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Introduction: The prevalence of obesity has risen worldwide, posing a problem
to surgeons as obesity is a well-known risk factor for surgical outcomes. While
prior studies have suggested performing reduction mammaplasty (RM) in pa-
tients with obesity, the variance in outcomes and quality of life (QoL) for obesity
classes are ill-defined. We investigated whether obesity classes should be consid-
ered for RMby examining the surgical outcomes and QoL across different weight
classes, aiming to pinpoint when outcomes become less favorable.
Methods: Patients undergoing RM by nine surgeons from 2016 to 2022 were in-
cluded. Body mass index (BMI) cohorts were formed according to the Center for
Disease Control and Prevention (CDC) guidelines: Healthy (18.5–24.9 kg/m2),
overweight (25–29.9 kg/m2), obesity class I (30–34.9 kg/m2), II (35–39.9 kg/
m2), and III (>40 kg/m2). QoLwas assessed by comparing preoperative and post-
operative BREAST-Q scores within cohorts. A comparison analysis was per-
formed between weight classes.
Results: A total of 461 RM patients were identified (healthy: 83, overweight:
178, I: 142, II: 39, III: 19). Percentage of Black patients, procedure length, weight
of tissue removed, and inferior pedicle technique all significantly increased as
BMI increased (P < 0.001). Higher BMI cohorts, especially class III, had signif-
icantly higher rates of surgical site infections (healthy: 0%, overweight: 1.1%, I:
1.4%, II: 0%, III: 15.8%, P < 0.01), fat necrosis (healthy: 1.2%, overweight:
5.1%, I: 7%, II: 0%, III: 22.2%,P = 0.01), dehiscence (healthy: 3.6%, overweight:
2.8%, I: 2.1%, II: 5.1%, III: 31.6%, P < 0.01), delayed healing (health: 4.8%,
overweight: 11.2%, I: 16.9%, II: 28.2%, III: 42.1%, P < 0.01), minor T-point
breakdown (healthy: 10.8%, overweight: 15.7%, I: 23.9%, II: 23.1%, III:
52.6%, P = 0.01), and surgical site occurrence requiring procedural intervention
(healthy: 6.0%, overweight: 5.6%, I: 6.3%, II: 15.4%, III: 21.1%, P < 0.05).
When compared to the other weight classes independently, class III was associ-
ated with unfavorable outcomes (P < 0.05). Significant improvement in average
postoperative QoL scores in satisfaction with breast, psychosocial well-being,
sexual well-being, and physical well-being were seen in all cohorts except class
III (P < 0.05).
Conclusions: Severe obesity class III patients undergoing RM have a higher yet
still acceptable risk profile and should be counseled on the risks despite its im-
proved quality of life.
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A ccording to the Center for Disease Control and Prevention (CDC),
from 2017 to 2020, the prevalence of obesity in the United States had

risen to 41.9%.1 Consequently, reduction mammaplasty (RM) procedures,
or breast reduction surgeries, have increased causing additional cost
burden for healthcare systems.2 RM is an important functional opera-
tion that enhances the overall well-being of women with symptomatic
macromastia through improved self-image, pain within the shoulders,
back and neck,3–5 postural strength,6 and elimination of the presence
of shoulder grooving and rashes.

Performing RM on patients with elevated body mass index
(BMI) has been a controversial topic in the literature. Many institutions
consider obesity as a contraindication for RM given its increased com-
plication rates,7 as a cumulation of evidence has demonstrated an in-
creased association between elevated BMI and postsurgical complica-
tions.8 However, this argument is challenged by several studies that
have demonstrated RM as a safe operation for patients regardless of
their weight.9,10

While prior studies have suggested performing breast reduction
surgeries in patients with obesity,11,12 the variance in outcomes and
quality of life (QoL) for obesity classes are not well-defined. In this
study, we investigated whether obesity classes should be considered
for RM by examining the surgical outcomes and QoL across different
weight classes, determining theweight class inwhich outcomes become
unfavorable.
METHODS

Study Design and Population
This retrospective analysis examined patients who underwent

RM—as identified by Current Procedural Terminology (CPT) codes
—from January 1, 2016, to June 30, 2022, with a minimum of a
1-year follow-up. All procedures were carried out by all plastic and re-
constructive surgeons within the University of Pennsylvania Health
System and all data collected received approval by the institutional re-
view board (protocol # 833114). Inclusion criteria included the follow-
ing: must be 1) female, 2) over the age of 18, and 3) underwent RM.
Exclusion criteria included patients who were males, did not undergo
RM, had oncoplastic resection, and underwent concomitant procedures
(ie, oncoplastic resection, mastopexy).

The main focus of the study is to compare patient characteristics,
operative details, postoperative outcomes, and BREAST-Q ratings
across the 5 BMI cohorts in patients who underwent RM. The second-
ary goal is to identify the stage at which outcomes become less favor-
able. BMI cohorts were formed according to CDC guidelines: BMI
18.5–24.9 kg/m2 (healthy), BMI 25–29.9 kg/m2 (overweight), BMI
30–34.9 kg/m2 (obesity class I), BMI 35–39.9 kg/m2 (obesity class
II), and BMI > 40 kg/m2 (obesity class III).
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TABLE 1. Patient Characteristics

<25 25–30 30–35 35–40 >40 Total

P(n = 83) (n = 178) (n = 142) (n = 39) (n = 19) (N = 461)

Age 0.05
Mean (SD) 36.66 (16.57) 38.49 (14.62) 36.49 (12.17) 39.10 (13.61) 45.69 (14.45) 37.90 (14.26)
Median (Q1, Q3) 33.43

