (70.3%) or chemotherapy before, 

during or after reconstruction (52.7%). In general, participants were reporting mild levels of 
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depressive (PHQ-9; mean 5.1 (SD = 4.8) and anxiety (GAD-7; mean 5.2 SD = 5.0) 

symptoms.

Prevalence and Intensity of Mean Preoperative and Postoperative Pain and Body 
Discomfort

Table 2 lists the means, standard deviations and severity category (for the NPRS) for the 

measures of pain and upper chest/body discomfort preoperatively and at one week, one-year 

and two-year post-reconstruction for the study sample. There was a significant increase in 

pain intensity as measured by the NPRS comparing preoperative pain and pain severity at 2–

years (P = 0.046) but the absolute change in mean pain rating and narrow standard deviation 

suggest that this was not a clinically meaningful change. Similarly, there were more 

complaints of bodily discomfort on the BREAST-Q (P < 0.001) at two-years, but the 

statistical parameters again indicate little clinically meaningful differences from preoperative 

status. Conversely, there was a significant decrease from baseline in pain report on the MPQ-

Affective Pain Rating (P < 0.001) at two-years postoperatively. Examination of the pain 

ratings from preoperative to postoperative follow-up intervals revealed little change in 

average pain for the MPQ-Sensory Rating (3.2, 3.3, 3.1) and NPRS (1.1, 1.3, 1.2), with 

somewhat decreasing pain ratings for the MPQ-Affective Rating (1.6, 0.9, 0.8) In general, 

these pain ratings seen at baseline, one-year and two-years are associated with a mild level 

of clinical pain intensity.37 Categorizing pain intensity ratings on the NPRS demonstrated no 

meaningful variation across the time intervals. Comparing pain intensity preoperatively and 

at the postoperative follow-ups, about one-half of women reported no pain, approximately 

35–40% reported mild pain (NPRS 1–3), 8–9% indicated moderately severe pain (NPRS 4–

6) and only 2–3% reported severe pain (NPRS 7–10). There was no discernible change in 

the frequency of moderately severe and severe pain when comparing preoperative and two-

year pain ratings (McNemar’s test; P = 0.083). For the BREAST-Q: Physical Well-being: 

Chest/Upper Body Scale, similar to the other pain measures, there was substantial worsening 

of bodily discomfort at the acute postoperative assessment at one week, but recovery to near 

preoperative levels of comfort at both one-year and two-year follow-up (78.8, 57.9, 75.9, 

76.6).

Factors Associated with Chronic Postsurgical Pain and Chest/Upper Body Discomfort at 2-
Year Follow-up

The regression analyses for predicting CPSP (MPQ-Sensory and MPQ-Affective Ratings) 

and ratings of bodily discomfort at two-years are listed in Table 3. The regression analysis 

for predicting CPSP based on moderate-to-severe pain intensity on the NPRS is listed in 

Table 4.

Demographic and Medical/Surgical Factors and CPSP

Older age was associated with more severe pain on the NPRS (P = 0.007). Higher BMI was 

associated with CPSP for both the MPQ-Sensory Rating (P = 0.020), NPRS (P = 0.006) and 

body discomfort scores (P < 0.001). Bilateral reconstruction was associated with CPSP on 

the MPQ-Sensory Rating (P = 0.037). Radiation therapy during or after reconstruction was 

associated with more severe pain on the MPQ-Sensory Rating (P = 0.001) and physical 

discomfort on the BREAST-Q Physical Well-being scale (P < 0.001). Having chemotherapy 
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prior to reconstruction was associated with more upper body and chest discomfort (P = 

0.044) while chemotherapy during or after breast reconstruction (P = 0.011), and 

chemotherapy both before and during/after reconstruction (P = 0.001), was associated with 

more severe pain on the MPQ-Affective Rating. Chemotherapy both before, and during/after 

reconstruction was also related to higher NPRS scores (P = 0.015). With regard to type of 

reconstructive surgery, women undergoing FTRAM (P < 0.001), DIEP (P = 0.011), and 

SIEA (P = 0.043) each reported increased pain compared to women receiving TE/I 

reconstruction on the MP-Sensory Rating. Similarly, on the MPQ-Affective Rating, FTRAM 

(P = 0.001), DIEP (P = 0.002), and SIEA (P = 0.001) procedures were associated with 

higher pain severity than TE/I reconstruction. Lymph node status and timing of 

reconstruction were not associated with any of the outcome measures.

