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Abstract
Background: Nearly 70% of US adults are overweight or obese (body mass index, BMI≥ 25 kg/m2), and more such patients are seeking aesthetic

surgery. Previous studies have evaluated surgical risk in obese (BMI≥ 30) or morbidly obese (BMI ≥ 40) patients, with mixed results.

Objectives: This study evaluates BMI 25 to 29.9 and BMI≥ 30 as independent risk factors of major complications following aesthetic surgery in a large,

prospective, multi-center database.

Methods: A prospective cohort of patients undergoing aesthetic surgery between 2008 and 2013 was identified from the CosmetAssure database (Birmingham,

AL). BMI was evaluated as a risk factor for major complications, defined as complications requiring an emergency room visit, hospital admission, or reoperation

within 30 days of the procedure. Multivariate analysis controlled for variables including age, gender, smoking, diabetes, combined procedures, and type of surgical

facility.

Results: Of the 127,961 patients, 36.2% had BMI≥ 25. Overweight patients were more likely to be male (12.5%), diabetic (3.3%), nonsmokers (92.8%), or have

multiple procedures (41%). Complication rate steadily increased with BMI: 1.4% (BMI < 18.5); 1.6% (18.5-24.9); 2.3% (25-29.9); 3.1% (30-39.9); 4.2% (≥40).

Infection (0.8%), venous thromboembolism (VTE, 0.4%), and pulmonary dysfunction (0.2%) were twice as common among overweight patients. Incidence of

hematoma was similar in the two groups (0.9%). Complications following abdominoplasty (3.5%), liposuction (0.9%), lower body lift (8.8%), or combined breast

and body procedures (4.2%) were significantly higher in overweight patients. On multivariate analysis, being overweight (BMI 25-29.9) or obese (BMI≥ 30)

were independent predictors of any complication (Relative Risk, RR 1.17 and 1.51), especially infection (RR 1.63 and 2.73), and VTE (RR 1.67 and 2.56).

Conclusions: Overweight (BMI 25-29.9) and obesity (BMI≥ 30) are both independent risk factors for post-operative infection and VTE in aesthetic surgery.

Level of Evidence: 2

Risk
Accepted for publication December 17, 2015.

Obesity has become an epidemic in the United States. An

estimated 69% of US adults are overweight (body mass

index, BMI≥ 25 kg/m2), and 35.1% are obese (BMI≥ 30).1

BMI≥ 25 is most prevalent among adults age 35 to 50 years

(73%), the group which receives 38.8% of all cosmetic sur-

gical procedures.2 Obesity is associated with cardiovascular

disease,3-5 diabetes mellitus,6 hypertension,7 obstructive

sleep apnea,8 and increased infections.9 Therefore, concern

exists for increased perioperative morbidity and mortality

when these patients undergo any type of surgery, and cer-

tainly elective aesthetic surgery.

There is a paucity of studies systematically examining risk

factors and complications of aesthetic surgical procedures.
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Nearly 1.9 million surgical aesthetic procedures were per-

formed in 2013 at a cost of 7 billion dollars. Aesthetic

surgery saw a 6.5% increase from 2012 to 2013.10 Major

complications are rare but can cause prolonged morbidity

and significant financial burden as often aesthetic surgical

complications are not covered by the patient’s health insur-

ance in the United States.

Previous studies have evaluated surgical risk in obese

(BMI ≥ 30) or morbidly obese (BMI≥ 40) patients. An anal-

ysis of National Surgical Quality Improvement Program

(NSQIP) data found that obese patients undergoing

non-bariatric general surgery had paradoxically lower

mortality rates and only higher rates of morbidity with

BMI ≥ 35.11 A single institution study across all surgical

specialties found obesity to be a risk factor for myocardial

infarction, wound infection, and urinary tract infections

while morbid obesity was a risk factor for mortality.12

Obesity has been associated with increased costs in

common outpatient plastic surgery operations,13 surgical

site complications in reduction mammaplasty,14 and in-

creased morbidity after abdominoplasty and facelifts.15-17

However, there is a lack of data on risks associated with

being overweight (BMI ≥ 25) on complications from aes-

thetic surgical procedures.

The primary objective of this study is to evaluate BMI 25

to 29.9 and BMI≥ 30 as independent risk factors for major

complications following aesthetic surgery using a large, pro-

spective, multicenter database (CosmetAssure, Birmingham,

AL). We also aim to define the prevalence of BMI≥ 25 in

patients undergoing aesthetic surgery procedures; compare

incidence and type of complications in patients with

BMI≥ 25 to those with BMI< 25; and to identify specific

procedures in which BMI≥ 25 significantly increases risk of

complications.

METHODS

The study population comprised of a cohort of patients

who were prospectively enrolled into the CosmetAssure in-

surance program and underwent cosmetic surgical proce-

dure(s) between May 2008 and May 2013. The database

was accessed in February 2014, after approval by the

Vanderbilt University Institutional Review Board (IRB

#140082).

Database

CosmetAssure is an insurance program that covers the costs of

unexpected major complications from 24 covered cosmetic

surgical procedures, which may not be reimbursed by the pa-

tient’s primary health insurer. CosmetAssure was introduced

in 2003 and has been collecting data on patient risk factors

since 2008. This insurance program covers all 50 states in the

United States. It is available to American Board of Plastic

Surgery (ABPS)-certified plastic surgeons and is endorsed by

the American Society of Plastic Surgeons (ASPS) and the

American Society for Aesthetic Plastic Surgery (ASAPS). The

program is also available to ASPS Candidates for Membership

who have passed the ABPS Written Examination. Every

patient undergoing any covered procedure at participating

practices is required to enroll in the program. Patients are

entered in the database prior to undergoing the operation or

occurrence of complication, thus making it a prospective

cohort. Surgeon-reported major complications, filed as claims,

are recorded in the database. Personnel employed by

CosmetAssure enter data provided by the surgeon at the time

of patient enrollment, as well as any claims filed by the

surgeon. CosmetAssure, being a private insurance company,

has a vested interest in maintaining an accurate database for

actuarial and audit purposes.