(23.72, 44.02)
37.28

(25.89, 48.59)
34.73

(26.35, 44.38)
38.57

(27.78, 46.84)
50.38

(32.73, 55.94)
36.63

(25.90, 47.32)
Min max 18.20–118.26 18.60–97.20 18.37–74.48 20.51–73.29 22.20–68.85 18.21–118.26
Race <0.01
White 68 (81.9%) 95 (53.4%) 43 (30.3%) 10 (25.6%) 2 (10.5%) 218 (47.3%)
Black 10 (12.0%) 66 (37.1%) 85 (59.9%) 26 (66.7%) 15 (78.9%) 202 (43.8%)
Asian 0 4 (2.2%) 0 1 (2.6%) 0 5 (1.1%)
Mixed 3 (3.6%) 2 (1.1%) 7 (4.9%) 1 (2.6%) 1 (5.3%) 14 (3%)
Native American 0 0 1 (0.7%) 0 0 1 (0.2%)
Pacific Islander 0 0 1 (0.7%) 0 0 1 (0.2%)
Other 1 (1.2%) 4 (2.2%) 1 (0.7%) 1 (2.6%) 1 (5.3%) 8 (1.7%)
Unknown 1 (1.2%) 7 (3.9%) 4 (2.8%) 0 0 12 (2.6%)
Ethnicity 0.88
Hispanic 3 (3.6%) 9 (5.1%) 10 (7.0%) 3 (7.7%) 2 (10.5%) 27 (5.9%)
Non-Hispanic 79 (95.2%) 166 (93.3%) 131 (92.3%) 36 (92.3%) 17 (89.5%) 429 (93.1%)
Unknown 1 (1.2%) 3 (1.7%) 1 (0.7%) 0 0 5 (1.1%)
BMI <0.01
Mean (SD) 23.01 (1.39) 27.72 (1.417) 32.14 (1.38) 36.71 (1.08) 43.1 (2.37) 29.63 (5.00)
Median (Q1, Q3) 23.14

(21.98, 24.21)
27.81

(26.57, 28.86)
31.94

(30.92, 33.19)
36.67

(35.86, 37.46)
42.41

(41.10, 45.09)
29.267

(26.28, 32.48)
Min max 19.63–24.95 25.08–29.96 30.04–34.99 35.03–39.67 40.04–47.62 19.63–47.62
Immunosuppression 0.24
No 81 (97.6%) 170 (95.5%) 141 (99.3%) 37 (94.9%) 19 (100%) 448 (97.2%)
Yes 2 (2.4%) 8 (4.5%) 1 (0.7%) 2 (5.1%) 0 13 (2.8%)
Insurance 0.05
Coverage approved - received surgery 62 (74.7%) 146 (83.9%) 122 (87.1%) 31 (81.6%) 15 (83.3%) 376 (83.0%)
Coverage denied - no surgery 0 1 (0.6%) 2 (1.4%) 1 (2.6%) 0 4 (0.9%)
Coverage denied - out of pocket 14 (16.9%) 12 (6.9%) 2 (1.4%) 3 (7.9%) 1 (5.6%) 32 (7.1%)
Not document 3 (3.6%) 10 (5.7%) 10 (7.1%) 3 (7.9%) 2 (11.1%) 28 (6.2%)
Other 4 (4.8%) 5 (2.9%) 4 (2.9%) 0 0 13 (2.9%)
Unknown 0 4 2 1 1 8
Smoking 0.12
Current 1 (1.2%) 10 (5.6%) 4 (2.8%) 0 1 (5.3%) 16 (3.5%)
Former 11 (13.3%) 26 (14.6%) 21 (14.8%) 12 (30.8%) 4 (21.1%) 74 (16.1%)
Never 71 (85.5%) 142 (79.8%) 117 (82.4%) 27 (69.2%) 14 (73.7%) 371 (80.5%)
Diabetes <0.01
No 83 (100%) 176 (98.9%) 139 (97.9%) 35 (89.7%) 18 (94.7%) 451 (97.8%)
Yes 0 2 (1.1%) 3 (2.1%) 4 (10.3%) 1 (5.3%) 10 (2.2%)
Peripheral vascular disease 0.15
No 82 (98.8%) 176 (100%) 140 (98.6%) 39 (100%) 18 (94.7%) 455 (99.1%)
Yes 1 (1.2%) 0 2 (1.4%) 0 1 (5.3%) 4 (0.9%)
History of weight loss surgery 0.35
No 81 (97.6%) 168 (94.4%) 130 (91.5%) 36 (92.3%) 19 (100%) 434 (94.1%)
Yes 2 (2.4%) 8 (4.5%) 12 (8.5%) 3 (7.7%) 0 25 (5.4%)
Gigantomastia <0.01
No 82 (100%) 164 (93.7%) 114 (81.4%) 30 (76.9%) 10 (52.6%) 400 (87.9%)
Yes 0 11 (6.3%) 26 (18.6%) 9 (23.1%) 9 (47.4%) 55 (12.1%)
Unknown 1 3 2 0 0 6
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TABLE 1. (Continued)

<25 25–30 30–35 35–40 >40 Total

P(n = 83) (n = 178) (n = 142) (n = 39) (n = 19) (N = 461)

Symmetry <0.01
L > R 35 (42.7%) 80 (45.5%) 63 (44.4%) 9 (23.7%) 3 (15.8%) 190 (41.6%)
No noticeable difference 4 (4.9%) 13 (7.4%) 13 (9.2%) 8 (21.1%) 4 (21.1%) 42 (9.2%)
Not assessed 11 (13.4%) 25 (14.2%) 18 (12.7%) 12 (31.6%) 4 (21.1%) 70 (15.3%)
R > L 32 (39%) 58 (33%) 48 (33.8%) 9 (23.7%) 8 (42.1%) 155 (33.9%)
Unknown 1 2 0 1 0 4
Ptosis <0.01
Grade 1 0 0 1 (0.7%) 0 0 1 (0.2%)
Grade 2 26 (31.7%) 44 (24.9%) 19 (13.5%) 4 (10.5%) 0 93 (20.4%)
Grade 3 51 (62.2%) 126 (71.2%) 117 (83%) 34 (89.5%) 18 (94.7%) 346 (75.7%)
Not assessed 3 (3.7%) 7 (4%) 4 (2.8%) 0 1 (5.3%) 15 (3.3%)
Pseudoptosis 2 (2.4%) 0 0 0 0 2 (0.4%)
Unknown 1 1 1 1 0 4
Bra notching 0.02
No 7 (8.4%) 10 (5.6%) 5 (3.6%) 2 (5.3%) 3 (15.8%) 27 (5.9%)
Not assessed 13 (15.7%) 25 (14.1%) 17 (12.1%) 10 (26.3%) 7 (36.8%) 72 (15.8%)
Yes 63 (75.9%) 142 (80.2%) 118 (84.3%) 26 (68.4%) 9 (47.4%) 358 (78.3%)
Rash <0.01
No 33 (39.8%) 77 (43.5%) 47 (33.6%) 7 (17.9%) 1 (5.3%) 165 (36%)
Not assessed 8 (9.6%) 12 (6.8%) 8 (5.7%) 11 (28.2%) 3 (15.8%) 42 (9.2%)
Yes 42 (50.6%) 88 (49.7%) 85 (60.7%) 21 (53.8%) 15 (78.9%) 251 (54.8%)

