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Over the past decades, surgical techniques have greatly progressed to improve 
and correct appearance. They are artistic procedures to give the highly demanded 

proportions. The growing public interest in aesthetic and plastic surgery interventions 
such as body contouring and sculpting requires clear description and differentiation 
of these highly sophisticated techniques, their results and combinations, as well as 

scientific information about the different instrumentation, devices and materials used. 
Such clarification will be hugely beneficial both for patients and doctors, having in 

mind the increasing number of such interventions and progressing interest for a better 
and healthy living including improved appearance in society. The book adds some 

scientific news to the understanding of body contouring treatments. Currently, the 
request for atraumatic, short downtime procedures predominates and demonstrates 

the importance of hi-tech and safe liposculpture and fat transfer, although they cannot 
totally replace surgical excision methods.
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Preface

Body harmony and aesthetics depend on individual characteristics in proportions and vol‐
umes. Its contouring and sculpting is a sophisticated medical treatment including many dif‐
ferent methods to obtain beautification and rejuvenation of the body appearance. In obesity,
it is a health treatment as well.

The number of less invasive techniques such as safe liposuction and fat transfer is fast grow‐
ing, becoming a leading position in body contouring and sculpting. Due to growing number
of obesity and its complications, surgical excision methods are very important for weight
reduction and patients’ health.

The growing public interest in interventions in these aesthetic and plastic surgery areas re‐
quires clear description and differentiation of different techniques, their results and combi‐
nations, as well as a scientific information about the different instrumentation, devices and
materials used. Such clarification will be hugely beneficial both for patients and doctors,
having in mind the increasing number of such interventions and progressing interest for
better living and social appearance. The book adds scientific news to the understanding of
body contouring treatments.

Prof. Dr. Nikolay P. Serdev, MD, PhD
Honorary Professor, New Bulgarian University, Sofia, Bulgaria

Head, Medical Centre ‘Aesthetic Surgery, Aesthetic Medicine’, Sofia, Bulgaria
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Provisional chapter

The History of Body Contouring Surgery

Balkovic Marija and Jankovic Irena

Additional information is available at the end of the chapter

Abstract

Body contouring surgery is a rapidly evolving field in plastic surgery. In accordance with
improvements in abdominal contour surgery, procedures to improve redundant skin
elsewhere on the body were being devised. Initial attempts to correct the anomalies were
made in the 1920s by Thorek and his contemporaries and consisted primarily of elliptical
excisions of skin. All of the advances made in body contouring, from the original work of
Kelly and his contemporaries to the modifications seen every decade, have contributed
to a dynamic and evolving specialty. Currently, there is no field within the domain of
plastic surgery growing with the same rapidity, and with worldwide obesity continually
on the rise, the growth of this field is unlikely to abate in the near future. The contributions
of Thorek, Passot,  Pitanguy, Baroudi, Grazer, Wise, Regnault,  Lassus, Illouz, Klein,
Lockwood, and others have provided the necessary armamentarium to approach the post‐
weight loss patient knowingly, intently, and adequately equipped to restore pleasing
contour to the patients we as surgeons care for. The combination of regional dermolipec‐
tomies, lifts, and suction lipoplasty has the potential to restore the elegant human form,
to recreate gesture, and to restore appropriate structure.

Keywords: history, body contouring, surgery

1. History of body contouring

Physical  look has always been very important  to  majority of  people [1].  Unaesthetic  fat
deposits or loose skin, especially the ones without response to diet or physical exercise, has
always been some of the major issues of modern age aesthetic surgery patients [2]. There are,
however, differences in the distribution of the body fat between male and female patients.
Men have less body fat around the waist, especially in the abdominal area; women generally
have a higher percentage of body fat than men, especially around their thighs and buttocks,
which is called gynoid fat. In overweight women, normally, the deposition of fat is mainly

© 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.
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found below the waist. Patients with the extra amount of fat can feel uneasy, anxious, or
embarrassed. Plastic and aesthetic surgery, through abdominoplasty and liposuction, has
solved this problem, in order to achieve pleasant cosmetic results, i.e., to deliver an improved
aesthetical image to the patients [2].

Evolving together with weight loss surgery, the field of body contouring surgery has assayed
to sculpt a satisfying form surgically. Operative interventions of this type, where surgeons
remove large amounts of fat and excess skin, are not something new, although they are growing
rapidly with quite accessible treatment.

2. History of abdominal procedures

First, there were functional panniculectomies with various approaches concerning the scar
shape and its location [2]. Over a century ago, in 1880, in France, Demars and Marx reported
a large resection of skin and fat from the abdominal wall. In 1899, Dr. Kelly performed a
panniculectomy with an elliptical transversal incision around the umbilicus [3]. In 1901, Peters
described a similar surgery extracting 7450 g from a patient, including the umbilicus, without
the undermining [4]. Gaudet and Morestin extracted fat and skin with correction of an
umbilical hernia while preserving the umbilicus. Eventually, Babcock in 1916 described
dermolipectomies using vertical incision [5].

Most authors would agree that the earliest work by these pioneers and others generally
represented truly functional panniculectomies. There was tremendous variation in scar
location and morphology, but the basic approach was exactly the same, simple dermolipecto‐
my [6].

Thorek is the one to be praised for the contour surgery’s first major aesthetic accomplishment.
He performed the first umbilicus‐preserving abdominoplasty in 1924 [7]. The significant
contribution of Passot would need to be mentioned here—he used undermining as a modifi‐
cation of Kelly's technique [8]. Vernon in the 1950s developed a novel concept by combining
extensive undermining with the umbilical transposition and relocation, which is a procedure
still in use today. Callia described aponeurotic suturing as an important piece of his procedure
in 1967, which involved an infrainguinal incision [9]. The famous Pitanguy in the same year
published a series of 300 abdominal lipectomies with infrainguinal incision [10]. Previously,
the published literature consisted mostly of case reports or a few number of patients. In the
1970s, Regnault modified the Pitanguy's incision into the “W” incision [11]. In 1973, Grazer
championed the “bikini line” incision used frequently today [9]. An observation in 1977 by
Grazer and Goldwyn that abdominoplasty decreased anterior projection of the abdomen but
did little to change waist diameter led to Psillakis’ assertion in 1978 that muscular aponeurotic
suturing was an underutilized tool to decrease waistline dimensions [12]. Pregnancy produces
changes in the body contours due to skeletal modification and flaccidity of the cutaneous and
musculoaponeurotic tissues. There is now a new technique to face the musculoaponeurotic
flaccidity and in this way achieve acceptable abdominal contour. The major oblique muscle is
sutured to the rectus fasciae.

Body Contouring and Sculpting4
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Somalo and Gonzalez‐Ulloa extended the transverse abdominal incision circumferentially and
introduced the belt lipectomy. This concept would provide the stepping stone for many
subsequent “radical” lifting procedures [13, 14].

3. History of upper body contouring procedures

Similarly as with the improvements in abdominal contour surgery, procedures to ameliorate
redundant skin on other parts of the body were being devised. The arms of a weight loss patient
often manifest sagging deflated skin, downward descent of the posterior axillary fold, and
redundant axillary skin. Initial attempts to correct these anomalies were performed in the 1920s
by Thorek and his contemporaries and involved primarily elliptical excisions of skin [15]. The
procedure did not change significantly and was pretty exotic until 1973. Here, Lewis carried
the resection into the patients’ axilla and performed a Z‐plasty to reduce the effects of scar
contracture. Soon after, Pitanguy again developed alternative solution for patients with
excessive lateral axillary skin tissue, in which he continued the arm scar into the inframammary
fold. Afterward, he developed a method of a so‐called bat‐wing torsoplasty in the 1970s. This
technique combined brachioplasty with vertical axilloplasty in a single scar bilaterally [16].
Another big contribution was made by Regnault, who created a fishtail version of the arm
reduction that is still used with small modifications by many surgeons [17].

4. History of lower body contouring procedures

The lower extremities have also suffered the unwanted effects of massive weight loss as well
as effects of gravitational forces. In the beginning of the twentieth century, Dr. Kelly and Dr.
Noel realized the aesthetic impact of thigh morphologic abnormalities and performed local
excisions of the thigh tissue in combination with abdominal lipectomy [18, 19]. They managed
to achieve success with elliptical excisions of skin and fat. This method was brought to life at
the moment when Lewis created the notion of a thigh lift in 1957, using a circular resection
with vertical components, in order to minimize overall circumference; thus thigh contour was
altered greatly in a most positive way [20]. Pitanguy's contribution to trochanteric lipodystro‐
phy in the 1960s [21] has inspired Farina to devise “riding trousers” resection type [22]. It
differs from obesity because, according to Pasqualini [23] the latter is a state in which an excess
of fat accumulate, predominantly in subcutaneous cellular tissues, and a remarkable change
in the shaping of the body occurs as a consequence. From a clinical standpoint, trochanteric
lipomatosis is like a real lipoma, since, according to Bergmann and his coworkers [24], it
remains unaltered even when the patient loses significant weight. The incision must be
fusiform and deep to the aponeurotic layer, from the iliac crest up to the mediocrural level.
The upper end of this incision has to be lengthened backward, following the iliac crest to about
15 or 10 cm from the posterior midline [32]. Fusiform excision of the dermofat together with
undermining of the crural flaps is carried out after that. Large undermining of the incision's
lower end is carried out in parallel to the iliac crest in a way to expose the aponeurosis of the
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gluteus maximus. By pulling upward and forward, the angle of this large pelvicrural flap, a
right‐angled triangular part is achieved for the excision. Next, a cutaneous suture is carried
out with simple interrupted stitches, and a few Donati's stitches are tied upon rollers of gauze.
A pressure dressing of gauze that has been impregnated with Vaseline petroleum jelly is
applied and fixed with adhesive tape [22].

The fusiform excision, which continues from the iliac crest, up to a quite high point on the
lateral face of the thigh, needs to be done towards the posterior side, in order to be hidden
from the front side [22]. Schrocher advised to leave one or two centimeters of fat on the
aponeurosis because, in his opinion, when the aponeurosis is exposed there is excess exuda‐
tion [25]. In Farina's opinion this is caused by lipolysis, a natural phenomenon when fat tissues
are handled, so we must not hesitate to undermine at the fascial plane.

Abundant lipolysis can modify the aesthetics by changing the general volume of the limbs.
The upper end of the abovementioned incision, when it gets near the iliac crest, needs to follow
the line in an anteroposterior direction until the middle to the posterior midline. Farina not
only removed the disfigurement but also succeeded in improving the aesthetic aspect of the
buttocks by making them look higher using this method. The patient must stay absolutely
stable for a week, when we start to remove alternate stitches [22].

This method eventually ended up with scars in a position which was neither desired nor
expected.

This method has been further improved by Pitanguy using a semicircular excision technique,
which at once took care of trochanteric adiposity and medial and lateral thigh laxity. Baroudi,
Regnault, and Grazer came up with further modifications in this method. In the end, the
semicircular thigh reduction has been completely revised by Regnault and we got the circular
thigh reduction [26]. One of the unwanted side effects of these methods was known as gluteal
depression. It is a contour shape loss between the iliac crest and femoral trochanter. Agris,
Aston, and many others rectified this by filling up this area with excess deepithelized skin [27].
Agris J. Use of dermal‐fat suspension flaps for thigh and buttock lifts..

In the early 1990s, Dr. Lockwood would further revolutionize the rejuvenation of the lower
extremity and move onto entire thigh‐abdomen‐trunk aesthetic unit by describing the
anatomic features and making use of the superficial fascial system (SFS) to anchor tissues after
excisional lifting procedures [28, 29]. His precise description of the medial thigh anchoring
technique in 1988 allowed a more durable lift of the inner thigh with less scar migration [30].
The introduction of the high‐lateral‐tension abdominoplasty and the lower body lift expanded
upon the earlier belt lipectomy concept of Somalo and Gonzalez‐Ulloa to fix and perfect the
entire thigh‐trunk‐abdomen aesthetic unit [13, 14].

5. History of breast reduction

Male and female breast tissue would also experience unpleasant and significant conforma‐
tional changes as a result of massive weight loss. The female breast is one of the most attractive
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aesthetic areas in female anatomy. There are numerous testimonies to the crucial and often
devastating role that feminine beauty and figure of breasts had in many different cultures.
Depending on the cultures and the era, vision of what makes beautiful and sensuous breasts
have more or less stayed the same for the past 2500 years. First of all their size, but also shape,
and maybe the breasts’ symmetry can have a greater effect on the women’s self‐esteem and/or
confidence. Reduction mammaplasty is certainly one of the frequently asked surgeries—
plastic surgeons can make a crucial effect to a woman’s quality of both physical and social life.
Plastic surgery has seen quite high satisfaction rate of the patients constantly, although there
are not always success stories to be told [33].

Majority of women with extremely large breasts might suffer from poor self‐esteem, altered
self‐image, and other psychological effects. Women, whose breasts are abnormally large
relative to their body built, are often limited in their choice of clothing and even lifestyle.
Exercise, sports, and participation in other daily activities might be very difficult for them.
Breast sizes are a powerful factor in woman's attitudes, career choices, as well as personal life
in so many ways.

Urgent medical conditions, such as skin lacerations and intertrigo, chest tightness, or for
example, chronic headaches as well as pains in the breast, neck, back, or shoulder are well
known complaints of women with breasts larger than usual. These symptoms are either
eliminated or significantly improved by reduction mammaplasty. After surgery, majority of
these women enjoy a positive new outlook, cured from their medical complaints and engage
in activities that were previously impossible for them.

Breast reduction surgery continues to develop, improve and is being refined constantly with
a large number of procedures. Each procedure presents particular advantages in terms of
symptoms, vascular preservation, technique design, ease of realization, minimum scarring,
maintenance of innervation, and long‐term results.

Usually seen anomalies are asymmetric volume loss, or for instance loose inelastic and
redundant skin, or medialized nipple‐areola complex (NAC) position in women. There is also
lateral outward migration of tissue, which results with axillary skin excess. Rejuvenation of
chest is still one of the most challenging areas in body contouring surgery.

Long time ago, in the 6th ct. AD, Paulus Aegineta described a technique of reduction mam‐
maplasty in order to correct the gynecomastia. Furthermore, in 1561 Hans Schaller has
successfully performed a reduction mammaplasty by breast amputation [31]. Dieffenbach [32]
was the first surgeon to make a reduction mammaplasty in a female patient, leaving the scar
in the inframammary fold. Thomas [33] and Guinard [34] underlined the inframammary fold
as an entrance site for the operative treatment of surplus breast tissue.

Most of the surgical treatments made during the 1800s and the early 1900s were aiming at
correcting ptosis. Different skin types, as well as glandular excisions were involved, attaching
or sometimes suspending the breasts on a higher position at the chest wall, however, without
the true nipple‐areola complex (NAC) transposition. The whole idea of nipple‐areola complex
transposition has been improved in between 1909 and 1925. Morestin in 1909 [35] was the first
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surgeon who transposed the nipple‐areola. He was followed by Villandre, cited in 1925. He
referred to a surgery that he performed in 1911 [36]; and later Lexer continued the work [37].

The following phase in the evolution of breast reduction surgery was mainly focused on the
knowledge of the blood supply of the skin, mammary glands, and nipple‐areola itself. The
subdermal blood supply to the breast skin and glands was object of many detailed consider‐
ations.

In 1937, Schwarzmann [38] proposed to leave a periareolar dermal ring in order to improve
arterial and venous blood supply directly to the nipple‐areola. This has improved viability of
the nipple‐areola complex and improved its transfer. It is a beginning of methods involving
deepithelized nipple pedicle flaps.

The extreme significance of incisions’ marking beforehand the operation was well presented
by Bames in 1948 [39]. The following year, Aufricht [40] remarked that ultimate breast form is
determined by the postsurgical “skin brassiere”. Wise in 1956 [41] described a pattern for
preoperative marking of the breast that resulted an aided in accurate and reproducible
resection of parenchymal tissue while minimizing complications and resulting in satisfactory
breast shape.

Resulting and following refinements in breast reduction surgery evolved around pedicle
designs to preserve vascularity and place the scars in more aesthetic area. Different orientations
of the breast dermal and parenchymal pedicles were described. Strombeck [42] described a
horizontal dermal bipedicle flap that helped maintain innervation to the nipple‐areola
complex. McKissock [43] described a vertical bipedicle flap; Weiner et al. [44] a superiorly
based flap; finally, Courtiss and Goldwyn [45] along with Georgiade et al. [46] used inferiorly
based flaps.

A few authors described substantial innervation of the breasts. Marchac and de Olarte [47],
Góes [48], Lejour [49], and Lassus [50] implemented vertical as well as short‐scar reduction
methods. Most of the methods developed during the 1960s and 1970s. However, during the
last decade or more, they achieved common popularity, acceptance, as well as regular utiliza‐
tion.

However, Beisenberger's dermoglandular separation [51] as well as nipple transposition at the
unilateral vascular pedicle which Skoog did in 1963 [52], Regnault's B type reduction [53],
Lassus's vertical mammaplasty [54], or Benelli's periareolar reduction [55] have helped
discovering new methods and techniques to recreate satisfactory breast shape in both women
and men. Various authors described in detail glandular reshaping and dermal suspension.

6. History of liposuction

Removing excess fat from localized body sites is not a new idea [56]. In 1921, in France, Charles
Dujarrier tried to remove subcutaneous fat using a uterine curette on a dancer’s calves and
knees [57]. Unfortunately, he damaged the femoral artery, and the patient has lost her leg as a
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result. One of the original and creative initiatives came from Schrudde in 1964, when he
extracted fat from lower areas of the limb, through a visibly small incision, utilizing a curette.
The unfortunate results from this surgical initiative were unpleasant hematomas and seromas
[34, 58]. Pitanguy, on the other hand, was in favor of a removal of both fat and skin in a block,
in order to remove excess thigh adiposities in one act. However, significant visible incisions
made this method quite unpopular [20].

The field of modern liposuction began with the technique and new instruments developed by
Arpad and Fischer [59, 60]. During their work in Rome, Italy, they managed to develop a blunt
hollow cannula, with additional function of suction. Some of the previous cannula designs
contained a cutting blade also. They made their results public in 1976 [61]. Fischers also started
the crisscross tunnel formation method, from several incision sites. The new instruments have
brought very promising results. The abovementioned complications were avoided using these
instruments. Kesselring and Meyer [62] published their surgery results of sharp curettage
aided by a suction device in 1978, but their method did not receive a wide acceptance.

Fournier, in Paris, showed an early interest in the Fischer’s liposculpture technique [63]. He
was an initial enthusiasts of the “dry technique” in which no fluids were infiltrated into the
patient prior to liposuction. Fournier would become a world leader in liposuction and fat
transplantation, eventually insisting on the benefits of tumescent anesthesia and making a
great contribution in opening new horizons and ideas to surgeons from different parts of the
world.

Illouz, a Parisienne, was quite attracted by the Fishers’ work. His preferred method was a ”wet
technique”, where they implemented a solution of hypotonic saline together with hyaluroni‐
dase inserted into the adipose tissue before the aspiration. lllouz thought that the solution itself
was a “dissecting hydrotomy” which would catalyze the removal of fat and thus reduce
trauma, as there was smaller amount of bleeding. lllouz received worldwide publicity and
promoted this method.

The first US surgeon to visit France to learn the new area of liposuction was Lawrence Field
in 1977, a Californian dermatology surgeon [64]. Other surgeons from the States, coming to
conferences and educating themselves about new methods in the literature, also showed an
interest in the area. One of them was Norman Martin, an otolaryngologist. He visited to Illouz
in 1980 and quickly started with liposuction surgeries in Los Angeles in 1981 [65].

It was 1982 when a group of physicians from various specialty disciplines received lectures
from Illouz and Fournier. Among them, dermatologists Claude Caver and Arthur Sumrall
attended these classes. Rhoda Narins, a dermatologist from New York, also visited France in
1982 to learn the techniques. At the same time, a task group formed by the American Society
of Plastic and Reconstructive Surgeons visit to Europe to learn and form opinions about this
new procedure. Recognizing its potential, the abovementioned attempted to monopolize the
whole field by having lllouz sign a contract with them to exclusively teach plastic surgeons
worldwide. Fournier in turn refused to sign that kind of contract, and in spite continued to
teach physicians from various fields [65]. Julius Newman, otolaryngologist and cosmetic
surgeon, together with his associate Richard Dolsky, who was a plastic surgeon, together
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taught the first American course on liposuction, held in Philadelphia in 1982. The five live
surgery workshops were held in Hollywood, California, in June 1983, under the authority of
the American Society of Cosmetic Surgeons and the American Society of Liposuction Surgery.
There were altogether 10 dermatologists in attendance.

Interest in liposuction has been on the upward spiral since and continued to expand in the
United States. In 1983 and 1984, several interspecialty courses were sponsored by the American
Academy of Cosmetic Surgery. “Lipo Suction” term was coined by Newman and soon he
eventually established the ASLS—American Society of Liposuction Surgery. Some of the first
publications about liposuction were noted in the dermatological literature, back in July 1984
[66, 67].

Already in 1984, liposuction training was ongoing in some residency programs. For instance,
the dermatology section at the Tulane University School of Medicine was one of the first ones
to teach residents about liposuction on a regular basis. Liposuction was soon a part of the “Core
Surgical Curriculum in Dermatology” in 1987. Dermatologic surgeons also had a greater role
in postgraduate education in liposuction, and established special training courses. Doctors
Patrick Lillis, Rhoda Narins, and Jeffery Klein organized many workshops that gained much
interest.

The dermatological literature of the 1980s is filled with numerous interesting and important
articles describing liposuction methods [67–71]. Klein designed the tumescent technique,
showcasing almost entirely bloodless session of liposuction with application of just local
anesthesia [72]. This creative innovation was a turning point and dramatically altered the
future of liposuction. The first dermatological textbook to contain a chapter on liposuction was
Cosmetic Dermatologic Surgery, published by Year Book in 1984, authored by Samuel Stegman
and Theodore Tromovitch.

In 1987, Klein’s description of the tumescent technique and subsequent demonstration of its
safety and efficacy revolutionized the art and practice of suction lipectomy [31].

The American Academy of Dermatology (AAD), the American Society for DermatoJogic
Surgery (ASDS), and the International Society of Dermatologic Surgery (ISDS), all practiced
extensive educational program on liposuction subject at their annual gatherings starting in
1984. Coleman and Fournier were guest editors of a special liposuction issue in Journal of
Dermatologic Surgery and Oncology in 1988. Lillis and Coleman were guest editors for a special
issue of Dermatology Clinics on liposuction in 1990 and again in 1999. William Coleman and
Naomi Lawrence were guest editors for a special issue of Dermatologic Surgery in 1997.

The first detailed instructions on care [73] for liposuction procedures have been approved by
the American Academy of Dermatology in 1989 and published in 1991. The Tumescent
Liposuction Council has been formed in 1992, with the aim of increasing level of awareness
about the advancing tumescent method for liposuction treatment. Their newsletter was first
published in 1993. Many postgraduate courses were organized to help teaching dermatologists
how to master this method.

During the 1980s, dermatologists were major contributors to this field. Some of the contribu‐
tions were the use of liposuction for the face alone or in combination with microlipoinjection,
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face‐lifting [74, 75], and liposuction for axillary hyperhidrosis, lipomas, gynecomastia, and
reconstructive surgery [76, 77].

In the beginning, large cannulas were employed for liposuction, some up to 1 cm in diameter.
These large instruments may have caused damage to neurovascular bundles and occasionally
may have led to uneven contours and seromas or hematomas in some patients. Gentle touch
was needed for use of local anesthesia, which was favored by dermatological surgeons.
Different, smaller‐diameter cannulas have been developed by dermatological surgeons [78–
80]. The cannulas that are normally used at the present time are extremely small in diameter,
some with an inner diameter of less than 0.6 mm. Blunt‐tipped cannulas are IJOW standard,
due to significantly decreased injury to blood vessels. The use of several side entry points opens
the possibility for removal of adipocytes. Hand‐operating instruments, combinations of
syringes and cannula tips were also invented [81–84]. Many surgeons chose the usage of these
quiet, disposable instruments, so they became quite popular as backup items. The aspiration
units that manufacturers designed in cooperation with dermatological surgeons gradually
became more powerful but more quiet as well, making surgical environment pleasant and
positive experience.

In 1987, dermatologist Jeffery Klein, MD, presented his development in the field tumescent
anesthesia [85]. His innovation consisted of infiltration of a dilute solution of lidocaine with
epinephrine to allow for more extensive liposuction using only local anesthesia, significantly
minimizing bleeding [72]. This revolutionized the field of liposuction for all specialties [86,
87]. Klein [88] and Lillis [89, 90] showed in presentation that the hematocrit of the aspirate fat
was minimal. The expected complications of hematoma and seroma formation became rare.
Complex calculations of fluid and blood loss or autologous transfusion were no longer needed.
Peri‐ and postoperative monitoring was all of a sudden made much more simple.

Klein showed that diluted combinations of lidocaine together with epinephrine are really not
absorbed in the same way as normally used commercial lidocaine. Klein [91] proved that when
tumescent liposuction is performed in combination with previous application of 0.05%
lidocaine and 1:1,000,000 epinephrine, maximal doses of 35 mg of lidocaine per kilogram of
body weight were very safe and quite effective. This pharmacological discovery made possible
for large volumes of fat to be removed. This development of tumescent anesthesia eventually
encouraged some surgeons to progressively explore the different options and limitation of
lidocaine. Lillis reported no complications what so ever in tumescent lidocaine doses of more
than 70 mg/kg. Ostad et al. [92] suggested the max tumescent safe lidocaine dosage to be 55
mg/kg of the body weight. The rate of application of the tumescent anesthesia was found not
to be dependent of lidocaine levels in plasma [93]. The tumescent procedure has been of utmost
importance in the field and experts around the world recognize its importance.

Nowadays, some specialties still perform liposuction in the hospitals, but dermatological
surgeons have clearly shown that tumescent liposuction is harmless, just as an office‐based
outpatient surgical treatment [94]. There were quite a low number of cases with complications,
however with no fatalities, when the tumescent anesthesia method was implemented as a local
anesthetic with no excess intravenous fluids or for instance general anesthesia [95, 96].
Complications and even fatalities in some cases have been reported when liposuction was
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performed under total anesthesia and deep intravenous sedation, after implementation of
tumescent fluids. The mentioned variations of the tumescent technique have been strongly
criticized by most dermatological surgeons all over the world [97]. Dermatological surgeons
have also proven without any doubt that limiting the amount of fat aspirated contributes in
general to the safety of the procedure [94].

Documentation of safety in liposuction procedures that are performed by dermatological
surgeons has been impeccable [95, 96]. The number of lawsuits has been shown to be signifi‐
cantly decreased when liposuction is performed applying the tumescent technique, in an
outpatient setting by a dermatological surgeon. Hospital‐based liposuction, which more often
than not involves general anesthesia, have resulted in 3.5 times as many malpractice claims
[94].

Liposuction, as a procedure, is practiced by several specialties, and interspecialty rivalries have
formed and exist to this day. Competing personal economic interests by different branches
have led to attempts to restrict who should be allowed to perform liposuction and in what
setting [56, 57]. Several states have accomplished introducing negative impact legislation in
order to limit the physical location in which liposuction can be carried out. Without a doubt
liposuction is safest as an outpatient procedure. Demanding by law the performance of
liposuction in a hospital setting may increase the risks and complications and endanger
patients. These politically and economically‐based restrictions on such activities will continue
due to influence of wealthy medical lobbies.

At first, ultrasonic liposuction has been developed in Europe in the beginning of 1990s by
Zocchi [98]. The procedure exposes fat cells to ultrasound, which acts as a fat‐aspiration
catalyst. Ultrasonic techniques may be cannula based (internal) and by external application.
Although the American Society of Plastic and Reconstructive Surgeons promoted ultrasonic
liposuction in the past, dermatological surgeons generally gave up on this technique. Use of
internal ultrasound increases the risk for cutaneous burns and seroma formation, and has
almost no benefits over regular liposuction. Several studies by dermatologists who were
studying external ultrasonic liposuction have found almost no benefit to it, when used before,
during, or after a procedure. Moreover, complications have occurred from both forms of
ultrasound, and it gives the right to the above‐mentioned dermatological surgeons [99–103].

It has been the case that shaving instrument with suction to remove fat has been used in
submental resection [104, 105]. Furthermore, a full‐body version of this technology as well as
new more powerful liposuction cannulas has been developed and used by dermatologic
surgeons [106]. These devices use a rotary internal blade built into the cannula and are
designed to facilitate tunneling through fibrous adipose tissue. Newer powered liposuction
devices make use of a reciprocating cannula that facilitates fat removal and may decrease the
physical work of the surgeon, which is in those interventions substantial [106].

