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Abstract

Background: Liposuction is considered one of the most common procedures in plastic surgery. However, major postop-
erative complications such as visceral injury, fluid overload, and necrotizing fasciitis still occur. Likewise, minor complica-
tions such as ecchymosis, seromas, infections, and contour irregularities that do not threaten the life of the patient do
generate significant dissatisfaction. Current evidence regarding the management of fibrosis after previous liposuction re-
mains limited.

Objectives: The objective of this article is to standardize a management algorithm based on the extensive experience and
successful results of the primary author (G.M.).

Methods: Patients who underwent secondary liposculpture between August 2022 and May 2023 were evaluated pro-
spectively. Inclusion criteria comprised females between 18 and 60 years old, nonsmokers, with a BMI < 35 kg/m? and a
history of previous body contouring surgeries. Identification of the patient’s skin condition and subcutaneous lesions in
the adipose tissue were obtained in detail. Statistical analysis of preoperative and postoperative medical photographs
was also performed with the Fiji Biological image analyzer.

Results: Photographic analysis of preoperative and postoperative photographs showed a statistically significant differ-
ence between the areas affected by fibrosis (P < .001). The most frequent clinical findings were depressions in 99% of
the females (74), followed by soft nodules in 95% (70), hard nodules in 81% (61), adhesions in 47% (35), and finally cutaneous
bursas in 4%.

Conclusions: Our classification system and management algorithm for fibrosis and contour irregularities is a safe and
reliable tool. Results were objectively verified, yielding statistically significant outcomes.

Level of Evidence: 3

Editorial Decision date: January 30, 2024; online publish-ahead-of-print February 16, 2024.

Therapeutic

Liposuction is a procedure that aims to improve body con-
tour by removing adipose tissue from the subcutaneous
space in different proportions, depending on the area to
be handled.! Over the years, liposuction has become a
safe and effective surgical procedure to improve body con-
tour, with low rates of complications and morbidity.
Currently it is considered one of the most popular cosmetic
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surgical procedures worldwide and is the most common
aesthetic procedure in the United States and among 35-
to 64-year-olds.?* A total of 405,328 liposuctions were
performed in 2022 in United States, with an increase of
124% between 1997 and 2015."* In Colombia, in 2021, lipo-
suction was the most frequently performed cosmetic
procedure.®

Secondary liposuction demand has been increasing for
several years now, not only because of high rates of weight
gain in the population, but also because of a high preva-
lence of patient dissatisfaction due to fibrosis causing
irregularities in body contour.® Contour irregularities can
be associated with improper surgical techniques, surgeons
with limited experience or young surgeons, or unsuitable
non-surgeon practitioners performing this procedure due
to the high demand, as described by Ashton et al.”® In
2007, Ericsson and colleagues suggested that to acquire
expertise in a surgical technique and, in turn, reduce com-
plications, approximately 10 years or 10,000 hours of prac-
tice are required.10 Therefore, the rate of patients with
contour irregularities has increased exponentially, and
the literature has not yet established a specific classifica-
tion of this condition or comprehensive management to
address the alterations with which these patients present.
We describe a classification based on a detailed descrip-
tion of physical examination findings and establish a
management algorithm that includes ultrasound-assisted
liposuction as the cornerstone of treatment.

METHODS

Patients who underwent secondary liposculpture between
August 2022 and May 2023 in the clinical practice of the
main author in Bogotd, Colombia, were evaluated prospec-
tively. Inclusion criteria comprised females between 18 and
60 years, nonsmokers, a body mass index (BMI) < 35 kg/m?,
and a positive history of previous body contouring surgeries.
Patients with an incomplete medical history, without presur-
gical paraclinical testing, and with significant comorbidities
such as diabetes mellitus, arterial hypertension, coagulopa-
thies, autoimmune diseases, biopolymer-induced disease,
and respiratory diseases were excluded to eliminate con-
founding factors.