Annals of Plastic Surgery • Volume 93, Number 3, September 2024 Reduction Mammaplasty in Class III Obesity
Data Collection
All data obtained from the electronic medical records were

securely stored on Research Electronic Data Capture (REDCap). Any
data containing protected health information were deidentified prior
to analysis. Demographic factors of significance encompass age, BMI,
race/ethnicity, insurance coverage, and tobacco use. Relevant clinical
factors planned for analysis include gigantomastia, immunosuppres-
sion, diabetes, and peripheral vascular disease. Operative details of
interest include breast symmetry, grade of ptosis, estimated tissue re-
moval, preoperative breast measurements (nipple to notch, base width,
nipple to inframammary fold, nipple to midline, nipple diameter), presence
of bra notching, presence of inframammary rash or skin discoloration,
skin excision pattern, pedicle technique, creation of nipple diameter,
utilization of skin glue, number of drains placed during reduction, and
perioperative deep vein thrombosis (DVT) prophylaxis type. Pertinent
postoperative outcomes (ie, cellulitis, hematoma, seroma, postoperative
infection, days to postoperative infection, postoperative nonhealing
incisional wound, postoperative necrosis, surgical interventions, revi-
sions, and readmissions) were also collected.
Patient-Reported Outcomes
Outcomes research has become popular in assessing patient's

health-related quality of life (QoL), as well as patient satisfaction before
and after surgery. The BREAST-Q is a validated questionnaire that is
widely accessible, aimed to quantify the impact and efficacy of breast
surgery from the lens of the patients.13 Questionnaires specific to breast
reduction were administered before and after the procedure by clinical
staff. Components of the questionnaire include the examination of the
patient's 1) satisfaction with breasts, 2) psychosocial well-being, 3) sex-
ual well-being, and 4) physical well-being. Rasch scores closer to 100
(on a scale of 1–100) indicate a more favorable result.14 QoL was
© 2024 Wolters Kluwer Health, Inc. All rights reserved.
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assessed by comparing preoperative and postoperative BREAST-Q
breast reduction scores within cohorts.

Statistical Analysis
All variables were summarized by measures of central tenden-

cies such as mean with standard deviations (SD) or median with inter-
quartile range (IQR) and standard descriptive summaries. T tests were
and chi-square tests or Fisher exact test were conducted to test for dif-
ferences between continuous variables or categorical variables, respec-
tively. To determine the point at which significance arises, post hoc
pairwise comparisons were performed by using additional Pearson's
chi-squared test with Yates' continuity correction between the different
weight groups. All tests of significance were two-sided, and the level of
statistical significance was established at P < 0.05. All statistical analy-
ses were completed using R statistical software.15

RESULTS
A total of 953 patients were initially screened, and 461 of them

met the inclusion criteria. The numbers of patients and the associated
demographics within each BMI cohort are listed in Table 1. BMI distri-
bution was as followed: 83 were healthy, 178 were overweight, 142
were in obesity class I, 39 were class II, and 19 were class III. Overall,
the average age of patientswho underwent RMwas 37.90 ± 14.26 years.
Majority of patients were White (47.3%), non-Hispanic (93.1%), had a
BMI of 29.63 ± 5 kg/m2, covered by insurance (83%), did not smoke
(80.5%), and were relatively healthy. In this retrospective study, as pa-
tients who underwent RM aged, their BMI increased. A higher propor-
tion of Black patients were either overweight or obese (I-III). In all
cohorts, most patients did not smoke or have diabetes, peripheral
vascular disease, history of weight loss surgery, and gigantomastia.
However, as BMI increased, patients were more likely to have diabetes,
gigantomastia, and ptosis (P < 0.01).
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TABLE 2. Operative Details Between BMI Cohort

<25 25–30 30–35 35–40 >40 Total

P(n = 83) (n = 178) (n = 142) (n = 39) (n = 19) (N = 461)

Left estimated
tissue removal (g)

<0.01

Mean (SD) 516.4 (196.6) 681.3 (286.3) 937 (451.2) 911.5 (410) 932.5 (315.1) 748.7 (375.3)
Median (Q1, Q3) 450 (400, 637.5) 600 (500, 750) 775 (641.3, 1150) 750 (625, 1115) 860 (725, 1175) 650 (500, 850)
Min max 46–1150 300–2000 300–2800 474–2100 500–1500 46–2800
Unknown 13 32 34 16 8 103

Right estimated
tissue removal (g)

<0.01

Mean (SD) 511 (194.4) 676.1 (286.5) 929.8 (461.5) 918 (438.6) 932.5 (315.1) 744 (381.2)
Median (Q1, Q3) 450 (392.5, 600) 600 (500, 750) 800 (600, 1100) 750 (600, 1040) 860 (725, 1175) 650 (500, 9)
Min max 40–1200 300–2000 300–3000 474–2200 500–1500 40–3000
Unknown 13 33 34 16 8 104

Left nipple-to-notch
(cm)