Noncosmetic applications of procedures such as liposuction have been introduced or even
invented by creative dermatological surgeons from all around the world [77]. They clearly
showed that liposuction could be used to remove lipomas [107–109] angiolipomas [110], and
improve hyperhidrosis [76, 111, 112]. Liposuction techniques can greatly assist in hematoma

Body Contouring and Sculpting12



performed under total anesthesia and deep intravenous sedation, after implementation of
tumescent fluids. The mentioned variations of the tumescent technique have been strongly
criticized by most dermatological surgeons all over the world [97]. Dermatological surgeons
have also proven without any doubt that limiting the amount of fat aspirated contributes in
general to the safety of the procedure [94].

Documentation of safety in liposuction procedures that are performed by dermatological
surgeons has been impeccable [95, 96]. The number of lawsuits has been shown to be signifi‐
cantly decreased when liposuction is performed applying the tumescent technique, in an
outpatient setting by a dermatological surgeon. Hospital‐based liposuction, which more often
than not involves general anesthesia, have resulted in 3.5 times as many malpractice claims
[94].

Liposuction, as a procedure, is practiced by several specialties, and interspecialty rivalries have
formed and exist to this day. Competing personal economic interests by different branches
have led to attempts to restrict who should be allowed to perform liposuction and in what
setting [56, 57]. Several states have accomplished introducing negative impact legislation in
order to limit the physical location in which liposuction can be carried out. Without a doubt
liposuction is safest as an outpatient procedure. Demanding by law the performance of
liposuction in a hospital setting may increase the risks and complications and endanger
patients. These politically and economically‐based restrictions on such activities will continue
due to influence of wealthy medical lobbies.

At first, ultrasonic liposuction has been developed in Europe in the beginning of 1990s by
Zocchi [98]. The procedure exposes fat cells to ultrasound, which acts as a fat‐aspiration
catalyst. Ultrasonic techniques may be cannula based (internal) and by external application.
Although the American Society of Plastic and Reconstructive Surgeons promoted ultrasonic
liposuction in the past, dermatological surgeons generally gave up on this technique. Use of
internal ultrasound increases the risk for cutaneous burns and seroma formation, and has
almost no benefits over regular liposuction. Several studies by dermatologists who were
studying external ultrasonic liposuction have found almost no benefit to it, when used before,
during, or after a procedure. Moreover, complications have occurred from both forms of
ultrasound, and it gives the right to the above‐mentioned dermatological surgeons [99–103].

It has been the case that shaving instrument with suction to remove fat has been used in
submental resection [104, 105]. Furthermore, a full‐body version of this technology as well as
new more powerful liposuction cannulas has been developed and used by dermatologic
surgeons [106]. These devices use a rotary internal blade built into the cannula and are
designed to facilitate tunneling through fibrous adipose tissue. Newer powered liposuction
devices make use of a reciprocating cannula that facilitates fat removal and may decrease the
physical work of the surgeon, which is in those interventions substantial [106].

Noncosmetic applications of procedures such as liposuction have been introduced or even
invented by creative dermatological surgeons from all around the world [77]. They clearly
showed that liposuction could be used to remove lipomas [107–109] angiolipomas [110], and
improve hyperhidrosis [76, 111, 112]. Liposuction techniques can greatly assist in hematoma

Body Contouring and Sculpting12

situations, with successful evacuation of hematoma [113]. Klein demonstrated and performed
liposuction techniques for breast reduction. The field pioneered liposuction method in order
to achieve flap movement in cutaneous reconstruction [114–117]. Gynecomastia [118, 119]
benign symmetrical lipomatosis (Madelung’s disease) [120], Dercum's disease [121], Cushing's
disease [122], and insulin‐induced lipohypertrophy [123, 124] have been treated with liposuc‐
tion as well. Lymphedema, most often following breast cancer treatment, has benefited from
liposuction and controlled compression therapy [125, 126]. Liposuction has become a valuable
technique in situations where a surgeon intends to improve stomal dysfunction [127, 128].

Liposculpture has become a proven modality that can avoid unseemly scars in patients with
good skin tone and provide a significant adjunct to excisional lifting procedures. Ultrasonic
liposuction techniques have the potential to improve aesthetic results.

7. Body contouring after massive weight loss

Massive weight loss (MWL) is normally defined as an excess weight loss (EWL) of 50% or more
in an effort to combat morbid obesity [129]. A comprehensive and detailed preoperative
evaluation is mandatory as the body‐contouring procedures following MWL are often
extensive with potential morbidity and even mortality [130]. Although this amount of weight
loss is most commonly found in bariatric surgery settings, plastic surgeons should separate
between patients who have undergone bariatric/metabolic surgery and those who have lost
weight only through diet and exercise, because malabsorptive procedures produce a number
of nutritional deficiencies not otherwise seen. Furthermore, they need to understand the
differences between various bariatric surgical techniques and take their basic working
mechanism into consideration as patients having purely restrictive procedures are less likely
to suffer from many of the metabolic complications and deficiencies that may be seen after
malabsorptive weight loss operations [131]. The terms, body contouring or post‐MWL body
contouring, can be applied to any surgical procedure used to modify the skin envelope,
subcutaneous layer, and/or investing fascia, and include a wide range of operations performed
to treat the MWL patient. After a rapid and massive weight loss, there is a sudden change in
BMI which leads to skin and soft tissue becoming excessive and redundant with a poor tone.
Surplus skin and malpositioned adipose deposits can contribute to medical conditions such
as irritation, fungal infections, poor hygiene, skin breakdown, physical function impairments,
and low self‐esteem [131]. Therefore, excisional surgery may relieve these symptoms and, for
all these reasons, it must be considered to be reconstructive rather than cosmetic [132].
However, MWL patients are also seeking an aesthetic outcome to improve their body image
and self‐esteem.

All of the advances made in body contouring, from the original work of Dr. Kelly and his
contemporaries to the modifications seen every once in a while since, have contributed to a
dynamic and evolving specialty. Currently, there is no field within the realm of plastic sur‐
gery which is growing with the same rapidity, and with worldwide obesity continually on
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the rise, the growth of this field is unlikely to abate in the near future. The contributions of
Thorek, Passot, Pitanguy, Baroudi, Grazer, Wise, Regnault, Lassus, Illouz, Klein, Lockwood,
and others have provided the necessary armamentarium to approach the post‐weight loss
patient knowledgably, thoughtfully, and adequately equipped to restore pleasing contour to
the patients we as surgeons care for. The combination of regional dermolipectomies, lifts,
and suction lipoplasty has the potential to restore the elegant human form, to recreate ges‐
ture, and to restore appropriate structure.
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Abstract

Creation of aesthetic proportions and volumes of the lower body and extremities is
crucial  for  the  beautification  of  a  patient’s  body.  In  authors’  hands,  it  includes
ultrasonic-assisted liposuction (UAL) or VASER sculpting of abdomen, waist, buttocks,
breeches, inner thighs, inner knees, and ankles for straightening and elongation of the
leg form; UAL or VASER “knee form lift” for visible elongation of lower legs; Serdev
Suture® lifting of the buttocks for leg elongation, changing the body-leg proportions
and for buttocks projection. Important proportions are the equal width of shoulders to
buttocks breadth, as well as the similarity of buttocks to breast volume in profile view.
These proportions are important for European culture and most of the Caucasian and
Asian patients. In many other cultures, an amphora-like sculpting of the lower body
is desirable. Tiny ankles are a sophisticated addition to beauty. Strange augmented,
unproportioned Brazilian buttocks are not everywhere accepted and not healthy in
many cases. The author describes his techniques of UAL/VASER sculpting together
with Serdev Suture® buttock lifts to lift and project buttocks; beautify, straighten and
elongate lower extremities and change body proportions.

Keywords: lower body and leg contouring, better body proportions, buttock lift, Ser-
dev suture buttock lift, VASER buttock lift, VASER knee lift, VASER leg elongation,
VASER leg straightening, VASER ankle sculpting

1. Introduction

1.1. Ultrasonic-assisted liposculpture (UAL) and recently VASER

Ultrasonic-assisted liposculpture (UAL) and recently VASER are safe techniques that limit the
trauma and blood loss [1]. They are used by the author to safely sculpture the lower face and
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whole body. Aesthetic proportions and volumes are important rules and are followed by the
author as described in “History of Art”. This multidisciplinary science describes the form and
art to visualize the face and body aesthetics in human communication creating positive emotions
and admirations. In the branch “Aesthetics”, there has been a proliferation of the artistic acts
and behavior of mankind [1, 2; http://www.visual-arts-cork.com/history-of-art.htm]. It became
an important part of the Renaissance and influenced the philosophy and essence of beauty and
its creation.

1.2. Buttock lifting using UAL/VASER for elongation of thighs

Buttocks are not an area to be treated by classic liposculpture, but they are easily treated by
UAL/VASER [1]. Preferred areas are outer contours (in combination with outer thighs) and
lateral lower buttocks. The skin perforation is located laterally. Using UAL/VASER, the
infragluteal fold becomes 3–4 cm higher and gives visible elongation of thighs (Figures 1 and 2).

Figure 1. The left buttock is liposculptured. The left infragluteal line is much higher (3–4 cm) in comparison with the
untreated right buttock.

Figure 2. (A) Before (B) after UAL sculpting of waist, buttocks, outer and inner thighs to obtain correct Caucasian pro-
portions with the effect of buttock lift and better body proportions.
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1.3. Knee form lift using UAL/VASER for elongation of the lower legs

The knee lift is one of the most sophisticated liposculptures, because of the condyle contours.
The technique aims to remove all the inner knee fat deposit on the inner surface of the tibial
condyle and then higher only subdermal fat reduction until the nice form of the inner knee is
reached. Deep liposuction in the area above the medial condyle is not recommended because
it forms depressions and irregularities [1]. Following the above technique, the lower leg is
transformed to a very nice symmetric form (patients characterize it as a “champagne bottle
form”). The new form of the inner knee is formed much higher which elongates the lower leg
visually and patients like it, because knee-long skirts and frocks give an imagination of long
legs (Figures 3 and 4).

Figure 3. (A) The lower extremities before. (B) Day one after UAL beautification of lower extremities and knee form lift
for lower leg elongation and straightening. Minimal bruising and no irregularities.

Figure 4. UAL knee sculpting for knee lift and leg straightening. (A) Before (B) late result in a well-known model—
mannequin. Lower legs in a straighten form, which will be clearly visible under a knee-level skirt or other type of
dress. Whole legs are straightened with an elongated form. Ankles are sculptures to be thinner.
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http://dx.doi.org/10.5772/66217

27



1.4. Thin ankles using UAL/VASER

Tiny ankles give noble appearance to ladies. There are four fat deposits on ankles: two lateral
in front and two both sides of the Achilles tendon at the back. Four skin punctures using an
11-blade knife at the lowest place around the ankles give the best approach to all four fat
deposits positioning the patient in prone position and the lower leg flexed in 90°. Using the
tiniest probe and a 2 mm Mercedes cannula, the ankles can be formed thinner and as wanted
(Figures 5–7).

Figure 5. (A) Before (B) 4 months after VASER liposculpting of ankles and inner knees.

Figure 6. (A) Before (B) 3 months after VASER liposculpting of ankles, lateral low legs, and inner knees.
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Figure 7. (A) Before (B) 6 months after VASER liposculpting of ankles, lateral low legs, and inner knees plus fat trans-
fer to inner lower leg.

1.5. Sculpting the waist, abdomen, outer buttocks, outer thighs, inner thighs, inner knees
and ankles using UAL/VASER for leg straightening and elongation

Caucasian body structure is easily sculptured to finest, because of good body construction with
marked fat deposits. The author uses UAL since 1994 and recently VASER, removing only deep
fat collections, leaving superficial subdermal fat layer untouched. Such approach permits
removal of the total deep fat deposits, smooth results without irregularities even in skinny
patients and models, which is the finest fat sculpture for leg straightening and elongating [1]
(Figure 8).

Figure 8. (A) The lower body and extremities before. (B) Day one after UAL beautification of lower body and extremi-
ties, UAL buttock lift, leg elongation and straightening. Elongation of the lower leg and thighs is visible. Minimal
bruising is presented thanks to the atraumatic work using UAL. No irregularities due to deep liposculpting technique.
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1.6. Buttock lifting using the scarless transcutaneous Serdev Suture® technique for leg
elongation and changing of body proportions

The transcutaneous Serdev Suture® technique is a sewing of the mobile fibrotic buttock soft
tissue higher to the strong immobile Serdev sacrocutaneus fascia. This fascia is connecting the
lateral borders of the sacrum with the overlying skin and is located each side in a line between
the Venera dimples and the highest point of the intragluteal fold. Each Serdev suture® uses
three skin perforations: lateral, medial—just above the anus and upper—between the two
Serdev fascias (Figures 9–11). The idea is to tie the buttock trabecular system and the soft tissue
fibrosis like a bucket to project it and in the same time hang it higher on the Serdev fascia. The
suture should be round in order to perform equal pressure in each point. Thus, the buttocks
are projected, rounded, and lifted. The equal pressure around the suture prevents from tissue
trauma and cutting trough [3–5].

Figure 9. The skin perforations are marked with A, B and C. Point C is one for both sides. The suture is located deep in
the soft tissue, but above the gluteus maximus fascia. It forms a round circle to prevent from unequal pressure and
cutting through the tissue. The upper part of the suture is fixed above the Serdev sacrococcygeal fascia. After tying the
suture, the buttocks will be projected and lifted.

Figure 10. (A) Before (B) after a Serdev Suture® buttock lift in a dancer. Visible elongation of the thigh and better, high-
er projection of the buttocks.
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Figure 11. Left: Before, right: after buttock lift using Serdev Suture® in a 62-year-old patient. Lifting with elongation of
the thighs is visible as well as better texture of the skin.

Blunt semielastic Serdev® needles and Bulgarian polycaproamide threads 4, 6 and 8 are used
for buttock lift suture (Figure 12).

Figure 12. Serdev® needle, blunt, semielastic, and Polycon braided absorbable (in 2 years) threads for Serdev Suture®.

1.7. Simultaneous UAL/VASER lower body and extremities contouring and sculpting with
Serdev Suture® buttock lift

The author uses simultaneous combination of the UAL/VASER and Serdev Suture® buttock
lift technique [3–5] to obtain a correctly contoured and sculpted lower body and extremities
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with elongation of the legs, higher and projected buttocks as well as better body proportions
(Figures 13–15).

Figure 13. Left: before, right: after simultaneous UAL contouring and sculpting of the lower body and extremities and
Serdev Suture® buttock lift.

Figure 14. (A) Before (B) day one after the total VASER liposculpting of lower body and lower extremities, and simulta-
neous Serdev Suture® buttock lift in a 52-year-old patient. Pre-op marking is still visible. Correct proportions are
present, the leg form is elongated and straightened and buttocks are smaller and proportional to Caucasian body,
rounded lifted and projected. Younger appearance and beautification with better body proportions are presented.
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Figure 15. (A) Before (B) day one after the total VASER liposculpting of abdomen, lower body and lower extremities,
and simultaneous buttock lift in a 33-year-old patient. Correct proportions are present, the lower legs and the total leg
form are elongated and straightened and buttocks are smaller and proportional to Caucasian body, rounded lifted and
projected. Younger appearance and beautification with better body proportions are presented.

2. Results

No complications have been seen in thousands of UAL (1994–2006) and VASER afterwards.
The author does not use skin protection, because the ultrasound does not work lateral on the
length of the probe. To prevent from any early post-op period complications, we follow our
patients’ day-by-day until there is wound drainage—usually 4–7 days, mostly from the inner
knee skin perforation.

Buttock lift using Serdev Suture® gave only one complication of infiltration in the first patient
because of the use of nylon threads that are rigid. In this technique, the Bulgarian threads are
used instead of nylon, which are semielastic and absorbable in 2 years permitted the author to
perform thousands of buttock lifts with a sole complication of single infection of one of the
skin perforations in five patients, which was treated easily in 2–3 days. We follow patients with
buttock lift for 5–7 days to help them with taking shower, cleaning and dressing of wounds.
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Elastic garments are used for a month and a half.

3. Discussion

UAL/VASER contouring and sculpting are a safer and nearly bloodless procedure in compar-
ison with other liposuction techniques, because they both liquefy the total deep fat deposit,
need lower aspiration pressure and give a very effective results saving the vessels and nerves.
Blood loss and bruising are minimal as represented in figures given in the chapter.

Buttock lift using the Serdev Suture® technique is also atraumatic due to the blunt semielastic
needles, semielastic threads and the principle of a round suture to prevent from irregular
tension and cutting through the tissue. Pain is limited and patients work after 4–5 days.
Bandages are used for some days until the skin punctures drain.

4. Conclusion

Both UAL/VASER (keeping the superficial fat layer untouched) and Serdev Suture® techni-
ques alone or in their combination give perfect results in the hands of the author. Perfection in
contouring and sculpting the lower body and extremities with higher and projected buttocks,
elongated and straight lower extremities and lower legs gives good body proportions and
beautify our patients.
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Abstract

Laser liposuction was initially developed as a technique for laser lipolysis. In 1992,
Apfelberg was the first to describe the direct action of laser in the adipose tissue. Initially,
the technique was developed only for lipolysis of unwanted fat in a small region without
suction  of  dissolved fat.  Later,  it  evolved as  laser-assisted  liposuction,  which  is  a
technique that  combines  adipocyte  disruption with laser  beam and suction of  the
dissolved fat from the treated area with different types of cannulas. The neodymium-
doped yttrium aluminum garnet (Nd:YAG) 1064 nm has been introduced as first laser
for  lipolysis.  Blugerman,  Schavelzon,  and Goldman introduced the  concept  of  the
pulsed 1064-nm Nd:YAG system for laser lipolysis. They proved the effect of the laser
energy on fatty tissue as  well  as  the  on surrounding tissues  (dermis,  vasculature,
apocrine, and eccrine gland). After tissue damage with photo-optical thermal energy,
the  following histological  changes  have been noted:  (1)  adipocyte  cells  have been
disrupted, (2) blood vessels have been coagulated, (3) new collagen has been induced.
All those histological changes induce better clinical outcome such as less ecchymosis,
less bleeding, smoother, and firmer skin as result of new collagen formation followed
by skin retraction. Laser liposuction was developed as a minimally invasive liposuction
technique, where energy breaks adipocytes (comparing with traditional liposuction, in
which disruption is manual). Wave length of 1064 nm has hemoglobin as a target for its
photo-optical energy, and new wave length of 1470 nm has water molecules (H2O) as a
target. Infiltration of the Klein’s solution helps laser to dissolving of fatty tissue faster
and more energy to accumulate, followed by new collagen formation. Laser-assisted
liposuction in all types of lipodystrophies and cellulite can be successfully applied. High
definition of the body is a result of the energy as well as the technique of liposuction.
Laser liposuction can be applied on the face for fat removal and as a part of face lifting
or better to say endolight lifting. Today, we have lot of companies that have developed
different liposuction lasers (Nd:YAG; diode) with different wave lengths.

Keywords: laser, liposuction, lipolysis, skin tightening, high-definition
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1. Introduction

According to the statistics of the American Society for Aesthetic Plastic Surgery (ASAPS) for
2014, liposuction has been most commonly performed cosmetic surgical procedure [1]. The
technique of fat removal using a curette subcutaneously connected to a suction device was
created in the 1970 and 1980. Various surgeons concurrently were performing the similar
method, but the Italian gynecologist Giorgio Fischer in 1974 presented a prototype machine
[2,  3].  Illouz introduced the liposuction technique in 1982 at  the Annual Meeting of  the
American Society of Plastic and Reconstructive Surgeons [4]. Since then, there have been
various  attempts  in  improving  this  technique.  With  the  progress  of  technology,  various
methods have been described in addition to traditional suction-assisted liposuction in order
to improve the final cosmetic result and diminish complications.

In this chapter, we describe the use of laser energy in traditional suction-assisted liposuction
and body contouring.

2. Laser

A laser is a device that emits light through a process of optical amplification based on the
stimulated emission of electromagnetic radiation. The term “laser” originated as an acronym
for “light amplification by stimulated emission of radiation” [5, 6]. Theodore H. Maiman in
1960 produced the first laser using ruby as a medium that was stimulated using high energy
flashes of intense light. Laser light is monochromatic, bright, unidirectional, and coherent [7].

3. Laser-assisted liposuction—history overview

Dr. Leon Goldman is called the father of laser medicine. He was the first to introduce lasers
in medicine shortly after the first laser was invented. In 1963, he published first scientific
article on the pathology of the effect of the laser beam on the skin [8]. Hukki et al. were first
to describe the tissue effects of different Nd:YAG contact laser scalpels on pig skin and
subcutaneous fat in 1988 [9]. Dressel was first to perform laser lipolysis procedure in 1990 on
a 34-year-old man with abdominal adiposity [10]. Formally, laser-assisted liposuction was
first introduced by Apfelberg in 1992 when he described direct action of laser in the fat tissue
[11]. In 1994, Apfelberg et al. performed FDA-approved study on fifty-one patients in five
plastic surgery centers. Nd: YAG (neodymium-doped yttrium aluminum garnet) laser was
used. The 600 μm fiber was enclosed in 4 or 6 mm cannula. The energy used was 40 W. Pulse
duration was 0.2 s. The laser fiber was not in direct contact with the tissue [12]. The study
showed slight benefit for ecchymosis, pain and discomfort, and edema, but it was not enough
for the FDA to approve the technology so in that time, it was abandoned and the development
of the technology transferred to South America and Europe.
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The current principles for the use of laser energy in laser lipolysis/liposuction were founded
by Blugerman, Schavelzon, and Goldman in the early 2000. They were first to describe the
effects of laser on adipose tissue and surrounding structures—dermis, vasculature, and
interstitial tissue [13–16]. Badin et al. also reported their findings in 2002. They found laser
lipolysis to be superior to the conventional suction-assisted liposuction in terms of reduced
bleeding, disrupted adipose cell membranes, and introduction of new collagen. Its histological
findings correlated with their clinical observation—less ecchymoses, decrease in local adipos-
ity and skin tightening (badin-flaccidity under control) [17].

On 31 October of 2006 FDA-approved a 1064 nm Nd: YAG laser (smartLipo, Cynosure) for the
surgical excision, vaporization, ablation, and coagulation of soft tissues. That caused the
market to explode and various companies introduced their laser lipolysis machines with
various wavelengths as well as the laser source. That also enabled new studies to be performed,
and it was followed with a number of articles that advocated the benefits of laser-assisted
liposuction.

Around the same time of the FDA approval, laser lipolysis was also approved in Japan where
Ichikawa et al. were first to demonstrate the histologic and photonic relationship of energy
absorption and lipolysis using a pulsed Nd:YAG laser. Scanning electron microscopy after
irradiation showed greater destruction of human adipocytes than in the control. Degenerated
cell membrane, vaporization, liquefaction, carbonization, and heat coagulated collagen fibers
were observed [18]. In 2005, Badin demonstrated that laser-assisted liposuction produces more
major irreversible damage on the adipose cells with less bleeding that the traditional suction-
assisted liposuction [19]. In 2007, Mordon et al. represented mathematical model of laser
lipolysis. The importance of that article was actually in their conclusion that heat rather than
particular wavelength leads to lipolysis and skin tightening. They concluded that the temper-
ature of 48–50°C inside the lower dermis is sufficient to induce skin tightening, which corre-
sponds to external temperature of 38–41°C [20]. Finally, in 2008, McBean and Katz were first
to evaluate the skin tightening effect by photographic documentation and measurement.
Subjects had 4 × 4 cm temporary India ink tattoos placed at the treatment site and measure-
ments showed 18% decrease in surface area. They also performed histological evaluation that
indicated new collagen and myofibroblast compared to the baseline [21]. Until today, various
studies have been performed and articles have been published regarding superiority of laser-
assisted liposuction but also complications have been described. Therefore, it should be
remembered that laser is just a tool in a surgeon’s hand and care must be taken to use the
maximum from the energy tool but also not to endanger patient’s safety.

4. Mechanism of action

Basic mechanism of action in laser lipolysis is photothermal [20, 22]. Targeted tissue absorbs
laser energy and converts it into heat. During laser lipolysis and constant moving of the laser
beam, two parallel processes occur: absorption and scattering. Absorption occurs momentarily
and, in biological tissue, is mainly caused by water molecules, proteins, and pigments.
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Absorbed laser light energy converts into heat, thus producing desired thermal damage. The
heat acts on adipose cells and the extracellular matrix to produce both reversible and irrever-
sible cellular damage. For low-energy settings, heat generated by the laser alters the balance
of sodium and potassium of the cellular membrane, allowing the free transport of extracellular
liquid to intracellular space. For higher energy, settings rupture of adipose cells, coagulation
of collagen fibers, and small vessels are observed. Cell lipases are liberated in the surrounding
area, thus liquefacting the tissue [23–25].

At the same time, scattering occurs. Scattered parts of the laser beam are refracted and finally
also absorbed. This effect broadens the final volume of tissue where the absorption and thermal
damage finally occur.

In human skin and subcutaneous adipose tissue, scattering predominates over direct absorp-
tion for the wavelengths between 450 and 1800 nm [24]. When there is higher absorption,
scattering is mitigated, which results in low thermal effect. Considering all of the above, the
optimal choice of wavelength for laser lipolysis is one that is scattered as well as absorbed in
tissue. As the wavelength increases, the absorption increases also and scattering decreases.

The photothermal process of fat cell disruption occurs with the tissue heated on 50–65°C.
Lower temperatures do not result in destruction of adipocytes. Higher temperatures are not
advisable due to complications—tissue necrosis and scarring [23, 26]. To achieve skin tight-
ening, temperatures of 48–50°C must be reached within the dermis to induce collagen
contraction. Collagen injury from thermal damage promotes collagen remodeling, leading to
increases in skin tone and texture. Whenever a controlled, reversible thermal injury is created,
the body’s response is to release mediators responsible for the healing process. In turn,
fibroblasts are stimulated to generate and lay a bed of newly formed collagen [27–29].

Different wavelengths have been selected for laser lipolysis in an attempt to specifically target:
adipose tissue, collagen (water), and blood vessels. There are not enough reports in current
literature for a final conclusion to be made but some have been made. According to Perlette
and Kaminer, the most selective wavelength for adipocyte cell disruption is 924 nm. Since the
technology used is not only to diminish the subcutaneous fat layer but also to use it in an
optimal way for body contouring which includes the skin during the procedure. The wave-
length should be used that manages to disrupt fat cells but also achieves substantial skin
tightening. With the wavelengths tested in the report, authors state that the 1064-nm wave-
length has lower fat absorption but a better tissue disruption and there for produces better skin
tightening effect. In that sense, for the treatment of fragile areas, authors suggest the use of
1320 nm because it has lower penetration and is safer to use [23, 30].

The final result of laser-assisted liposuction/lipolysis is visible after 90 days. For the certain
amount of adipose cells that were irreversibly damaged (but not ruptured at the time of the
lysis) and were not suction during liposuction, the process of adipocitolysis occurs through
macrophage activity and this process takes approximately 90 days.

Also, after the initial thermal effect on the interstitial tissue, healing process is activated and
fibroblast is stimulated to form new collagen. Neocollagenesis takes about 3–10 weeks.
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5. Advantages of laser-assisted liposuction

The most significant advantage of laser energy in liposuction is the skin tightening effect. The
physiology of action has previously been described. Most candidates that undergo liposuction
have significant adipose tissue amount and generally have moderate excess of skin. In cases
where skin excision is not indicated the amount of skin tightening that evolves from using the
laser energy is generally enough to achieve satisfactory result. Therefore, it is always indicated
in patients that could result in excess skin after aspirating the subcutaneous fat. Surgeons
should also remember that effects of laser energy are prolonged. Skin tightening occurs during
several months after the procedure. The patients should also know that definitive result can
be seen after several months [21, 27, 30, 31].