The plastic surgeon was located 60 cm from the patient
during the physical examination in a room with medical-
grade lighting. Identification of the patient’s skin condition
and subcutaneous lesions in the adipose tissue was
performed in detail. Observation was performed at rest
and following hyperextension movements. Subsequently,
palpation by quadrants was performed to identify the differ-
ent dermal lesions and their distribution. Preoperative and
postoperative photographs were taken during days 1 and
10 after surgery, and during 1-, 3- and 6-month follow-up

Table 1. Classification of the Severity of Fibrosis in Secondary
Liposculpture

Grade Characteristic

Grade | Depressions
Grade I Nodules
lla: Soft nodules
IIb: Hard nodules
Grade lII° Adhesions
Grade IV© Cutaneous bursas

®The patient may or may not have depressions. bMay or may not have
depressions and nodules. “May or may not have depressions, nodules, and
adhesions.

postoperative appointments to evaluate outcomes.
Finally, patients were asked to rate their improvement and
satisfaction from 0% to 100% during the evaluation.

Features Guiding Surgical Approach

Because most authors describe contour irregularities as a
unique entity, the main author developed a personal classi-
fication based on the patient’s subdermal anatomic behav-
ior and his vast experience managing patients undergoing
nonprimary liposculpture procedures.™ The following
straightforward terms were employed to cluster patients
with particular phenotypic features that would guide the
surgeon toward a specific surgical approach:

« Depressions: Areas generated by excessive suction
that do not contribute to the body contour, are not sym-
metrical, and affect the aesthetic result.

« Soft nodules: Rounded and palpable lesions in the
deep and superficial planes of the adipose tissue.
They contain encapsulated fat cells and are deformed
with applied pressure.

- Hard nodules: Rounded, solid, palpable lesions found
in deep and superficial adipose tissue. They contain fi-
brin and serous fluid (pseudobursas). They are not de-
formable or mobile when pressure is applied.

- Adhesion: Bands of scar tissue that fuse superficial and
deep fascia.

« Cutaneous bursa: Connective tissue capsule containing
serosanguinous or serous fluid that the body is unable
to reabsorb.

As the severity of fibrosis increases, more irregularities in
the body contour become evident during physical exami-
nation, with the presence of bursas indicating severe fibro-
sis with the highest level of complexity. We established 4
degrees of fibrosis severity (from less to more complex)
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Figure 1. (A) Cutaneous depressions generating asymmetries.
(B) A 30-year-old female patient with 4 previous liposuctions
and abdominal depresssions.

Figure 3. (A) Hard nodules with abundant fibrin tissue, not
deformable when applying pressure. (B) A 37-year-old female
patient with 2 previous liposuctions and hard nodules over the
abdominal wall.

depending on which of the aforementioned clinical findings
were present (Table 1 and Figures 1-5).

To objectively evaluate the postoperative outcomes, we
asked an expert surgeon to analyze and compare the pre-
operative vs postoperative photographs with a validated
program (Fiji; ImageJ, Bethesda, MD)." This surgeon was
not involved in the patient’s preoperative evaluation and
did not participate in the procedure, and it was considered
a blinded evaluation. We carried out 5 different measure-
ments based on the surgeon’s judgment about the areas

Figure 2. (A) Soft nodules with fat cells encapsulated by scar
tissue that are deformable when applying pressure. (B) A
27-year-old female patient with 2 previous liposuctions and
soft nodules over the abdominal wall.

where fibrosis was present. Mean and standard deviation
calculations were made, and a repeated-measures t test
was administered for statistical analysis.

Additionally, intraoperative ultrasound scans were con-
ducted on 15 patients before the implementation of techno-
logical interventions. The aim was to objectively identify
irregularities, spanning both the superficial and deep fat
layers. Upon conclusion of the procedure, a repeated ultra-
sound assessment was performed at the identical site to
evaluate changes in adipose layers.

Management Algorithm

We described a specific algorithm for patient management
based on patient classification after physical examination
findings (Figure 6).

Grading System

Grade I: Depressions

Tissue liberation was performed with VASER (Solta
Medical, Bothell, WA) at 40% in continuous mode around
depression zones to homogenize the tissue. In the sur-
rounding areas, VASER at 60% was employed in continu-
ous mode to emulsify the fat. Fat grafts were placed
when needed to improve contour.