<0.01

Mean (SD) 28.7 (3.2) 32.1 (3.9) 34.6 (4.4) 36.1 (5.1) 40.3 (6.4) 32.9 (5)
Median (Q1, Q3) 29 (26, 31) 32 (30, 34) 34.8 (31.5, 37.6) 35 (33, 38.9) 42 (35, 46) 32 (30, 4)
Min max 23–37 16–47 19–48 27–48 29–50 16–50
Unknown 5 17 14 5 2 43

Right nipple-to-
notch (cm)

<0.01

Mean (SD) 28.6 (2.9) 31.9 (3.8) 34.3 (4.5) 36 (5) 40.9 (6.4) 32.7 (5)
Median (Q1, Q3) 29 (26, 31) 31 (29, 34) 34 (32, 37) 35 (33, 39.8) 42 (35, 47) 32 (30, 4)
Min max 22.5–36.5 17–44 17–49 27–46 28–48 17–49
Unknown 5 17 14 5 2 43

Left base width (cm) <0.01
Mean (SD) 14.192 (1.2) 14.9 (1.4) 16.011 (1.8) 16.1 (3.8) 18.6 (2.7) 15.3 (2)
Median (Q1, Q3) 14 (13, 15) 15 (14, 16) 16 (15, 17) 16.5 (15, 17) 19 (18, 21) 15 (14, 16)
Min max 12–17 11–20 13–26 7–25 14–22 7–26
Unknown 31 55 48 23 10 167

Right base width
(cm)

0.01

Mean (SD) 14.2 (1.2) 14.9 (1.4) 16 (1.9) 16.1 (3.5) 18.1 (2.9) 15.3 (1.9)
Median (Q1, Q3) 14 (13, 15) 15 (14, 16) 16 (15, 17) 16.5 (15, 17) 18.5 (17.2, 19.5) 15 (14, 16)
Min max 12–17 11–20 13–27 7–24 13–22 7–27
Unknown 31 55 48 23 11 168

Left nipple-to-IMF
(cm)

<0.01

Mean (SD) 11.7 (2.1) 13.5 (2.2) 15 (2.8) 15.4 (3.3) 16.7 (4.3) 13.9 (2.9)
Median (Q1, Q3) 12 (10, 13) 13 (12, 15) 15 (14, 16.3) 16 (13, 18) 15 (13.5, 20) 14 (12, 15.5)
Min max 7–16 3–19 9–27 10–24 11–24 3–27
Unknown 17 31 26 10 8 92

Right nipple-to-
IMF (cm)

<0.01

Mean (SD) 11.7 (2.3) 13.3 (2.2) 14.9 (2.7) 15 (3.2) 16.9 (4.1) 13.7 (2.8)
Median (Q1, Q3) 12 (10.3, 13.4) 13 (12, 15) 15 (13, 16) 15 (12, 17) 15.5 (14.5, 20.3) 14 (12, 15)
Min max 6–16 3–19 9.5–27 10–24 11–24 3–27
Unknown 17 31 26 10 7 91

Left nipple-to-
midline (cm)

0.23

Mean (SD) 10.9 (2.5) 11.8 (1.6) 12 (2.2) 11.7 (2.1) 14.6 (4.5) 11.9 (2.4)
Median (Q1, Q3) 11 (9.3, 11.8) 12 (11, 13) 11 (11, 12.5) 11 (10, 13) 14 (12, 17.5) 11 (10, 13)
Min max 7.5–16 8–15 9–19 8–15 8–21 7.5–21
Unknown 69 150 119 22 12 372
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TABLE 2. (Continued)

<25 25–30 30–35 35–40 >40 Total

P(n = 83) (n = 178) (n = 142) (n = 39) (n = 19) (N = 461)

Right nipple-to-
midline (cm)

0.01

Mean (SD) 10.4 (2.1) 11.7 (1.5) 11.8 (2.2) 11.3 (1.6) 15.4 (3.9) 11.8 (2.4)
Median (Q1, Q3) 10.5 (9.3, 11.8) 11.8 (11, 12) 11.5 (10, 13) 11 (10, 13) 14 (13.5, 17.5) 11 (10, 13)
Min max 7–15 8–15 7–17 8–14 10–22 7–22
Unknown 69 150 119 22 12 372

Left nipple
diameter (cm)

0.32

Mean (SD) 5 (NA) 6.58 (1.98) 7 (2.160) 10.88 (6.12) 6 (NA) 7.77 (3.88)
Median (Q1, Q3) 5 (5, 5) 7 (6.20, 7.38) 6.50 (5.75, 7.75) 8.25 (7.75, 11.38) 6 (6, 6) 7 (6, 8.38)
Min max 5–5 3.8–8.5 5–10 7–20 6–6 3.8–20
Unknown 82 174 138 35 18 447

Right nipple
diameter (cm)

0.32

Mean (SD) 6 (NA) 6.2 (1.9) 7.8 (1.3) 10.5 (6.4) 6 (NA) 7.8 (3.8)
Median (Q1, Q3) 6 (6, 6) 6.3 (5.5, 7) 8 (7.5, 8.3) 7.5 (7, 11) 6 (6, 6) 7 (6, 8)
Min max 6–6 3.8–8.5 6–9 7–20 6–6 3.8–20
Unknown 82 174 138 35 18 447

Excision pattern
Circumareolar 0 0 0 0 0 0
Vertical 12 (14.5%) 15 (8.4%) 6 (4.2%) 2 (5.1%) 0 35 (7.6%)
Wise pattern/
inverted-T

71 (85.5%) 163 (91.6%) 136 (95.8%) 37 (94.9%) 19 (100%) 426 (92.4%)

Pedicle
Inferior pedicle 21 (25.6%) 43 (24.4%) 52 (36.9%) 25 (65.8%) 18 (94.7%) 159 (34.9%)
Medial pedicle 0 0 0 0 0 0
Superior pedicle 2 (2.4%) 5 (2.8%) 1 (0.7%) 2 (5.3%) 0 10 (2.2%)
Superomedial
pedicle

57 (69.5%) 122 (69.3%) 80 (56.7%) 9 (23.7%) 1 (5.3%) 269 (59%)