During laser-assisted lipolysis/liposuction, smaller cannula sizes are used. The adipose tissue
is liquefacted; thus, it takes up less volume and the incision site can therefore be smaller.
Smaller cannulas result in less trauma to the surrounding tissue resulting in less pain and
discomfort after the procedure that enables the patient to recover faster and return to normal
everyday activity. Smaller cannulas also enable to perform liposuction in smaller areas where
much more precision is needed. That combined with the uniform liquefaction of the adipose
tissue makes perfect combination for treating localized adiposity in thigh and knee area, arms,
and submental and facial fat. Also, smaller cannulas can be especially useful in areas like male
chest, back, or hips. Those areas are very fibrous; therefore, the fat is trapped in smaller
compartments. The smaller is the cannula used for lipolysis and it facilitates fat melting in
fibrous locations. In the same time, smaller cannula size diminishes trauma to the surrounding
tissue experienced with larger sized cannulas. Only laser lipolysis without aspiration of the
liquefied content is described in the literature. Dudelzak, Hussain, and Goldberg reported
study with 20 patients that underwent laser lipolysis of extensor arm fat pads. The liquefied
fat was removed in 50% of the patients, and the results were observed 6 months after the
procedure. Their conclusion was that the results were identical whether or not post-laser
lipolysis aspiration was undertaken [32]. Individual case reports can be found describing
masses after laser lipolysis alone [33]. Fat necrosis is usually a gradual process that is noticed
by the patient or physician as a mass. Radiologically, it can imitate cancer. Complications from
necrosis of any kind are in direct correlation with the amount of necrotic tissue. Larger amounts
of necrosis create a greater inflammatory response. If the amount of necrotic tissue is too big,
in time, macrophages will not be able to resolve all of the necrosis but only that which is placed
peripherally and is in contact with the viable tissue. The central part will remain, and the
immune system will encapsulate the remaining necrosis [34]. The authors advocate the use of
aspiration whenever possible to avoid such complications. Laser lipolysis alone should be
reserved only to small treated areas where aspiration could result in irregularities.

Laser-assisted lipolysis/liposuction results in reduced blood loss due to coagulation effect of
the laser energy. Abdelaal and Aboelatta conducted a study on 56 patients. Equal amounts of
liposuction were performed—traditional-assisted liposuction on one side and laser-assisted
liposuction on the contralateral side. Blood loss volumes were calculated from the lipoaspirates
by measuring hemoglobin and red blood cell content. Laser lipolysis reduced the blood loss
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by more than 50% compared to the traditional liposuction [35]. Considering the reduced blood
loss, laser-assisted liposuction is indicated in large-volume liposuctions (>5 L of lipoaspirate)
to prevent secondary anemia due to blood loss during surgery. Reduced blood loss diminishes
the need for postoperative blood transfusions and therefore results in faster recovery. Reduced
blood loss is especially important in patients who previously underwent bariatric surgery. In
those patients, preoperative anemia is often present [36]. Coagulation of the vessels also
contributes to less bruising and edema, which also results in faster recovery and higher patient
satisfaction [25].

Many surgeons have noted an improvement of cellulite after laser lipolysis procedures. The
causes of cellulite are multifactorial, including changes in fibrous septae within the hypoder-
mis that macroscopically show herniation of subcutaneous fat into the dermis [37]. In 2008,
Goldman et al. published a new treatment approach combining subdermal Nd: YAG laser
lipolysis and autologous fat transplantation that resulted in significant clinical improvement
in cellulite. A majority of patients (84.6%) rated the results of treatment as either good or
excellent [38]. In 2016, Petti et al. reported the use of the Nd:YAG laser at a wavelength of 1440
nm, along with an innovative 1000-μm directional side-firing fiber-optic laser system for single
stage contouring of the lower body and concluded that both problems could be addressed at
a same time with high satisfaction rate using different laser energy that according to their
specifications have better effect on fat melting or collagen heating [39]. These findings are in
correlation with findings reported by Forman Taub and Friedman [23].

Last, but not least, because the adipose tissue is liquefied, fatty tissue removal should be
hastened creating less strain for the surgeon. Aspiration of the liquefied adipose tissue should
be smooth, and large surgeon’s strength should not be involved.

6. Complications specific to laser-assisted liposuction

Due to photothermal effect of the laser energy and the heat accumulated in the tissue during
the procedure, laser burns or skin necrosis can occur. Accumulating the heat in one place which
happens if you do not move around the tissue with the fiber fast enough and you remain on
one place overaccumulation of the heat will happen in one place and thermal injury will
develop. It can start as a blister and in the beginning can appear as a partial skin thickness
burn, but you must remember that the damage came from the inside; therefore, it will result
in full skin thickness burn and will definitely leave a mark. As it was described before, there
is a thin line between the desired effect and adverse event. To avoid this complication when
beginning using laser energy in liposuction, the authors suggest to start with lower energy
levels and avoid very superficial areas of the subcutaneous tissue to avoid direct dermal as
well as dermal vascular plexus injury. An infrared thermometer (some devices are equipped
with an internal subcutaneous thermometer) can be used to control the heat. Outside control
of the temperature can be done but in reality is unreliable. Some surgeons also advise cold
compresses on the treated area to diminish the effect of the laser on the skin [40]. The authors
suggest continuous movement of the fiber with contralateral hand on the treated skin area to
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control the applied energy, and therefore, the accumulated heat to minimize the risk of laser
burns.

In cases where laser lipolysis without aspiration is done, fat necrosis may occur. As mentioned
before, fat necrosis is possible. In reasonable small amounts, the body is able to process and
remove the cellular debris and biochemical by-products of the melted fat cells. In larger
amounts, the results are unpredictable with hard nodules, lumps, and uneven scarring. The
risk of fat necrosis is diminished with the use of aspiration but is not completely disappeared.
As it was mentioned before, the prolonged effect of thermal injury happens in cases where
adipose cells’ membrane was not disrupted but the cell accumulated enough energy to produce
irreversible damage and that kind of tissue was not aspirated subsequently but left inside.
During time, adipocitolysis via the macrophages starts. If the area of irreversible damage is
larger with no blood flow, then the macrophage delivery to the point of injury is impossible
and body starts to localize the process and the fat necrosis present like a mass. To avoid these
kind of complications, authors suggest the uniform lipolysis with the laser as well as uniform
aspiration following lipolysis.

Overaccumulation of the heat can result in hyperfibortic reaction that can be visible as a strain
or palpable or patient can complain of the straining in some of the treated parts especially
during movement. These adverse reactions can be treated with injection of the triamcinolone
acetonide injections in the strains but mostly resolve during time with compressive massage.

At the beginning of the use of lasers in liposuction, there has been concern regarding the
increase of serum lipids due to degradation of the adipose cells. Mordon et al. published an
article in 2009. They studied standard lipid profile (total cholesterol, HDL cholesterol, LDL
cholesterol, and triglycerides) before the procedure and 1 day, 3 days, 2 weeks, and 1 month
after the laser lipolysis procedure. They concluded that serum cholesterol and triglyceride
levels remained in the normal range after laser lipolysis. They proposed two hypotheses: fat
elimination is so gradual that an increase in circulating lipid levels is not measurable and/or
the damaged adipocytes are undergoing apoptosis and being removed by phagocytosis,
presumably via activated macrophages [41].

Recently, in August of 2015, Shin and Chang reported a case of a 34-year-old patient that was
diagnosed with rhabdomyolysis with acute kidney injury after laser-assisted liposuction. No
similar reports until now have been made [42].

7. Description of the technique

Preoperative evaluation of the patient must be done. Pinch test should be performed to
evaluate the amount of excess skin and to exclude the need for surgical excision of the excessive
skin. Irregularities of the skin should be marked, while patient is standing to avoid losing the
3D relations once the patient is on the operating table. Preoperative photographs should be
taken with emphasis on the skin irregularities.

Laser-Assisted Liposuction in Body Contouring
http://dx.doi.org/10.5772/64841

43



Targeted area should always be larger than the aspiration site to achieve better skin tightening
effect and to allow the overlying skin to attach to the infrastructure uniformly. For example,
when treating gynecomastia/pseudogynecomastia, laser energy should be applied to whole
chest area to achieve better skin retraction and accommodation (see Figures 1–5).

Figure 1. Preoperative markings—case 1.

Figure 2. Intraoperative “pinch test” to evaluate the amount of the fat tissue during the procedure—case 1.
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Figure 3. Intraoperative “pinch test” to evaluate the amount of the fat tissue during the procedure—case 1.

Figure 4. Intraoperative “pinch test” to evaluate the amount of the fat tissue during the procedure—case 1.

(a) (b)

Figure 5. (a) Before photographs—case 1. (b) After 7 days—case 1.
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Although there are many advocates of liposuction done solely in tumescent anesthesia, the
authors prefer general anesthesia due to their comfort as well as the patients. The authors
advise tumescent anesthesia only in cases of localized adiposity in one treated area. Authors
also recommend 12- to 24-h observation after the whole-body procedure to administer the loss
of intravascular volume as well as to help patients in early postoperative period.

In cases when the whole body (e.g. legs, abdomen, flanks, back) is treated, we recommend the
disinfection of the skin in the treated areas should be done while patient is in the standing
position and awake to be able to disinfect the whole circumference of the body and once
finished patient should be laid down on the operating table previously covered sterilely.

Perioperatively single dose of 2 g cephazoline should be administered and continued orally
with second-generation cephalosporin antibiotics.

Infiltration is done with the infiltration pump to minimize the time needed for the infiltration
as well to deliver the infiltration uniquely. In case of tumescent anesthesia only standard Klein’s
solution in used. If the patient is in general anesthesia, only epinephrine can be used (1 ml of
1:1000 on 1 L of normal saline) to avoid the toxicity of lidocaine but still achieve vasoconstric-
tion. Fifteen minutes after the infiltration, the laser lipolysis can be started (that is the approx-
imate time needed for the infiltration process so once the infiltration is done normally you can
start the laser lipolysis on the area firstly infiltrated).

The authors use the diode 1470 nm laser for the last 6 years. Energy applied normally is set to
12 W (for abdomen, flanks, back, legs, pseudogynecomastia), 10 W for the arms, and 6 W for
the facial area and the submental fat. Pulse wave is continuous. As opposed to other laser
wavelengths, which are absorbed by both water and oxyhemoglobin, 1470 nm demonstrates
a greater water absorption coefficient. Sliding of the fiber should be smooth without surgeons’
strength involvement. Thus, when strength should be applied, one should wait for a second
in the place while the laser delivers the energy and the resistance in the tissue should ease up
and allow us to slide through the tissue without mechanically disrupting the tissue fibers. Care
must be taken all the time to avoid thermal injuries. The authors suggest to always have the
opposite hand on the treated area to evaluate the temperature of the area. Devices equipped
with internal subcutaneous thermometer can be used to monitor the temperature, or infrared
thermometer can be used to measure outside temperature being careful not to exceed 38–40°C.
Cold packs on the surface can diminish the temperature on the surface and thus avoiding the
thermal injury of the skin. In 2009, Reynaud et al. published a retrospective analysis of 534
procedures of lipolysis using a 980-nm diode laser and calculated mean amount of energy and
tumescent fluid infiltration for each location [25]. The lysis should first be done in deep layer
parallel to the underlying structures radially covering the whole area available from the
incisional site. Once the liquefaction in the deeper layer is achieved, the fiber should be moved
to the upper layer starting from the incisional site.

The authors always advise to aspirate the liquefied adipose tissue after lipolysis to avoid
complications described before. The aspiration starts with the bigger cannula moving to the
smaller once to accelerate the aspiration but to avoid irregularities.
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The incisional sites could be left open in large-volume liposuctions to allow the additional
drainage.

To achieve the best skin tightening result, the authors advise applying the laser energy in the
tissue once more after the aspiration process is done.

Compressive plates as well as the compressive garments should be applied at the end of the
procedure to maximize the result. Postoperative instructions are explained later on in the
chapter.

8. High-definition liposuction

Small size of the laser fiber enables the use of cannulas of small diameter. That facilitates the
melting of the adipose tissue in delicate places so it allows us to melt the fat very superficial
under the skin and enclosed in small fibrous compartments. Those specifications allow us to
perform high-definition liposuction. It is reserved for the individuals who seek more defined
and athletic look but cannot get rid of the small amount of the stubborn unwanted adipose
envelope.

Preoperative markings are very important. Surgeon should mark the patient in the standing
position. Goal is to mark the borders of the defining muscles such as m. rectus abdominis, m.
pectoralis major, m. obliquus abdominis, m. deltoideus especially their tendinous parts. That
can be achieved by asking the patient to contract the specific muscles or to perform the
movement that emphasizes a specific muscle. During contraction or movement, you should
mark the borders of the muscles and their tendinous parts.

Intraoperative process is the same as with the standard laser-assisted liposuction. During laser
lipolysis, care must be taken not to make thermal injury of the skin so the movements of the
laser fiber should be precise, smooth, and fast moving. Here is when the preoperative markings
are important. To achieve highly defined structure, the intention is to apply more laser energy
and thus more heat at the area where you marked the tendinous parts. More heat applied over
the tendinous parts serves to promote collagen formation in the fibrous septa over the
underlying tendinous structure so that those parts macroscopically look defined. Aspiration
should be done with small diameter cannulas to ensure precise work and to avoid irregularities
that can easily be done in already athlete patient. Postoperatively adhesive bandages can be
placed with small amount of pressure on the previously mentioned tendinous parts to guide
the healing process in the early postoperative period (7 days).

High-definition laser liposuction is a precise method and should not be performed if you are
just beginning to use the laser device. There is no place for mistakes in high-definition
liposuction. Too much energy applied subcutaneously can easily make thermal injury of the
skin that will leave a mark. Also overaspiration of even small amount of the subcutaneous fat
can result in a visible irregularity. You have to remember that individuals seeking high-
definition liposuction are highly demanding and seeking only the perfect result. High-
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definition laser liposuction should be reserved for the physicians who are familiar with the
technique.

9. Laser lipolysis/liposuction of the face and neck

Due to the skin tightening effect of the laser energy, the technique has also found its place in
contouring face and neck. Submental region, cervicomandibular angle, Periparotid fat, and
perinasolabial area are the treated areas. Energy applied in these areas is smaller than in the
other parts of the body —6 W. As with the high-definition laser-assisted liposuction, this is not
the technique for the beginners.

This technique is useful not only in treating facial adiposity but also for patients seeking facial
rejuvenation procedures and with proper indication can replace traditional face and neck lift
[43, 44]. There are no long incisions, only incisional places for the laser fiber and subsequently
used microcannulas. The results are long lasting and comparable to those of traditional surgery.
Recovery time is faster and can be done in tumescent anesthesia.

10. Postoperative instructions

1. Compression garments should be worn for 3 weeks.

2. Compression plates that can be found on the market or should be made at the end of the
procedure by individual’s structural characteristics (costal arch, iliac crest, sizes of the
flanks, back, or chest) of hard, yet flexible material that allows movements (should be
dressed up in compresses) should be worn for 7 days during whole day and for the next
2 weeks during the night.

3. In cases of high-definition laser-assisted liposuction adhesive bandages mentioned before
are worn for 7 days.

4. Showering of the treated area is allowed after check up on 7th postoperative day only with
cold water to avoid vasodilatation and subsequent edema.

5. Peroral antibiotics of second generation of cephalosporin are given during 5 days.

Postoperative measurements are important in obtaining the best result possible. It should be
carefully explained to the patient the importance of those instructions as they are in their best
interest. They should be explained that all those postoperative measures have important role
in their recovery and that they allow us to guide the healing process and that is in their best
interest to follow them carefully. Postoperative measurements serve as a tool in obtaining best
skin tightening effect and to avoid contour irregularities.
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11. Results

The authors have been using laser-assisted lipolysis for the last 10 years. Laser used for the last
6 years was diode 1470 nm laser. 1470 nm has proved to be very safe. This wavelength shows
high absorption rate for water molecules and fat cells; therefore, there is no need for high power
settings during the procedure. That enables to work faster and also prevents damages to the
surrounding tissue. In that way, it diminishes complication rates. During that time, no
significant complication specific to laser has been seen. The authors are very satisfied with the
results that are achieved with the use of laser in body contouring procedures. Satisfaction rate
among the patients treated is extremely high, and they claim the postoperative period to be
painless and fast (see Figures 6–35).

(a) (b)

Figure 6. (a). Before photograph(front)- case 2. (b). Case 2(front) after 7 days.

(a) (b)

Figure 7. (a). Before photograph(back)- case 2. (b). Case 2(back) after 7 days.
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(a) (b)

Figure 8. (a). Before photograph- case 3. (b). Case 3- after 3 weeks.

(a) (b)

Figure 9. (a). Before photograph (front)—case 4. (b). Case 4 (front)-after 2 weeks.

(a) (b)

Figure 10. (a). Before photograph (profile)- case 4. (b). Case 4 (profile)- after 2 weeks.
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(a) (b)

Figure 8. (a). Before photograph- case 3. (b). Case 3- after 3 weeks.

(a) (b)

Figure 9. (a). Before photograph (front)—case 4. (b). Case 4 (front)-after 2 weeks.

(a) (b)

Figure 10. (a). Before photograph (profile)- case 4. (b). Case 4 (profile)- after 2 weeks.
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(a) (b)

Figure 11. (a). Before photograph (back)-case 4. (b). Case 4 (back)-after 2 weeks.

(a) (b)

Figure 12. (a). Before photograph (front)-case 5. (b). Case 5 (front)-after 7 days.

(a) (b)

Figure 13. (a). Before photograph (profile)-case 5. (b). Case 5 (profile)-after 7 days.
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(a) (b)

Figure 14. (a). Before photograph (front)- case 6. (b). Case 6 (front)-after 3 weeks.

(a) (b)

Figure 15. (a). Before photograph (back)- case 6. (b). Case 6 (back)-after 3 weeks.

(a) (b)

Figure 16. (a). Before photograph (profile)- case 6. (b). Case 6 (profile)-after 3 weeks.
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(a) (b)

Figure 14. (a). Before photograph (front)- case 6. (b). Case 6 (front)-after 3 weeks.

(a) (b)

Figure 15. (a). Before photograph (back)- case 6. (b). Case 6 (back)-after 3 weeks.

(a) (b)

Figure 16. (a). Before photograph (profile)- case 6. (b). Case 6 (profile)-after 3 weeks.
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(a) (b)

Figure 17. (a). Before photograph (front)- case 7. (b). Case 7-(front)- after 7 days.

(a) (b)

Figure 18. (a). Before photograph (semiprofile)- case 7. (b). Case 7 (semiprofile)- after 7 days.

(a) (b)

Figure 19. (a). Before photograph (profile)- case 7. (b). Case 7 (profile)-after 7 days.
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(a) (b)

Figure 20. (a). Before photograph (back)- case 7. (b). Case 7 (back)- after 7 days.

(a) (b)

Figure 21. (a). Before photograph (front)- case 8. (b). Case 8 (front)-after 2 weeks.

(a) (b)

Figure 22. (a). Before photograph (semiprofile)- case 8. (b). Case 8 (semiprofile)- after 2 weeks.
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(a) (b)

Figure 20. (a). Before photograph (back)- case 7. (b). Case 7 (back)- after 7 days.

(a) (b)

Figure 21. (a). Before photograph (front)- case 8. (b). Case 8 (front)-after 2 weeks.

(a) (b)

Figure 22. (a). Before photograph (semiprofile)- case 8. (b). Case 8 (semiprofile)- after 2 weeks.
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(a) (b)

Figure 23. (a). Before photograph (profile)-case 8. (b). Case 8 (profile)- after 2 weeks.

(a) (b)

Figure 24. (a). Before photograph (front)- case 9. (b). Case 9 (front)- after 6 weeks.

(a) (b)

Figure 25. (a). Before photograph (profile)- case 9. (b). Case 9 (profile)- after 6 weeks.
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(a) (b)

Figure 26. (a). Before photograph (back)- case 9. (b). Case 9 after (back)- 6 weeks.

Figure 27. (a). Before photograph (front)-case 10. (b). Case 10 (front)- after 3 weeks.

(a) (b)

Figure 28. (a). Before photograph (front)- case 11. (b). Case 11 (front)- after 3 weeks.
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(a) (b)

Figure 26. (a). Before photograph (back)- case 9. (b). Case 9 after (back)- 6 weeks.

Figure 27. (a). Before photograph (front)-case 10. (b). Case 10 (front)- after 3 weeks.

(a) (b)

Figure 28. (a). Before photograph (front)- case 11. (b). Case 11 (front)- after 3 weeks.
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(a) (b)

Figure 29. (a). Before photograph (profile)- case 11. (b). Case 11 (semiprofile)- after 3 weeks.

Figure 30. Laser lipolysis of the neck: always be aware of the probe’s position to avoid injuries of the marginal nerve.

(a) (b)

Figure 31. (a). Before photograph(front)- case 12. (b). Case 13 (front)- after 3 weeks.
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Figure 32. (a). Before photograph (profile)—case 12. (b). Case 13 (profile)- after 3 weeks.

(a) (b)

Figure 33. (a). Before photograph (profile)- case 14. (b). Case 14 (profile)- after 1 month.

(a) (b)

Figure 34. (a). Before photograph (front)—case 13. (b). Case 13 (front)- after one month.
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Figure 32. (a). Before photograph (profile)—case 12. (b). Case 13 (profile)- after 3 weeks.

(a) (b)

Figure 33. (a). Before photograph (profile)- case 14. (b). Case 14 (profile)- after 1 month.

(a) (b)

Figure 34. (a). Before photograph (front)—case 13. (b). Case 13 (front)- after one month.
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(a) (b)

Figure 35. (a). Before photograph (profile)- case 13. (b). Case 13 (profile)- after one month.

12. Conclusion

Laser-assisted liposuction is a big step forward in body sculpting. Since the laser was intro-
duced in this area, various studies have been made and showed its benefits. The superiority
of laser-assisted liposuction over traditional liposuction can be summarized as follows:

1. Superior skin tightening effect: changes occur in the tissue after absorption of laser energy
due to photothermal effect. That characteristic enables us to treat any area with the
excessive adipose tissue and modest skin laxity with obtaining better cosmetic result.

2. Coagulation of blood vessel: the use of laser reduced the blood loss after the liposuction
and also reduces bruising after the procedure. That enables the patient to recover faster
which leads to higher satisfaction rate.

3. Disruption of the adipose cells: the lipoaspirate is liquefied that enables the smoother
aspect of the treated area.

4. Use of smaller cannulas: after the laser lipolysis has been done, the aspiration can be made
with smaller cannulas that allows us to aspirate the areas of the fat that cannot be reached
with traditional liposuction.

The specific complications of the laser energy should not be forgotten. Although laser allows
us to reach results beyond the results of traditional liposuction, one should always have in
mind that technology is just a tool in a physician’s hand. The goal is to optimize the amount
of energy delivered to the tissue thus maximizing the final result but avoiding possible side
effects and complications.
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High-Definition Liposculpture

Carlos Oaxaca
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Abstract

In this chapter, we describe the author’s experience with the technique, the characteristics 
of the ideal patients and the postoperative management of these patients to obtain posi‐
tive outcomes. It is of clinical importance to underline that a good skin quality is manda‐
tory to get the best results.
We operated on various patients between 20 and 30 years of age.
Several authors have described different techniques using different devices, but skin quality, 
the volume of fat to be suctioned and the surgeon’s skill are critical to achieving good results.

Keywords: Liposculpture, High‐definition body contour, Liposculpture small volume, 
minimal liposculpture

1. History “Who does not know the history is condemned to repeat it”

Charles H. Willi (1926) was the first surgeon to inject small quiantity of fat for aesthetic pur‐
poses. Giorgio Fischer (1975) was the first to describe the removal of fat through small incisions 
(5 mm) using a cannula, with an internal mechanism to cut and was called the “planotome” 
that was attached to a suction machine. Syringe‐assisted, ultrasound‐assisted, laser‐assisted‐, 
water jet‐assisted, power‐assisted, and percussion massage‐assisted liposuction techniques 
have evolved since. Bircoll (1982) described the use of autologous fat from liposuction and 
then use it for contouring and filling defects.

Morever, the addition of stem cells to fat that has been transferred to improve fat survival is 
considered the newest method. We also know that cosmetic surgery is changing and improv‐
ing through new instruments (machines, cannulas), as well as through new ideas as noted 
by several authors, and modifications of old techniques. We believe that more advances and 
development in the field will continue in the years to come.

© 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



2. Introduction

No sculpture can carve an aesthecially and shapely body without the knowledge of its 
anatomy, and this is where this surgery (high‐definition liposculpture) is quite amazing. 
Therefore, as surgeons, we must know exactly and almost in a perfect fashion, the tendons, 
muscles, valleys and zenith (cancavities and convexities) of every single muscle in the abdo‐
men for it to be recreated.

Over the years, the concepts of liposculpture have changed and we know about the different 
techniques such as super wet and wet and dry that are used to beautify body countouring.

3. What is High‐Definition Liposculpture?

This is an advanced body sculpting technique for the rectus abdominis and oblique muscles 
that can give a properly selected patient excellent results, specifically a highly sculpted, ath‐
letic body shape. Alfredo Hoyos from Colombia [1, 2] was among the first surgeons who has 
describedthis technique with VASER, with excellent results. Generally, patient selection or 
eligibility to undergo this procedure to créate a highIy defined body contour is critical. Thus, 
talking to the patients about the clinical requirements, and overall, being objective with the 
results, are essential.

Note that there are different body forms: mesomorph, ectomorph, and endomorph. Depending 
on the body type identified, we must find the body proportion.

However, these body types will be different between women and men, and so we must have 
these in mind before planning the surgery.

In the abdomen, specificall for the men, there isa tendency to gain more intra‐abdominal fat in 
the whole abdomen, including the epigastric, mesogastryc and hipogastric areas, compared to 
the women because men accumulate more fat in the hipogastric area but more extra‐abdominal.

The anatomical form of women (Figure 1) is rounded and different from men that is an 
inverted trapezoid (Figure 2. Male abdomen).

Optimal male body contouring should consider the entire torso and skin draping tightly 
over well‐developed muscles through abdominoplasty and multiple oblique ellipses [5]. 
Nowadays, not just the men, but also women are seeking this kind of surgery, more to 
impress, especially when they are In swimsuit clothes.

Thus, to recreate this kind of abdomen, several descriptions on the techniques: VASER, laser, 
and standard Liposuction have been published.

When there is skin excess, this will have to be removed horizontally to have the skin tightly 
bound to the muscle. In this case, the surgery must be done in two stages.

How will the best results be obtained? Is it true that expensive devices are needed to perform it?

The answer is “not always,” as has been described and experienced by some surgeons from 
the USA.
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It is important to mention that for best results, a good skin quality is mandatory because flac‐
cidity will not give us high definition. In consultations with the patient, male or female, their 
expatatives are asked.

Figure 1. Female Abdomen.

Figure 2. Male Abdomen.
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4. Anatomy

We must know about the ideal anatomy of the abdomen:

4.1. Rectus Abdominis

This muscle arises from the symphysis, crest, and pecten of the pubis and runs upward to 
insert into the xiphoid process and costal cartilages of the fifth to seventh ribs. Its main action 
is to flex the trunk (Figure 3).

4.2. External Oblique

This muscle forms the lateral abdomen. It originates from the external and inferior surfaces of 
the lower seventh to eighth ribs. The external oblique has two parts: an upper thoracic portion 
and a lower flank portion.

4.3. Serratus Anterior

This quadrilateral muscle originates anteriorly as fingerlike bundles from the external sur‐
faces of the upper eighth to ninth ribs and wraps around the rib cage to insert into the vertical, 
medial edge of the scapula. It acts to draw the scapula laterally and around the rib cage, as in 
punching.

The below parts are not in the abdomen but form part of the aesthetic anatomy of the anterior 
chest:

Figure 3. Anatomy of the Abdomen.
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4.4. Pectoralis Major

The pectoralis major forms most of the muscle bulk of the chest and gives the chest a 
smooth, convex form, particularly when the muscle is well developed and defined. It origi‐
nates from the medial half of the clavicle, anterior surface of the sternum, costal cartilages 
of the first 6th–7th ribs, and inferiorly, the superior part of the external oblique aponeurosis 
of the abdomen.

4.5. Latissimus Dorsi

The latissimus dorsi is a triangular muscle that passes from the midline to the arm like a 
cape, covering the deeper muscles of the mid and lower back. It originates from the spinous 
 processes of the seventh to twelfth thoracic vertebrae, those of all of the lumbar and sacral ver‐
tebrae, the posterior one‐third of the iliac crest, and the external surfaces of the lower three ribs.

5. Fat Metabolism

Fatty tissue represents at birth, about 17 % of bodyweight;and in adolescence, around 20% in 
women and 10 % in men with some phenotypic variations. In normal adults, fat approaches 
15–20%in men and 25–30% in women. Two types of fat are described in the human body: 
white adipose tissue and brown adipose tissue.Fatty tissue also plays an important role as 
an energy source during exercise. Fat, the major energy stored in the body, is mobilized 
from adipose tissue as free fatty acids to provide metabolicfuel. At lower exercise intensi‐
ties, fats may provide 50–60% of the energy for muscle contraction, but this process cannot 
keep pace withthe high demands for energy that occurs during heavy exercise. Energy lib‐
eration from fat is slower than the liberation of glucose from glycogen.Moderate activity, 
in fact, favors the consumption of fat as muscle fuel. The depletion of body fat reserves is 
almost never a limiting factorin muscle activity. In the absence of other fuels, proteins can 
serve as an energy source for contraction, particularly as it occurs during heavy,prolonged, 
or intense exercise.