Grade II: Nodules

« Grade lla. Soft nodules were treated with VASER from
60% to 70% in continuous mode inside the nodule. In
the surrounding tissues we utilized intermittent mode
to break the fibrotic bands.
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Figure 4. (A) Adhesions between the superficial and deep
fascia. (B) A 36-year-old female patient with 2 previous
liposuctions and adhesions in fat layers.

« Grade llIb. Hard nodules were treated with VASER at
40% in continuous mode inside the nodule as well as
on its periphery.

« Grade lll: Adhesions Grade

First, the adhesions were torn with an 18G needle, mak-
ing cuts perpendicular to the tissue fibers. Then, fat grafts
were homogeneously injected in the treated area with a
2-mm blunt-tipped cannula and 3-cm syringes.

« Grade IV: Cutaneous bursas

Typically, these bursas were located on the abdom-
inal wall. With a mini-lipectomy approach, the bursa
was located, and a complete resection was carried
out if feasible. Baroudi-type sutures were placed to re-
duce dead space. If any bursa remained, a bursotomy
was performed on the capsule.

Surgical Technique

Markings were performed with the patient in a standing
position. The patient was positioned in a prone position
on the operating table. Incisions were made over hidden
areas according to patient needs. A tumescent solution
was infiltrated, with 100 mg of tranexamic acid, 1 mg of
epinephrine, 3 mL of 1% lidocaine without epinephrine
(0.3 mg), and 1mL (1 mEq) of sodium bicarbonate per
1000 mL of saline solution. A minimum of 10 minutes
was allowed for adequate hemostasis. The procedure
began with ultrasound-assisted fat emulsification at a
power setting between 40% and 80% in both the deep
and superficial planes with VASER. This was essential
for managing fibrosis. The degree of fibrosis was identi-
fied and managed according to our aforementioned
algorithm.

Figure 5. (A) Bursas or connective tissue capsules that store
serosanguinous or serous fluid. (B) A 28-year-old female
patient with 1 previous liposuction. She has an infraumbilical
bursa.

Once the surfaces were prepared, fat was aspirated with
a MicroAire device (MicroAire Surgical Instruments,
Charlottesville, VA) with a no. 4 cannula with 3 and 5 holes
in the deep plane. The proper trajectory of the cannula was
verified with the nondominant hand. The pinch test was per-
formed to ensure symmetry, and a Penrose drain was placed
in the sacral area for drainage and secured with a 2-0O silk
stitch, which was removed after 5 days. The incisions in the
upper back were closed with a simple 4-0 polypropylene su-
ture, which was removed after 8 days. The same procedure
was repeated with the patient in a supine position, and at
the end of the procedure, the adequacy of abdominal wall
normalization was checked. In severe cases in which there
was a lack of fatty tissue with adhesions in both the deep
and superficial planes, fat graft was added to correct these
defects. For areas requiring lipoinjection, we recommended
performing decantation, washing, and purification of the fat,
carefully removing waste, fluids, and dead cells. The filtered
fat was then transferred into two 50-mm syringes and con-
nected with a Luer-Lock connecting tube (Surgest Medical,
Barcelona, Spain), which was moved back and forth multiple
times until the fat reached a liquid state. For the extraction
of stem cells, we utilized the technique of Carlos Guerrero,
an orthopedist specializing in stem cells (see Appendix, avail-
able at www.aestheticsurgeryjournal.com). The incisions
made beneath the breast area were closed with polypropyl-
ene suture, and the rest remained open for free drainage.
Videos 1-6 demonstrate the techniques utilized in this study.