Not specified 2 (2.4%) 6 (3.4%) 8 (5.7%) 2 (5.3%) 0 18 (3.9%)
Unknown 1 2 1 1 0 5

Nipple diameter
created (cm)

<0.01

Mean (SD) 41 (2.4) 41.4 (3.9) 41.8 (5.9) 43.6 (1.5) 43.8 (2.2) 41.7 (4.3)
Median (Q1, Q3) 42 (38, 42) 42 (42, 42) 42 (42, 42) 45 (42, 45) 43.50 (42, 45) 42 (42, 42)
Min max 32–50 3.80–45 4.20–50 42–45 42–50 3.80–50
Unknown 1 7 2 1 3 14

Closing technique 0.33
Insorb stapler 44 (53%) 105 (60%) 83 (58.5%) 16 (42.1%) 7 (36.8%) 255 (55.8%)
Sutures only 38 (45.8%) 69 (39.4%) 58 (40.8%) 21 (55.3%) 12 (63.2%) 198 (43.3%)
Skin glue <0.01
No 32 (40%) 61 (34.7%) 52 (36.6%) 15 (39.5%) 18 (94.7%) 178 (39.1%)
Yes 48 (60%) 115 (65.3%) 90 (63.4%) 23 (60.5%) 1 (5.3%) 277 (60.9%)

Weight of left tissue <0.01
Mean (SD) 520.1 (218.9) 749.6 (282.3) 1000.1 (403.5) 1060.5 (484.7) 1328.3 (723.1) 836.8 (415.6)
Median (Q1, Q3) 482 (378, 634) 703 (556, 865) 906 (717, 1163) 1027

(795, 1261.500)
1332

(869, 1752.500)
757

(576, 1010)
Min max 0–1245 155–1813 275–2677 0–2316 0–2570 0–2677
Unknown 2 1 1 0 0 4
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TABLE 2. (Continued)

<25 25–30 30–35 35–40 >40 Total

P(n = 83) (n = 178) (n = 142) (n = 39) (n = 19) (N = 461)

Weight of right
tissue

<0.01

Mean (SD) 513.7 (201.2) 719.2 (285.6) 972.8 (405.3) 1044.3 (453.2) 1409.4 (641.8) 816.5 (409.5)
Median (Q1, Q3) 475 (389, 633) 690 (520, 846) 897

(723.8, 1138.8)
1031

(800.5, 1254.5)
1459.5

(1009.5, 1690.8)
737 (540, 1011)

Min max 139.5–1221 0–1761 0–2565 0–2212 89.- 2525 0–2565
Unknown 2 1 0 0 1 4

Drains 0.10
Mean (SD) 1.3 (1) 1.6 (0.8) 1.6 (0.8) 1.3 (0.9) 1.7 (0.7) 1.5 (0.9)
Median (Q1, Q3) 2 (0, 2) 2 (2, 2) 2 (2, 2) 2 (0, 2) 2 (2, 2) 2 (1, 2)
Min max 0–2 0–2 0–2 0–2 0–2 0–2
Unknown 0 1 1 1 1 4

DVT prophylaxis 0.22
Heparin 11 (13.6%) 29 (17.2%) 22 (15.8%) 3 (8.1%) 2 (11.1%) 67 (15.1%)
No prophylaxis 15 (18.5%) 27 (16%) 24 (17.3%) 15 (40.5%) 5 (27.8%) 86 (19.4%)
Pharm + SCD 42 (51.9%) 85 (50.3%) 66 (47.5%) 12 (32.4%) 8 (44.4%) 213 (48%)
SCD 13 (16%) 28 (16.6%) 27 (19.4%) 7 (18.9%) 3 (16.7%) 78 (17.6%)
Unknown 2 9 3 2 1 17

Operating time 0.03
Mean (SD) 19.6 (19.4) 21.4 (19) 23.6 (20.5) 32.2 (24.3) 33.5 (28.9) 23.2 (20.8)
Median (Q1, Q3) 11.5 (3.2, 35.9) 13.6 (4.7, 37.6) 20.2 (3.7, 41.5) 31.8 (7.6, 52.3) 27.5 (5.4, 62.1) 17.7 (4.1, 41)
Min max 0.1–65.8 0.1–69.7 −12.6 81 1.8–81.2 1.1–76.7 −12.6 81.2

Ewing et al Annals of Plastic Surgery • Volume 93, Number 3, September 2024
Indications for RM included the presence of ptosis, breast asym-
metry, bra notching, or inframammary rash. Most patients in each co-
hort experienced moderate to severe ptosis, and the likelihood of being
affected with grade 3 ptosis was increased among those with a higher
BMI. In contrast, healthy and overweight cohorts had a greater percent-
age of patients that suffered from grade 2 ptosis. Similarly, breast asym-
metry was more prevalent in the healthy and overweight cohorts (L > R
or R > L). More than half of the cohort in each cohort had the presence
of inframammary rash, with obesity class III having the most preva-
lence (78%).

Average tissue removed was 826.65 g per breast. Information on
average right and left breast measurements (nipple to notch, base width,
nipple to inframammary fold, nipple to midline, nipple diameter) across
different BMI cohorts can be seen in Table 2. Amajority of the RMpro-
cedures employed a wise pattern technique, with vertical excision pat-
tern as an alternative option. Patients with a higher BMI were more
inclined to have an inferior pedicle, whereas patients with lower BMI
were more prone to having a superomedial pedicle. No significant dif-
ferences between BMI cohorts were observed when examining closing
technique; however, skin glue was significantly not indicated for obe-
sity class III patients. There was corresponding increase in procedure
length (P = 0.03) and resection weights (P < 0.01) with increasing BMI.