6. Anatomy of the Fatty Tissue

We must consider anatomy before liposculpture can be done. We have the skin, the superficial 
and deep fat layer, divided by the superficial fascia (Scarpa) and the deep fascia (Camper).

Additionally, the fat thickness in the body varies. The superficial adipose tissue in the abdo‐
men is thicker and in the gluteal and thigh, it is thinner. In the leg, there is only superficial 
and no deep adipose tissue.

It is extremely important to consider the fat percentage between women and men, and for the 
purpose of this chapter, note always that the less the fat percentage, the better the result will 
be (Figure 4).
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7. Who is the Ideal Patient?

The medical history of each patient is essential. Inquiring about patient intake of salicilates or 
other medicines is also important. Most importantly, regardless if laboratory test results are nor‐
mal, we need to ask and verify if they are taking dietary complements, such as vitamin E, vitamin 
A, or artichoke, green tea, ginko and other similar complements that extend coagulation time.

7.1. Indications

The most critical factors in selecting patients are the following:

1. Skin elasticity.

2. Work up in the gym (for better results).

3. Age variability.

Patients with poor skin quality and strias are not ideal candidates for this procedure because 
their skin will not shrink appropriately.

Patients whose work up on gym or regularly exercising on daily basis, are preferred, because 
are expected that there will be less amount of fat to be suctioned, so after surgery will result 
in high definition muscle.

7.2. Contraindications

Age is an important factor with older age, there is more flaccidity. Patients who are obese are 
also not good candidates for this procedure.

Ahigh tendency to gain weight is also a factor.

Patients have to be analyzed in standing and sitting positions to check if muscle diastasis of 
the rectus abdominis muscle exists.

Figure. 4. Body differences between women and men.
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Grasping the skin to look for flaccidity that could be an important factor to get the best results 
is also important.

Having photographs of the patient are likewise essential. First, these will help in supporting 
comments and observations during consultation.

Second, this could help to protect us, because many times, patients will appreciate better the 
result, when they see their former physical body.

That is why we always take photos pre and postoperatively and dispaly them on a big screen, 
after every consultation. This will avoid any claim.

8. Preparation of the Patient

In consultation, the availability and analysis of the patients’ lab tests incluiding Haematic 
counts, protein levels, partial thromboplastin time and prothrombin time, and glucose, urea 
and creatinin levels are necessary.

The protein level is a prognostic factor to determine if there is alowriskoflung throm‐ 
boembolism.

It is equally important that the patient read and sign an informed consent form where details 
including the type of anesthesia, the kind of the surgical procedure, and even possible compli‐
cations, such as allergy, bleeding, infection, pain, pulmonary embolism, scarring, and seroma, 
are explained.

9. Anesthesia

Although there are two options for anesthesia, general anesthesia is preferred. For this type 
of surgery, this is not a problem because the amount of aspiration is about 600 ml on average, 
but the operative time is long. Intraoperative tumescent anesthesia, using the Klein solution 
is as follows:

• Saline solution, 1 lt

• Sodium bicarbonate, 10 ml

• Lidocaine 2%, 50 ml

• Epinephrine, 1 ml

As the total aspirated volume is less than 600 to 800 ml, then we use the same amount of vol‐
ume. This will decrease the bleeding.

Remember that lidocaine has two effects: create vasoconstricticon to lessen the bleeding and 
slow the systemic absorption of lidocaine.
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It is crucial that the surgeon always verifies the prepared solution, to avoid, in some occa‐
sions, potential mistakes from nursing staff when they prepare the solution.

10. Markings

The markings are the most important factor because we delineate the belly of the rectus 
abdominis muscle and the oblique muscles to be tailored (Figure 5).

Fig. 5. Valleys and peaks to be mimicked during the liposculpture.

Fig. 6. Marking the patient.
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The patient must be marked in a standing position and this will take several minutes, but this 
is one of the most crucial parts of the procedure (Figure 6). The muscular anatomy must be 
recreated with the surgery and here, the valleys and peaks must be done with the cannula. 
This procedure takes more tan 30 minutes. An artistic drawing on the patient’s body is done 
before the surgery in standing position.

11. Technique

The patient is always operated on under general anhestesia. In a standing position, the area is 
cleaned with betadyne and the surgical table is covered with sterilized clothing.

Saline solution (one liter), epinephrine (one ampule) and sodium bicarbonate (one) are added 
to infiltrate the area to be suctioned. We won’t need more than 600 ml of this solution.

Small incisions are placed as marked in Figure 6.

The male patients are completely marked because they request for a “six‐pack” abdomen. 
Sometimes we have to define the pectoral area and this can be done by high‐definition lipos‐
culpture or adding pectoral implants [4].

The treatment for women is different because they want the medial depression of the alba line 
to be recreated and that the demarcation between the oblique and rectus muscle (semilunar 
line) be defined. These are important points to be remembered or considered [4].

Another point is thinking about the intra‐abdominal and extra‐abdominal fat, with the former 
being more challenging.

Liposculpture is done with a 20‐ml syringe and a 2‐ or 3‐mm cannula. It takes about 4 hours 
on average and the tip of the cannula is turning up to the skin to create fibrosis from the 
underside of the skin to the fascia. An aggressive cannula is used like a chisel in the subcuta‐
neous tissue for superficial liposuction, removing the fat at the level of the tendinous inscrip‐
tions, the anatomic lines, and the muscular borders, toemphasize the muscle bulk, which 
means recreating muscle valleys and peaks as mentioned previously.

Patients who used to be obese could be required to undergo two stages of surgery, one 
to excise the abdominal skin excess and then do liposuction, and the second to sculpt the 
abdominal muscles [4].

The critical point in attaining high definition is to highlight adherence in the tendinu‐
ous area.

The incisions are placed in the suprapubic area, generally two of 2‐mm in length, another one 
in the umbilicus and epigastric area. Sometimes it may be required in the lateral area of the 
abdomen to recreate the tendinous inscriptions of the muscles. The cannulas used are 6 hole 
with 2‐ to 4‐mm diameter, generally with a 20‐ml syringe. If an area has more fat deposit, then 
a 5 mm diameter cannula is used, with 50 ml siringe. Then the final touch is done with 2 mm 
cannula.
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The infiltration is done by areas, because it is time‐consuming procedure, that takes more tan 
4 hours, on average. Normally, infiltration is started from the hypogastric area and flanks, 
going superiorly, and then going from the epigastric incision and lateral incisions to create 
the oblique and six‐pack abdomen desired by the patient. Sometimes micro‐fat grafting may 
be required to get the best results.

Note that it is important not to simply think about creating a symmetrical “six‐pack abdomen, 
as doing it so symmetrical, may lead to an unnatural result.

The incisions are sutured with nylon 6‐0 or subcutaneous monocryl 5‐0. Then a special gar‐
ment is used, but in the area where surgery was performed, a foam tapped with a 1‐ inch wide 
micropore will be added and left there for at least 1 week. The garment will be retained for 
one month all day long and for the second month, it will be just be during the day, and then 
resting by night. Care must be taken not to use tied garment if micro‐fat grafting has been 
used, otherwise it will reduce the viability of the grafted fat.

Moisturizing the skin at this moment is mandatory.

Drains are never used for these patients because the amount suctioned

12. Postoperative Care

The author used levofloxacine 500 mg daily for 1 week and ibuprofen 400 mg twice daily for 1 week. 
For a small amount of fat suctioned, enoxaparine is prescribed, due to the length of time of surgery.

The goal in the postoperative period is to reduce bruising, avoid hypertrophic scars and allow 
adhesions where there must be retraction in the tendinuous areas of the muscles, therefore, 
postoperative ultrasound must be avoided.

Arnica is used one tablet twice a day for 2 weeks to reduce bruising.

Manual lymphatic drainage (MLD) [3] pioneered by Emil Vodder in 1930’s is done after the 
first postoperative week, and this will reduce postoperative edema. The strategically induced 
change in pressure in the subcutaneous tissues enhances filling and emptying of initial lym‐
phatics, increases the rate of contraction of lymphatics, and increases lymphatic transport 
capacity. Firmer, deeper movements may be employed in localized areas to soften hardened 
tissue due to fibrosis or fibrosclerosis, but excessively deep, diffuse pressure is avoided to 
minimize capillary filtration. The benefits of manual lymphatic drainage are stimulation of 
the lymphatic flow and circulation; stimulation of the immune system, parasympathetic ner‐
vous system with relaxation and anti‐spastic effects, and as perineural edema is lessened, 
pain is also reduced; fibrosis reduction, improvement of cellular nutrition; and tissue recov‐
ery. The frequency of each session must be 2 days each for at least 2 weeks. The duration of 
each session must be anywhere from 40 to 60 minutes. Care must be taken to ensure that MLD 
is carried out gently and without pain to the patient.

The stitches are taken out on the at 7th day, postoperatively, but if the suture material used is 
monocryl, then this will no longer be necessary.
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Garments are used day and night for the first month postoperatively, and taken out only for 
cleansing. For the second month, garments are used just during the day, and taken out by 
night. Epifoam is used in the areas where depressions have been created in the tendinuous 
areas, for 3 weeks and over the garments.

13. Starting activities

The patients are asked to walk the next postoperative day using anti‐thromboembolism socks 
for 1 week.

14. Results

The best results are obtained between 3 and 6 months postoperatively. This is always men‐
tioned to the patients because they ask in the first postoperative consultations about the 
results, and they are eager to see the final result in the first month. The appointments are made 
in the office at Day 7 and then 1, 3, 6 and 12 months postoperatively. At 3rd month, (before 
and after) photos are taken and shown to the patient on a big screen, this way, they will see 
the results and feel more comfortable about the outcome. Results for the female patients are 
shown in Figures. 7, 8, and 9. Results for the male patients are shown in Figures 10, and 11.

Figure 7. Frontal pre and postoperative photos: female patient with miniabdominoplasty.
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Figure 8. Pre and postoperative photos, right oblique on a female patient.

Figure 9. Pre and postoperative photos: female patient.
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Figure 10. Right oblique pre and postoperative on a male patient.

Figure 11. Frontal pre and postoperative photos on a male patient: mild assymetry on the abdomen that looks more 
natural.
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15. Complications

It is very seldom to have complications for this surgery,given that patients are well‐evaluated 
during preoperative stage. Bleeding is also rare as per the author’s experience.

 Infection may be a possibility, and so antibiotics should be started 30 minutes prior to surgery 
and continuing for 7 days in the postoperative period.

Skin necrosis is a high possibility with aggressive suction with the cannula when it is turned 
against the skin.

Seroma, pulmonary edema, thromboembolism and perforation are another complications 
reported, but these may be reduced, if not eliminated, with careful administration of the 
 technique, given that it is superficial; Pinching the skin all the time, with the other hand, while 
cannula is passing under the skin, is necessary and helpful.

Lidocaine toxicity is rare because the amount of fluid infiltrated in the areas to be treated 
is very small. On large liposuctions, this complication can occur, but now, the author, has 
abandon its use, because the patient is under general anesthesia, then lidocaine is no longer 
required and this will reduce chances of toxicity.

Burns on the skin incisions because of friction caused by cannulas going in and out of the skin 
is a high possibility. Instiling water over the entrance of the incisions is recommended.

The absence of depressions in the sculpted areas after the surgery could be considered as a 
complication, but well‐selected patients do not develop it. Skin retractions on sites that are not 
planned could happen sometimes when the cannula shifts during suctioning.

Skin flaccidity is a more common complication when patients are not selected properly.

Another potential and critical complication that must be shared to the patients is that if they 
gain weight and become fat in the future, the appearance of their abdomen may be likened 
to that of a turtle, but with a “six pack”. Therefore, it is important to highlight to patients the 
need to always be in check of their weight.

16. Discussion

High‐definition liposculpture is a highly demanding surgical procedure that needs the exper‐
tise of plastic surgeons who perform this procedure regularly. As always, the expertise is 
mandatory to get the best results.

Having experienced plastic surgeons and the accurate analysis as well as adequate selection 
of patients are crucial because these will impact having satisfied patients.

Always remember that the final result will be seen after 3 months, generally, and this must be 
mentioned to the patiens.
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17. Conclusion

We have presented the critical points in this chapter, beginning with the anatomy, preopera‐
tive markings, standardized photos, and how the procedure must be done, apart from the 
ideal cannulas to be used. The purpose of this chapter is to establish the critical points to 
ensure a successful surgery.
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Abstract

During the last decades, the plastic surgery field has made important advances in terms
of clinical results and developing new surgical techniques, minimizing complications
and reducing the mortality rates. An innovative and new technique is called High
Definition LipoSculture. This is an advanced sculpting technique that creates an athletic
and sculpted appearance. The aim of this chapter is to review the principal concepts
that involve this technique and describe its clinical application. An electronic literature
review was conducted in order to find the most recent medical literature published in
this field. Keywords used were plastic surgery, liposuction, body contouring, aesthetic
medicine, and surgical procedure. High definition liposuction procedures should be
considered revolutionary in the plastic surgery field.

Keywords: plastic surgery, liposuction, body contouring, aesthetic medicine, surgical
procedure

1. Introduction

During the last decades, the plastic surgery field has made important advances in terms of clinical
results and developing new surgical techniques, minimizing complications and reducing the
mortality rates. On the other hand, the revolution of new technologies such as medical devices
has opened other alternatives in the current clinical practice [1, 2].
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There is no secret about the popularity that plastic surgery procedures have gained even in
women and men, as a part of a social‐aesthetic revolution that find better bodies and improve
personal image. Since its introduction, liposuction has undergone several technical challenges
and has improved the clinical outcomes [3, 4].

A wide range of technological advancements has been released to replace traditional methods
of suctioning fat: ultrasound, power, laser, and radiofrequency. Each surgical alternative has
its own benefits and complications. Different medical device companies across the world are
continuously working on the safe surgical instruments for this type of surgical procedures [5].
The dreamed liposuction device has to be in the position to offer different functions at the same
time: (1) remove excess of fat, (2) keep safe the surrounded soft tissue, (3) devices allowed to
be used under local anesthesia, and (4) device results avoid bruising and swelling [6–8].

An innovative and new technique is called High Definition LipoSculture. This is an advanced
sculpting technique that creates an athletic and sculpted appearance. The objective of this
procedure is to remove both superficial and deep fat that surrounds muscle groups in order
to enhance the visibility of underlying toning and musculature. This technique could be
applied in multiple body areas such as abdomen, chest, waist, back, buttocks, arms, flanks,
and thighs [2, 4].

The aim of this chapter is to review the principal concepts that involve this technique and
describe its clinical application.

2. Background

Obesity, overweight, and metabolic syndrome are a public health issue nowadays. Countries
such as the United States report an estimate of 40% of the adult population suffer from this
health problem. This spectrum of diseases is associated with high rates of mortality in
comparison with cancer, cardiovascular disease, and violent deaths [9, 10].

Recent clinical studies predict that in 2013, more than the 50% of the worldwide population
would be facing this reality. Weight loss including strategies such as dietary changes and
exercise usually does not achieve the desired weight loss goals. Based on this, bariatric and
metabolic surgery has become the treatment of choice for obesity and morbid obesity [11].

The Roux‐En‐Y gastric bypass still remains the gold standard surgical option for obese patients.
In the course of achieving massive weight loss and resolution of comorbidities, bariatric
surgery creates quality‐of‐life problems that are in the medical field of plastic surgeons. Despite
the numerous health advantages of bariatric surgery, disgruntled patients complained of
disturbing lax skin and subcutaneous tissue [5, 8, 12].

Plastic surgeons learned during the last years that change in body contour with repulsive
hanging skin and bizarre rolls of skin and fat. Due to this, High Definition LipoSculture has
been presented as a safe and effective option [13].
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3. Literature review methods

An electronic literature review was conducted in order to find the most recent medical
literature published in this field. Using the keywords such as plastic surgery, liposuction, body
contouring, aesthetic medicine, and surgical procedure, the following databases were con‐
sulted: Pubmed, Lilacs, Proquest, Cochrane, Ovid, and Google Scholar. With the aim to
maximize the number of articles, no date limit in the search was set, and manuscripts in
English, Spanish, and Portuguese were considered.

Initially, 87 articles were obtained, of which 25 met the inclusion criteria. However, only 23
were referenced in the current work with a focus on high definition liposuction and body
contouring or gave important theoretical contributions.

4. Procedures

4.1. Patient selection

Initially, all the patients are exanimated and evaluated in plastic surgery consultation, and
complete medical records are reviewed including previous surgical procedures, current
medication use, and recent laboratory analysis. Considering that this type of surgical proce‐
dure is created to be a sculpting procedure rather than a debulking technique, an appropriate
patients’ selection is necessary. A good muscle tone without an excessive amount of fat or skin
laxity is expected (body mass index < 30) [3, 14].

Once the physical examination is performed, lipodystrophy throughout the trunk has to be
evaluated. Patients are requested to perform various muscle contractions in the clinical
assessment to evaluate separately the muscle groups that contribute to the contour of the torso.
Finally, skin laxity, elasticity, and quality of tissue are considered [15, 16].

For male patients, there are other aspects to be included in the clinical assessment: the presence
of gynecomastia, chest contour, and volume of fat in this area. In the female cases, a comparable
estimate is performed: the buttocks, lumbosacral angle, fat disposition in the lateral thighs,
and perigluteal area are considered [4, 7, 12].

The physical examination is suggested to include documentation of scars, hernias, and other
potential routine findings. Upon completion of the history and physical examination, based
on our current clinical guidelines, patients are scheduled for an extra medical examination by
the anesthesia department, to have the chance to evaluate other current medical issues ongoing
at the same time. Once the patient meets the clinical requirements for this procedure, a final
appointment is suggested to show a quick presentation explaining the surgical presentation
in details, focused on benefits and potential complications. At the end of this medical visit,
patients sign informed consent forms to continue with the medical process of surgery sched‐
uling [17, 18].
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4.2. Preoperative care

Patients are requested to be in the ambulatory surgery service 2 h prior to the surgical time. A
new medical assessment is conducted to review the general medical status of the patient on
the surgery day. Recent laboratory test results, electrocardiograms, and thorax X‐rays are
reviewed prior to authorizing the patient to be transferred to the operating room. Based on the
patients’ medical conditions and preferences, epidural or general anesthesia is offered by the
anesthesia team.

Preoperative strategies that involve medication such as thromboembolism prophylaxis
included low‐weight heparin, intravenous corticosteroids, analgesics, and antibiotic prophy‐
laxis are administrated with the main goal to keep the patient in the best condition possible
and avoid potential clinical complications.

4.3. Surgical technique

4.3.1. Ultrasound evaluation

Performing an abdominal ultrasonography, the abdominal muscle groups are evaluated. The
median, paramedian, and lateral muscle layer planes in the iliac fossae and flanks are compa‐
ratively evaluated and demarcated, the boundaries of the rectus muscles, rectus fascia,
especially in the supraumbilical region and the contour of the superior oblique with the
superficial fascicule close to the iliac edge and correlated with anterior rectus on each side
(Figure 1).

Figure 1. Initial ultrasound evaluation.
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4.3.2. Preoperative marking

Once the patients arrive into the operating room, the first step is the surgical marking
(Figure 2). This is performed with the patient initially in supine and in the upright standing
position. It is essential to identify and understand the superficial anatomy and topography.
Erroneous marking will lead to deformities and abnormal appearance and affects clinical
outcomes [19].

Figure 2. Preoperative marking.

Figure 3. Preoperative marking.

The surface anatomy differs between men and women patients. In women, the transversal lines
in the rectus abdominis muscle are not aesthetically desired. In men, the landmarks marked
are the pectoralis major, serratus anterior, rectus abdominis, external oblique, iliac crest, and
inguinal ligaments and the relationship between those structures. In women, the landmarks
are the serratus anterior, rectus abdominis, external oblique, iliac crest, and inguinal ligaments.
Other anatomical areas of care comprise the lateral and posterior torso (Figure 3) [19, 20].
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4.3.3. Surgical technique

Under general or epidural anesthesia and previous asepsis and antisepsis, on sterile surgical
fields, plastic surgeon initiates the procedure. Infiltration is performed with Klein solution,
with tumescence technique. It starts with deep fat liposuction with power‐assisted liposuction
(PAL). After obtaining the redundant fat tissue and achieve a uniform surface, ultrasound‐
assisted liposuction (UAL) system is used following anatomical landmarks for 3–5 min per
zone. Later, a lipoaspiration is performed with PAL system fat tissue surface along anatomical
landmarks. Finally, a foam dressing is placed along the lines of the marking.

4.3.4. Postoperative care

Patients are required for a hospital stay at least 48–72 h postoperatively. Pain control, prophy‐
laxis antibiotic, and antiinflammatory medications are given in order to improve the patients’
comfort and avoid infections in the operative site. In some cases, open drains are placed both
in female and male patients in the sacral area and inguinal area, respectively.

Other postoperative interventions are the use of mild‐compression garment, stockings to
prevent deep vein thrombosis, and an abdominal band for 4 weeks. Supplementary care
includes lymphatic drainage massages and adjunctive external ultrasound (1‐h session once a
day for 10 days). Patients are scheduled for postoperatively follow‐up at 1, 15, 30, and 90 days,
respectively. Alarm signs and general recommendations are given for all the patients in order
to reduce postoperative complications. The duration of the cosmetic results will be associated
with the patient care in terms of healthy life styles and adequate medical follow‐up. There is
no accurate data describing failed procedures in the follow‐up period [21].

5. Clinical results

There are limited clinical studies published in the current medical literature showing extensive
series with appropriate and considerable follow‐up; however, the level of satisfaction in

Figure 4. Clinical results: pre‐ vs. postoperative.
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patients is surely high. In 2007, Dr. Hoyos published a study describing the experience in 306
patients using this surgical approach. In 306 subjects enrolled in the trial, 257 (84%) reported
satisfactory results. In our clinical experience that include near to 80 patients, our level of
patient satisfaction reached 90% (Figures 4 and 5) [3, 7, 12].

Figure 5. Clinical results: pre‐ vs. postoperative.

6. Potential complications

As expected in any surgical procedure, based on its nature, patients are exposed to clinical
risk, some related with the anesthesia and other associated directly with the surgical technique.
In the first group, one could find abnormalities in the cardiac rhythm, obstruction of the airway,
allergic reactions, and bronchoaspiration. In the second group, one could find bleedings, low
blood pressure, blood clots, pulmonary embolism, deep vein thrombosis, damage in neuro‐
vascular structures, hypothermia, and burning with surgical instruments and medical devices
[5, 7, 21].

7. Future directions

Researchers and surgeon scientists devoted to improve the clinical outcomes in this surgical
field are exploring new alternatives to develop new techniques and surgical approaches with
minimal invasion. On the other hand, minimize tissue morbidity, decrease hospital stay and
recovery time, and increase skin contraction/tightening are points to improve [22].

These priorities have led the medical and technical industry to develop new devices focused
on noninvasive body contouring and nonsurgical adipose reducing techniques. A new medical
approach called “High‐Intensity Focused Ultrasound“(HIFU) is now available, which delivers
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high‐intensity ultrasonic energy to the deep subcutaneous tissue, producing heat capable of
ablating adipose tissue and thermally modifying collagen. Cosmetic outcomes so far are very
promising [23].

Other alternative that has been used by experts in this field is the cryolipolysis. This technique
refers to use cold exposure to induce subcutaneous fat necrosis secondary to inflammatory
reaction/cascade that affects the adipose tissue directly. Clinical studies have proven good
clinical results in terms of reduction in the subcutaneous fat deposits and minimal complication
rates [6, 7, 14].

Furthermore, radiofrequency devices are designed to use optical energies to treat directly the
dermis and hypodermis. This technology allows to target principally the water located in the
dermal layer; however, the target is controlled by thermal stress leading to dermal tightening
and contraction. At the same time, in the same physical process, there is an activation of the
dermal fibroblast to stimulate the new collagen formation. The utilization of bipolar radiofre‐
quency in the hypodermis maximizes fat cell metabolism; devices such as BodyFxTM, Invasix
use this type of principles [8, 17, 23].

8. Conclusion

High definition liposuction procedures should be considered revolutionary in the plastic
surgery field. They are more complex, difficult, and need a special learning curve. The
procedures require surgeons to understand how the anatomical configuration skin‐fat‐muscle‐
skeletal structures help equally in the 3D superficial topography either in woman or in male
human contouring. New technologies and novel medical devices coming up will lead in the
future minimal scar procedures with better clinical outcomes.
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Abstract

Abdominoplasty was one of the first techniques described in literatura, and in some of
his writings, Hippocrates mentioned the resection of skin and the apron-like abdominal
flaps. The first standardization of this procedure was carried out by H.A. Kelly, who
was a gynecologist, in 1890, but the procedure gained some popularity when Pitanguy
published his report  in 1967.  With the advent of  liposuction,  they tried to replace
abdominoplasty; however, in many cases, they yielded unreliable results. It was in the
year 2000, with the advent of the pull down abdominal flap technique proposed by
Avelar and then spread by Saldanha, surgeons significantly increased the indications
for abdominoplasty. This was reflected in international statistics since abdominoplasty
climbed from the 15th place in the 1990s to the 4th place in 2012. According to some
publications,  traditional  abdominoplasty  generally  includes  extensive  dissection of
upper abdominal flap all the way to the costal margin with a consequent decrease of
blood flow of 50–70%. We present a technique with no flap undermining, including in-
bloc resection of premarked área from the umbillicus scar to the suprapubic area,
dissecting the tissue with an instrument called Iconoclast, thus preserving blood flow,
after hydrodissection with tumescent solution, which varies if  the patient is under
general anesthesia or sedation. It has been shown that simultaneous liposuction of flap
and flanks in the conventional abdominoplasty technique increases the risk of necrosis
and seromas, so in many cases it is contraindicated. Therefore, our technique allows us
to perform the liposuction of the upper abdominal flanks and waistline without running
any risks. In this technique umbilicus scar its recreated with the use of skin graft. Unlike
conventional abdominoplasty techniques,  the presence of previous abdominal wall
scars is not a limitation. In the case of smokers patients, risks are reduced by keeping
the blood flow of the upper flap constant. We do not recommend this technique for very
thin patients, with multiple pregnancies and regularly an important rectus muscles
diastasis where we indicate the abdominal wall.vertical plicature.
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1. Introduction

Abdominoplasty was one of the first techniques described in medical-surgical literature. In
some  of  his  writings,  Hippocrates  mentioned  the  resection  of  skin  and  the  apron-like
abdominal flaps. The first standardization of the procedure was carried out by H.A. Kelly,
who was a gynecologist, in 1890 [1] but only gain some popularity when Pitanguy published
his report in 1967 [2].

Although the abdomen is the part of the body that undergoes most changes during pregnancy
due to changes in body weight, these techniques did not gain in popularity because of the high
rate of complications that this surgery had regardless of the surgeon’s experience.

With the advent of liposuction, in many cases it attempted to replace abdominoplasty,
obtaining dissimilar and unreliable results.

It was in the year 2000, with the advent of the pull down abdominal flap technique proposed
by Avelar [3] and then spread by Saldanha [4], when surgeons significantly increased the
indications for abdominoplasty. This was reflected in international statistics since abdomino-
plasty climbed in popularity from the 15th place in the 1990s to the 4th place in 2012. This
increase is linked to a higher number of bariatric surgeries, resulting in a greater number of
patients interested in skin rehabilitation procedures, but it is also linked to the fact that
surgeons felt more confident to obtain acceptable results with less risk to the patient and to
the surgeon himself.

Since 1999 in our practice, we have been performing Juarez Avelar’s technique—albeit
modified by us—to work with tumescent anesthesia. Despite a significant reduction in the
rate of serious complications, we continue to see a few cases of dehiscence of the flap, and
infections by the presence of subcutaneous devitalized tissues likely to be colonized by skin
flora bacteria. In February 2013 we attended the lecture delivered by Dr. Francisco Villegas
about his personal technique called with the acronimTULUA (Transverse plication, no
Undermining, full Liposuction, neoUmbilicoplasty, Abdominoplasty) in the ISAPS Congress
in Santiago de Chile

We found very interesting concepts in this presentation, and that is why after our return we
implemented a modified protocol in order to perform this technique with the assistance of
tumescent anesthesia. For 18 months we performed 188 tucks with this new technique with a
very low complication rate.
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2. History

In 1890, Demars and Marx reported the first limited tummy tuck in France. H.A. Kelly, a
surgeon gynecologist, was the first to report this procedure in the US, which took place at Johns
Hopkins hospital in Baltimore in 1899. Kelly called this procedure “transverse abdominal
lipectomy”. In Germany in 1909 S. Weinhold [5] reported the cloverleaf incision, a combination
of vertical and oblique incisions.