Major complication is defined as that occurring within

30 days of the operation that requires hospital admission,

emergency room visit, or a reoperation. This excludes com-

plications that can be managed in clinic, such as minor

wound infections and seromas, as they are not applicable

for an insurance claim. The covered major complications

include hematoma, infection, pulmonary dysfunction,

cardiac complication, suspected or confirmed venous

thromboembolism (VTE), myocardial infarction, and fluid

overload. Other major complications (nerve injury, urinary

retention, etc.) have been reported to CosmetAssure but

may not qualify for compensation. The database lists all

procedures performed on the patient, making it possible to

study specific individual procedures as well as procedure

combinations (ie, patients undergoing multiple procedures

under the same anesthetic.). The database also records de-

mographic and comorbidity data including age, gender,

BMI, smoking, diabetes mellitus (DM), and type of surgical

facility (accredited surgical centers, ASC; hospitals; and

office-based surgical suites, OBSS).

Exposure

In this study cohort, primary exposure was defined as a

patient being overweight (BMI ≥ 25) at the time of surgery.

Obesity (BMI ≥ 30) and morbid obesity (BMI ≥ 40) were as-

sessed as a secondary exposure to evaluate complication

risk across strata of increasing BMI. The BMI thresholds

were determined in accordance with the World Health

Organization (WHO) definition (Figure 1).

Outcome

The primary outcome was occurrence of any major compli-

cation(s) (as defined above) within 30 days of the proce-

dure. The secondary outcome studied was the type of

complication (Figure 1).

2 Aesthetic Surgery Journal
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Demographic Variables and Surgical
Procedures

Distribution of factors including age, gender, smoking, DM,

and combined procedures were compared between the

exposed (BMI≥ 25) and non-exposed (BMI< 25) popula-

tions. The dataset included 24 unique cosmetic surgical

procedures, and patients underwent anywhere from 1 to 7

procedures resulting in more than 700 procedure combina-

tions. Thus, for the purpose of this study, we categorized

all cosmetic procedures into 3 groups based on body

region. These groups were face (blepharoplasty, browlift,

cheek implant, chin augmentation, facelift, facial resurfac-

ing, hair replacement, otoplasty, rhinoplasty), breast (aug-

mentation, reduction, revisional breast implant procedures,

mastopexy, male breast surgery), and body (abdomino-

plasty, brachioplasty, buttock lift, calf implant, labioplasty,

liposuction, lower body lift, thigh lift, upper body lift).

Patients who underwent more than one cosmetic procedure

under the same anesthetic were considered to have com-

bined procedures. In addition, we looked at outcomes in

each of the 24 surgical procedures performed as a solitary

procedure to offset the potential effect-modification from

combining procedures.

Statistical Analysis

Two separate, limited, datasets were obtained from

CosmetAssure, one with the enrollment data and other

with claims information. The enrollment dataset contained

entries for each unique procedure. Thus, a patient undergo-

ing combined procedures had separate entries for each

procedure. A unique identifier was created using variables;

date of birth, date of surgery, and BMI. Using this unique

identifier, the enrollment dataset was restructured such

that a patient undergoing combined procedures was

counted once with each of the procedures listed as a sepa-

rate variable. Another unique identifier was created with

variables shared between the enrollment and claims data-

sets; date of birth, date of surgery and gender. This identifi-

er was then used to match the claims dataset to the

restructured enrollment dataset. Of the 2506 patients in the

claims dataset, 20 did not match to the enrollment data

using the identifier. These cases were manually matched to

enrollee’s with closest demographic characteristics.

Kolmogorov-Smirnov statistic was used to check normal

distribution of continuous variables; age, and BMI. The

only missing data were absent BMI information for 1046

(0.8%) patients. Due to lack of exposure data, these pa-

tients were excluded from the analysis. Patient characteris-

tics, risk factors and complication rates between patients

undergoing different procedure combinations were com-

pared by two-tailed t test, Fisher exact test or by Pearson

chi-square tests. Standard logistic regression analysis was

performed to evaluate BMI 25 to 29.9 and BMI ≥ 30 as an

independent risk factor for postoperative complications. For

this purpose, BMI categories were coded into 2 dummy vari-

ables one each for BMI 25 to 29.9 and BMI≥ 30 with

BMI<25 being the reference category. Outcomes were re-

ported as 30-day incidence rates after the surgery. Unless oth-

erwise noted, probability of type I error of less than 5%

(P<.05) was used to determine statistical significance. All

analyses were performed using IBM SPSS Statistics 23.0 soft-

ware (IBM Corporation, Armonk, NY).

Figure 1. Study design. Figure 2. BMI distribution.

Gupta et al 3
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RESULTS

Clinical and Demographic Characteristics

Between May 2008 and May 2013, a total of 183,914 cosmetic

surgery procedures were performed on 129,007 patients en-

rolled into the CosmetAssure program. Of these, 127,961

(99.2%) patients who had BMI information available formed

our study sample. Overall, the mean age was 40.9±13.9

years (range, 5-93 years), BMI 24.3±4.6 kg/m2 (Range,

17.0-56.3 kg/m2), and the majority of patients were women

(93.5%) (Table 1). Of these, 46,325 (36.2%) were overweight

with BMI≥ 25, with 13,251 (11.1%) having a BMI≥ 30. The

BMI distribution of the study sample is depicted in Figure 2

and Table 2. The overweight cohort of patients (BMI≥ 25)

had a mean age of 43.9± 13.8 years (range, 16-82 years)

and mean BMI of 29.1±3.9 kg/m2 (range, 25.0-56.3 kg/m2).

This group consisted of more men (12.5% vs 3.0%, P<.01),

diabetic (3.3% vs 1.0%, P<.01) and older (age≥ 40 years)

patients (60.4% vs 45.5%, P<.01) compared to the normal-

weight patients. There were fewer smokers in the overweight

group (7.2% vs 8.8%, P<.01) (Table 1).

Surgical Characteristics

The percentage of BMI≥ 25 patients had a modest, but statisti-

cally significant, increase from 35.7% in 2008 to 38.2%

in 2013. Table 3 demonstrates the frequency distribution of

various aesthetic surgical procedures, performed as solitary or

combined procedures, among overweight patients. Overweight

patients underwent more body procedures (59.1% vs 25.3%,

P<.01) but fewer breast procedures (39.4% vs 67.0%,

P<.01) compared to BMI<25 patients. The number of face

procedures was similar (19.0% vs 19.6%, P<.01) between

the two groups. The most common single procedures among

overweight patients were liposuction (23.5%) and abdomino-

plasty (19.3%), in contrast to non-overweight patients who

most frequently underwent breast augmentation (61.7%)

(Figure 3). Overweight patients were also more likely to

undergo combined procedures (41.0% vs 27.6%, P<.01).