Outcomes of Interest
Higher BMI cohorts, specifically obesity class III, had signifi-

cantly higher rates of surgical site infections (SSIs) (healthy: 0%, over-
weight: 1.1%, I: 1.4%, II: 0%, III: 15.8%,P < 0.01), fat necrosis (healthy:
1.2%, overweight: 5.1%, I: 7%, II: 0%, III: 22.2%, P = 0.01), dehiscence
(healthy: 3.6%, overweight: 2.8%, I: 2.1%, II: 5.1%, III: 31.6%,
P < 0.01), delayed healing (health: 4.8%, overweight: 11.2%, I: 16.9%,
II: 28.2%, III: 42.1%, P < 0.01), and minor T-point breakdown (healthy:
10.8%, overweight: 15.7%, I: 23.9%, II: 23.1%, III: 52.6%, P = 0.01)
302 www.annalsplasticsurgery.com
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(Table 3). No significant differences between BMI cohorts were observed
for cellulitis, seroma, hematoma, nipple areolar complex necrosis, wide
scarring, keloid, pain, hypersensitivity, and numbness.

There was a significant increase in surgical site occurrences re-
quiring procedural intervention in cohorts with higher BMI (healthy:
6.0%, overweight: 5.6%, I: 6.3%, II: 15.4%, III: 21.1%, P < 0.05)
(Table 4). Patients in obesity class III were more likely to receive inter-
ventional surgery for minor T-point breakdown (healthy: 0.0%, over-
weight: 0.0%, I: 3.0%, II: 0.0%, III: 30%, P < 0.05). Similarly, this
group was most likely to return to the emergency department (healthy:
2.4%, overweight: 1.7%, I: 7.7%, II: 5.1%, III: 31.6%, P < 0.01). Sub-
sequent visits to the emergency department ranged from one to two
occurrences. Compared to healthy patients, patients in obesity class I
are significantly more likely to experience delayed healing and minor
T-point breakdown and patients in obesity class III are prone to experi-
ence SSI, fat necrosis, and minor T-point breakdown (Table 5). Similar
results were observed when using the overweight cohort and obesity
class II as reference for comparison.

Of the 461 patients who underwent RM, 366 completed at least
one BREAST-Q questionnaire. Significant improvement in average
postoperative QoL scores in satisfaction with breast, psychosocial
well-being, sexual well-being, and physical well-being were seen
in all cohorts except class III (P < 0.05). When compared to the
healthy cohort, class III had significantly less satisfaction with breasts
and class II had significantly greater physical well-being. See Figure 1
for average preoperative and postoperative BREAST-Q ratings and
Table 6 for significance levels when compared to healthy cohort within
the 4 domains.

Discussion
This retrospective study examines post-RM complications be-

tween different BMI weight classes. While this topic has been
© 2024 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 3. Postoperative Complications Between BMI Cohort

<25 25–30 30–35 35–40 >40 Total

P(n = 83) (n = 178) (n = 142) (n = 39) (n = 19) (N = 461)

Cellulitis 0.68
No 82 (98.8%) 173 (97.2%) 137 (96.5%) 39 (100%) 18 (94.7%) 449 (97.4%)
Yes 1 (1.2%) 5 (2.8%) 4 (2.8%) 0 1 (5.3%) 11 (2.4%)
Unknown 0 0 1 (0.7%) 0 0 1 (0.2%)

SSI <0.01
No 83 (100%) 176 (98.9%) 139 (97.9%) 39 (100%) 16 (84.2%) 453 (98.3%)
Yes 0 2 (1.1%) 2 (1.4%) 0 3 (15.8%) 7 (1.5%)
Unknown 0 0 1 (0.7%) 0 0 1 (0.2%)

Seroma 0.25
No 81 (97.6%) 178 (100%) 138 (97.2%) 39 (100%) 19 (100%) 455 (98.7%)
Yes 2 (2.4%) 0 3 (2.1%) 0 0 5 (1.1%)
Unknown 0 0 1 (0.7%) 0 0 1 (0.2%)

Hematoma 0.73
No 81 (97.6%) 170 (95.5%) 132 (93%) 37 (97.4%) 18 (94.7%) 438 (95.2%)
Yes 2 (2.4%) 8 (4.5%) 9 (6.3%) 1 (2.6%) 1 (5.3%) 21 (4.6%)
Unknown 0 0 1 (0.7%) 0 0 1 (0.2%)

Dehiscence <0.01
No 80 (96.4%) 173 (97.2%) 138 (97.2%) 37 (94.9%) 13 (68.4%) 441 (95.7%)
Yes 3 (3.6%) 5 (2.8%) 3 (2.1%) 2 (5.1%) 6 (31.6%) 19 (4.1%)
Unknown 0 0 1 (0.7%) 0 0 1 (0.2%)

Nipple areolar complex necrosis 0.39
No 83 (100%) 175 (98.3%) 138 (97.2%) 38 (97.4%) 18 (94.7%) 452 (98%)
Yes 0 3 (1.7%) 3 (2.1%) 1 (2.6%) 1 (5.3%) 8 (1.7%)
Unknown 0 0 (0%) 1 (0.7%) 0 0 1 (0.2%)

Fat necrosis 0.01
No 82 (98.8%) 169 (94.9%) 131 (92.3%) 39 (100%) 14 (77.8%) 435 (94.6%)
Yes 1 (1.2%) 9 (5.1%) 10 (7%) 0 4 (22.2%) 24 (5.2%)
Unknown 0 0 1 (0.7%) 0 0 1 (0.2%)

Delayed healing <0.01
No 79 (95.2%) 158 (88.8%) 117 (82.4%) 28 (71.8%) 11 (57.9%) 393 (85.2%)
Yes 4 (4.8%) 20 (11.2%) 24 (16.9%) 11 (28.2%) 8 (42.1%) 67 (14.5%)
Unknown 0 0 1 (0.7%) 0 0 1 (0.2%)

Minor T-point breakdown <0.01
No 74 (89.2%) 150 (84.3%) 107 (75.4%) 30 (76.9%) 9 (47.4%) 370 (80.3%)
Yes 9 (10.8%) 28 (15.7%) 34 (23.9%) 9 (23.1%) 10 (52.6%) 90 (19.5%)
Unknown 0 0 1 (0.7%) 0 0 1 (0.2%)