Pain and Mood Factors

Higher preoperative pain and acute postoperative pain were both strongly associated with 

more severe pain and bodily discomfort symptoms at two-year assessment for all outcome 

measures (MPQ-Sensory and Affective Ratings, NPRS, BREAST-Q, all P < .001 except 

acute postoperative pain and MPQ-Affective Rating, P = 0.034). Preoperative depression 

scores correlated with more severe pain for the NPRS (P = 0.012) and marginally with both 

the MPQ-Affective Rating (P = 0.055) and Chest/Upper body discomfort scale (P = 0.055). 

Anxiety ratings did not demonstrate an association with measures of CPSP or chest/upper 

body discomfort.

Discussion

Among the major findings of this study, we replicated in a breast reconstruction cohort 

known associations of preoperative pain,38,39 acute postoperative pain,38–40 and preoperative 

depression level22,38 with severity of long-term postoperative pain following breast cancer 

surgery. More noteworthy, however, careful examination of our data suggests that CPSP 

following breast reconstruction may be of less clinical concern as a direct consequence of 

breast reconstruction than suggested by previous investigations of major surgery, including 

mastectomy and breast reconstruction. A methodological limitation of our study concerns 

our measures of pain, which represented a single global measure and thus could not 

ascertain a specific relationship between surgery site and postoperative pain. However, 

nearly half of our subjects reported some level of persistent pain prior to surgery, 

comparable to investigations of CPSP associated with breast cancer surgery.38 This 

substantial rate of preoperative pain suggests that, at least for some patients, the report of 

postoperative pain may simply reflect a presurgical pain condition that persists unperturbed 

through the course of reconstructive surgery and postoperative care. This may explain the 

consistent evidence for preoperative pain as a predictor of CPSP.19,38

For the entire sample, while women reported increased pain intensity comparing 

preoperative scores and at two-years, the pain metrics indicated this increase to be of 

minimal clinical significance. Of clinical relevance, examination of pain ratings for 

preoperative, one-year and two-year assessments revealed little significant change in 

absolute mean pain ratings. Also encouraging is the observation that the postoperative 
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prevalence of pain in our sample is relatively modest, with only 9 % and 2 % reporting 

moderate or severe pain, respectively, and these prevalence data were not significantly 

different from preoperative pain severity scores. As over 90 % of our sample underwent 

mastectomy at the time of reconstructive surgery, these findings also challenge the results of 

previous studies reporting a substantial incidence of new onset persistent pain following 

mastectomy, described in a range from 20–60% across studies.20–22

We found that a number of medical and surgical variables held association with CPSP in our 

prospective analysis. Both radiation therapy and chemotherapy, each established as cancer 

treatments with potential risk for the development of persistent pain following breast cancer 

surgery,44–46 were selectively associated with CPSP measures for our sample. Of some 

surprise, we found evidence for a positive association between our pain measures and BMI. 

To our knowledge this is the first empirical evidence demonstrating an association between 

BMI and post-reconstruction chronic pain and is line with previous reports describing 

greater clinical morbidity associated with higher BMI following reconstruction surgery.48–51 

Among surgical procedure variables, we found that bilateral reconstruction held a 

relationship with reports of pain at follow-up. This is likely due to the more extensive nature 

of bilateral mastectomy and reconstructive surgeries for the majority of our sample, and 

replicates prior evidence for the contribution of more pervasive surgery and CPSP.33,57,58

Comparing reconstruction procedure types, women undergoing FTRAM, DIEP and SIEA 

reconstruction all reported more severe pain than the TE/I group. Comparative studies on the 

risk of CPSP following TE/I and AFR reconstructive surgeries have produced mixed 

findings demonstrating greater postoperative pain with TE/I compared to breast 

reconstruction without implants,14 equivocal evidence for increased pain with TE/I 

reconstruction,15 more pain following AFR surgery compared to TE/I reconstruction,12 or 

no differences in the severity of persistent postoperative pain between the two procedure 

types.7,10,11 One explanation for this lack of agreement among previous studies may be that 

relative differences in postoperative pain among procedure types may evolve over time. This 

has been the observation in our own study population. An earlier analysis of post-

reconstruction pain from our center observed that TE/I reconstruction was associated with 

higher levels of severe acute (1 week) postoperative pain43 and subacute (3 month) chest/

upper body dysfunction and discomfort15 when compared to AFR surgeries. However, in the 

current two-year analysis, AFR patients appear to fare somewhat worse compared to those 

undergoing TE/I procedures. These data collectively suggest an interaction of time by 

procedure type in determining levels of persistent pain following reconstructive surgery.