Analysis of Complications

Among all patients, 2494 (1.95%) had a major complication

(Figure 1). Within these, 114 developed multiple complications.

Overweight patients had a 2.60% incidence of major complica-

tions, significantly higher than 1.58% observed in normal-

weight patients (Table 1). On univariate analysis, infection

(0.80% vs 0.28%, P<.01), pulmonary complication (0.19%

vs 0.09%, P<.01), fluid overload (0.09% vs 0.04%, P<.01),

hypotension (0.08% vs 0.03%, P<.01), and suspected VTE

(0.26% vs 0.12%, P<.01) or confirmed VTE (0.17% vs

Table 1. Clinical and Demographic Characteristics of Normal and Overweight Patients

Characteristic Patient groups (%) P value

Total (n = 127,961) BMI < 25 (n = 81,636) BMI≥ 25 (n = 46,325)

Age (mean ± SD) 40.9 ± 13.9 39.2 ± 13.7 43.9 ± 13.8 <.01

Gender (Male) 8280 (6.5%) 2478 (3.0%) 5802 (12.5%) <.01

Smoking 10,524 (8.2%) 7187 (8.8%) 3337 (7.2%) <.01

Diabetes 2346 (1.8%) 822 (1.0%) 1524 (3.3%) <.01

Type of facility <.01

Office based Surgery suite 20,387 (15.9%) 12,929 (15.8%) 7458 (16.1%)

Ambulatory surgery center 73,402 (57.4%) 49,020 (60.1%) 24,382 (52.6%)

Hospital 34,172 (26.7%) 19,687 (24.1%) 14,485 (31.3%) <.01

Combined procedures 41,523 (32.4%) 22,552 (27.6%) 18,971 (41.0%) <.01

Any body procedures 48,083 (37.6%) 20,682 (25.3%) 27,401 (59.1%) <.01

Complication rate 2494 (1.95%) 1291 (1.58%) 1203 (2.60%) <.01

BMI, body mass index; SD, standard deviation.

Table 2. BMI Categories

Body mass index

(BMI kg/m2)

Number of patients Percent

<18.5 5175 4.0

18.5-24.9 76,511 59.8

25.0-29.9 32,167 25.1

30.0-39.9 13,251 10.4

≥40.0 907 0.7

4 Aesthetic Surgery Journal
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0.04%, P<.01) were significantly higher among overweight

patients. Hematoma rate was similar between groups (0.95%

vs 0.90%, P=.43). (Table 4).

Complication rates further increased with Class I-II (BMI

30.0-39.9) and Class III (BMI≥ 40) obesity (Figure 4).

Association Between BMI and
Complications in Different Aesthetic
Procedures

When stratified by the body region being operated (breast,

body, face, or any combination of regions), overweight

patients had significantly higher complications in body (3.1%

vs 2.0%, P<.01), breast (1.7% vs 1.4%, P=.014), and

breast/body combination cases (4.2% vs 3.1%, P=.001)

(Table 5). Similarly, in other regions overweight patients suf-

fered more complications though the differencewas not statis-

tically significant.

Association between BMI and complications following

commonly performed procedures is shown in Table 6.

Overweight patients suffered higher complication rates in

abdominoplasty (3.5% vs 2.6%, P=.011), liposuction (0.9%

vs 0.5%, P=.044), combination abdominoplasty-liposuction

(4.3% vs 3.0%, P=.01), and lower body lifts (8.8% vs 3.2%,

P=.04). No specific breast procedure was identified where

Table 3. Frequency of Different Cosmetic Procedures in Normal and Overweight Patients

Procedure Patient groups, n (%) P value

Total (n = 127,961) BMI < 25 (n = 81,636) BMI≥ 25 (n = 46,325)

Face 24,853 (19.4%) 16,041 (19.6%) 8,812 (19.0%) <.01

Face lift 11,240 (8.8%) 6908 (8.5%) 4332 (9.4%) <.01

Blepharoplasty 11,948 (9.3%) 7012 (8.6%) 4936 (10.7%) <.01

Brow lift 3867 (3.0%) 2491 (3.1%) 1376 (3.0%) .424

Rhinoplasty 4,941 (3.9%) 3,854 (4.7%) 1,087 (2.3%) <.01

Cheek augmentation 159 (0.12%) 116 (0.14%) 43 (0.09%) .018

Chin augmentation 798 (0.6%) 523 (0.6%) 275 (0.6%) .319

Otoplasty 808 (0.6%) 671 (0.8%) 137 (0.3%) <.01

Hair restoration 5 (0.003%) 0 (0.0%) 5 (0.01%) <.01

Breast 72,990 (57.0%) 54,715 (67.0%) 18,275 (39.4%) <.01

Breast augmentation 59,377 (46.4%) 48,891 (60.0%) 10,486 (22.6%) <.01

Mastopexy 19,135 (15.0%) 11,810 (14.5%) 7325 (15.8%) <.01

Reduction Mammaplasty 4939 (3.9%) 1783 (2.2%) 3156 (6.8%) <.01

Correction gynecomastia 2081 (1.6%) 554 (0.7%) 1527 (3.3%) <.01

Body 48,083 (37.6%) 20,682 (25.3%) 27401 (59.1%) <.01

Liposuction 30,750 (24.0%) 13,259 (16.2%) 17,491 (37.8%) <.01

Abdominoplasty 25,261 (19.7%) 10,575 (13.0%) 14,686 (31.7%) <.01

Brachioplasty 2275 (1.8%) 559 (0.7%) 1716 (3.7%) <.01

Thigh lift 1476 (1.2%) 486 (0.6%) 990 (2.1%) <.01

Lower body lift 1283 (1.0%) 363 (0.4%) 920 (2.0%) <.01

Buttock lift 1564 (1.2%) 495 (0.6%) 1069 (2.3%) <.01

Upper body lift 56 (0.04%) 9 (0.01%) 47 (0.1%) <.01

Labiaplasty 84 (0.1%) 70 (0.1%) 14 (0.03%) <.01

Sum of percentages of different body regions exceeds 100 because nearly one third of patients underwent more than one procedure. For the same reason, sum of percentages within a given body

region may exceed the total percent for that body region.