Postoperative Management

The postoperative management had certain variations
from the conventional approach in primary liposuction.
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Grade I: Depressions

Grade II: Nodules
Physical examination:
Inspection in neutral
position and in
hyperextension +
palpation by quadrants

Grade llI: Adhesions

Grade IV: Cutaneous bursae

Grade I: Depressions

Physical examination:
Inspection in neutral
position and in
hyperextension +
palpation by quadrants

Grade II: Nodules

Grade lla: Soft nodules

Grade llb: Hard nodules

Grade la: Non-Adhered

Grade Ib: Adhered

Grade lla: Soft nodules

Grade llb: Hard nodules

Release of the tissue in areas of
depression + emulsification of
surrounding fat + fat grafting when

needed

Vaser inside the nodule in
continuous mode and at its
periphery in intermittent mode

to break de fibrotic bands

Vaser inside the nodule and at
its periphery in continuous
mode

Mechanical rupture + fat graft

Open bursotomy

Release of the tissue in areas of
depression + emulsification of
surrounding fat

Release of the tissue in areas of
depression + emulsification of
surrounding fat + fat grafting

Vaser inside the nodule and in
the transition zone to destroy
fibrotic bands

Vaser inside the nodule and at
its periphery

Figure 6. Fibrosis management algorithm in secondary liposculpture.

However, some fundamental principles remained intact. It
was imperative to initiate a low compression garment
immediately following the surgery, which was left in
place for 3 days, in conjunction with foam and a board.
Transitioning to a high compression garment began on the
fourth day. Adjustments regarding compression may be de-
pendent upon the individual patient’s progress.

Lymphatic drainage therapy began on the first day
and should be done daily, with a minimum of 10

sessions recommended. There was a possible need
for additional lymphatic drainage sessions; however,
the exact number depended upon the patient’s
recovery.

In addition, supplementary technologies such as ultra-
sound, carboxytherapy, radiofrequency, and cryotherapy
were employed in accordance with the specific require-
ments of each case. It is noteworthy that in cases involving
the placement of stem cells and lipografts on the
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Video 1. Watch now at http:/academic.oup.com/asj/
articlelookup/doi/10.1093/asj/sjac026

Video 2. Watch now at http:/academic.oup.com/asj/
articlelookup/doi/10.1093/asj/sjae026

Video 3. Watch now at http:/academic.oup.com/asj/
articlelookup/doi/10.1093/asj/sjae026

Video 4. Watch now at http:/academic.oup.com/asj/
articlelookup/doi/10.1093/asj/sjae026

Video 5. Watch now at http:/academic.oup.com/asj/
articlelookup/doi/10.1093/asj/sjae026

abdominal wall, massages began on the sixth day following
the surgery.

Regarding secondary liposuction, it is of greatest impor-
tance to clarify to the patient that the final outcome may not
become apparent until approximately 1 year postoperatively.
During this period of time, fluctuations in the recovery pro-
cess should be anticipated.

Video 6. Watch now at http:/academic.oup.com/asj/
articlelookup/doi/10.1093/asj/sjae026

Ethical Considerations

The present research had a minimal risk according to the
guidelines for health research established in Colombian
resolution 8430 of 1993, and the research adhered to the
Declaration of Helsinki, respecting the integrity and confi-
dentiality of individuals included.” All patients signed
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Table 2. General Characteristics of the Population

Variable (n=75)
Sociodemographics

Sex

Female 75 (100%)
Male 0 (0%)
Age (years) 36 (31.5-42)
BMI (kg/m?) 24.51(2.5)
Number of previous surgeries 1.64 (0.83)
Clinical findings

Depressions 74 (99%)
Soft nodules 70 (93%)
Hard nodules 61(81%)
Adhesions 35 (47%)
Cutaneous bursas 3 (4%)
Surgical technique

Use of VASER ultrasound 75 (100%)
Use of MicroAire 75 (100%)
Use of fat grafts 17 (23%)
Liposuction volume (mL) 2768 (847.28)
Tumescent solution infiltration volume (mL) 5958.67 (2211.28)
Patient satisfaction evaluation (%)

1-day follow-up 77.73 (9.81)
10-day follow-up 81.60 (7.36)
1-month follow-up 84.66 (7.65)

Variables were summarized as mean and standard deviation or median and
interquartile range depending on the observed distribution (Shapiro-Wilk
P <.05). BMI, body mass index.

informed consent authorizing the use of their data and pho-
tographs for research purposes.