Wide scarring 0.58
No 79 (95.2%) 166 (93.3%) 125 (88%) 34 (87.1%) 18 (94.7%) 422 (91.5%)
Yes 4 (4.8%) 11 (6.2%) 16 (11.3%) 4 (10.3%) 1 (5.3%) 36 (7.8%)
Unknown 0 1 (0.6%) 1 (0.7%) 1 (2.6%) 0 3 (0.7%)

Keloid 0.45
No 83 (100%) 177 (99.4%) 138 (97.2%) 38 (97.4%) 19 (100%) 455 (98.7%)
Yes 0 1 (0.6%) 3 (2.1%) 1 (2.6%) 0 5 (1.1%)
Unknown 0 0 1 (0.7%) 0 0 1 (0.2%)

Pain 0.24
No 77 (92.8%) 169 (94.9%) 135 (95.1%) 38 (97.4%) 18 (94.7%) 437 (94.7%)
Yes 0 1 (0.6%) 1 (0.7%) 1 (2.6%) 1 (5.3%) 4 (0.9%)
Unknown 6 (7.2%) 8 (4.5%) 6 (4.2%) 0 0 20 (4.6%)

Hypersensitivity 0.74
No 77 (92.8%) 169 (94.9%) 135 (95.1%) 39 (100%) 19 (100%) 439 (95.2%)
Yes 0 2 (1.1%) 1 (0.7%) 0 (0%) 0 3 (0.7%)

Continued next page
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TABLE 3. (Continued)

<25 25–30 30–35 35–40 >40 Total

P(n = 83) (n = 178) (n = 142) (n = 39) (n = 19) (N = 461)

Unknown 6 (7.2%) 7 (3.9%) 6 (4.2%) 0 (0%) 0 19 (4.1%)
Numb 0.56
No 73 (88%) 165 (92.7%) 134 (94.4%) 38 (97.4%) 19 (100%) 429 (93.1%)
Yes 4 (4.8%) 6 (3.4%) 2 (1.4%) 1 (2.6%) 0 13 (2.8%)
Unknown 6 (7.2%) 7 (3.9%) 6 (4.2%) 0 0 19 (4.1%)

Ewing et al Annals of Plastic Surgery • Volume 93, Number 3, September 2024
extensively explored in the literature, we aim to provide more recent
data to contribute to the current body of evidence. Compared to previ-
ous published studies, it is crucial to emphasize that our findings more
TABLE 4. Postoperative Complications Requiring Surgical Interventio

<25 25–30

(n = 83) (n = 178)

SSI-related surgery
No 0 1 (50%)
Yes 0 1 (50%)

Seroma-related surgery
No 1 (50%) 0
Yes 1 (50%) 0

Hematoma-related surgery
No 2 (100%) 6 (75%)
Yes 0 (0%) 2 (25%)

Dehiscence-related surgery
No 3 (100%) 4 (80%)
Yes 0 (0%) 1 (20%)

NAC necrosis-related surgery
No 0 3 (100%)

Fat necrosis-related surgery
No 1 (100%) 8 (88.9%)
Yes 0 1 (11.1%)

Minor T-point breakdown-related surgery
No 9 (100%) 28 (100%)
Yes 0 0 (0%)

Wide scarring-related surgery
No 3 (75%) 10 (90.9%)
Yes 1 (25%) 1 (9.1%)

Readmissions
No 82 (98.8%) 177 (99.4%)
Yes 1 (1.2%) 1 (0.6%)

Reoperation
No 78 (94%) 168 (94.4%)
Yes 5 (6%) 10 (5.6%)

No. reoperations
Mean (SD) 1 (0) 1.1 (0.32)
Median (Q1, Q3) 1 (1, 1) 1 (1, 1)
Min max 1–1 1–2

Return to the ED
No 81 (97.6%) 175 (98.3%)
Yes 2 (2.4%) 3 (1.7%)
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accurately represent the current state of our population, which is af-
fected by the growing prevalence of obesity. Furthermore, we strength-
ened our study by incorporating the use of the BREAST-Q to assess
n Between BMI Cohort

30–35 35–40 >40 Total

P(n = 142) (n = 39) (n = 19) (N = 461)

2 (100%) 0 2 (66.7%) 5 (71.4%)
0 (0%) 0 1 (33.3%) 2 (28.6%)

2 (66.7%) 0 0 3 (60%)
1 (33.3%) 0 0 2 (40%)

0.62
7 (77.8%) 1 (100%) 0 (0%) 16 (76.2%)
2 (22.2%) 0 (0%) 1 (100%) 5 (23.8%)

0.93
2 (66.7%) 2 (100%) 4 (66.7%) 15 (78.9%)
1 (33.3%) 0 (0%) 2 (33.3%) 4 (21.1%)

3 (100%) 1 (100%) 1 (100%) 8 (100%)

8 (80%) 0 3 (75%) 20 (83.3%)
2 (20%) 0 1 (25%) 4 (16.7%)

0.01
32 (97%) 8 (100%) 7 (70%) 84 (95.5%)
1 (3%) 0 3 (30%) 4 (4.5%)

0.42
14 (93.3%) 2 (66.7%) 1 (100%) 30 (88.2%)
1 (6.7%) 1 (33.3%) 0 4 (11.8%)

0.31
139 (97.9%) 39 (100%) 18 (94.7%) 455 (98.7%)
3 (2.1%) 0 1 (5.3%) 6 (1.3%)

0.05
133 (93.7%) 33 (84.6%) 15 (78.9%) 427 (92.6%)
9 (6.3%) 6 (15.4%) 4 (21.1%) 34 (7.4%)

0.80
1.22 (0.67) 1 (0) 1 (0) 1.09 (0.38)

1 (1, 1) 1 (1, 1) 1 (1, 1) 1 (1, 1)
1–3 1–1 1–1 1–3

<0.01
131 (92.3%) 37 (94.9%) 13 (68.4%) 437 (94.8%)
11 (7.7%) 2 (5.1%) 6 (31.6%) 24 (5.2%)
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patient's perception of the procedure, in contrast to many previous stud-
ies that lacked this insight.