Gupta et al 5
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BMI significantly increased risk. Overweight patients who

underwent breast augmentation-mastopexy-abdominoplasty-

liposuction combination had more complications (6.0% vs

3.0%, P=.022).

Association Between BMI and Diabetes

As previously noted, diabetes is more prevalent in overweight

patients (3.3% vs 1.0%, P<.01). We performed stratified

analysis across 3 BMI categories – normal weight (BMI<25),

overweight (BMI 25-29.9), and obese (BMI≥ 30). We found

that the significant association between diabetes and complica-

tions was limited only to obese patients (5.2% vs 3.1%,

P<.01) (Figure 5). This finding was replicated when we spe-

cifically looked at infections (2.5% vs 1.1%, P<.01) and pul-

monary complications (2.5% vs 1.1%, P=.02). Since diabetes

and obesity often co-exist, they may have a synergistic effect on

complications.

BMI as an Independent Risk Factor for
Major Complications

In addition to the stratified analysis to identify potential

confounders, we performed multivariate logistic regres-

sion analysis to evaluate BMI as an independent risk

factor after controlling for the effect of age, smoking, dia-

betes, gender, type of procedures, and surgical facility.

We found BMI 25 to 29.9 to be an independent risk factor

of any complication (relative risk 1.17, 95% confidence

interval 1.06-1.28, P< .01) (Table 7), infection (relative

risk 1.63, 95% confidence interval 1.34-1.99, P< .01)

(Table 8), and VTE (relative risk 1.67, 95% confidence

Figure 3. Frequency of solitary procedures among normal and
overweight patients.

Table 4. Distribution of Complications Between Normal and Overweight

Patients

Complication Patient groups, n (%) P value

Total

(n = 127,961)

BMI < 25

(n = 81,636)

BMI≥ 25

(n = 46,325)

Hematoma 1176 (0.9%) 737 (0.9%) 439 (0.9%) .43

Infection 598 (0.5%) 228 (0.3%) 370 (0.8%) <.01

Pulmonary 163 (0.13%) 74 (0.09%) 89 (0.19%) <.01

Confirmed VTE 116 (0.09%) 36 (0.04%) 80 (0.17%) <.01

Suspected VTE 218 (0.2%) 98 (0.12%) 120 (0.26%) <.01

Fluid Overload 76 (0.06%) 35 (0.04%) 41 (0.09%) <.01

Hypotension 57 (0.04%) 21 (0.03%) 36 (0.08%) <.01

Cardiac 36 (0.03%) 21 (0.03%) 15 (0.03%) .50

VTE, venous thromboembolism.

Table 5. Univariate Analysis of Association between BMI and Complications Following Procedures on Different Body Regions

Procedure Frequency Complications, n (%) P value

Total BMI < 25 BMI≥ 25

Body 31,869 860 (2.7%) 250 (2.0%) 610 (3.1%) <.01

Breast 57,813 850 (1.5%) 654 (1.4%) 196 (1.7%) .014

Breast-body 13,324 482 (3.6%) 211 (3.1%) 271 (4.2%) <.01

Face 20,548 225 (1.1%) 136 (1.0%) 89 (1.2%) .181

Face-body 2452 43 (1.8%) 17 (1.3%) 26 (2.2%) .090

Face-breast 1415 24 (1.7%) 19 (1.7%) 5 (1.9%) .795

Face-breast-Body 438 10 (2.3%) 4 (1.4%) 6 (3.8%) .177

6 Aesthetic Surgery Journal
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interval 1.07-2.61, P< .01) (Table 9). There was a trend

of higher pulmonary complications in patients with BMI

25- to 29.9, but it did not reach statistical significance

(relative risk 1.40, 95% confidence interval 0.98-2.01,

P= .07) (Table 10).

We found that BMI≥ 30 was associated with even

higher risk of these complications. BMI≥ 30 increased risk

of any complication (relative risk 1.51, 95% confidence in-

terval 1.34-1.69, P< .01) (Table 7), infection (relative risk

2.73, 95% confidence interval 2.20-3.38, P< .01)

(Table 8), and VTE (relative risk 2.56, 95% confidence in-

terval 1.60-4.14, P< .01) (Table 9).

DISCUSSION

The prevalence of overweight patients undergoing aesthetic

surgery is lower than the national prevalence. In our

cohort, 36.2% were overweight or obese (BMI≥ 25)

Table 6. Univariate Analysis of Association between BMI and Complications Following Selected, Frequently Performed, Cosmetic Procedures

Procedure Frequency Complications, n (%) P value

Total BMI < 25 BMI≥ 25

Breast augmentation 41,506 581 (1.4%) 499 (1.4%) 82 (1.6%) .138

Liposuction 11,403 81 (0.7%) 26 (0.5%) 55 (0.9%) .044

Abdominoplasty 8915 280 (3.1%) 93 (2.6%) 187 (3.5%) .011

Breast augmentation -

Mastopexy

8014 151 (1.9%) 107 (1.8%) 44 (2.2%) .300

Abdominoplasty -

Liposuction

6873 264 (3.8%) 71 (3.0%) 193 (4.3%) .01

Blepharoplasty 4739 19 (0.4%) 13 (0.5%) 6 (0.3%) .357

Facelift 4780 71 (1.5%) 42 (1.4%) 29 (1.6%) .622

Mastopexy 3365 39 (1.1%) 25 (1.2%) 14 (1.1%) .895

Facelift – Blepharoplasty 2562 60 (2.3%) 28 (1.9%) 32 (3.0%) .062

Breast Augmentation -

Abdominoplasty

1708 60 (3.5%) 48 (3.7%) 12 (2.8%) .448

Brachioplasty 7587 10 (1.3%) 2 (1.2%) 8 (1.4%) .867

Lower Body Lift 419 30 (7.2%) 4 (3.2%) 26 (8.8%) .04

Thigh Lift 413 19 (4.6%) 5 (3.9%) 14 (5.1%) .617

Figure 5. Univariate analysis of association between diabetes
and all major complications, stratified by BMI categories.

Figure 4. Complications stratified by BMI category.