RESULTS

A total of 75 female patients with an average age of 37.3
years (range 19-60 years) who presented with fibrosis sec-
ondary to previous liposuctions and underwent revisional
surgery between August 2022 and May 2023 were ana-
lyzed. The general characteristics are summarized in
Table 2. A significant improvement in body contour irregu-
larities and general appearance was achieved in all

Figure 7. A 29-year-old female patient with a BMI of 22.9 kg/m?
who has undergone 2 previous liposuctions and has grade Il
fibrosis. A total of 4900 mL was infiltrated, and 3000 mL was
liposuctioned, with an abdominal fat graft placed. We utilized the
Fiji Biological image analyzer to compare (A) the preoperative
area with fibrosis and/or asymmetries with (B) the 1-year
postoperative area.

patients. The most frequent clinical findings were depres-
sions, in 99% of the females (74), followed by soft nodules
in 95% (70), hard nodules in 81% (61), adhesions in 47% (35),
and finally cutaneous bursas in 4% (3).

All patients underwent VASER and power-assisted lipo-
suction with a mean tumescent solution infiltration volume
of 5958.67 mL (2211.28). The average volume extracted
was 2768 mL (847.28). Fat grafts were placed to homogenize
the abdominal wall in almost a quarter of the patients.
Follow-up was performed daily during the first 10 postopera-
tive days and once a month afterward. No major or minor
complications were observed. Most of the patients displayed
an initial BMI in the overweight range, and subsequent to the
surgical procedure a decrease of approximately 3 to 5 BMI
points was recorded, resulting in an average weight loss of
8 kg. All patients perceived an improvement and were satis-
fied with the postoperative results.

Photographic analysis showed a statistically significant dif-
ference between the preoperative and postoperative photo-
graphs of the areas affected by fibrosis (P <.001).
Confidence intervals were specific for each measurement
(see Supplemental Figures 1-6, Supplemental Tables 1-8,
available at www.aestheticsurgeryjournal.com, and Figure 7).

The ultrasound images obtained before and after the
surgical procedure, following the algorithm, confirmed im-
provement in the organization and normalization of adi-
pose tissue, with the removal of soft and hard nodules
(Figure 8A-D).

Complications

During postoperative follow-up of the patients in this study,
minor complications were documented, including seromas
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Figure 8. Ultrasound image of a 43-year-old female patient
with 2 previous liposuctions. Images before surgery and upon
completion in the abdominal area. (A) Irregularities in
superficial and deep fat layers preatreatment. (B)
Homogenization and regularization across distinct layers of
adipose tissue posttreatment. (C) Soft nodules in superficial
and deep fat layer pretreatment. (D) Hard nodules in
superficial and deep layer pretreatment.

in 2 patients (1.5%) and 1 hematoma (0.75%), which did not re-
quire intervention; all of these resolved without any lasting
consequences. There were no major complications reported.

DISCUSSION

Despite the significant advances in liposuction, certain
complications frequently occur, including seromas, bruises,
infections, overcorrection, skin laxity, hyperpigmentation,
skin necrosis, and contour irregularities, among others.'®"”
Incidence of contour irregularities and asymmetries has
been reported to vary from 1.7% to 14.9%, according to dif-
ferent authors, depending on diverse factors, such as the
technologies utilized."®'®2° What is certain is that contour
irregularities are more commonly seen in the practices of
plastic surgeons. To date, procedures such as liposuction
in lipodystrophy zones, fat grafts, and lipectomy have
been proposed as plausible solutions.?"%?

However, a specific protocol for treatment has not yet
been established, nor have the abnormalities found in the
tissues been described meticulously. In 2001, Fodor pub-
lished a classification for secondary liposuction findings,
which divided them into 4 categories: residual lipodystro-
phy with asymmetries, irregularities, skin redundancy,
and overresection. He proposed performing corrective li-
posuction with or without fat graft injection to improve
the body contour.® Pereira et al proposed 3 different treat-
ment plans for abdominal irregularities, according to the
flaccidity of the skin and visible deformities, implementing