Our analysis contains a large cohort of 461 patients that has sim-
ilar demographics and operative details represented in the literature;
percentage of Black patients, procedure length, weight of tissue re-
moved, and inferior pedicle technique all significantly increased as
BMI increased.16–18 However, the makeup of our BMI cohorts (class
I: 71.1%, class II: 19.5%, class III: 9.5%) revealed the increasing obe-
sity rates, as opposed to the presented demographic data by Nelson
et al’s 2005–2011 National Surgical Quality Improvement Program
(NSQIP) study (class I: 28.8%, class II: 15.1%, class III: 9.7%).19 Al-
though this national study had a larger sample size, theywere conducted
over a decade ago and may not accurately represent the current state of
our health system. Our research provides more granular and up-to-date
information beyond the NSQIP.

Higher rates of postoperative complications are often linked to
higher BMI, and this concept holds true for RM as well.20 Fischer et al
conducted a 2005–2010 NSQIP study, which demonstrated a correla-
tion between BMI and surgical site occurrences, dehiscence, and un-
planned surgical intervention.21 Patients with a BMI >30 kg/m2 were
1.6 times more likely to experience infection, and three times more
likely to experience fat necrosis.22 This study demonstrated higher com-
plication rates with increasing severity in obesity in SSIs, fat necrosis,
dehiscence, delayed healing, and minor T-point breakdown. We aimed
to pinpoint when outcomes become less favorable, or determine where
significance arises, and found it to be in obesity class III. Surgical
complication rates were relatively low except for obesity class III.
Patients classified in obesity class III were also more likely to receive
interventional surgery for minor T-point breakdown (30%) and to return
to the emergency department (31.6%).

Previous outcomes studies have conflicting results. Various study
designs and different criteria for BMI, as defined by researchers, may be
responsible for the inconsistencies found in the literature. Despite this,
many studies had similar conclusions to the findings of this study.9,23

Payton et al found that patients with class III obesity were at the greatest
risk for fat necrosis, infection, and superficial wounds.24 Karamanos et al
also indicated that BMI > 40 kg/m2 was more likely to develop postsur-
gical wound complications.25 Similarly, Chun et al reported that a BMI
of >35.6 kg/m2 was twice as likely to have complications.8

Patient satisfaction outcome studies have suggested that the ben-
efits far outweigh the risks across all weight classes, with 95% of RM
patients expressing satisfaction with their outcome, even when compli-
cation rates were over 40%.10–12 Our study had similar findings for the
4 domains in the BREAST-Q. However, there were still differences
found between weight classes. For example, only the overweight cohort
exhibited a statistical significance in the mean difference in ratings of
their physical well-being. When exploring why this may be the case,
more questions arose regarding a patient's baseline activity prior to sur-
gery. For example, if a patient with macromastia exercises regularly,
they may have a higher score for how they perceive their physical
well-being after RM. There is a possibility that these patients believe
that RM promotes weight loss, allowing them to engage in more vigor-
ous physical activity. It may also explain why similar findings were not
seen in the heavier weight classes, of which whomay have a lower base-
line of physical activity, and thus, would not feel the same difference in
quality of life as someone who is overweight. Future studies investigat-
ing this issue are warranted.

Many studies have demonstrated an increase in QoL regardless
of their corresponding BMI26–28; however, our study revealed that this
was not fully the case for patients that were in obesity class III. While
class III had increased QoL from their preoperative scores within all do-
mains, patients were not as satisfied with the outcome of their breasts in
comparison to the healthy cohort. These results may be explained by
how patients originally perceive themselves, and how it impacts their
self-rating. Furthermore, the baseline in how close one is to their ideal
www.annalsplasticsurgery.com 305
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FIGURE 1. The average difference between preoperative and postoperative BREAST-Q scores between BMI cohorts.

Ewing et al Annals of Plastic Surgery • Volume 93, Number 3, September 2024
self may differ across weight classes. While this is mainly speculation, it
is interesting that class III had lower scores in all domains preopera-
tively and postoperatively compared to the other classes. Whether or
not the scores reflect their self-confidence, mental health, current health
status, or other lifestyle factors, it does warrant future qualitative studies
to definitively answer the question.

Given the changing landscape, our findings reveal that obesity
class III patients undergoing RM have a higher yet still acceptable risk
profile. Among many patients and surgeons, significant macromastia
can be viewed, rightfully or not, as an impediment to weight loss and
lifestyle modifications. This observation can be supported by examin-
ing the significant average resection weights for these patients. Addi-
tionally, the arguably most irreversible and devastating complication,
nipple loss, remains low in the class III patients, and QoL improvements
remain quite positive even in class III patients, particularly in sexual and
physical well-being. It is important to note that our study emphasizes
that class III differs from the other classes and should be counseled ap-
propriately, raising awareness of the risks that remain important.

Several limitations merit discussion. This retrospective study
was conducted at a single institution and may not be generalizable.
However, we tried to mitigate this limitation by involving multiple
TABLE 6. PROs Significance Levels When Compared to Healthy
Cohort

Weight
Class

Satisfaction
Breast

Psychosocial
Well-being

Sexual
Well-
being

Physical
Well-being

Healthy Ref.
Overweight 0.586 0.669 0.321 0.029
Obesity I 0.978 0.782 0.909 0.194
Obesity II 0.748 0.594 0.651 0.958
Obesity III 0.025 0.057 0.888 0.219
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surgeons at multiple hospitals. Additionally, our sample population
mimics the population presented in previous NSQIP studies, with the
exception of a higher BMI, which could be explained by the rising obe-
sity epidemic.

CONCLUSIONS
Severe obesity class III patients undergoing RM have a higher

yet still acceptable risk profile and should be counseled on the risks de-
spite its improved quality of life. In our study, we stratify complication
risks by BMI. Our study found the higher incidences of SSI, fat necro-
sis, dehiscence, delayed healing, minor T-point breakdown, and
reoperations in obesity class III patients. While class III had overall im-
proved QoL in all domains, there was a statistically significant differ-
ence in satisfaction with breasts and potentially psychosocial well-be-
ing, when compared to the healthy cohort. These findings suggest that
this group differs from the others and should not be treated the same.
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