Gupta et al 7

 b
y
 A

m
y
 F

u
q
u
a o

n
 M

arch
 1

7
, 2

0
1
6

h
ttp

://asj.o
x
fo

rd
jo

u
rn

als.o
rg

/
D

o
w

n
lo

ad
ed

 fro
m

 



compared to a national prevalence of 69%. Additionally,

only 11.1% were obese (BMI≥ 30), compared to a national

prevalence of 35.1%. This observed difference may due to

patients who are overweight or obese being less likely to

seek out aesthetic surgery or surgeons being careful about

offering elective surgery to those who are overweight or

obese. Despite the disparity, this group represents a large

minority of those undergoing aesthetic surgery. Our pro-

spective analysis highlights outcomes of overweight pa-

tients undergoing aesthetic surgery, and specifically reveals

that BMI is an independent risk factor for major complica-

tions, specifically infection and VTE.

A novel finding in our study was that both BMI 25 to

29.9 and greater than 30 were independent risk factors for

complications. This establishes an increased risk for obese

patients and overweight patients, who together make up

the majority of the US population. Increased risk in the

obese population confirmed our suspicion that obese pa-

tients were more prone to complications. However, the fact

that BMI 25 to 29.9 is an independent risk factor is an

Table 7. Multivariate Logistic Regression Analysis of Any Complication

(n = 2494)

Relative risk 95% CI P-value

Combined

procedure

1.67 1.54 1.82 <.01

Body procedures 1.64 1.50 1.79 <.01

Smoking 1.18 1.02 1.36 .02

Diabetes 1.31 1.03 1.66 .03

BMI 25-29.9a 1.17 1.06 1.28 <.01

BMI≥ 30a 1.51 1.34 1.69 <.01

Age 1.01 1.004 1.01 <.01

Type of facility

(ASC-hospital)

1.56 1.36 1.77 <.01

Gender (female) 0.95 0.81 1.11 .49

ASC, Ambulatory Surgery Center; BMI, Body Mass Index; CI, Confidence Interval. aReference

category BMI < 25 kg/m2.

Table 8. Multivariate Logistic Regression Analysis of Infection

(n = 598)

Relative risk 95% CI P-value

Combined

procedure

1.83 1.54 2.17 <.01

Body procedures 2.73 2.25 3.31 <.01

Smoking 1.59 1.22 2.07 <.01

Diabetes 1.73 1.17 2.57 <.01

BMI 25-29.9a 1.63 1.34 1.99 <.01

BMI≥ 30a 2.73 2.20 3.38 <.01

Age 1.01 1.003 1.02 <.04

Type of facility

(ASC-hospital)

1.41 1.09 1.81 .01

Gender (female) 1.87 1.25 2.81 <.01

ASC, Ambulatory Surgery Center; BMI, Body Mass Index; CI, Confidence Interval. aReference

category BMI < 25 kg/m2.

Table 10. Multivariate Logistic Regression Analysis of Pulmonary

Complications (n = 163)

Relative risk 95% CI P-value

Combined

procedure

1.62 1.17 2.24 <.01

Body procedures 2.21 1.55 3.14 <.01

Smoking 0.98 0.53 1.82 .96

Diabetes 1.91 0.93 3.92 .08

BMI 25-29.9a 1.40 0.98 2.01 .07

BMI≥ 30a 1.52 0.97 2.34 .07

Age 1.02 1.01 1.03 <.01

Type of facility

(ASC-hospital)

1.27 0.80 2.01 .31

Gender (female) 1.49 0.72 3.05 .28

ASC, Ambulatory Surgery Center; BMI, Body Mass Index; CI, Confidence Interval. aReference

category BMI < 25 kg/m2.

Table 9. Multivariate Logistic Regression Analysis of Confirmed Venous

Thromboembolism (n = 116)

Relative risk 95% CI P-value

Combined

procedure

2.32 1.55 3.49 <.01

Body procedures 13.40 6.39 28.09 <.01

Smoking 0.56 0.21 1.53 .26

Diabetes 0.28 0.04 2.00 .20

BMI 25-29.9a 1.67 1.07 2.61 <.01

BMI≥ 30a 2.56 1.60 4.14 <.01

Age 1.02 1.006 1.037 <.01

Type of facility

(ASC-hospital)

1.27 0.73 2.22 .40

Gender (female) 2.16 0.79 5.88 .13

ASC, Ambulatory Surgery Center; BMI, Body Mass Index; CI, Confidence Interval. aReference

category BMI < 25 kg/m2.

8 Aesthetic Surgery Journal
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interesting finding. It establishes that any excess adipose

tissue elevates risk.

Mechanisms by which obesity affects surgical morbidity

and mortality are not entirely clear. Studies have shown im-

provement in associated comorbidities such as diabetes,18

hypertension,19 coronary artery disease,20 and obstructive

sleep apnea21 with weight loss. One potential theory is that a

pro-inflammatory state is promoted by extra adipose tissue,

which contributes to the pathogenesis of the aforementioned

comorbidities.22 This pro-inflammatory state may foster an

environment that makes patients susceptible to injury in

times of stress such as surgery or trauma. A large series of

trauma patients revealed obesity to be an independent risk

factor for multi-organ failure.23 With these findings, it is war-

ranted to consider obesity a systemic disease.

While systemic effects of obesity are not well under-

stood, local wound complications in obesity have been well

documented. Reviews of abdominoplasty and breast reduc-

tion have found higher rates of wound dehiscence and

seroma in obese patients.24-26 The postulated mechanisms

for wound complications in the obese are secondary to the

delicate nature, avascularity, increased oxidative stress,

and poor nutrient availability inherent to adipose tissue.27

This class of wound complications is likely underreported

in our database secondary to the fact they were predomi-

nantly managed in a clinic setting.

However, our analysis did reveal increased infection rates

in overweight patients and even higher infection rates in

obese and morbidly obese patients. This finding is not sur-

prising given poor wound healing leads to high infection

rates. The association of obesity and wound infection has

been demonstrated across surgical fields11 as well as in elec-

tive breast surgery28,29 and abdominoplasty.26 Unfortunately,

our database did not include information on prophylactic an-

tibiotic use. However, the American Association of Plastic

Surgeons recently released a consensus statement recom-

mending prophylactic antibiotics for clean breast surgery and

contaminated cases of the hand and head/neck but not

abdominoplasty.30 Given higher rates of infection in obesity,

the use of prophylactic antibiotics may be warranted in

higher risk patients and needs further investigation.