In 1916, W. Babcock [6] was the first to report the vertical elliptical resection with wide
undermining of the abdominal wall. In 1918, E. Schepelmann [7] modified the Babcock
elliptical incision into transverse teardrop incision extending from the xiphoid appendix to the
pubis. This resulted in a better contouring of the lower abdomen.

In 1924, M. Thorek [8] described the technique of placing the incision below the umbilicus in
a transverse fashion and removing excess skin and fat down to the fascia in a wedge-shaped
form. He called this technique plastic “adipectomy”. This researcher described the removal of
the umbilicus if required in a crescent incision and transplanting it to the new place as a
composite graft. In 1931, M. Flesh-Thebesius and K. Wheisheimer [9] modified Thorek’s
incision and included the umbilicus. In 1949, I.F. Pick [10] reported his technique, followed by
A.J. Barsky [11] in 1950, which was a modification of the Thorek transverse incision with the
addition of the vertical incision at its ends.

In 1955, M. Galtier [12] reported the four quadrants resection technique. Vernon in 1957
reported his low transverse abdominal incision procedure with wide undermining and
transposition of the umbilicus. This was followed by C. Dufourmentel [13] and R. Mouly [14]
in 1959, which included Vernon’s technique [14] with the addition of a small vertical incision
at the midline.

M. Gonzalez-Ulloa [15] in 1960 and Dubouset J.R. Vilain [16] in 1964 reported a similar
technique to I.F. Pick and A.J. Barsky’s circular abdominoplasty. In 1965, Spadafora [17]
described a similar technique to Vernon’s, but he lowered the incision to a less conspicuous
site. His incision started at the center, curving around the mons pubis, and then at the inguinal
crease the incision curved upward toward the anterior superior iliac spine.

When reviewing the literature up to 1967, researchers divided the tummy tuck procedure into
three main categories:

(1) Surgeons who favored transverse incision, (2) those who favored the vertical incision, and
(3) those who described a combination of transverse and vertical incisions.

In 1967, Pitanguy published his technique, which was considered to produce successful results.
From 1967 to 1975 he reported more than 500 cases of abdominoplasty and mammoplasty
performed simultaneously.

In 1972, P. Regnault [18] reported “W” shaped incision technique which was later modified in
1975. In 1978, J. Planas [19] advocated the “vest over pants” technique. The belt lipectomy was
replaced by suction-assisted lipectomy and abdominoplasty in 1980, which was popularized
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by Y. Illouz. Between 2000 and 2004, Avelar together with Saldanha published the concept of
Lipoabdominoplsty.

3. Anatomy

The anterolateral abdomen is divided into nine regions by four imaginary planes: two vertical
(medioclavicular/midinguinal) and two horizontal (transpyloric/intertubercular) planes. The
transpyloric plane corresponds to the midpoint between the umbilicus and the xiphoid
appendix, crossing the pylorus at the lower border of the first lumbar vertebra. The subcostal
plane that passes across the costal margins and the upper border of the third lumbar vertebra
can be used instead of transpyloric plane. The lower horizontal plane, designated as the
intertubercular line, crosses the anterior abdomen at the level of the fifth lumbar vertebra, and
connects the anterior superior iliac spines on both sides. Thanks to these planes, these 9 regions
are formed (epigastric region, hypochondriac region, flanks, mesogastric region, umbilicus
and iliac fossa) [20].

The anterolateral abdominal wall consists, from the outside in, of the skin, superficial fascia,
deep fascia, external and internal abdominal oblique, transverse abdominis, rectus abdominis
and pyramidalis, as well as the transversalis fascia.

3.1. Blood supply

The abdominal wall receives blood supply through branches of the femoral, external iliac,
subclavian and intercostal arteries as well as from the abdominal aorta. These branches include
the superficial epigastric, superficial circumflex iliac, superficial external pudendal, deep
circumflex iliac, superior and inferior epigastric, posterior intercostal, subcostal, musculo-
phrenic, and lumbar arteries.

3.2. Venous drainage

It is drained via the superficial epigastric, thoracoepigastric, paraumbilical and the superficial
circumflex iliac veins [21].

3.3. Innervation

The skin of the anterior abdominal wall is innervated by the ventral rami of the lower five or
six thoracic (thoracoabdominal) spinal nerves that continue from the intercostal spaces into
the abdominal wall. The anterolateral abdominal also receives nerve fibers from the anterior
roots of the twelfth thoracic pair (subcostal) and from the iliohypogastric, and ilioinguinal
nerves. Each intercostal nerve is connected to a sympathetic ganglion by a connecting adjacent
white branch that carries presynaptic sympathetic fibers, and a communicating branch gray
transmitting postsynaptic sympathetic fibers [22].
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4. Research methods

Scientific basis of traditional abdominoplasty.

According to some publications, traditional abdominoplasty generally includes extensive
dissection of the upper abdominal flap all the way to the costal margin with a consequent
decrease of blood flow of 50–70%. Furthermore, this technique involves the vertical plication
of the fascia of the rectus abdominis muscles and certain techniques of the oblique muscles,
demanding traumatic separation maneuvers of the flap which results in trauma on adipose
tissue that is also exposed to surgical environment for a long time. It has been shown that
simultaneous liposuction of flap and flanks in conventional abdominoplasty increases the risk
of seroma and necrosis, so it is contraindicated in many cases.

In most conventional techniques, reinsertion of the umbilicus is performed by exteriorization
through an incision in the flap and suturing techniques of different designs [23].

4.1. Patient selection

Unlike other conventional abdominoplasty techniques, the presence of previous abdominal
wall scars is not a limitation for this procedure. In the case of patients who smoke, risks are
reduced by keeping the blood flow of the upper flap constant. We do not recommend this
technique for very thin patients, with multiple pregnancies and regularly an important rectus
muscles diastasis where we indicate the abdominal wall.vertical plicature in combination with
the transverse one.

4.2. Surgical technique

Preoperative photographs are taken with the patient in a standing position. For marking
surgeons can use laser levels as those used in architecture which allow us to draw lines and
reference points in a symmetric fashion.

Figure 1. Surgical resection design on the anterior abdominal Wall.
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It is very important to use a good quality, long lasting surgical skin marker so that the lines are
not erased during liposuction with tumescent anesthesia and glove rubbing on the skin.

The first line to mark is the vertical line that goes from xiphoid to anterior vulvar commissure.
This is very important because the umbilicus will be located on this line. The lower edge of the
lozenge, indicating the place of the scar, is usually planned 6 cm above the superior vulvar
commissure to ensure an anatomically regular pubis. The lozenge marked, must be mented
by vertical lines that guide us when closing the wound (Figure 1).

This surgery can be performed under general, regional, or local tumescent anesthesia. In all
cases we use local tumescent infiltration, but the concentration of lidocaine varies. If the patient
is under general or regional anesthesia we use solutions that contain 300 mg of lidocaine per
liter; however, when we don’t work with benerl anesthesia we use 600 mg per liter of saline
solution.

Figure 2. Superficial tumescent local anesthesia infiltration with a 50/8 needle and peristaltic pump.

Figure 3. Suprafascial tumescent hidrodisection.
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Two different types of anesthetic infiltration are performed. In the areas where liposuction is
performed, all planes of subcutaneous tissue are infiltrated, starting by the deepest layer until
reaching more superficial subcutaneous layers. The area to be resected is hydrodissected with
500 cc of anesthetic solution just above the aponeurotic fascia using a 2.5-mm blunt tip cannula.
In addition, it is infiltrated with a 50/8 needle below the lines on which the incision will be
made, Figures 2 and 3.

After finishing the local anesthesia infiltration, laser assisted liposuction of previously marked
and infiltrated areas is performed, making sure to preserve the fat in the area where the new
umbilicus will be placed so that it has the correct depth.

Once liposuction, which usually covers the superior abdomen and flanks, is finished, we
disinfect the surgical field by changing the surgical gloves of the surgical team to reduce the
risk of contamination.

Figure 4. Dissection of adipose tissue with an instrument called Iconoclast.

Figure 5. Redundant block integument disection between the fat and the anterior fascia.
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The skin is incised superficially to expose adipose tissue and dissection is performed with an
instrument known as Iconoclast [4] that facilitates the identification of blood vessels running
under the skin, which are cauterized by the assistant doctor as they become visible. The
Iconoclast allows, if necessary, the preservation of scarpa fascia as shown in Figures 4, 5 and 6.

Once the lower border of the cutaneous adipose island/tissue is dissected, we advance over
the aponeurosis, cauterizing perforating vessels in its emergence from the fascia.

All these dissection maneuvers can be performed with minimal bleeding thanks to the
combination of hydrodissection and the use of the Iconoclast together with the simultaneous
cauterization of vessel.

After complete dissection of the premarked area, the following step is the deatachment of
umbilical scar. We palpate the cylinder that connects the fascia with the skin to determine the
presence or absence of hernias. If some degree of hernia is observed, it is mobilized to the
abdominal cavity by squizing movements. The bottom of the umbilical scar is exposed as a
“bun” of hard, elastic consistency. This bun is then cut from beneath with a scalpel, making
sure to remove all the skin to avoid future complications. The remaning deffect on the
abdominal wall after aumbilicus deatachment is closed by means of a cross-shaped suture of
braided, nonabsorbable material (nylon or polyester).

Figure 6. After In-Block redundant tissues resection including the umbilical scar.

At this point the patient should be placed in a semi-upright sitting position (45°) (bayonet
position) Figure 7, to facilitate transverse plication of the aponeurotic fascia of the abdomen.

The first stitch we place is the central one that goes from the old umbilical scar to the nearest
point of the suprapubic incision. Generally this distance is 5–10 cm depending on the degree
of abdominal wall laxness, Figure 8.
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Figure 7. Patient it’s placed in a Jacknife position

Figure 8. Closure of old umbilical defect and first stitch of thansverse plicature.
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Then with the same nonabsorbable material we perform a simple interrupted suture placing
stitches on each side of the first one, every 3 cm, until we cover all the width of the anterior
abdominal wall.

Figure 9. Transverse plicature final aspect.

Figure 10. Transitory wound closure with the help of towll clamps.

Figure 11. Closure of subcutanous layer.
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The suture takes an oblique direction so that the plicature takes a vector from out to inside,
thus improving the shape of the waist and avoiding a dog-ear formation. We perform a suture
from scarpa fascia to mons pubis in order to stabilize the final scar position and then continius
running suture with nonabsorbable monofilament number 0. Before subcutanous closure a
careful control of hemostasis with electrocautery its done, Figure 9.

Bupivacaine 1% 10 cc solution its infiltrated at the subfascial plane on the inferior abdomen in
order to control postoperative pain during the first 12 hours. The Scarpa fascia plane its closed
using 2–0 vicryl sutures, for the subcutaneous cellular tissue, with 2-0 monocryl mattress
suture and 3–0 monocryl for the dermis and skin using an intradermal continuous pattern, The
surgical table return to the original position in order to stablish the position of the new
umbilical scar Figures 10 and 11.

Figure 12. Skin and subcutaneous layer closure.

Figure 13. Umbilical reconstruction.

Through an oval-shaped incision in the midline, 3 cm cephalic direction from the iliac crests,
the neoumbilicus is recreated by resecting skin, then the borders of the aponeurosis are folded
with 3–0 monocryl and a full thickness skin graft is placed at the bottom fixed with 3–0
monocryl, careful control of hemostasis with electrocautery, Figures 12 and 13.
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5. Results

From 2013 to 2015, 188 patients were operated on, of which 178 were women and 10 were men;
the age range was 24–74 years. Likewise, other combined surgeries were performed such as
mastopexy, breast inclusion, face-lifting, rhinoplasty, and blepharoplasty, among others. The
most common combined surgery was TULUA with laser lipolysis 4 regions 123 cases, then
mastopexy with implants 18 cases, mastopexy without implants 13 cases, gluteoplasty increase
by lipotransference 9 cases, TULUA 7 cases, breast inclusion 4, upper blepharoplasty 3,
gynecomastia 3, facelift 2, breast lipotransference 2, bichat 2, rhinoplasty 1, and vaginoplasty
1 (see Figure 14).

Figure 14. The summary of all the results of the technique combined procedures and complications.

Combined surgeries and TULUA

TULUA 7

TULUA + LL 4 regions 123

TULUA + mastopexy with implants 18

TULUA + mastopexy without implants 13

TULUA + gluteoplasty by fat graft 9

TULUA + breast inclusion 4

TULUA + superior blepharoplasty 3

TULUA + gynecomastia 3

TULUA + facelife 2

TULUA + breast lipotransference 2

TULUA + bichat 2

TULUA + rhinoplasty 1

TULUA + vaginoplastia 1
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Complications

Seroma 17

Dehiscence 11

Umbilical flap loss 7

Hypertrophic scar 3

Dog-ear formation 2

Infected wound 1

Umbilical granuloma 1

Seroma + dehiscence 1

Figure 15. Before and after result in patient with a previous surgical scar.
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Figure 16. Before and after result in a male patient after massive weight loss.

Figure 17. Before and after result in a patient that present fibrotic séquelas after liposuction.

The most common complications were seroma after liposuction, 17 cases; partial dehiscence
—no more than 1 cm—, 11 cases; umbilical flap loss, seven cases; hypertrophic scar, three cases;
dog-ear formation, two cases; infected wound, one case; umbilical granuloma, one case; seroma
combined with dehiscence, one case.

Postoperative recovery—to resume activities—takes 15 days; the drain is not left, and manual
lymphatic drain is prescribed 1 week after surgery for 1 month Figures 15, 16 and 17.

6. Conclusion

This paper attempts to show that the TULUA (transverse plication, no undermining, full
liposuction, neoumbilicoplasty, and low transverse abdominal scar) technique offers abdom-
inoplasty patients greater safety because no dissection of the upper flap is performed, pre-
serving the major vessels of the integument in the anterior wall, they can be corrected hernias
of the abdominal wall, low-rate infections, etc. Indicated for patients with multiple comorbid-
ities; hypertension, diabetes, autoimmune diseases, along with tumescence. In our hands,
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Figure 16. Before and after result in a male patient after massive weight loss.
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patients are discharged the same day, without relying on strong painkillers. This technique
could be consdered a modified lipoabdominoplasty focused in diminish the complications rate
of this tyoe of procedures and the one observed in the classic abdominoplasty.
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Abstract

Circular abdominoplasty, belt lipectomy, 360° abdominoplasty and lower body lift are
all synonyms of a body contouring procedure with the aim of sculpting the torso,
modifying abdominal contour, loins and lower back contours. Apart from buttock lifting
and affecting lateral thighs, these procedures tremendously affect patients’ waist size
and body image. In the literature, different incision levels, different dissection extents
according to the sex of the patient, with different areas of anatomical adherence and
different modifications like buttock enhancement by de-epithelialized lower back flaps
are described. Most of these operations target post-weight reduction patients. Still these
procedures can be performed in obese patients, either after failed diet control, failed
bariatric surgery or patients refusing GIT operations though seeking lifestyle modifi-
cation through body contouring. A group of patients with obesity affecting pre-, intra-
and post-operative course, with increased complication rate, when performed with a
knowing what-to-do team takes about 3–4 hours. However, with the help of anaesthe-
tists  accustomed  to  this  risky  group  of  patients,  it  could  be  executed  safely  and
efficiently.

Keywords: abdominoplasty, circular abdominoplasty, 360° abdominoplasty, belt lipec-
tomy, lower body lift

1. Introduction

Abdominoplasty has evolved since a simple dermo-lipectomy was satisfactory for the patient
and the plastic surgeon. Nowadays, it  may be performed for a very demanding patient.
Concealing the final scars became an important goal. With the advent of suction-assisted
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liposuction, remodelling of the entire trunk in a single operation became possible with superior
aesthetic results [1].

The methodology of the plastic surgeon has evolved from a simple dermo-lipectomy to various
combinations and techniques targeting aesthetic remodelling of the abdominal wall and waist
re-creation [1].

Circular abdominoplasty, belt lipectomy, 360° abdominoplasty and lower body lift are all
synonyms of body contouring procedures with the aim of sculpting the torso, modifying
abdomen, loins and lower back contour, lifting buttocks and affecting anterior and lateral
thighs. These procedures tremendously affect the patient waist size and overall body image [2].

Originally, these procedures were performed on patients who wanted to lose weight by a great
extent after successful diet management and lifestyle remodelling, or in bariatric surgery
patients.

A good share in the literature described different incision levels, different dissection extents
according to the sex of the patient, with different areas of anatomical adherence, and different
modifications like buttock enhancement by de-epithelialized back flaps [3–6].

Still these operations can be performed in the waist of locally obese patients. These procedures
can also be performed in patients with failed diet control, failed bariatric surgery, weight gain
after years of bariatric operations, border-line obese patients which are not recommended for
bariatric surgery and patients refusing GIT operations though seeking lifestyle modification
through body contouring.

2. Anatomy

The anatomical area of concern extends to include anterior abdomen, lateral abdomen, mons
pubis, anterior thighs, lateral thighs, lower back and buttocks.

Aesthetic thinking of the whole area as a unit, which is divided into further sub-units, is more
convenient and gives better aesthetic outcomes.

2.1. Layers of the abdominal wall

The anterolateral abdominal wall consists, from the outside in, of the skin, superficial fascia,
deep fascia, external and internal abdominal oblique, transverse abdominis and associated
aponeuroses, rectus abdominis and pyramidalis and the transversalis fascia [7].

The skin has average thickness and loosely attaches to the underlying tissue. It exhibits certain
surface markings such as the umbilicus, linea alba and linea semilunaris [7].

The superficial fascia comprises a variably fatty superficial layer known as Camper’s fascia [7].
In the lower wall of the anterior abdomen, a deeper membranous layer known as Scarpa’s
fascia becomes more evident [7]. This layer remains connected, though loosely, to the deep
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fascia that covers the aponeurosis of the external abdominal oblique muscle. The strength of
the Scarpa’s fascia can stabilize sutures placed when closing incisions of the abdominal wall [8].

3. Patient consultation

3.1. Abdominoplasty classification and patient selection

A lot of techniques are used for different types of patients as follows:

(1) Liposuction only (suction, laser, ultrasound and power assisted).

(2) Mini abdominoplasty (with or without liposuction).

(3) Conventional abdominoplasty (with or without liposuction).

(4) High lateral tension abdominoplasty (after Lockwood) [9, 10].

(5) Circular abdominoplasty (belt lipectomy/lower body left): When excess tissues (skin and/
or adipose tissue) are present at the lateral abdomen and lower back (Figure 1), circular
abdominoplasty is proposed as one surgical option.

Figure 1. 29 years old, female patient, 97 kg, showing lower abdominal obesity, anterior lateral and posterior areas are
all affected. (a) Anterior view, (b) posterior view, (c) right lateral view and (d) left lateral view.
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Figure 2. 31 years old female patient undergone abdominoplasty operation, (a) pre-operative anterior view, (b) post-
operative anterior view, (c) pre-operative right lateral view and (d) post-operative right lateral view.

Figure 3. 28 years old female patient undergone an abdominoplasty operation with extended wound attacking lateral
abdominal obesity, (a) pre-operative anterior view, (b) post-operative anterior view, (c) pre-operative right lateral view
and (d) post-operative right lateral view.

3.2. Main problem

Abdominoplasty is a very common procedure in plastic surgery (Figure 2). It is very effective
in managing anterior contour problems, especially lower part of the abdomen, and to a lesser
extent lateral and upper areas, which improve a lot but to a lesser extent than the lower part.

In most of obese patients, lateral abdomen remains a problem for the plastic surgeon. If left, it
certainly affects the aesthetic result, and if managed in the supine position, it could be
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controlled but the most lateral part of the procedure is actually on the posterior surface of the
body, very uncomfortable during wound closure (Figure 3).

4. Surgical technique

4.1. Patient marking

While standing the patient, back markings are done first; a very important beginning land-
mark is the upper limit of the natal cleft. Noting the buttock length is variable in-between
different sex, ethnic groups and patient body length.

The tissues are pulled superiorly by an assistant to mimic the effect of our surgery—expecting
the end scar position, putting in mind the effect of liposuction (if done) in increasing tissue
laxity in the lower (buttock) flap.

Figure 4. Patient marked for upper and lower incision lines.

The mid-scapular line meets the maximum convexity in the lower marking; then, the lateral
down shift of the line is designed to meet the cellulite correction design of lateral high tension
abdominoplasty proposed by Lockwood T [11].

The main target is ending in a nicely placed seagull wing scar on the back easily concealed by
undergarments.

El-kafrawy H. technique implies estimation of the tissue excess and marking of the upper
excision limit from the start (Figure 4). Wasief Sh. technique implies a cut as you go method
after tissue dissection and intraoperative estimation of tissue excess before final determination
of upper incision (Figure 5). Both methods target a closure with least tension especially at the
natal cleft line and central parts with adherent tissues; with least tissue mobility.

Then, the patient turns to face the operator with right side, tissue pull by the assistant to abolish
the lateral thigh laxity (cellulite) and the lower limit of the excision is marked. It is designed
as a continuation of the back markings. The left side in turn is marked in a similar manner.

The abdominoplasty marking is done while the patient is lying supine, 6–8 cm from anterior
fourchette is marked after surgeon assessment of the particular tissue proportions and patient
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consultation about self-image in the mons area. Low abdominoplasty incision is marked at the
mid-clavicular line, 2–3 cm from the thigh crease, which is an important landmark in such an
area with minimal tissue laxity. Then, the markings meet the lateral marking according to
lateral tissue laxity.

Liposuction will increase tissue laxity and should be estimated in markings for the upper
incision in the pre-operative markings proposed by El-Kafrawy H.

Figure 5. Patient marked for the lower incision only as proposed by Wasief Sh.

4.2. Anaesthesia

Operations were done under general anaesthesia.

4.3. Positioning

Patients were anaesthetized on patient trolley, airway secured and then transmitted by our
team into prone position on the operating table.

4.4. Sterilization and draping

4.4.1. Tumescent injection

1:100,000 adrenaline solution in saline injected sub-dermally all over the markings to decrease
blood loss during skin incision.

1:1,000,000 tumescent solution is used all over the liposuction and excision area.

4.5. Surgery

Skin incised at lower markings till the deep dermis by scalpel, mono-bolar diathermy is used
through the fatty tissue and fascia of the back. Thin layer of fat is left covering the muscles of
the back. At the lower incision, fat modulation is done according to the body proportions.
Slight cephalic sloping dissection is done if no volume is needed for the buttocks and large
degree of sloping is done if volume is needed for buttocks, up to de-epithelialisation only in
patients with deflated buttocks seeking augmentation gluteoplasty.

El-kafrawy H. technique implies cutting on the upper marking with tissues excised en-block
beginning on the right side.
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Wasief Sh. technique implies intra-operative skin marking for the upper limit by methylene
blue, followed by excision according to tissue laxity.

Closure of back incision in three layers, superficial fascia closed by absorbable size 0 sutures,
sub-dermal 3-0 or 2-0 absorbable and sub-cuticular skin closure by 3-0 absorbable or non-
absorbable sutures. Stay sutures at the most lateral parts are advised allowing tissue modu-
lation when the abdominoplasty flap is cut.

Temporary dressing is done, changed at the end of procedure after it gets soaked with fluids
during the anterior part of the operation.

Patient is repositioned on trolley in the supine position and then transferred to the operating
table in the supine position.

Prepped and draped, tumescent fluid is injected; low abdominoplasty incision is chosen by
the authors. Skin incised till dermis by scalpel, and then mono-polar diathermy is used.

Figure 6. (a) An intra-operative view showing lateral area with fat left to obliterate dead space. (b–d) Intra-operative
view showing superficial fascia sutures to iliac crest.

Fatty layers are preserved in the lower part containing lymphatics; superficial fascia is left in
a more extended fashion, used to bear fascial suspension sutures to iliac crest (Figure 6). One
raw suture line by 1 poly prolene or 0 non-absorbable multifilament suture is used routinely
by El-kafrawy H. Two row suspension lines to distribute tension were proposed by Wasief Sh.
after patients complained feeling sutures cutting through tissues during trunk movement 5
days post-operatively.

5. Results

From February 2009 till April 2016, 37 patients were included in this series, ages 23–54
years old, 12 patients (32.4%) with co-morbidities (DM and hypertension), BMI 27–33, four
patients (10.8%) were smokers and stopped smoking 4 weeks before surgery, seven patients
(18.9%) with previous failed bariatric interventions, two lap band and five sleeve gastrecto-
my, 18 patients (48.6%) refused to undergo bariatric surgeries after failure to reduce weight
with nutrition control regimens and 12 patients (32.4%) were over-weight in the range of
BMI 27–30.
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Eleven patients (29.7%) were not satisfied with the long 360° scar in the first 6 months, reduced
to seven patients (18.9%) after scar maturation, two patients (5.4%) were not satisfied with the
high position of the back scar and all 37 patients (100%) were satisfied with the waist creation
with the hour glass body transformation; all patients were satisfied with the buttock cellulite
left, lateral thigh cellulite lift.

Sixteen patients (43.2%) had minor delayed wound healing along with incision line managed
conservatively, 11 patients (29.7%) had blood constituent transfusions, hospital admission
ranged 2–4 days and one patient admitted to ICU post-operatively.

Surgeon assessment of patients after surgery resulted in 100% satisfaction for the waist
creation, buttock lift and lateral thigh lift, anterior thigh improvement noticed but not corrected
totally, two patients (5.4%) had higher incisions than planned, hypertrophic back scars notices
in eight patients (21.6%) managed by topical silicon products application, CO2 fractional laser
drilling and five fluro-uracil injections (see Figures 7–12).

Figure 7. 42 years old obese patient with superadded localized obesity in lateral abdomen and trochanteric area.
a,c,e,g,I,k pre-operative views b,d,f,h,l post-operative views.
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Figure 8. 36 years old patient undergone combined circular abdominoplasty with breast reduction mastopexy. (a–f)
Pre-operative view and (g–i) post-operative view.

Figure 9. 28 years old patient. (a, c, e, g) Pre-operative view. (b, d, f, h) Post-operative view.
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Figure 10. 36 years old patient undergone circular abdominoplasty. (a) Pre-operative anterior view, (b) pre-operative
posterior view, (c) pre-operative left lateral view, (d) post-operative anterior view, (e) post-operative posterior view and
(f) post-operative left lateral view.

Figure 11. (a) Pre-operative anterior view, (b) pre-operative posterior view, (c) pre-operative left lateral view, (d) post-
operative anterior view, (e) post-operative posterior view and (f) post-operative left lateral view.
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Figure 12. 38 years old patient undergone circular abdominoplasty operation. (a) Pre-operative anterior view, (b) pre-
operative posterior view, (c) pre-operative left lateral view, (d) pre-operative anterior view, (e) pre-operative posterior
view and (f) pre-operative left lateral view. (g) post-operative anterior view, (h) post-operative posterior view, (i) post-
operative left lateral view, (j) post-operative anterior view, (k) post-operative posterior view and (l) post-operative left
lateral view.

6. Discussion

Obese patients are at risk of developing various health-related problems [10]. However,
they have a myriad of options such as diet control, practicing physical activities and surgi-
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cal interventions to reach a normal body mass index, thus, decreasing the life time risk of
co-morbidities.

Some patients may have difficulties in weight reduction, failed diet control, failed bariatric
surgeries and refusal to undergo surgical gastrointestinal interventions. In this group of
patients, circular abdominoplasty may be an option with the following advantages and
disadvantages:

Advantages:

1. Abdominoplasty with aesthetic remodelling of antero-lateral abdominal wall.

2. Creation of a defined waist.

3. Decreasing cellulite in anterior thighs, lateral thighs and buttocks.

4. Defining the aesthetic angle between lower back and buttocks.

Disadvantages:

1. Operating on a riskier group of patients with higher BMI.

2. Longer operation time and increased operation risk.

3. Nearly double the scar length and double the time for wound healing.

4. Longer convalescence period.

The operative time in the beginning took about 4–5 h which was reduced to 3–4 h in our centre
with a trained team accustomed to this type of patients and operation. In the event of two-
team approach, working on both sides simultaneously may reduce the time to 2:30 h.

In our practice using a post-operative questionnaire, consulted patients who refused the idea
of circular abdominoplasty and ended with long abdominoplasty scars may substantially say
that ‘we should have circular abdominoplasty if we expected such long scars’.