Our study has a number of methodological limitations. Given its clinical nature, patients by 

necessity selected their choice of reconstruction procedure type and thus there may be some 

degree of selection bias in considering our findings. Secondly, surgical patients with low 

volume procedure type, mixed reconstruction timing, and reconstructive failure were 

excluded from the analysis which may reduce the generalizability of the results, although it 

is unclear whether any of these groups would be at greater or lesser risk for reconstruction-

related CPSP. Moreover, the substantial reduction in the sample size at follow-up due to the 

absence of completed PROs may have spuriously influenced our with-in subject statistical 

comparisons. Fourth, as most of our patients (93%) received immediate reconstruction at the 
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time of mastectomy, we could not determine which (if either) of the combined surgical 

procedures may have actually resulted in a new onset of persistent postoperative pain. In 

addition, our measures of pain represented a single global measure, and thus we could not 

ascertain a specific relationship between surgery site and postoperative pain that would 

further implicate a causal link between reconstructive surgery and obtained measures of 

CPSP. Finally, the 11 surgical centers that participated in this study undoubtedly shared 

differences in surgical techniques and acute postoperative pain management, which likely 

contributed to variability in the level of postoperative pain experienced by patients.

Conclusion

Our prospective study of breast reconstruction outcome found limited evidence for increased 

rate and severity of CPSP as suggested by previous investigations. Future delineation of 

CPSP associated with reconstructive surgery will require greater methodological rigor to 

better determine its potential risk and etiology, and thereby allow for the proper counsel of 

patients seeking breast reconstructive surgery.
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Highlights

• Nearly half of women undergoing breast reconstruction report pain prior to 

surgery

• There is no meaningful change in pain prevalence following reconstructive 

surgery

• Preoperative and acute postoperative pain predict chronic pain after 

reconstruction

• Greater study design rigor necessary to determine risk of post-reconstruction 

pain
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Figure 1. 
Flow chart for MROC recruitment
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Table 1

Clinical and Demographic Characteristics of Patients (n=1996)

Variable

Age, Mean (SD) 49.5 (10.2)

BMI, Mean (SD) 26.5 (5.6)

Extent of disease, No. (%)

 Local 1285 (64.5)

 Regional 527 (26.5)

 Metastatic 13 (0.7)

 None 167 (8.4)

Laterality, No.(%)

 Unilateral 922 (46.2)

 Bilateral 1074 (53.8)

Lymph Node Status, No.(%)

 None 529 (26.5)

 SLNB 950 (47.6)

 ALND 517 (25.9)

Timing, No.(%)

 Immediate 1851 (92.7)

 Delayed 145 (7.3)

Procedure type, No.(%)

 TE 1263 (63.3)

 DTI 93 (4.7)

 FTRAM 87 (4.4)

 PTRAM 77 (3.9)

 DIEP 350 (17.5)

 LD 64 (3.2)

 SIEA 62 (3.1)

Radiation, No.(%)

 Before reconstruction 246 (12.3)

 During/after reconstruction 347 (17.4)

 None 1403 (70.3)

Chemotherapy, No.(%)

 Before reconstruction 353 (17.7)

 During/after reconstruction 549 (27.5)

 Both before and during/after reconstruction 42 (2.1)

 None 1052 (52.7)

Preoperative depression (PHQ-9), Mean (SD) 5.1 (4.8)

Preoperative anxiety (GAD-7), Mean (SD) 5.2 (5.0)
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Table 4

Factors Associated with Postoperative Two Years Moderate to Severe NPRS based on Generalized Linear 

Mixed-Effects Regression Model with Sites as Random Intercepts and Weighted by Non-response

Variable OR p

Age 1.03 0.007

BMI 1.05 0.006

Bilateral Reconstruction 1.02 0.908

Delayed Reconstruction 0.60 0.269

Procedure type

 TE -Reference-

 DTI 0.54 0.292

 FTRAM 1.73 0.205

 PTRAM 1.64 0.266

 DIEP 1.22 0.454

 LD 0.94 0.915

 SIEA 1.43 0.445

Lymph Node Status

 None -Reference-

 SLNB 0.81 0.414

 ALND 0.76 0.402

Radiation

 None -Reference-

 Before reconstruction 1.12 0.743

 During or after reconstruction 1.54 0.129

Chemotherapy

 None -Reference-

 Before reconstruction 1.04 0.897

 During or after reconstruction 1.37 0.196

 Both before and during/after reconstruction 3.54 0.015

Preoperative pain score1 1.41 <.001

Acute post-operative pain score1 1.21 <.001

Preoperative depression score, PHQ-9 1.08 0.012

Preoperative anxiety score, GAD-7 1.02 0.546

1
Refers to the pain score of the corresponding outcome.
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