Obesity and VTE have a known relationship that has been

demonstrated in many studies.31,32 No universal guidelines

for deep vein thrombosis prevention exist, but most advocate

risk stratifying patients to determine risk and prevention strat-

egy.33 The most commonly used tool is the Caprini risk as-

sessment model, which has been validated for use in plastic

and reconstructive surgery patients.34 Unfortunately, our da-

tabase did not provide us with types of prophylaxis used in

patients. However, a 2007 survey of plastic surgeons revealed

low rates of VTE prophylaxis usage.35 Interestingly, our data

showed near double risk of VTE in overweight patients com-

pared to normal weight patients. Thus, BMI≥ 25 may be

used as a threshold when considering pharmacological VTE

prophylaxis. The best approach to deep VTE is risk reduction

with appropriate prophylaxis and early ambulation, especial-

ly in the obese population.

Our univariate analysis found a higher prevalence of respi-

ratory complications in overweight patients. Respiratory com-

plications are likely multifactorial and may be the result of

interplay between comorbidities such as obesity and obstruc-

tive sleep apnea (OSA). There is an established relationship

between obesity and OSA, and it is common for OSA to be

undiagnosed. Patients with OSA are at risk for acute respira-

tory failure and postoperative oxygen desaturation.36 The use

of general anesthesia may also increase risk of respiratory

complications. Postoperative respiratory complications have

been observed in patients with obstructive sleep apnea un-

dergoing general anesthesia.37 However, choice of anesthetic

was not associated with early complications after hand

surgery in the NSQIP database.38 Unfortunately, information

on anesthetic technique was not available for our analysis.

Respiratory complications in the cosmetic surgery population

are rare but can be devastating. Proper preoperative evalua-

tion of obesity and associated comorbidities is imperative to

help reduce this risk.

Rates of fluid overload and hypotension were higher in

overweight patients compared to normal weight patients. The

prevalence in both groups was low, but the higher incidence

in overweight patients could be explained by higher rates of

abdominoplasty and liposuction in this patient group. Fluid

management in abdominoplasty and liposuction can be more

challenging than other aesthetic procedures due to larger

volume losses. Missteps in anesthesia can easily lead to fluid

overload or hypovolemia which can manifest as hypotension.

Fluid overload has even been associated with VTE and pul-

monary complications,39 which were observed to have

higher rates in overweight patients in our study. Though the

prevalence of fluid overload and hypotension is low in aes-

thetic surgery, peri- and intraoperative fluid management is

an important aspect of surgical care that needs meticulous

management by surgeons and anesthesiologists.

Obesity and its associated comorbidities lead to increased

surgical morbidity and mortality. Our analysis found both BMI

25 to 29.9 and greater than 30 to be independent risk factors

for any complication as well as infection and VTE. Though

obesity-related illnesses such as diabetes and coronary artery

disease play a role in adverse outcomes, being overweight or

obese alone increases risk. Our data revealed that diabetics

with higher BMI suffered more complications including infec-

tion and respiratory complications. Specifically, obesity has

been notorious as a risk factor for wound complications and

deep venous thrombosis across all surgical fields, and it is ap-

parent that it holds true in aesthetic surgery as well.

We observed that overweight patients had more compli-

cations for body, breast, and combination body and breast

cases. Our database also revealed that high BMI is a risk

factor in abdominoplasty, liposuction, and lower body lifts.

Gupta et al 9
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Multiple reviews have previously found obesity to be a risk

factor for wound complications in abdominoplasty.24-26,40

However, obesity was not a risk factor for complications in

combination breast and abdominoplasty in one large

series.41 Our study included examining more than 700 pro-

cedure combinations, but it is difficult to report the effect

on every permutation. For simplicity, we have grouped the

procedures by body region to give an overall picture. We

found that procedures on breast or face have lower compli-

cations than procedures on the rest of the body. We have

also reported complications in specific, frequently per-

formed, procedures or combinations (Table 6). Surgeons

should be aware of increased complications in the over-

weight patients for these procedures, and appropriate risk

reduction strategies should be implemented.

The best risk reduction strategy may be weight loss, but

this has not been evaluated as a strategy in plastic surgery.

Bariatric surgery for weight loss in certain patients is be-

coming more widely accepted when diet and exercise are

not enough, but there is no evidence to support this strat-

egy. Encouraging healthy living and implementing our best

known risk reduction strategies such as VTE or antibiotic

prophylaxis when appropriate are the best tools we have

currently.

To the best of our knowledge this study represents the

largest investigation looking at the effect of BMI on compli-

cations of aesthetic surgery procedures. The CosmetAssure

insurance database is a powerful tool for assessment of clin-

ical outcomes of cosmetic surgery. It provides prospectively

collected data, which is necessary for determining true inci-

dence of complications and risk factors. It is a multicenter da-

tabase encompassing hospitals, ASCs and OBSS, making the

results generalizable to a wide variety of practice models. It is

robust in establishing baseline complication rates following

various procedure combinations. Since CosmetAssure offers

significant incentive to a surgeon for reporting a complica-

tion, in the form of payment of the claim, this database offers

major advantage over other registries by potentially minimiz-

ing the under-reporting of complications. In addition, the

dataset is validated by similar patient profiles as that reported

by ASAPS.2 The relative frequency of procedures is different

as the ASAPS estimate reports are based on data not only

from plastic surgeons, but also from otolaryngologists and

dermatologists. CosmetAssure offers coverage across all 50

states in the United States. Even if CosmetAssure is more

commonly used in certain regions of the country, this is un-

likely to affect the effect size of risk factors, thus maintaining

the internal validity of the study. The study of geographical

variation in demographics of facelift patients is beyond the

scope of the current study. The database goes a step further

by establishing the minimum surgeon qualifications (plastic

surgeons who are certified or are candidates for certification

by the ABPS), thus avoiding variability in complications at-

tributable to the credentials of the healthcare provider.

While the CosmetAssure database has many advantages,

some of its limitations merit discussion. The database fails

to include minor, but clinically significant, complications

(minor infection, wound breakdown, seroma etc.) since

these are managed in the clinic and do not require hospitali-

zation, emergency room visit or reoperation and therefore,

do not generate a reimbursable claim. These complications

are significantly more common than major complications,

and important in cosmetic outcomes and patient perceived

results. The database does not register complications occur-

ring after 30 days of the operation. This results in unknown

final outcomes after the management of these complica-

tions. The database does not differentiate between different

techniques of a particular procedure which may predispose

patients to certain complications. No information is avail-

able on measures such as ASA class, VTE prophylaxis, pre-

operative antibiotics, intraoperative temperature and blood

pressure management, and duration of surgery, and thus

their impact cannot be analyzed.