Prevention and management of abdominoplasty complications is very important in this group
of patients.

Thrombo-embolism protection is very important in this patient group because of increased
risk of obesity and increased operative time.

7. Conclusion

Circular abdominoplasty is an option in obese patients, provided that the surgical environment
is prepared to commence on a smooth fast track surgery to decrease the operative risk. The
procedure gives a better defined waist and a better body contouring of the whole area.
However, when liposuction is done in the same operation, the risk of bleeding increases.
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Abstract

Background: Massive weight loss population presents different body deformities due
to deflation and poor skin tone. Deformities in the lower trunk, upper torso, arms, and
thighs are based on age, degree of skin laxity, and adipose tissue. Traditional plastic
surgery techniques like abdominoplasty will not work in this kind of patients. Surgeon’s
major challenge is how to restore the skin and overlaying fat in patients that do not have
the same deformities. Identifying the vectors of dropping tissue will lead to classifying
this kind of deformities and planning the best surgical procedure.

Methods: Different operative techniques are described in this article to safely manage
the main areas of the body. The use of combined liposuction to improve lipodystrophy
areas is well indicated to avoid any complication of the main surgical treatment. A step-
by-step description on postoperative indications and management is included.

Results: Plastic surgery office consultation has increased in massive weight loss patients,
so it is very important to understand new body contouring techniques. It is critical that
overall patient satisfaction is (mostly) achieved.

Conclusions: With a comprehensive diagnosis, patient classification, dynamic marking,
and postoperative patient management, body contouring techniques have evolved from
a traditional abdominoplasty, brachioplasty, thighplasty to a multiple vector correction.
Results are consistent over time.

Keywords: body contouring, massive weight loss, body shaping, body lift, arm lifts,
thigh reduction
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1. Introduction

Today, massive weight loss patients are a big population in terms of plastic surgery office
consultation. Since bariatric surgery evolution, many of the severe obese patients have become
improved their health and life quality and the results of this change usually impacts their body.
Skin tone and adipose tissue have their first impact revealing lax and lipodystrophy leading
to hanging skin and fat all over the body.

One of the biggest problems is the correct diagnosis of patient’s contour deformities.

It is our duty to exam all areas that we must treat as sections to have the contour as accurate
as possible.

There are (Figures 1 and 2):

Figure 1. Front upper, middle, and lower section.

Figure 2. Back upper, middle, and lower section.
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• Upper section (arms, thorax, and upper back).

• Middle section (central part of abdominal wall, lateral wall, buttocks, and back).

• Lower section (medial and lateral thighs and legs).

2. Body lift surgery

In the middle section, there are many surgical treatments and we must identify the best one
for every patient.

So for a better classification, we must address patients’ variability patterns (Figures 3 and 4):

Figure 3. Variability patterns at front.

Figure 4. Variability patterns at back.

• In lax skin and rolls at the front and back in every patient.

• Previous scars (Special attention in anatomical blood supply).

• Structural body shape (android or gynecoid).

• Intra-abdominal excess.

Knowing the anatomical shape, we could see which one will have a better contour:
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http://dx.doi.org/10.5772/64839

125



• Severe skin laxity, low adipose tissue, and medium size skeletal muscle will be the best body
contouring patients, only need to re-drape skin to the continent underneath.

• Large and oblique scars are a big problem due to vascularization. If so, discuss with patient
about necrosis and complications.

• Women mostly have a pear shape or gynecoid and are narrow from torso and wider at the
hips, so stretching skin laxity contour improves. Men and some women have an android or
pear shape so circumferential procedures are a standard treatment avoiding denting or
heavy dog ears.

Why are body lifts the best procedures in the massive weight loss patients?

A common example is to watch the anterior abdominal wall and discard lateral and back or
pretend to treat the anterior part and improve contour on lateral and back.

As shown in Figure 5, classic abdominoplasty has an ellipse pattern with a wider medial
resection that have a 100% of skin tension, reaching the most lateral resection with no tension
at the end of the closure is achieved and final dog ear or bulky tissue is revealed.

Figure 5. Classic abdominoplasty resection. The central part has the highest tension.

With a circumferential procedure, skin is resected over the front and back and a 100 percent
of high tension applied to the skin ends with the best improvement in contour [1] (Figures 6
and 7).
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Figure 6. Highest tension in a circumferential procedure is applied at front and back.

Figure 7. Higher tension at the back makes a better gluteal shape.
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2.1. Markings

Start with the patient in a standing position (Figures 8 and 9).

Figure 8. Dynamic pinch.

Figure 9. V-S pattern at the back and trapezoidal at front.

• Midline marking reaches xiphoid process to midline pubis.

• Midline marking of the back to gluteal crease.

• Dynamic pinch in the back lifting gluteal and lateral tissue in a V-S fashion

V (superior) and Italic S (inferior) improve buttocks shape.

• Dynamic pinch in the anterior part lifting pubis and inguinal area in a trapezoidal fashion.
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• Always in the midline back decrease tension about 2 cm than pinch avoiding over resection.

Marking tips: Always use landmarks to keep anatomical references.

If not sure about resection, do not do it. It is better to decrease the amount of resection to
keep surgery safe.

2.2. Operative technique

• The patient in prone position, incision, and dissection from upper marking down (Figures
10 and 11).

• Subfascial dissect avoiding lymphatic injury.

• Lift the flap and tailor tacking avoiding over resection.

• Fascial closure with absorbable sutures and subdermal [2].

• Drains placed under closure.

• Lateral ending with a dog ear to continue in the anterior part.

• In supine position, pubic marking incision as classic abdominoplasty.

• Subfascial dissection towards xiphoid, umbilical transposition.

• If needed, muscle plication will improve contour.

• Abdominal flap is descended and fascial and dermal closure is made.

Figure 10. Body lift surgery pictures, starting in prone position. At the upper right, lifting the buttocks.
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Figure 11. Body lift at the abdominal time, subfascial undermining.

Tips: Keep the subfascial tissue intact, decrease postoperative seromas.

Reaching the umbilicus area, look for any little hernia, and if so, repair it.

Safe liposuction area: Only at the lateral thighs with mild-to-severe lipodystrophy.

Patients who underwent a previous abdominoplasty have a different approach:

• The back is marking as usual.

• The lateral and anterior area is treated as an inverted ellipse fashion keeping most of the
tension at lateral aspects than in the midline

Marking tips: Always look at the umbilicus position. A higher position improves in contour.

Try to lower the previous abdominoplasty scar. This is the most visible area.

Surgery tips: Umbilicus is the danger zone. Dissect the flap near the insertion and descend the
new flap in a block.

If infra umbilical skin redundancy requires a higher resection, umbilical transposition is
mandatory.

In lower position, umbilicus sometimes is better to repositioning a little bit higher and leaving
a minimal vertical scar.

2.2.1. Postoperative care

• Do not fully extend for 1 week. It is a high-tension technique and dehiscence may occur.

• Drains will be kept until 20 ml serohematic/day.

• Compression garments for 1 month.
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2.2.2. Pre- and post-op results

See Figures 12 and 13.

Figure 12. Left side, pre-op; right side, post-op. Improving contour and gluteal shape.

Figure 13. Left side pre-op, right side post-op, 2 years.
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3. Arm lift and surrounding areas

After weight loss arms and axilla area often deflated and gravity vectors lead to a typical tent-
like deformity from elbow to medial axillary line.

Patients feel uncomfortable about their upper extremities due to their visual movement of
hanging tissue. This is usually patients’ first consultation.

This hanging tissue reveals the drop vector due to gravity [1].

With the upper arm, horizontal extent (15°) and palms up the deformities show up.

Our goal is to reshape the arms to their natural looking.

Extension to medial axilla line is often needed due to tissue excess and not to falling in a dog
ear final scar.

This is the natural extension line from the arm to the lateral chest area.

Arm deformities types and treatment classification (Figure 14)

Figure 14. Different types of deformities.

Type 1: Mild adipose pinch—Good skin tension

Type 2: Severe adipose pinch—Severe skin laxity

Type 3: Low adipose pinch—Mild skin laxity

Type 1: Treatment: Liposuction (classic liposuction or ultrasound assisted)

Type 2: Treatment: Sequential ellipse skin resection
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Type 3: Treatment: Skin resection with surrounding areas liposuction. Contour results may
vary among patients

3.1. Scar placement

There is a controversial issue about placing the scar in a more medial fashion than a posterior
place.

It is obvious that a scar placed in the bicipital crease will be in a more natural and anatomical
area. But the truth is that after a long postoperative time, the scar will expand or migrate
because of the gravity.

A scar placed at the lowest point of the posterior axillary fold is better because it extends to
axilla defects and maintains the arm reduction over time without migration (Figure 15).

Figure 15. With arms open, scar is nonvisible.

At this time, you can combine arm lift with breast and upper back roll surgery and improve
contour in the arms, lateral torso, back, and breast.

3.2. Markings

In standing position (Figure 16)

Figure 16. Pinch and hatch marks. Resection always is less than marked.
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• Dynamic pinch at the posterior axillary fold towards axilla.

• This pinch will be about 1.5–2 cm less avoiding high tension in closure.

• Crossing axilla pinch will reclute lateral torso tissue.

• No marking Z-plasty is needed in the axilla.

3.3. Operative technique

• Patient positioned with arms open and movable to a position higher than the head (Figure
16).

• Partial Incision made from the elbow towards axilla maintaining superficial fascia.

• Sequential to the hatch marks to avoid over resection.

• Each hatch mark is accessed closure made from fascia and subdermal.

• Reaching axilla continue more subdermal to avoid lymph injury.

• Cross-axilla and resect until the last markings.

• Final closure made, skin glue.

• Drains under closure.

Tips: Arms are not collapsible, and compartmental syndrome could occur so less resection
(Figures 17–19).

Figure 17. Upper left hatch marks are relevant in this surgery.
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Figure 18. Deflated arm reaching axilla and lateral thorax. Pre- and post-op.

Figure 19. Aesthetic problem with adipose excess and scar due to trauma. Pre- and post-op.

Be gentle when moving, nerve compression or injury may happen.

Lateral torso resection shapes under the axilla and the lateral aspect of the breast and some-
times could lateralize the nipple, so if you are planning to combine surgery, be aware at this
point.
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3.4. Postoperative care

• Compression garments after surgery are mandatory from the hand to the axilla.

• The same day after surgery the surgeon must see patients hand for swelling and blood
supply. Sometimes compression is too high and must free some pressure of the garment.

• Patient must elevate arms above the chest to avoid excessive swelling.

• Smooth movements and no lifting heavy objects.

• Drains kept a few days until 20 ml/day.

• Silicone sheets are applied 4–6 months.

Some male patients could benefit the chest wall with the lateral torso resection with marking
extension and variation.

This selection is made in patients with (Figure 20).

Figure 20. Notice the lateral traction improve NAC position.

• Deflation of the breast and position of NAC higher than inframammary fold.

• Lateral torso skin laxity.

Marking tips:

• Arm lift as described, crossing axilla and reaching lateral torso vertical dynamic high pinch
is made.

• Evaluate NAC position as pinch.

• Sand clock shape is made with wider part at the NAC position.

• Extension will vary between patients (Figure 21).

With selected patients, we could perform upper body lift surgery resecting back rolls and
leaving a final scar that cross from back to submammary fold.
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Figure 21. Long extension in lateral aspect. Pre- and post-op results.

This type of procedure requires changing position at the surgery table like the lower body lifts.

Markings:

• Standing position at the back elevate the excess in upward fashion.

• Dynamic pinch keeping the upper line just above the bra line.

• Continue to lateral hatch marks addressing submammary fold.

3.5. Operative technique

• Excise over the upper line and dissect downwards.

• Elevate the flap and tailor tack.

• Continue to the lateral aspect ending at the middle axillary line.

• Then rotate patient and continue in supine position.

Tips: Always keep the superficial fascia it will help you to anchor the flap in an upward
position.

It is better to do lower body lift first as major skin tension body procedure it will tight some
upper part excess leading to scar predictable positioning.

If breast or upper chest surgery will not be performed at this time, extend to the inframammary
fold, dog ears at the lateral torso are too visible.

3.6. Results

See Figures 22 and 23.
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Figure 22. Brachioplasty, augmentation mastopexy, and back rolls surgery. Front view.

Figure 23. Back view.

4. Thigh lifting and reduction

The inner thighs are one of the areas that many plastic surgeons try to avoid mainly because
the complication rate is higher than other surgical procedures [3].
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Figure 22. Brachioplasty, augmentation mastopexy, and back rolls surgery. Front view.

Figure 23. Back view.

4. Thigh lifting and reduction

The inner thighs are one of the areas that many plastic surgeons try to avoid mainly because
the complication rate is higher than other surgical procedures [3].
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Skin laxity and lipodystrophy vary according to patients so the thighs are divided into three
zones (Figure 24):

Figure 24. Thigh zones inguinal (purple), medial (green), upper knee (red).

• The inguinal zone.

• The medial inner thigh.

• The upper knee section.

The inner thigh as we describe it has two negative vectors due to gravity, skin laxity, and
amount of fat in the area. The retaining skin ligaments in the inguinal and throcanther area
are responsible for the vectors.

For reshaping the area, we propose to reinvert these critical vectors by anchoring the superficial
fascia to the Colles ligament in the horizontal vector and resect the amount of skin and fat in
the vertical one.
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4.1. Planning inner thigh reduction

Which is the extension of the deformity?

• Pinch diagnosis in stand-up position.

• Elevation of the horizontal (subinguinal) vector.

• Careful examination of inner thigh and extension of vertical vector.

• Evaluate if deformity reaches or passes the knee.

4.2. Scar placement

• Inguinal scar should be placed in the inguinal crease.

• Vertical incision should not be too anterior or posterior.

• In stand-up position not visible scars.

• Evaluate patients with previous thigh incision.

4.3. Use of liposuction

• Only in areas that should not be excised (e.g., knee, lateral thigh).

4.4. Marking and tips

Pinch dynamic markings are used and marks are less than the original 1 or 1.5 cm to avoid
over resection (Figure 25).

Figure 25. Marking and pinching the defect, the definitive marks are less than original pinch.

The amount of skin and fat excised in the horizontal excess often is less than what we can
elevate.

Horizontal excess must be anchored in the Colles fascia just above 2 cm the inguinal crease so
the mark in the inguinal region should be 2 cm less than the pinch.
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This type of anchoring is strong and the horizontal flap could be suspended by the superficial
fascia (Figure 26).

Figure 26. Different patients, different markings, and both improve contour.

4.4.1. Operative technique

• Patient positioned in frog-like position (Figure 27).

• Incision made from the distal marking towards inguinal maintaining superficial fascia.

• Sequential to the hatch marks to avoid over resection [4].

• Each hatch mark is accessed closure made from fascia and subdermal.

• Continue at the inguinal incision. Subfascial dissection.

• Do not over resect, suspension of the thigh has to be 2 cm or 3 above the crease to reach the
Colles ligament, so marks should be 2 cm less than marked.
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• Use polypropylene 0 for anchoring, in a “x” fashion to relax tension in superficial fascia.

• Final closure made, skin glue.

• Drains under closure.

Figure 27. Thigh surgery. Upper right anchoring subfascial tissue to Colles ligament.

4.4.2. Post-op treatment

• Use of compression garments.

• Early deambulation.

• Leave silicone drains until 25 cc/day.

4.4.3. Pre-/post-op Photographs

See Figures 28 and 29.
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Figure 28. Deformity at inguinal and medial zone. Pre- and post-op.

Figure 29. Some patients reach the upper knee so extension of the vertical extension is applied. Pre- and post-op.

5. Discussion

Many techniques have been described through the past century to achieve good contour and
aesthetic results. But some of this new postbariatric population with weight loss have contour
deformities that never have been shown in past century consultation.
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New surgical approach as body lifts, extensive brachioplasty, and thighplasty should be
consider as a gold standard for this kind of patients

6. Conclusions

With a comprehensive diagnosis, patient classification, dynamic marking, and postoperative
patient management, body contouring has evolved from traditional plastic surgery techniques
to a multiple vector correction.

It provides a good contour; skin tension and results are consistent over time, but should
consider to:

• Be conservative and do not over resect.

• Plan and mark since these are critical for the surgery.

• Take care of patients’ postoperative management, watch out for complications.
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Abstract

Commonest cause of disturbed axillary aesthetics is aberrant breast tissue. Our study
presents 24 consecutive patients with axillary breast or lipomas, treated with liposuction
alone or excision with limited liposuction of axillary folds and dog ears; between 2005
and 2015. Optimum aesthetic outcome was due to i) Pre-op marking in maximum
abduction ii) Elliptical excision of apical, hairy skin in the direction of maximum laxity
irrespective of location of axillary breast iii) Raising thick flaps to avoid tethering of the
scar iv) Meticulous dissection to preserve nerves, axillary pad of fat and lymph nodes,
v) Limited liposuction under vision to sculpt axillary folds and dog ears, vi) Suturing in
position of maximum abduction, vi) Stretchable tape for dressing instead of pressure
garment suitable for unique shape of axilla.

First patient treated with liposuction alone required removal of residual mass whereas
patients undergoing axillaplasty had no major complications, had acceptable scars and
were happy to have reduction in hair bearing axillary skin. Thereafter only two more
patients were treated with liposuction alone. (5 axillae) 21 patients (42 axillae)
underwent excisional sculpting of axilla with limited liposuction. Complications were
minor and axillary scars were imperceptible and acceptable. We prefer excisional
axillaplasty with limited liposuction after the excision. Liposuction alone cannot address
the problem satisfactorily and safely.

Keywords: axillary breast, axillary aesthetics, excisional axillaplasty, limited liposuc-
tion in axilla, accessory breast

1. Introduction

Axilla can be the seat of many deforming swellings but the commonest malady that compro-
mises appearance and causes concern is axillary breast. Other benign conditions such as
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lipoma, lymphadenopathy, hidradenitis suppurativa and vascular malformations must be kept
in mind nevertheless.

Peri-pubertal and peri-partum increase in the size of axillary breast causes not only aesthetic
concerns but discomfort due to poor arm posture, sweating, and stickiness; not to mention the
limitation of choice in apparels that can be worn.

2. Surgical anatomy of the axilla

Axilla is a pyramidal structure—with a concave floor made up of skin and subcutaneous fat—
facing laterally and inferiorly [1].

The four borders are

A—anterior axillary fold comprising of free border of pectoralis major,

B—posterior axillary fold comprising of free border of latissimus dorsi muscle,

C and D—the anterior and posterior lines defining the upper, medial arm.

The medial and lateral faces of pyramid comprise of convex upper rib cage medially and inter-
tubercular sulcus of humerus laterally. The anterior and posterior faces are free. The apex of

Figure 1. Surgical anatomy of axilla.
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the axilla harbors axillary pad of fat, lymph-nodes and lymphatics draining Upper limb as well
as the neuro-vascular structures. The latter include intercosto-brachial nerve, medial cutaneous
nerve of the arm and the cephalic vein. The apex has axillary artery and vein, invested in layer
of fascia. Spencer’s foramen is an opening in the pectoral fascia which allows passage of
axillary tail of the breast. Figure 1 illustrates the anatomy in detail.

3. Aesthetic considerations in axilla

3.1. Aesthetic landmarks and their anatomy: physiology of axillary skin

The anterior and posterior axillary folds and the concave floor are key features to consider in
order to improve aesthetics of the axilla. The anterior and posterior axillary folds smoothly
curving to medial arm can be termed anterior and posterior axillary aesthetic lines respectively,
akin to dorsal aesthetic lines of the nose (Figure 2).

A fatty fold rolls over into axilla filling it and reducing the definition. A scar crossing the fold
of axilla interrupting its smooth transition into medial line of arm violates the aesthetic

Figure 2. Anterior and posterior axillary aesthetic lines.

Figure 3. A scar crossing the anterior axillary fold compromises outcome.
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landmarks, as illustrated in Figure 3 which shows pre-operative and post-operative photo-
graphs of a patient.

Full and convex floor makes it appear unattractive; as also when the floor is irregular, scarred
and tethered.

The axillary skin is hairy and rich in apocrine type of sweat glands that open into the piliary
canal of the hair follicle. They are larger (800 μm) and secrete a substance that is thicker than
that secreted by eccrine glands distributed over rest of the body. The substance is oily, odorless
and rich in proteins, lipids and steroids. This nurtures the bacteria on the skin leading to
peculiar odor. The apocrine sweat contains pheromone-like substances. The axillary apocrine
glands are active during sexual excitement and under stress [2, 3].

It is a common practice to shave axilla in women whowear sleeveless tops as well as in metrosexual
men. In tropical countries like India, men often wear sleeveless apparel due to hot climate.

4. Embryology: mammary ridge

4.1. Accessory breast and Kajava classification

4.1.1. Definition of axillary breast

4.1.1.1. Classification of axillary breast*

The mammary ridge in fetal life extends from axilla to groin. Incomplete involution can lead to
accessory breast anywhere along this milk line.

Accessory breast tissue is defined as the presence of extra breast tissue in addition to normal
breast tissue [4]. About 2–6% women have this condition and 20% of all accessory breasts
occur in axilla [5, 6]. The accessory breast was classified by Kajava et al. in 1915; based on
composition of the aberrant tissue [6, 7]. The diagrammatic representation shown in Figure 4
can be useful for diagrammatic representation, though the classification is rather cumbersome
for practical use.

The axillary breast is a type of accessory breast, located in the axilla. It can be of any Kajava
type though we have seen only type 4 in axilla. If there is a connection through spencer’s
foramen, it can be considered as axillary tail of the breast. In the absence of connection, it is
simply an accessory breast tissue in the axilla. Though the management remains the same,
ligation of the tail is an important maneuver in case of axillary tail—as it may contain a vessel.

An anatomical sub-classification of axillary breast was proposed by Bhave, according to location [8].

1. Central axillary

2. Para-mammary

3. Medial arm.

Figure 5 shows clinical illustration of the same.
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The classification has diagnostic significance, as many type 2 and 3 breasts can be
misdiagnosed as other pathology, which may lead to inferior choice of incision and poor
cosmetic outcome.

Figure 4. Diagrammatic representation of Kajava classification based on composition of accessory breast. Solid oval =
breast tissue, hollow oval = areola, rod = nipple, arrows = hair.

Figure 5. Classification of axillary breast—Bhave Medha.
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5. Clinical presentation: symptoms

5.1. Expectations from surgeon

5.1.1. Philosophy of interpretation of a woman’s symptoms

Table 1 summarizes the common symptoms in our series. Most of other reports in the
literature are by radiologists. Hence the commonest presentation in their series is asymp-
tomatic. There is lack of awareness of the available modes of treatment and fear of scar,
which leads to under-reporting. Even if the condition is congenital, most women develop
the swelling during hormonal surges such as menarche or pregnancy. The presentation
may be at any age, since this is not a pressing complaint unless the patient is worried
about cancer.

The reason why treatment is sought is often said to be inability to wear sleeveless tops. In fact,
Laurence Kirwan has included this in definition.

In our series, most of the women felt sweaty, sticky and malodorous due to the presence of
mass in the axilla. Fear of cancer, inability to maintain arms in proper posture, pain along the
medial arm were the other symptoms. Inability to wear proper clothes was a secondary reason
in most women.

A woman needs not only to be heard but also listened to. A surgeon should consider the
functional aspects of body contouring surgery before aesthetic as most of the women, espe-
cially from India are not seeking to wear exposing attire, but simply want to be comfortable
and efficient in daily life.

6. Differential diagnosis

Every structure in the axilla can cause swelling and be confused with axillary breast [8].

A. Lymphadenopathy—tubercular is the commonest in India. Figure 6.

B. Hidradenitis suppurativa—very common in tropical countries.

Inability to wear proper clothes 23/24

Inability to maintain proper arm posture 20/24

Sweating, sticky skin and discomfort 20/24

Cosmetic concern 18/24

Pain in the lump 11/24

Fear of malignancy- voiced by older patients 2/24

Pain along the medial arm 1/24

Table 1. Symptomatology.
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C. Lipoma.

D. Malignancy.

E. Sebaceous cyst.

F. Vascular malformation.

In our series, we have encountered everything except vascular malformation.

It must be noted that the axillary breast can be seat of every benign and malignant disease that
can occur in mammary tissue.

7. Investigations

It follows from the above discussion that ultrasonography of the axilla is the primary modality
to diagnose the nature of the swelling, define its contents and establish or rule out vascular
connection.

Color Doppler should be done in case of vascular swellings as and when required. Mammog-
raphy is routinely done to rule out any associated breast pathology.

Figure 6. Tubercular lymphadenopathy. Patient presented 2 days prior to this cellulitis as axillary breast.
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MRI may be required in some cases where additional pathology like tubercular lymphadenop-
athy or malignancy is suspected.

8. Treatment modalities and logical choice

The various treatment modalities include [9, 10]

A—open excision,

B—liposuction,

C—non surgical methods like injection lipolysis, high intensity focalised ultrasound (HIFU),
etc.

D—combination of excision and suction—axillaplasty.

A—Open Excision.—This can be undertaken in a small mass. But for a large mass this may
result in long scars that may cross aesthetic landmarks of axilla.

B—liposuction alone—following hazards of closed procedures in axilla are encountered.

Axilla in abduction—as required for the operation—brings important neuro-vascular struc-
tures to the floor and thus makes them prone to injury by the cannula. In adduction, these
structures remain at the apex but one cannot operate in such a position. Hence, liposuction
alone is a hazardous choice as a primary modality.

Usually, the axillary breast tissue contains fair number of glandular structures, making it
difficult to produce satisfactory result with liposuction alone. The use of sharp cannula—as
used in male gynaecomastia by some surgeons—is not advisable, due to proximity of impor-
tant structures. Leaving behind residue of the gland—and suctioning only to produce
contouring—is against the principles of surgery. The residue can re-enlarge later. Thus, even
if closed liposuction has advantages like minimal scar; the dead space and non-retraction of
skin are major deterrents to wide use of this method. Though tumescent liposuction is strongly
advocated by some authors [9, 10], it may be hazardous for aforementioned reasons.

C—non surgical procedures like injection lipolysis cannot be used as the agents can cause
venous thrombosis and fibrosis in the axilla leading to peri-neural inflammation, fibrosis and
pain.

D—axillaplasty—definition and concept.

The term axillaplasty was introduced by Laurence Kirwan in 2009. He defines axillaplasty as
follows—axillaplasty is a procedure to correct the overhang of fat and skin above the bra at the
armpit, which limits tops that women can wear. The fat is suctioned and excess skin is
removed creating a neat thin line scar hidden in the apex of the axilla. The wound is closed
with a knotless absorbable barbed 2-0 and 3-0 barbed suture, which aids in the healing [11].

He presented the procedure in 2009 at Las Vegas aesthetic meeting.
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We adopted the procedure for management of the axillary breast. Open excision of the breast
tissue and skin is done first, reserving the liposuction only to contour the axilla suction the
anterior and posterior axillary folds, minimize the dog ears and reduce the length of the
axillary scar.

Documentation—sonography report stating the percentage of breast stroma and fatty tissue.

Photographs—frame—mid neck to nipple level

Views—“spread wing” view with arms at right angle—both sides, Rt axilla, Lt axilla.

—Arms abducted above the head—both sides—depicts relation with pectoralis major

—Arms by side—both sides.

8.1. The detailed procedure of excisional axillaplasty

General anaesthesia is used after proper medical fitness is evaluated [8]. Marking is done with
arm in abduction—the lax skin is pinched and marked as an ellipse in the direction of maxi-
mum laxity. This skin is to be excised (Figure 7).

Palpable extent of the gland is marked with dotted lines. The axillary folds may be marked if
too bulky [8].

Infiltration is done in a deep plane with 1 in 200,000 adrenaline with, 1% lignocaine in saline.
Subdermal infiltration is used only for the incision. If simultaneous liposuction of the back is
planned, it is marked pre-operatively and infiltrated after completion of axillaplasty. Skin
incision is deepened till superficial fascia as depicted in Figure 8. Thick flaps are elevated on
either sides to define the axillary breast [8].

Meticulous dissection to separate the breast, preserving every nerve going through the mass, is
undertaken. Pectoral border medially, cephalic vein superiorly and the lateral edge of the mass
laterally are the limits of dissection. Intercostobrachial nerve is invariably found to be passing
through the mass and needs to be preserved as shown in Figure 9. The medial cutaneous nerve
of arm if encountered, axillary pad of fat and lymph nodes is preserved. The mass usually
separates well. If connection with the mammary tissue is identified through foramen of spence,
it should be ligated and haemostasis achieved. Excision is essential because there is no other
way to safely remove the tough breast tissue with suction. The sharp cannula used sometimes
in gynaecomastia cannot be used for fear of damage to nerves.