Figure 9. A 47-year-old female patient with a history of
liposuction and mastopexy underwent scar revision of the
mammary fold, where irregularities were observed in adipose
layers due to her previous liposuction. The arrows in the
thoracoabdominal area indicate a hard nodule (left) and fusion
of fascia (right), also known as adhesion.

fat transfer, mini-lipectomy, or abdominoplasty without
technology, depending on the specific findings.*’

The main author has successfully applied our algorithm for
the management of post-liposuction fibrosis in more than
1500 patients, achieving resolution of irregularities in more
than 90%. Our classification identifies specific problems,
such as soft and hard nodules, adhesions, depressions,
and cutaneous bursas. In effect, our algorithm addresses
specific contour irregularities by employing technology
such as ultrasound and power-assisted liposuction. This al-
lows straightforward management of the cause of the partic-
ular irregularities, achieving an individualized treatment that
leads to more predictable and reliable results. Additionally,
applying technology such as VASER ultrasound during lipo-
suction allows fat emulsification when programmed on more
than 60% power, which is especially effective for soft nod-
ules and surrounding fatty tissue. We recommend ultrasound
power for emulsification at between 60% and 80%. In con-
trast, better energy dispersion is observed with lower pow-
ers, which is helpful in the homogenization of hard nodules
and depressions, and especially in cases of severe fibrosis,
in which there is limited adipose tissue that should not be
emulsified or suctioned, because this would worsen the ir-
regularities.23 We recommend ultrasound power between
40% and 60% for energy dispersion, reorganization of fatty
tissue, and homogenization. In the primary author (G.M.)’s ex-
perience, a power greater than 80% risks thermal skin inju-
ries caused by ultrasonic vibrations and repetitive
movements. Upon accurately identifying the specific irregu-
larities and adhering to the prescribed algorithm, a significant
improvement in contour was achieved in all patients. This
amelioration was not only subjectively ascertained but also
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objectively validated through a comprehensive analysis of
photographs. The statistical significance (P <.001) of the re-
sults was established across all patients, evident in the com-
parative evaluation of preoperative and postoperative
images.

The ultrasound images captured before beginning
the surgery facilitated visual identification of the fibrosis
irregularities, with some of them only palpable during
physical examination, such as hard and soft nodules.
Postoperative ultrasound images revealed a normalization
of the adipose tissue layers, with no evidence of nodules.
To reorganize the irregularly arranged fascias the cannula
movements should be cephalocaudal and longitudinal in di-
rection. These alterations exhibited a harmonization and
regularization of the subcutaneous tissue architecture, as il-
lustrated in Figure 8A-D. Soft nodules and fascial adhesions
were observed during correction of a mastopexy scar,
confirming the findings on physical examination and ultra-
sonographicimages (Figure 9). These dual sets of measure-
ments collectively validated the objective efficacy of the
proposed algorithm. This study included a large cohort of
patients who underwent surgical intervention for fibrosis
secondary to previous liposuction, providing valuable in-
sights into the prevalence and characteristics of these com-
plications. The significance of this study lies in addressing
the limited evidence and lack of standardized protocols
for managing fibrosis after liposuction. By providing a
systematic approach to identifying and classifying contour
irregularities, this study contributes to enhancing the under-
standing and treatment of these complications. A personal-
ized treatment approach based on specific findings allows
for targeted interventions, leading to more predictable
and reliable outcomes for patients.

Limitations

Analysis of the patients was limited due to the lack of
complete sociodemographic data and the absence of
high-quality photographs in some cases. Long-term photo-
graphic follow-up was not possible for foreign patients. A
database with a greater number of variables is required
to extend the statistical analysis. Further studies and valida-
tion of these findings are warranted to refine and improve
the management of these complications.

CONCLUSIONS

Our classification system and management algorithm for fi-
brosis and contour irregularities is a safe and reliable tool
for addressing patients undergoing secondary liposculp-
ture. Tailored treatment strategies for each grade of fibro-
sis and utilization of advanced technologies effectively
achieve optimal postoperative outcomes. Results were ob-
jectively verified, yielding statistically significant outcomes.

Supplemental Material

This article contains supplemental material located online
at www.aestheticsurgeryjournal.com.
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