The database also lacks comprehensive information

about patients’ other comorbidities. Obesity is associated

with multiple comorbid conditions such as coronary heart

disease, hypertension, dyslipidemia, and fatty liver disease,

which may contribute to surgical risk. However, assess-

ment of available health conditions (diabetes, obesity, and

smoking) suggest that the patient population seeking cos-

metic surgery is significantly healthier compared to the

general population of the United States, with low burden of

comorbid conditions. Even though management of these

major complications incur significant costs, it is possible

that the plastic surgeon may write it off or be compensated

by patient’s primary health insurance provider. Either of

these scenarios, though very unlikely, may lead to under-

reporting of major complications to CosmetAssure. Finally,

CosmetAssure is used by only a fraction of eligible plastic

surgeons in the United States.

A statistical limitation of using a cohort study design for

examining risk factors in aesthetic surgery is that major

complications are rare. Even with such a large cohort, infre-

quent complications such as cardiac events (0.03%) cannot

be comprehensively studied. Moreover, the BMI data were

not available for 1046 (0.8%) patients. It is possible that

this additional data could have allowed us to better evaluate

any association between BMI and pulmonary complica-

tions.

Despite this study’s limitations, our review provides an

insight into the complication rates overweight and obese pa-

tients face in cosmetic surgery. One of our stated objectives

was to define the prevalence of overweight patients undergo-

ing aesthetic surgery, which we found to be 36.2%. As ex-

pected, overall complication rates are higher in overweight

and obese patients, especially with regards to infections and

deep venous thrombosis rates. Another stated objective was

to identify specific procedures in which BMI≥ 25 significantly

10 Aesthetic Surgery Journal
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increases risk of complications, which was found to be

abdominoplasty, liposuction, and lower body lifts. Obesity is

a modifiable risk factor, and further studies are needed to in-

vestigate if an advantage of preoperative weight loss exists.

Both providers and patients should be aware of the increased

risk in patients with higher BMI as well as strategies to reduce

that risk.

CONCLUSION

The prevalence of overweight and obese patients in aesthetic

surgery patients is lower than the general population but rep-

resents a significant minority in aesthetic surgery. Overweight

patients are more likely to undergo combined procedures

than normal weight patients. Abdominoplasty, liposuction,

and lower body lifts are procedures with higher complication

rates in overweight patients. BMI 25 to 29.9 and BMI≥ 30 are

independent risk factors of major complications, particularly

infection and deep venous thrombosis, after aesthetic surgical

procedures.

Disclosures

Dr Grotting is a founder and shareholder of CosmetAssure

(Birmingham, AL). He also receives book royalties from Quality

Medical Publishing (St. Louis, MO) and Elsevier (New York,

NY), and is a shareholder in Keller Medical, Inc. (Stuart, FL)

and Ideal Implant, Inc. (Dallas, TX). The other authors have

nothing to disclose.

Funding

The authors received no financial support for the research,

authorship, and publication of this article.

REFERENCES

1. National Center for Health Statistics. Health, United

States, 2014. Available at: http://www.cdc.gov/nchs/

data/hus/hus14.pdf#059. Accessed October 2, 2015.

2. Cosmetic Surgery National Data Bank Statistics. Aesthet

Surg J. 2015;35(suppl 2):1-24.

3. Hubert HB, Feinleib M, McNamara PM, Castelli WP.

Obesity as an independent risk factor for cardiovascular

disease: A 26-year follow up of participants in the

Framingham Heart Study. Circulation. 1983;67:968-977.

4. Yusuf S, Hawken S, Ounpuu S, et al. Obesity and the risk

of myocardial infarction in 27,000 participants from 52 coun-

tries: A case control study. Lancet. 2005;366:1640-1649.

5. Klein S, Burke LE, Bray GA, et al. Clinical implications of

obesity with specific focus on cardiovascular disease: a

statement for professionals from the American Heart

Association Council on Nutrition, Physical Activity, and

Metabolism: endorsed by the American College of Cardiology

Foundation. Circulation. 2004;110(18):2952-2967.

6. Janssen I, Katzmarzyk PT, Ross R. Body mass index,

waist circumference, and health risk: evidence in support

of current National Institutes of Health guidelines. Arch

Intern Med. 2002;162(18):2074-2079.

7. Nguyen NT, Magno CP, Lane KT, Hinojosa MW, Lane JS.

Association of hypertension, diabetes, dyslipidemia, and

metabolic syndrome with obesity: findings from the

National Health and Nutrition Examination Survey, 1999

to 2004. J Am Coll Surg. 2008;207(6):928-934.

8. Foster GD, Sanders MH, Millman R, et al. Obstructive

sleep apnea among obese patients with type 2 diabetes.

Diabetes Care. 2009;32(6):1017-1019.

9. Falagas ME, Kompoti M. Obesity and infection. Lancet

Infect Dis. 2006;6(7):438-446.

10. Cosmetic Surgery National Data Bank statistics. Aesthet

Surg J. 2014;34(suppl 1):1-20.

11. Mullen JT, Moorman DW, Davenport DL. The obesity

paradox: body mass index and outcomes in patients un-

dergoing nonbariatric general surgery. Ann Surg.

2009;250(1):166-172.

12. Bamgbade OA, Rutter TW, Nafiu OO, Dorje P.

Postoperative complications in obese and nonobese pa-

tients.World J Surg. 2007;31(3):556-560.

13. Sieffert MR, Fox JP, Abbott LE, Johnson RM. Obesity is

associated with increased health care charges in patients

undergoing outpatient plastic surgery. Plast Reconstr

Surg. 2015;135(5):1396-1404.

14. Gust MJ, Smetona JT, Persing JS, Hanwright PJ, Fine NA,

Kim JYS. The impact of bodymass index on reductionmam-

maplasty: A multicenter analysis of 2492 patients. Aesthetic

Surg J Am Soc Aesthetic Plast Surg. 2013;33:1140-1147.