8.2. Limited liposuction of dog ears, axillary folds and back

Arm is then abducted and temporary staplers are used to secure best position for suturing
with minimum dog ears. The dog ears are then thoroughly suctioned. Chasing the dog ear
lengthens the scar and if it crosses any anatomical land-mark, the aesthetic outcome suffers. If
required, the thick flaps can now be suctioned to contour the floor. Flaps that are too thin will
tether to the floor and give unnatural appearance. Moreover, this suction is well away from the
important neurovascular structures. It must be noted that liposuction alone is not enough to
produce the desired result due to invariable presence of firm breast tissue in the mass.
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Figure 7. Marking the incision in direction of maximum laxity. Dotted lines mark the margin of the palpable mass.
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8.3. Drains

Suturing is done with 3-0 PDS in two layers. We never needed drains in any of our patients,
but they should be used when in doubt.

Axillaplasty can be combined with breast reduction [12].

8.4. Properties of hair bearing skin and advantages of reduction

The hair bearing skin does not retract well after liposuction [8]. Thus, skin excess cannot be
taken care of as addressed in abdominal liposuctions. The overhang remains if liposuction is
used alone and necessitates excision. Thus, it is wiser to combine the two at the outset. The
axillary sweating and hair are matters of concern for most women, and they are happy to have
this skin reduced. Despite presence of hair, the scars are imperceptible and often better
accepted in exchange of reduction in hair bearing skin.

Figure 8. (A) Flaps at level of superficial fascia. (B) Well demarcated mass.

Figure 9. Meticulous dissection of nerves and vessels involved in the swelling is needed to avoid post-operative
neuralgia.
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9. Post-operative program: dressings

9.1. Problem of pressure garments

9.1.1. Problems of compressive dressing

The dressing is done with a thick gauze and cotton pad secured with stretchable many
tailed tape as depicted in Figure 10. Hypo allergic tape can be used but one may not be
able to obtain adequate pressure. Pressure garments are not reliable due to the peculiar
shape of the axilla. They can also cause compression of the nerves and veins in the arms
due to tight sleeves resulting in edema of the dorsi of the hands. The very first patient in

our series had come for minimal access surgery. She found it extremely difficult to wear the
garment during post-op period due to tingling numbness in the forearms and hands due to
excessive pressure on the arms due to tight sleeves. Even after releasing that pressure, we
realized that more pressure was at the junction of sleeves and body of the garment than on
axilla. Figure of eight dressing—like a clavicular brace—was tried but was found to be
inefficient. We have found the many-tailed elastic tape very useful as it goes around the
contours of shoulder and chest wall to provide sufficient compression without nerve com-
pression and distal edema. One patient in our series developed severe allergy and blisters
due to the tape. Careful monitoring is required, and the tape has to be removed if patient
complains of itching without waiting for blisters to develop.

10. Results of excisional axillaplasty with limited liposuction

Our study comprises 24 patients presenting with axillary masses.

The result of surgery upon our initial patient, who insisted on liposuction alone, paved the
way to our current method of choice-excisional sculpting with limited liposuction. After her

Figure 10. (A) Many tailed dressing drapes well around axilla with concave floor. (B) Way to cut the tape.
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liposuction of both axillary breasts, she had residual mass on right side with solid breast tissue.
She had burning of medial arms possibly due to nerve injury. She could not wear garment in
post-op period due to distal swelling and tingling numbness. She had to undergo revision
surgery on right side to remove residual mass and excess hair bearing skin, which did not
retract after surgery as shown in Figure 11C.

Thereafter, only one patient underwent liposuction, but she had predominantly fatty tissue.
She was lost to follow-up after 1 month.

The rest of the patients was treated by axillaplasty as described above. All patients were
photographed pre-operatively, 1 and 6 months post-operatively. They were evaluated for scar
quality and aesthetic outcome. Figure 12 shows a routine result of open axillaplasty.

The rest of the results are tabulated in Table 2.

Most of the patients who appeared to have dog ears and mildly hypertrophic scar were found
to have total diminution of the scar and resolution of dog ears at the end of 6 months
(Figure 13).

One patient who had a lipoma in the axilla had previously undergone injection lipolysis
outside. She was found to have thrombosis of all the veins in the field as illustrated in

Figure 11. (A and B) Pre-op of 24 year old air-hostess. (C and D) After closed liposuction. Note residual gland in Rt axilla.
Glabrous skin appears to be in excess but non retraction of hairy skin has resulted in excess.
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Figure 14. This patient had severe medial arm burning pain, both locally and in the medial
arm, for about 9 months and needed pregabalin therapy for the same.

The results clearly show that excisional sculpting of axilla is far safer and also an effective
method to manage fatty axillary swellings [8, 9, 12]. Figure 15 shows results of axillaplasty on
medial arm type of axillary breast.

The well-maintained axillary aesthetic lines are demonstrated in another patient with central
type of axillary breast are shown in Figure 16.

Figure 12. (A–C) Pre-op views Rt side axillaplasty, Lt-liposuction alone. (D–F) 6 months post-op.

Method No. of patients treated Complications Comment

Liposuction alone Three patients, five axillae(One patient
underwent excision on the other side)

One axilla, residual
mass, nerve pain

Open surgery
required

Axillaplasty with
limited liposuction

21 Patients, 44 axillae As in Table 3 As assessed at 6
months post-op

Table 2. Results.

Figure 13. Interim status of patient in figure 12, taken at 1 month post-op, A-rt axilla, B-lt axilla. [The scars settled after
6 months as shown in figure 12 (D-F)].
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Figure 14. (A) Axillary lipoma with history of injection lipolysis done elsewhere. (B) 6 months after axillaplasty, scar is
imperceptible. (C) Intra-op view showing thrombosed veins.

Figure 15. (A and B) Show pre-op views of medial arm type of axillary breast. All skin could be recruited to axilla to
avoid a scar on inner arm. (D) Shows communication through foramen of Spencer. (C and E) Show post-op results with
mild scar hypertrophy.

Figure 16. Well maintained axillary aesthetic lines after axilla plasty. 6 months post-op. A—pre-op, B—post-op.
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11. Complications

The complications in our series are listed in Tables 2 and 3 [8].

Bleeding due to vascular injury was not seen in our series. Excessive mobilization in post-op
period can sometimes result in late hematoma. This occurred in one axilla of one of our
patients on 8th post-op day. It responded to evacuation and pressure with many tailed elastic
tape dressing.

Pain—post-operative shoulder stiffness and pain occurs in all patients. Injury to medial
cutaneous nerve of arm and Intercostobrachial nerve can cause burning pain in the
respective territory. This resolves in 1–6 months but may need neuro-regulators tempo-
rarily.

Infection—never occurred in our series. A pre-op cleansing schedule with surgical scrub
solution is a part of our protocol.

Nerve injury—every small cutaneous twig in the field that does not lead to the skin
being excised needs to be preserved. Else the area of supply would be seat of burning
pain.

Seroma—never occurred in our series. Inadequate pressure can cause hematoma and
seroma.

Dog ear—minor dog ears always settle with time.

Scars—hypertrophy.

Contracture.

Proper direction of incision in alignment with maximum laxity helps prevent contractures.
Limited skin excision and closure without tension prevents hypertrophy. Some patients having

Complications No. of patients Comments

Mild scar
hypertrophy

3 In one patient, scar crossed the anterior axillary fold but was not hypertrophic

Medial arm pain 2 Pain despite preservation of nerves Resolved with long-term pregabalin therapy

Allergy to sticking
plaster

2 One required deroofing of blisters and collagen cover

Infection, seroma Nil

Haematoma 1 Developed due to forced passive exercise by a relative on 10th post-op. day.
Responded to evacuation and pressure dressing

Dog ear
Residual mass
Axillary
contracture

Nil
Nil
Nil

Table 3. Complications of open axillaplasty with axillary sculpting in our series.
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tendency to hypertrophy can have problem, which can be managed with standard intra-
lesional kenacort injections and silicon-based scar products.

Theoretically, lymphedema is possible complication, but preservation of axillary pad of fat and
lymph nodes if any, limiting dissection below cephalic vein, helps to prevent it as shown in
Figure 17. We have not encountered a single case so far.

12. Conclusion

Commonest disfiguring mass in axilla is axillary breast. Traditional liposuction for manage-
ment incurs risk of nerve and vascular injury. Liposuction as sole modality of treatment is
neither efficient nor sufficient for complete removal of axillary mass. Only excision results in
ugly scars that violate the aesthetic landmarks of axilla. Excisional axillaplasty inclusive of
excisional sculpting with limited liposuction for dog ears and axillary folds is safer choice.
Scars in axilla heal exceptionally well despite being in the hair-bearing skin, if limited excision
is planned, in the direction of maximum laxity. Other variants of axillary breast like para-
mammary and medial arm must be diagnosed correctly so that incision for removal can be
placed in the axilla for better aesthetic outcome.

Figure 17. Lymphedema can be avoided by careful preservation of fat pad and nodes. Large nodes if any should be sent
for histopathology.
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Abstract

Fat transfer had been used since the first decades of the twentieth century for body
contouring and reconstruction. Since then, a lot of controversies and ongoing research
regarding indications, harvesting and transplantation technique had been a concern for
plastic surgeons. More recently, the use of fat as a source of stem cells had been the major
point of research joining both the aesthetic and the regenerative advantages. Body
reshaping using fat graft is nowadays a common non-invasive resource in the surgeon’s
armamentarium popularized as body sculpturing merging the benefits of liposuction
and lipofilling to improve the aesthetic of virtually all the regions of human body. In
this chapter, the role of fat grafting in aesthetic body contouring will be discussed. The
association of stem cells is exposed to give the reader the possibility to better understand
this  option of  treatment.  Fat  harvesting/grafting techniques  are  explained and the
authors’ preferred choice is exposed. Lipofilling details are discussed per area of the
body with practical tips and pitfalls for the experienced or the newbie surgeon. A final
summary on complications will remind all the possible incidences that may occur in the
short- and long term after surgery.

Keywords: lipofilling, fat grafting, aesthetic, stem cells, body contouring

1. Introduction

1.1. The history of fat grafting

History of fat grafting is rather fascinating, yet quite controversial with all that it carries within
its corners, from frustrations to adventurous experimentation.

The first attempt to use fat in human auto-transplantation was dated to 1889 by Van der
Meulen, The procedure consisted of grafting an omentum and fat auto-graft between dia-
phragm and liver.
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The first described free fat grafting attempt was recorded by Gustav Adolf Neuber, a German
surgeon in 1893. Neuber used small fat grafts in order to fill facial defects in a 20-year-old man.
According to Neuber, he had less success when he tried to use larger grafts, saying that ‘grafts
larger than an almond would not give good results’.

In 1895, Viktor Czerny (1842–1916) reported excising a lipoma and grafting it into a breast
defect to establish symmetry following a unilateral partial mastectomy [1].

Gersuny in 1900 proposed paraffin injections. They became commonly used for post-syphilis
saddle noses. Paraffin injections gave amazing results initially; however infections, paraffino-
mas, migration and pulmonary embolism were major complications of the procedure [2].

In 1912, Holländer proposed the technique of fat injection, but there was a high rate of
reabsorption. He harvested adipose tissue from patients and mixed it with fat from rams. This
mixture was injected as a fluid at body temperature. Patients had a painful rash afterwards for
2–3 days, but he reported a good outcome.

Lexer in 1919 also described fat grafting in his textbook, to correct sequelae of facial trauma,
hemifacial microsomia, microgenia, breast asymmetry, and post-traumatic hand stiffness. He
also described the use of fat to restore gliding tissue around tendons in Dupuytren disease [3].

Gillies in 1920, showed in his book, patients treated with fat grafting after facial injuries.

Peer in 1950, demonstrated that about 50% of fat cells died after transplantation and were
replaced with fibrous tissue and stressed that survival of fat grafts was dependent on early
neovascular anastomoses (new blood vessels), and stated that 50% of the adipose cells in free
fat grafts survive.

Studies and research work in the past decades focused more on the pathology of obesity and
the role of genetics on fat cells in obese people.

The general acceptance among researchers is that the number of adipocytes is fixed in adults.

Smith in 1971 described the fibroblast-like cells grown on tissue culture.

The adipocyte precursors studied in tissue culture was more profoundly investigated by Van
in 1976, proved that fat tissue was more dynamic than historically thought it was.

It was Roncari who studied the morphology and maturation of cultured adipocytes in a culture
system that he developed in 1978 [4].

Liposuction technique was invented by Fischer in 1974.

It was not until the era of liposuction in 1978 when the French physicians Illouz and Fournier
further developed the procedure utilizing blunt cannulas for suction lipoplasty that made the
process of fat extraction more reliably predicted.

By the early eighties, liposuction became quite popular in the United States. Klein, a derma-
tologist, invented the tumescent technique for liposuction that allowed patients to have
liposuction performed totally under local anaesthesia with less bleeding and with much
smaller cannulas.
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Ellenbogen started using fat pearls in the reconstruction of facial defects [5] and in 1988,
Chajchir described favourable results, emphasising cautious handling of adipocytes, rinsing
of the lipoaspirate to eliminate dead cells and grafting into a well-vascularised bed [6].

In the nineties, Sydney Coleman from New York described standardized techniques for fat
extraction, processing and injection of fat grafting [7, 8].

1.2. Fat potential and differentiation capacity

In 2001, a group of researchers from the University of Pittsburgh described the implications of
adipose tissue in cell-based regenerative therapies.

This was quite a revelation for the scientific community, as up until that time adult mesen-
chymal stem cells (MSCs) were predominantly thought of as a bone marrow product.

As it turns out, adipose tissue is a much more prolific source of MSCs than bone marrow.

By volume, mesenchymal stem cells are actually 300–500 times more abundant in adipose
tissue compared to bone marrow tissue.

Comparison of multi-lineage cells from human adipose tissue and bone marrow is given in
Ref. [9].

Adipocytes derived from stem cells (SC) under the right stimulation could differentiate into
different lineage like endothelial cells, fat cells, epithelial cells, neuronal cells, chondrocytes,
myocytes and osteocytes.

Adipocytes also secrete more than 100 proteins (adipokines) and growth factors that regulate:
angiogenesis, inflammation and apoptosis.

Growth factors include: vascular growth factor, liver growth factor, platelet and epidermic
growth factors.

Fat grafting has truly opened new frontiers for plastic surgeons and other medical specialties.

Its power is only yet to be understood and it is clear that adipose tissue will be a pillar of
regenerative medicine treating a huge spectrum of diseases like DM, Autism, Parkinson’s
disease, multiple sclerosis and others [10].

1.3. The fate of fat

The old, general concept of fat grafting was that the surgeon had to overfill the grafted area of
about 40% of its volume since there will be resorption of 10–60%, some said up to 90%.

There was no proper understanding of the mechanism of survival and fate of grafted fat cells.

Today, research revealed the fate of grafted adipose tissue showing that three different zones
will demarcate after 4 weeks of grafting, by name these zones are:

1. The outer surviving zone: the most superficial; several rows of fat cells that are clearly in
direct contact with the vascularized recipient tissues of the host.
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2. The intermediate regenerating zone: with a thickness from 600 to 1200 μm, which shows
both surviving adipocytes along with dead.

3. The inner necrotic zone: with necrotic cells, inflammatory cells, fibrosis, oil drops and rare
adipocytes.

At the outermost surviving zone, the cells are quite close to vascularity and the adipocytes
tend to survive in a process quite similar to the physiology of skin grafts, called the diffusion/
angiogenesis theory that suggests that donor adipocytes survive by oxygen diffusion at the
recipient site during the initial days after grafting, with eventual micro-angiogenesis and
formation of a viable blood supply.

At the regenerating zone, the fat cells do not succeed to survive; however the adipose-derived
stem cells ( pre-adipocytes) experience ongoing adipogenesis that increased rapidly after
grafting and peaked at 4 weeks and full remodelling was completed by 12 weeks.

The necrotic zones will eventually be absorbed, filled with fibrous tissue, or become a
problematic cyst.

Grafted fat tissue undergoes degeneration within 1 week, while regeneration reaches its peak
at 4 weeks. Regeneration takes place by adipose tissue-resident progenitor cells. Phagocytosis
and cicatrisation occur in the regenerating and necrotic zones, predominantly by M1 and M2
macrophages respectively.

The stabilization process appears to persist for a long time after failed regeneration. The size
of the necrotizing zone depends mainly on the size of the graft and the micro-environment
into which it is placed. Eventually, necrotic zones will be absorbed, filled with fibrous tissue,
or become a problematic cyst. Liposuction and reinjection procedures could be improved by
preparing grafts with better viability and in an appropriate size, maximizing the contact
surface of the grafts by ideal distribution, and placing the grafts in areas with high vascularity.
Stabilization of the grafted fat may not occur until several months after complete regeneration
at 3 months. This emphasizes the importance of long-term follow-up to thoroughly evaluate
the clinical results of microfat grafting [11].

There are opposing theories about cell survival: The Hofer’s theory versus the scaffold or
matrix theory.

According to Hofer, all or most of the transplanted adult adipocytes are destined to die, acting
as a non-viable scaffold, through which macrophages penetrate and through which stem cell–
mediated angiogenesis and adipogenesis occur.

Cytokine induced cell-cell signalling between living and dying, and between the donor and
recipient cells, is thought to play a role in this process [12, 13].

According to the scaffold matrix theory of Khouri and Rigotti, overcrowding of injected cells
reaches a critical interstitial fluid pressure of 9 mmHg; therefore, in a tight recipient space fat
droplets will merge into fat lakes, which is thought to interfere with capillary blood flow and
hence oxygen diffusion leading to apoptosis and cell death.
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In clinical setting, fat injections larger than 0.16 cm in radius will have a region of central
necrosis.

2. Fat grafting technique

Fat grafting is promising, but clinical outcomes are not always predictable due to the variability
of degree of fat resorption, which is highly dependent on surgeon’s technique.

Fat-grafting procedure is divided mainly to three main steps:

1. Fat Harvesting

2. Fat Processing

3. Fat Grafting

Most surgeons believe that fat, as autologous tissue, can be considered the ideal soft-tissue
filler because it is abundant, readily available, inexpensive, compatible, and can be harvested
easily. If fat grafts are manipulated correctly, structural fat grafting represents a safe, long-
lasting and natural-appearing method for soft-tissue augmentation in patients.

To obtain long-term survival of transplanted autologous fatty tissue, the harvested and
processed fat grafts must remain viable before implantation. In 1994, Coleman first described
his technique, which uses a syringe, cannula and centrifuge, for structural fat grafting [7].

He later refined and popularized his technique for fat-graft harvesting and processing with
patented instruments and a centrifugation protocol, often referred to as the Coleman techni-
que [14].

2.1. Harvesting

A number of techniques have been used for fat harvesting, these include conventional
liposuction (syringe with vacuum suction), power-assisted liposuction (specialized cannula
with mechanized movement), hand-held syringe liposuction (syringe with manual suction;
Coleman technique) and internal ultrasound and LASER-assisted liposuction (specialized
cannula that transmits ultrasound or LASER within the body syringe liposuction). A number
of studies have compared conventional liposuction with suction- or power-assisted liposuc-
tion. Leong et al., upon comparing syringe liposuction to pump-assisted liposuction found no
differences in cell viability, cell metabolic activity or adipogenic responses of cultured mesen-
chymal precursor cells processed from pump or syringe lipoaspirates [15, 16].

In contrast, Pu et al. demonstrated that syringe liposuction yields a greater number of viable
adipocytes and sustains a more optimal level of cellular function within fat grafts than
conventional liposuction. However, normal histologic structure was maintained in fat grafts
obtained by both methods [17].
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2.2. Infiltration

For fat aspiration, the donor site is infused with tumescent solution, consisting of a local
anaesthetic (LA) (lidocaine, ropivacaine, prilocaine or bupivacaine) for pain relief and
epinephrine for haemostasis in Lactated Ringer’s solution or normal saline. The most currently
used LA for liposuction and Autologous Fat Graft (AFG) is lidocaine and that is on this
molecule that literature is the most abundant. Indeed, a survey from the American Society for
Aesthetic Plastic Surgery concluded that: for adipose tissue harvest, 40% of surgeons use
tumescent solution containing 50 mL of 1% xylocaine + 1 mL epinephrine 1:1000 in 1 L normal
saline, which corresponds to 0.5 mg/mL of lidocaine, about 30% of them use a mixture of 0.5%
xylocaine with epinephrine and 22% use 1% xylocaine epinephrine mixture. The remaining
8% of American physicians use epinephrine alone or other solution [18].

Several studies [19–21] have examined the effect of the local anaesthetic or epinephrine on
fat viability. Oren in a study published in the journal of drugs in dermatology in 2005
stated that neither lidocaine nor adrenaline had long-term unfavourable results on the
grafted fat cells.

According to authors’ experience, the use of LA should be avoided under general anaesthesia
(tumescent solution with diluted epinephrine only), preferably using regional or spinal
anaesthesia to avoid injection of local anaesthetics.

2.3. Donor site preference

Whether there is an optimal donor site for fat grafting or not remains to be established.

In several studies, various authors showed that fat from the lower abdomen and medial thighs
consist of a higher concentration of adipose-derived stem cells compared to the fat from the
upper abdomen, trochanteric region, knee and flank [22].

However, other studies reported no influence of the donor site on fat viability [23, 24].

Among adrenergic receptor subtypes that regulate lipid mobilization, the alpha-2-adrenergic
receptor is involved in the inhibition of fatty acid mobilization from adipose tissue and that
can explain why some areas are more resistant to fat mobilization, the so called genetic fat
areas, like abdomen for the men and trochanteric areas for women.

In our experience, the genetic fat theory had a clinical correspondency, with volumes of fat
less susceptible to reduction with diet and exercise. The genetic fat expresses alpha-2 recep-
tors that are more stable with metabolism and are anti-lipolytic. So it is usually useful to ask
the patient about his resistant fat areas as a guide to the donor site, usually trochanters, low-
er abdomen and love handles in most people.

2.4. Optimal lobular size: choice of harvesting cannula

The size of cannula is debated among physicians. Some researchers stated that larger cannulas
allow harvesting of bigger fat lobules with a higher survival rate [25].
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Others stated that smaller cannula sizes theoretically create less donor site trauma and allow
for removal of smaller sized lobules of fat, which may improve flow characteristics and reduce
trauma during reinjection. An important consideration besides cannula size is cannula hole
size and number of holes. A 12-gauge cannula with 6–8 side holes 2 × 1 mm in size can extract
a significant amount of fat despite its small calibre.

The summation of the surface area of the individual openings on a 12-gauge, 12-hole cannula
approaches or exceeds the surface area of the opening of a classic 10 mm one-hole cannula.
This results in better tissue flow with less trauma in the donor area. In addition, each hole
selects for lobules of a small, uniform size, which are more likely to flow easily through the
injection cannula during the grafting phase of the procedure thus, there is no need for further
processing or syringe transfers. The hole sizes on the aspiration cannula approach the size of
the hole on the injection cannula. This ensures ‘equalization’ of hole sizes for more efficient fat
flow [26].

In our experience midsize cannulas (3 and 4 mm) are a good compromise between too fine
instruments (2 mm) and aggressive tools (5 or 6 mm).

Using wider-diameter cannulas (2.5 mm) may however be preferred as they have been shown
to potentially improve fat-graft survival and reduce fat- graft resorption compared with small-
diameter cannulas (1.6 or 2 mm).

The size of the needles does not appear to affect cell viability, at least when using 14-, 16-, and
20-gauge needles (Erdim et al) [27]. However, for any given needle size, it appears that fat
viability is influenced by the shear stress, which is a function of the flow rate. Thus, fat injected
at a slow rate (low shear stress) results in better fat-graft retention than fat injected at a fast
rate (high shear stress) [25]

In the author’s practice, nowadays with evolving of microfat and nanofat techniques, harvest-
ing allows injection with ease using 0.7 and 0.9 mm diameter injection cannulas and needles
as common practice without much worry about friction and sheer stress especially in areas of
the face and hands where tiny injectors are needed.

2.5. Negative pressure

The literature regarding the isolated effects of negative pressure suggests that adipocytes can
be suctioned below 700 mmHg without undue trauma according to Shiffman [28].

Claims of syringe suctioning as being safer than machine suctioning should be carefully
considered. While a standard liposuction machine can generate up to one atmosphere (760
mmHg) of negative pressure, a 60-cc syringe connected to an in-line manometer can also
generate nearly one atmosphere of negative pressure. It is likely that absolute pressure and
not the source of this pressure is the key variable in adipocyte trauma and its effect of adipo-
cyte viability [26].

The author’s experience agrees with the aforementioned literature about keeping a low suction
pressure at the level of 700 mmHg to maintain the viability of fat cells.
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2.6. Processing

The harvested fat is processed in order to eliminate tumescent fluid, blood, cell fragments and
oil (from disrupted adipocytes) [29].

Processing aims to retain viable adipocytes in a concentrated form which is believed to enhance
the graft taken [16].

Filtration, centrifugation and sedimentation (decantation) are the most commonly used fat
processing methods.

2.6.1. Filtration

The filtration technique uses a platform for concentrating fat cells and separating cells from
fluids, oil and debris. Examples of platform used for filtering fat include filters or strainers
with defined pore size, gauze, metal sieve, mesh and operating room cloth. During centrifu-
gation process, the syringe containing the aspirate is placed in a centrifuge at a specified speed
and time.

During the sedimentation process, the syringe containing the lipoaspirate is allowed to sit for
decantation to occur under the effect of gravity.

A modification of this technique includes washing the lipoaspirate with 1–3 times the volume
with normal saline or Lactated Ringer’s solution and then left to decant under gravity. In all
techniques, centrifugation, sedimentation and washing, the lipoaspirate is separated into three
zones: an upper oil zone, a middle purified concentrated fat layer, and a lower aqueous zone
consisting of blood and washing liquids. In the centrifugation technique, in addition, a pellet
is seen at the bottom of the centrifuge.

2.6.2. Centrifugation

The Coleman technique is the most widely used centrifugation protocol in which the lipoas-
pirate is centrifuged at ~1200 × g (3,000 rpm) for 3 minutes.

In agreement with Coleman, Kurita et al. evaluated the effect of six centrifugation speeds ( from
0 to 4200 ×g for 3 minutes) on fat aspirates and graft taken from nude mice and concluded that
centrifugation at more than 3000 ×g significantly damaged adipose-derived stem cells and
recommended 1200 ×g as an optimized centrifugal force for obtaining good short- and long-
term results in adipose transplantation [30].

Some studies concluded that lower centrifugal forces than in Coleman’s protocol may be more
adipocyte-friendly.

Hoareau et al. subjected fat tissue to soft (100 ×g/1 min and 400 ×g/1 min) and strong (900
×g/3 min and 1800 ×g/10 min) forces and examined the grafts viability. Strong centrifugation
resulted in 3-fold more adipocyte death than soft centrifugation suggesting that soft centrifu-
gation (400 × g/1 min) seems to be the most appropriate protocol for the reinjection of adipose
tissue.
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Yet, others suggest that centrifugation has no effect on adipocyte viability as in Pulsfort et al.
Pulsfort, using eight different centrifugal forces (up to 20,000 ×g) found no significant
differences in the viability of centrifuged adipocytes. Furthermore, no apoptotic changes
revealed during cultivation of isolated adipocyte after centrifugation. However, higher
centrifugal accelerations were better in cleansing lipoaspirates from oil and cell debris, than
lower centrifugal forces.

The authors do not advocate centrifugation forces above 5000 rpm for more than 5 minutes
and more than 1200 G finding that it carries the risk of destruction to fat cells.

2.6.3. Sedimentation

Sedimentation is the oldest and the cheapest way to treat fat before injection. The most
advanced purification techniques seem to have replaced decantation but some studies still
support this simple filtration process also with higher amount of live pre-adipocytes [31].

Condé- Green showed that cell count, per high-power field, of intact nucleated adipocytes was
significantly higher in decanted lipoaspirates while centrifuged samples showed a greater
majority of altered adipocytes. On the other hand, the MSC concentration was significantly
higher in washed lipoaspirates compared to decanted and centrifuged samples. However, the
pellet collected at the bottom of the centrifuged samples had the highest concentration [32].

The authors wash adipose tissue grafts and recommend that if centrifugation is used, the pellet
containing mesenchymal stem cells should be added to the concentrated adipose phase to
augment graft take.

2.7. Fat placement

Although there is no standardized fat placement technique, the Coleman technique is the most
widely used. Fat grafts, in this technique, are injected using a blunt Coleman infiltration
cannula attached to a 1 mL syringe while withdrawing the cannula. Different syringe sizes (3
and 10 mL) as well as various cannula tip shapes, lengths, gauges and curves can be used
depending on the volume of fat to be placed and the recipient site [33].