15. Momeni A, Heier M, Bannasch H, Stark GB. Complications

in abdominoplasty: A risk factor analysis. J Plast Reconstr

Aesthet Surg. 2009;62:1250-1254.

16. Kim J, Stevenson TR. Abdominoplasty, liposuction of the

flanks, and obesity: Analyzing risk factors for seroma for-

mation. Plast Reconstr Surg. 2006;117:773-781.

17. Abboushi N, Yezhelyev M, Symbas J, Nahai F. Facelift

complications and the risk of venous thromboembolism: A

single center’s experience. Aesthet Surg J. 2012;32:413-420.

18. Keller U. From obesity to diabetes. Int J Vitam Nutr Res.

2006;76(4):172-177.

19. Aucott L, Rothnie H, McIntyre L, Thapa M, Waweru C,

Gray D. Long-term weight loss from lifestyle intervention

benefits blood pressure?: a systematic review. Hypertension.

2009;54(4):756-762.

20. Wing RR, Lang W, Wadden TA, et al. Look AHEAD

Research Group. Benefits of modest weight loss in im-

proving cardiovascular risk factors in overweight and

obese individuals with type 2 diabetes. Diabetes Care.

2011;34(7):1481-1486.

21. Mitchell LJ, Davidson ZE, Bonham M, O’Driscoll DM,

Hamilton GS, Truby H. Weight loss from lifestyle inter-

ventions and severity of sleep apnoea: a systematic review

and meta-analysis. Sleep Med. 2014;15(10):1173-1183.

22. Lyon CJ, Law RE, Hsueh WA. Minireview: adiposity,

inflammation, and atherogenesis. Endocrinology. 2003;

144:2195-2200.

23. Ciesla DJ, Moore EE, Johnson JL, Burch JM, Cothren CC,

Sauaia A. Obesity increases risk of organ failure after

severe trauma. J Am Coll Surg. 2006;203(4):539-545.

Gupta et al 11

 b
y
 A

m
y
 F

u
q
u
a o

n
 M

arch
 1

7
, 2

0
1
6

h
ttp

://asj.o
x
fo

rd
jo

u
rn

als.o
rg

/
D

o
w

n
lo

ad
ed

 fro
m

 



24. van Uchelen JH, Werker PM, Kon M. Complications of

abdominoplasty in 86 patients. Plast Reconstr Surg.

2001;107(7):1869-1873.

25. Nelson JA, Fischer JP, Chung CU, et al. Obesity and early

complications following reduction mammaplasty: an

analysis of 4545 patients from the 2005-2011 NSQIP data-

sets. Plast Surg Hand Surg. 2014;48(5):334-339.

26. Neaman KC, Hansen JE. Analysis of complications from

abdominoplasty: a review of 206 cases at a university

hospital. Ann Plast Surg. 2007;58(3):292-298.

27. Pierpont YN, Dinh TP, Salas RE, Johnson EL, Wright TG,

Robson MC, Payne WG. Obesity and surgical wound

healing: a current review. ISRN Obes. 2014;2014:638936.

28. Manahan MA, Buretta KJ, Chang D, Mithani SK,

Mallalieu J, Shermak MA. An outcomes analysis of 2142

breast reduction procedures. Ann Plast Surg. 2015;74(3):

289-292.

29. Chen CL, Shore AD, Johns R, Clark JM, Manahan M,

Makary MA. The impact of obesity on breast surgery com-

plications. Plast Reconstr Surg. 2011;128(5):395e-402e.

30. Ariyan S, Martin J, Lal A, et al. Antibiotic Prophylaxis for

Preventing Surgical-Site Infection in Plastic Surgery: An

Evidence-Based Consensus Conference Statement from

the American Association of Plastic Surgeons. Plast

Reconstr Surg. 2015;135(6):1723-1739.

31. Holst AG, Jensen G, Prescott E. Risk factors for venous

thromboembolism: results from the Copenhagen City

Heart Study. Circulation. 2010;121(17):1896-1903.

32. Samama MM. An epidemiologic study of risk factors

for deep vein thrombosis in medical outpatients:

the Sirius study. Arch Intern Med. 2000;160(22):

3415-3420.

33. Venturi ML, Davison SP, Caprini JA. Prevention of

venous thromboembolism in the plastic surgery patient:

current guidelines and recommendations. Aesthet Surg J.

2009;29(5):421-428.

34. Pannucci CJ, Bailey SH, Dreszer G, et al. Validation of the

Caprini risk assessment model in plastic and reconstruc-

tive surgery patients. J Am Coll Surg. 2011;212(1):105-112.

35. Broughton G II, Rios JL, Rohrich RJ, Brown SA. Deep

venous thrombosis prophylaxis practice and treatment

strategies among plastic surgeons: survey results. Plast

Reconstr Surg. 2007;119(1):157-174.

36. Kaw R, Chung F, Pasupuleti V, Mehta J, Gay PC,

Hernandez AV. Meta-analysis of the association between

obstructive sleep apnoea and postoperative outcome. Br J

Anaesth. 2012;109(6):897-906.

37. Xará D, Mendonça J, Pereira H, Santos A, Abelha FJ.

Adverse respiratory events after general anesthesia in pa-

tients at high risk of obstructive sleep apnea syndrome.

Braz J Anesthesiol. 2015;65(5):359-366.

38. Lipira AB, Sood RF, Tatman PD, et al. Complications

Within 30 Days of Hand Surgery: An Analysis of 10,646

Patients. J Hand Surg Am. 2015;40(9):1852-1859.

39. Holte K, Sharrock NE, Kehlet H. Pathophysiology and

clinical implications of perioperative fluid excess. Br J

Anaesth. 2002;89:622-632.

40. Vastine VL, Morgan RF, Williams GS, et al. Wound com-

plications of abdominoplasty in obese patients. Ann Plast

Surg. 1999;42(1):34-39.

41. Stevens WG, Repta R, Pacella SJ, et al. Safe and consis-

tent outcomes of successfully combining breast surgery

and abdominoplasty: an update. Aesthet Surg J. 2009;29

(2):129-134.

12 Aesthetic Surgery Journal

 b
y
 A

m
y
 F

u
q
u
a o

n
 M

arch
 1

7
, 2

0
1
6

h
ttp

://asj.o
x
fo

rd
jo

u
rn

als.o
rg

/
D

o
w

n
lo

ad
ed

 fro
m

 