2.7.1. Types of fat grafting

Different sizes of fat graft obviously reflect the mean lobular size of each type.

Macrofat grafting: as the name implies, represents the largest lobular size and is the size
obtained with a standard (3 mm and above) mostly Mercedes type liposuction cannula with
large side holes (2 × 7 mm). This kind was mostly the standard practice since the start of fat
grafting, indifferently injected to all parts of the body including the face. Probably that was the
reason why patients previously had complications like lumpiness and cyst formation due to
the unsuitable grafted lobular size to the delicate areas of the face like tear trough.

Macrofat grafting is best indicated in areas that need large volume transfers like buttocks and
breasts. Macrofat graft contains both viable adipocytes and adipocyte derived stem cells
(ADSCs).
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Blunt injection cannulas ranging from 0.7 to 0.9 mm are usually used, with very good results,
for microfat grafting, usually performed in the facial area. The fat particles need to be
sufficiently small in order to provide a smooth injection through these fine cannulas. If the fat
particles are too large, passage through the fine injection cannula would be difficult. As a result,
disrupted injection will follow, which may lead to an unequal lipofilling with irregular fat
deposits.

Trepsat used a multi-perforated harvesting cannula of 2 mm with 1-mm side holes and 19-
gauge injection cannulas, to provide fat grafts with smaller particles for microfat grafting
procedures at the lower eyelid. To harvest fat for injection of other parts of the face, a multi-
perforated liposuction cannula of 3 mm in diameter with 2-mm side holes was used [34, 35].

According to the authors’ practice, the smaller lobular fat-graft size obtained with a (Tonnard)
or (Sorensen) microfat harvester cannulas that are multi-port 2-3 mm cannulas (19-gauge) with
sharp or bevelled 6–12 side holes of 1 mm in diameter. These are best mounted to a 10 mm luer
lock tip syringe for a controlled low pressure microfat harvesting. Microfat-grafts were best
used to fill the face, hands and delicate areas as tear trough. Microfat contains both viable
adipocytes and adipocyte derived stem cells.

The radius of the fat particle is inversely proportional to its contact surface. This means that
for the same volume of injected fat, reducing the diameter by half will double the contact
surface. A larger contact surface means better contact with the capillaries in the recipient area
and thus a better graft survival rate with less need for overcorrection. The authors do not
advocate overfilling with microfat grafting. Microfat grafts due to their micro lobular size are
easily injected with 0.7–0.9 mm micro-cannulas injected into different tissue layers in columns
of fat pearls.

Aspirated fat has to be processed mechanically to provide a liquid fat emulsion, which is called
nanofat. This is to ensure a smooth fat injection through 27-gauge sharp needles [34]. Using a
nanofat processing procedure, a yield of 1 ml of nanofat per 10 ml of lipoaspirate can be
expected.

For production of nanofat, the lipoaspirated fat is mechanically emulsified after rinsing by
shifting the fat between two 10-cc syringes connected to each other by a female-to-female Luer-
Lock connector. After 30 passes, the fat changes into an emulsion. At the end of the fragmen-
tation process, the fat becomes liquid and has a whitish appearance. After emulsification
process, the fatty liquid is again filtered over the sterile nylon cloth and the effluent is collected
as nanofat. Nanofat does not add much volume as its filling capacity is pretty limited since it
mostly lacks the viable adipocytes. However, nanofat grafts are rich in ADSCs that are capable
of skin rejuvenation as in areas like perioral skin, glabellar skin, sun-damaged skin at the breast
cleavage, dark eye hallows and scars. Nanofat is injected using a 23-gauge needle mounted to
1-cc syringe. The effect of nanofat usually appears with a delay of 4 weeks to 3 months.

Increased collagen, elastin synthesis and remodelling are the presumed mechanisms for this
regenerative effect on improved elasticity. Stem cells rather than grafted adipocytes most likely
trigger these effects. Presumably, the nanofat sample analysis revealed that adipocytes were
destroyed during the emulsification process.
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Another form of microfat graft, called SNIF (sharp needle intradermal fat injection), through
which a 1 ml syringe is injected to the superficial dermal plane with a 23-gauge needle. SNIF
is a cheaper and more effective filler for wrinkles in patients willing to have long-term results
and would accept the process of fat harvesting and the post-operative swelling.

2.8. Tips and pitfalls

The authors carry on the microfat harvesting and injection technique for purpose of fat injection
of the face, hands, scars and breasts. In case of buttocks augmentation, macrofat harvesting
and injection techniques are utilized as described formerly in the literature.

Our main steps are:

Harvesting site choice. Selecting area for fat harvesting depending on genetic fat theory asking
the patient about his areas of fat deposits that are least affected with metabolism during weight
loss. In case of face treatment, the planned amount is usually around 50–100 cc; however in
buttocks it could range up to 1 litre. Infiltration: Tumescent technique is carried in a 1:1 ratio
of infiltration to aspirate ratio. For every 1000-cc of normal saline, 1ml adrenaline, and 10 cc of
sodium bicarbonate. Usually, regional or spinal anaesthesia is utilized or other wise 20 cc of
1 % lidocaine is to be added to the 1 litre solution.

Harvesting. Usually waiting around 10 minutes from the start of infiltration to start suctioning
the first infiltrated area. 2 mm microfat harvester cannulas with 6 –12 (1 mm) holes are used.
More than one type of microfat cannula harvesters is used. We prefer in our practice the
bevelled smooth edged side holes better than cannulas with sharp bevelled edged holes since
the sharp edges were found to cut more readily into the connective tissues opening tissue
planes together so instead of suctioning from tunnels, changes to spaces and that leads to losing
suction pressure fast after a while, especially while using syringe suction which necessitates
harvesting other areas to get the needed amount of fat.

Lipoaspiration with a low suction pressure (under 700 mmHg) either using 10-cc syringes for
harvesting of microfat or suction assisted motors for larger volumes as for macrofat grafting
of the buttocks for augmentation.

Processing. It is carried out with a process of decantation where the fat is collected in syringes
standing upright in a metal rack for the fat to sediment into an oil layer (top), fatty layer
(middle) and fluid (lower) layer with remains of tumescent fluid and blood.

Decantation. The process is carried with suction of the oil layer with 23-G needle until
purification and eliminating the bottom fluid portion. Adding plasma-rich platelets to the
purified aspirate in a ratio of 1:9 is an optional step.

Preparing for injection by transferring the filtered, activated microfat into individual 1-cc
syringe with a 0.7 or 0.9 mm micro-injector cannulas in case of microfat placement and in 2mm
injectors for macrofat placement as in larger volumes as the buttocks.

Placement of the fat should be carried out in many columns of fat pearls with multi-strokes or
retrograde filling in different tissue layers, never in one bolus neither in an over correction.
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3. Stem cells and fat grafting

Stem cells are present in many tissues of the human body.

The most common source of SC is the bone marrow, which is a relatively complicated location
to perform a non-invasive harvesting procedure. Adipose tissue is a natural source of stem
cells, which are at the edge of modern research for tissue regeneration, thanks to the easy, non-
invasive harvesting and abundant availability of MSCs. Therefore, fat grafting has started to
be considered not just a treatment to achieve morphologic improvement but a procedure of
regenerative medicine. Beside the large availability of ADSCs, it has been demonstrated that
ADSCs express CD3, CD14, CD19, CD34, CD44, CD45, CD73 and CD90 similar to cord tissue
MSCs (CT-MSCs) [36], that confirms the same biological quality. ADSCs have been successfully
extracted and used in many studies to seed specific tissues to obtain differentiation and local
proliferation [37].

On the other hand, out of laboratory, most of the actual clinical applications do not use ADSCs
alone but along with their adipose medium due to the easy, inexpensive harvesting and
injection (liposuction/lipofilling) process.

Thus, concentration of MSCs is relevant to biological effect and various methods of concen-
tration of cells inside adipose tissue have been invented. All commercially available system
demonstrated to be effective but the concentration of MSCs can be quite heterogeneous [38].

Celution® (Cytori Therapeutics, Inc., San Diego, Calif.) demonstrated to be the most effective
in concentrating MSCs (2.41 × 105 cells/g) also bringing endothelial cells.

These devices are a promising advance in reconstructive surgery to treat difficult wounds or
irradiated tissues. The biggest downside is the elevated cost of maintenance, which limits their
use in aesthetic field.

In private practice, an efficient purifying system of adipose tissue (i.e. Puregraft® or centrifu-
gation) has the right balance between cost and effectiveness.

In our experience, high concentration of stem cells has been used in perioral treatment of
sclerodermia to enhance tissue regeneration. It is authors’ belief that stem cells may be of great
help when active regeneration is needed but that aesthetic uses of MSCs may not justify the
high processing price.

4. Applications and indications to fat grafting

Fat grafting has relevant roles both in reconstructive and aesthetic fields; for the purpose of
this book, only the latter will be discussed.

Lipofilling has become more and more popular, plus the indications are growing broader each
year. Therefore, it is hard for the surgeon to have clear guidelines to choose the right technique
for the right patient.
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In 2007, the American Society of Plastic Surgery (ASPS) [29] developed evidence-based
indications to the use of fat grafting supported by strong literature data.

The first applied criterion is safety. Despite some heterogeneity of fat processing among
physicians (infiltration, harvesting, processing and fat layering), the overall risk is low.
Considering the mild anaesthesia needed, anaesthetic complications are barely reported,
which allows including a wider group of potential patients according to general health
conditions and comorbidities. Infections, seroma and hematoma are reported but mostly
treated conservatively [39, 40].

Doubts related to cancer (mostly breast) due to the biological role of fat and stromal cells have
been cleared by several studies [41, 42], although in specific cases, like breast injection, a
mammography or ultrasound are recommended.

In aesthetic field the most popular indications include facial and hand rejuvenation, breast and
buttocks augmentation, scar revision and less commonly penis and calf enlargement; the most
important are discussed in this chapter.

Beside safety, there are some relative limits to aesthetic fat grafting, which include adipose
tissue availability, associated risk factors to fat survival, for example smoking, patient permis-
sion to possible multiple sessions (therefore, higher costs) and expectations.

In conclusion, standardization of fat manipulation and careful choice of patients can contribute
to satisfactory results from both parts.

5. Scar correction

Bad scarring represent either a functional and aesthetic trouble that often needs revision,
although surgery (excision and z-plasty) alone may not solve the problem; for example, post-
radiotherapy scarring often involves wide areas, which are not amenable of direct excision.

Scar depression and adherence to deep planes are common features of abnormal scarring that
come along with pain and potential functional limitation.

For the reasons mentioned before about ADSCs, fat grafting plays a double role in scar revision:
mechanical and biological.

In fact, fat layering corrects depressed scars, detach adherences and can release trapped nerves
and tendons.

On the other hand, ADSCs enhance local regeneration and improve vascularity, which can
become particularly relevant in unstable scars.

Timing is important, if there is room for ordinary surgical revision (for example a z-plasty),
fat grafting may anticipate surgery to improve tissues quality. Moreover, various sessions may
be required and it must be discussed with the patient when planning surgery.
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In any case, it is wise to wait at least 6 months of scar maturation before attempting any
correction. Further sessions may come at an interval of 3–6 months.

5.1. Technique tips and pitfalls

Anaesthesia and amount of fat to be transferred cannot be standardized, as the clinical scenario
is always different.

The first problem the surgeon will encounter is the stiffness of the scarred tissues, which makes
difficult to create the funnels with a blunt cannula: remember that excessive strength pushing
the cannula through will lead to poor control of trajectory and potential perforation of
superficial and deep organs with high-risk consequences.

Therefore, a V-shaped cannula is the ideal tool to safely create the passages to infiltrate fat. It
is possible to use either a simple dissector or a sharp cannula to dissect and infiltrate at once.

In our experience, the latter is better, so you can infiltrate in a retrograde fashion each new
tunnel without creating false planes.

Superficial subcutaneous scarring may be treated with percutaneous release (rigottomy) with
a thick 14–16 G needle.

It is important to try to create a three-dimensional network of tunnels in all directions to
neutralize all the vectors of scarring and improve the result.

6. Facial rejuvenation

Facial aging is a complex phenomenon that includes all soft tissues and bones of the face.

A careful assessment must be made to address separately the loss of volume, the vertical
displacement of soft tissues and worsening of skin texture [9, 10].

Volume loss mostly depends on soft tissues atrophy and secondarily on bone resorption.

As a matter of fact, when the bones profile becomes too visible it gives a skully aspect, which
is instinctively recognized as aged.

Fat grafting is an excellent long lasting alternative to temporary hyaluronic acid (HA) filling.

Like HA, fat is used to correct nasolabial folds, marionette lines, and cheek prominence, tear
trough, lip volume, jaw line and the temporal zone to restore a youthful oval face.

6.1. Technique tips and pitfalls

Fat grafting can be carried out as an outpatient procedure under sedation and local anaesthesia
with or without nerve blocks.

Care must be taken to respect the principles of micrografting; a 1mm cannula is probably the
best to retain more fat. On the other hand, the amount of resorption rate in the face is lower
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than other parts of the body; therefore overfilling is equally a potential mistake. The most
critical areas of the face are the tear trough (TT) and the lips.

TT assessment must clarify whether there is a problem of a deep anatomical groove or an excess
of eye bags near the lower lid, in the second case a blepharoplasty is indicated against
lipofilling.

Moreover, due to the thin skin of this area, one must avoid injecting too superficially to avoid
permanent visible and palpable lumps; an inexperienced surgeon should not perform TT
correction as his/her first procedure.

Lips enhancement is technically easier and equally rewarding for the surgeon and the patient
but may suffer of delayed complications if the patient gains weight with deformities and
distortion of the lip due to asymmetric adipose tissue expansion. This point must be discussed
with the patient prior to surgery and possibly included in the consent form.

7. Hand rejuvenation

While face ageing has always been a concern for people, hand ageing awareness is a more
recent discovery in our culture.

Hands more than anything else speak about us, our job, our hobbies and our lives.

With time subcutaneous tissues thin out making visible tendons, bones and veins, which give
the typical ‘skeleton hand’ appearance perceived as aged.

Fat graft helps to restore the subcutaneous layers hiding the over mentioned structures [43].

7.1. Technique tips and pitfalls

The treatment can be performed as an outpatient procedure; thanks to the limited harvesting
the procedure can be performed under mild sedation, local anaesthesia and nerve blocks at
the wrist.

Once fat has been prepared with the preferred method, it can be injected through tiny access
points in the second, third and fourth we space with a 1 and 2 mm cannula sliding dorsally in
the superficial compartment immediately in the subcutaneous space. The correct plane of
injection is above the dorsal veins, nevertheless it is advisable to aspirate before injecting in a
retrograde fashion to avoid fat embolism.

The linear pattern in between the metacarpal bones can be enough for mild correction, cross-
linear infiltration is indicated when major resurfacing is indicated, it is important to respect
the micro-tunnelling principle, excessive lipofilling may lead to involuntary dissection of the
plane with confluence of all the fat with fat necrosis/resorption.

The amount of fat depends on the correction we want to achieve, usually between 15 and 25-
cc of fat per hand is enough.
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Lipofilling can be safely combined with superficial peeling in the same session (30% trichloro-
acetic acid gave good results in the authors’ experience) or laser to erase age marks and
dyschromia.

A light bandage may be placed after surgery for a couple of days; no special care is needed
afterwards.

8. Body contouring: gluteal augmentation using fat graft

The beauty of the buttock area is a difficult subject to address since racial and aesthetic
preferences plays a major role in identifying the definition of an aesthetically pleasing buttock.
There are some consensuses about the characteristics of a beautiful buttock area, which
includes rounded shape, smooth projecting curves, short intergluteal crease and intragluteal
crease that reach mid-thigh. The waist hip ratio (WHR) plays a crucial role in determining the
upper extent of buttock and thus the back-to-buttock interface. Toledo [44] mentioned this ratio
as 0.6 in South Americans and 0.7 in European females. In an attempt to understand the
deformities in the buttock area, Murillo [45] had divided the buttock into A-direct areas
(gluteus maximus, iliac, trochanteric and ischiorectal), B-indirect areas (sacral, femoral) and
C-the border line area (gluteofemoral). We like to use a simple classification based in our mind,
the WHR and the end shape we want to reach. This classification represents the buttock area
and influencing areas around they are eight areas as shown in Figure 1. Based on these
descriptions and deformities, there are four shapes of buttocks (triangular, trapezoidal, round
and square) as given in Figure 2. Mendieta [46] describes point A, B and C. The foundation of
this area is the pelvic skeletal system, which eventually share in forming the overall shape of
buttocks, Caldewell-Moloy [47] described skeletal pelvis into gynecoid, anthropoid, platypel-
loid and android. We find this classification although explains different shapes of buttock area

Figure 1. The buttock area and influencing areas around (1,2) bilateral symmetric waist area, (3,4) bilateral symmetric
buttock area, (5,6) bilateral symmetric thighs, (7) sacral area, (8) diamond shaped area.
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yet from practical point is irrelevant since there is no technique that involves bone remodelling
for buttock reshaping.

Figure 2. The four common shapes of buttocks A—triangular; B—trapezoidal; C—rounded; and D—square.

8.1. Technique tips and pitfalls

The key idea to reach the final shape of the buttock that is agreed upon with the patient is to
remove and add fat in areas based on clinical analysis. The patient is instructed to shave related
areas and take a shower the night before operation. Marking are done before operation while
patient is standing in front of a mirror to double check the patient’s will and opinion. Two
colours are used in drawing areas to be injected and liposuctioned with estimate amount of
fat to be added or removed on both sides. Although the choice of epidural anaesthesia is given,
most patients pick up general anaesthesia. Scrubbing of patient is done after anaesthesia and
towelling follows, the solution used is 500-cc Lactated Ringer’s solution with adrenaline
concentration (1/100000). Injection is done on a 1:1 ratio based on the amount of liposuction.
The method used for liposuction is the conventional one using a 5-mm cannula and sy-
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ringe .The amount depends on degree of deformity putting in mind to obtain an aesthetic
WHR. The fat to be injected is decanted, usually we wait for 10 minutes and watery fluid is
thrown and fat is taken to be injected .The buttock injection is done using same cannula in
more than one plane avoiding intra-muscular injection. The average amount per side injected
is 700cc, this is followed by gentle massage to settle injected fat and redistribute it evenly,
suturing of incisions are done, the patient is encouraged to walk next day, have a shower and
wear elastic garments for 4-6 weeks. A follow-up after 5 days and then every 10 days for one
month to check on current condition and exclude any complications is carried out. Fat grafting
in buttocks has two main issues that plastic surgeons do differ about; the first is resolution of
the fat injected and longevity of the grafts injected. In our technique, we believe that intra-
muscular injection can produce more complications than the postulated benefit of increase
survival of fat grafts and, hence increase projection. Some authors reported the increased
survival of fat when injected intra-muscular, moreover this may be lethal and carry a mortality
rate as described by Czerny [48]. Lexer [6] had demonstrated using MRI scan, the survival of
fat grafting in buttocks conforming role of fat grafting to increase buttock projection. The other
point is the choice of buttock implant rather than fat injection, in the Ref. [7] high complications
as regard to augmentation of buttocks as exposure and infection are reported. This may even
necessitate removal of implant with corrective operation later on.

9. Body contouring: breast reshaping using fat graft

The word ‘reshaping’ is a more accurate description than ‘augmentation’ simply using fat
grafts is one of techniques which result in ending up with an aesthetically pleasing breast and
not only increasing the size of pre-existing breast. The history of breast augmentation dates
back to more than a century. Many techniques were used; some worked, others did not.
Substances that were used were paraffin, petroleum jelly and silicon [49]. The use of fat grafts
had been used very early with a lot of changes to reach the final form we are using now. Berson
[50] used dermofascial grafts with uncertain results. Complications like fat necrosis and major
degree of resorption had been described by Watson [10] when injecting fat graft in the breast.
Coleman [51] reported successful fat grafting in some of cases in 2007 . In 2009, the ASPS fat
graft task force stated that, ‘Fat grafting may be considered for breast augmentation and
correction of defects associated with medical conditions and previous breast surgeries;
however, results are dependent on technique and surgeon expertise’ [29].

9.1. Indications

In our experience, fat grafting has been used in various scenarios of breast surgery, from
aesthetic to reconstruction.

For those patients, who do not want implants, primary breast augmentation in patients
suffering from small sized breast and wish for modest increase about one cup. Sequential fat
injections can increase the total amount injected reaching more than a one-cup size.
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Figure 3. (a and b) Tuberous breast case treated with right mastopexy and left side lipofilling (two sessions) rigottomy
and areola downsizing.

In association with silicone implants, fat injection could be used for masking apparent edges
of breast implant or correction of associated wrinkles; it is an effective non-invasive procedure
to correct visible rippling.

When implant explanation is required and the patient want to downsize the breast a combi-
nation of fat grafting and decreasing the pocket by sutures is usually a good choice for reaching
the patient’s goal.

Congenital breast deformity cases with tuberous breast where release of constricted base and
fat injection would give a nice suitable breast size and shape when implant is not desired by
patient or strictly necessary thanks to enough breast glandular volume (Figure 3a and b).

Breast reconstruction cases that had resultant defect after lumpectomy or skin sparing
mastectomy or breast reduction asymmetry could benefit from localized fat injection to correct
contour of breast or recreate the whole breast (Figure 4a and b).

(a) (b)

Figure 4. (a and b) Breast reshaping using fat graft after surgery complication. Two to three sessions may be needed.

Fat injection in breast had been used in combination with what is called the Brava system in
cases of small breasts with very tight skin envelopes .The Brava system is an apparatus that
induce external expansion to the skin to create a well-shaped cavity to be injected with fat thus
forming a nice shaped breast. The apparatus is used for 3–4 weeks before surgery then breast-
reshaping using fat injection is done.
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9.2. Technique tips and pitfalls

Harvesting of fat is done in the same way we use in gluteal augmentation, as regard to injection,
the fat is placed using blunt cannula 17 gauge, injection is done in all levels but not intra-
muscular putting in mind that superficial injection plays a major role in the final shape of
breast. The amount injected is about 300–400-cc per breast. In cases of depressed scars, a v-
shaped cannula is used to separate skin from underlying tissue. Incisions used are usually in
inframammary crease or periareolar. All incisions are closed by 4/0 prolene, padding and a
well-fitting bra are used while the patient is on table. In 1895, Czerny [48] had a 1 year stable
result after lipoma transfer. In 1919, Lexer [3] had described positive results after fat grafting
to all area including breast. In 1995 Coleman [52] had positive predictable results with their
technique. In our experience fat injection in breast is a reliable technique with the potential to
increase breast volume and reach an aesthetic shape even without using the Brava system
(Brava, Inc., Miami, FL, USA), this can be done by multiple procedures specially in patients
needing to increase the size more than one cup. We find the Brava technique helpful in cases
with severe tight skin, we also used decanting only in fat preparation with no centrifuge with
optimum results .it is obvious that although there are many indication for fat grafting in breast
it is mainly for ‘ breast reshaping’, rather than augmentation on the other hand breast pros-
thesis are still having a more popular and reproducible results but in breast augmentation.
One point, which is still controversial, is the safety of fat injection especially in the breast.

The ASPS Task Force recommendations regarding fat grafts specified the high-risk patient who
carries the BRCA-1, BRCA-2 gene and if they or their families have history of breast cancer.
We agree on that and follow such recommendations, but the subject especially with the
introduction of fat derived stem cells should be further studied.

10. Complications of fat grafting

Fat transfer is a widely used procedure now with a wide range of indications and the surgeon
being acquainted with complications and dealing with it is of utmost importance. We should
remember that this procedure includes complications of liposuction as well as fat transfer. A
resume of complications that can happen shortly after procedure within a week and late
complications will help the reader to recognize and manage them.

Infection. Although rare nowadays, still it can be seen in some cases. The primary goal is to
prevent it from happening as dealing with infected fat grafts is troublesome and usually results
in deformity. This can be done by the presence of sterile operating room and instrumentation,
using of prophylaxis antibiotics, proper screening of patient for HIV and hepatitis B and C.

Embolism. It may be due compression on the venous system as in calf injection with resultant
thrombus formation and produce a serious complication like pulmonary thromboembolism
that either resolves or result in an increased pulmonary infarction and hypertension. Acci-
dental injection of air in subcutaneous tissue with opening of big veins like the ones present
in the neck could be lethal and mimic picture of massive pulmonary embolism
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resume of complications that can happen shortly after procedure within a week and late
complications will help the reader to recognize and manage them.

Infection. Although rare nowadays, still it can be seen in some cases. The primary goal is to
prevent it from happening as dealing with infected fat grafts is troublesome and usually results
in deformity. This can be done by the presence of sterile operating room and instrumentation,
using of prophylaxis antibiotics, proper screening of patient for HIV and hepatitis B and C.

Embolism. It may be due compression on the venous system as in calf injection with resultant
thrombus formation and produce a serious complication like pulmonary thromboembolism
that either resolves or result in an increased pulmonary infarction and hypertension. Acci-
dental injection of air in subcutaneous tissue with opening of big veins like the ones present
in the neck could be lethal and mimic picture of massive pulmonary embolism
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Blindness. It can take place in cases where fat injection is done around the orbit either by directly
injecting fat into veins or by penetrating the eye capsule with formation of thrombus and
resultant in central retinal vein occlusion. This can be avoided by using blunt cannula and
marking of any veins apparent, also injection while withdrawing the cannula. Not only
blindness had been described but also brain insults in the form of infarction had been recorded
[53].

Skin necrosis. This can happen from severe infection or over-injection with resultant oedema
and too much compression, there is no definite volumes that is fixed, each individual varies
from the other yet average amount injected depends on laxity of skin and under-injection is
always better than over-injection as there is the chance to inject more later but it is difficult to
treat skin necrosis.

Haematoma and seromas. This can happen occasionally. As regard to haematoma, this can be
avoided by proper pre-operative management and evaluation stopping smoking for 4 weeks
and non-steroidal medications for 1 week would protect against unwanted bleeding. The uses
of blunt cannula and avoid injury of seen veins. Compression is the main line of treatment and
in the case of seroma, persistence aspiration and compression is done

Nerve injury. Depending on the site, facial nerve branches may be affected in injection of face
or dorsal nerves in cases of hand injection. The injury could be permanent or transient with
recovery depending on degree and type of injury [54].

Absorption (excessive). The rate of absorption depends a lot on atraumatic technique used in
harvesting as well as areas where fat is harvested from, like upper abdomen and upper back.
The rate of absorption varies from 0–50%. Some authors had prescribed over-correction by
30% [55]. This is suitable in areas like buttocks and breast but surely not the face in our opinion.

Asymmetry. Since fat injection is done on both sides of body, for example breasts gluteal area
and hands, symmetrical injection should be done unless there is asymmetrical obvious
difference, sometimes a combined liposuction and fat injection to reach symmetry is done.
Minimal asymmetry can be accepted, as it is not obvious except for the patient only.

Cysts and mass formation. Cysts of various sizes can occur after fat injection it is mainly oily
cyst, it can occur in any site but more common with increased fat injection. Various treatments
had been described triamcinolone injection [56], aspiration and compression in big cysts.
Hypertrophy of part of injected fat leads to formation of localized mass or sometimes
generalized hypertrophy of the whole injected area. In order to avoid this, over-injection of fat
is not recommended and the proper amount and plane of injection should be done. Fat also
may migrate when over-injection is done and has been reported in the forehead where authors
used botulinum toxin in association with fat injection [57].

Calcifications. Calcifications in breast are the most ones that invite worries yet for an experience
radiologist both the size and form are quite different. Micro-calcifications from fat necrosis are
Peri-parynchymal and do not exhibit multi-density, rod-like, punctate or branching spicule
[58].
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Abstract

Introduction: Fat grafts have become a frequent procedure among plastic surgeons due
to their versatility for different pathologies. Different techniques have been described
about graft enhancement to increase survival; in this chapter, with CO2 pneumodissec‐
tion, a technique for improving the biological conditions of the receptor area is exposed.
Already known effects of carboxitherapy, such as vasodilation, enhanced Bohr effect
and  neoangiogenesis,  are  applied  to  increase  the  chance  of  graft  survival.  Tissue
pneumodissection  reduces  the  fat  infiltration  pain,  thus  reducing  the  sedation
requirements.

Materials and methods: Carbon dioxide is infiltrated in the subcutaneous tissue with
a needle before grafting procedure. The amount of CO2 injected varies according to the
recipient area. Sixty patients treated in past 15 months were included in the study.
Patients were followed up every week for the first month, 3 and 6 months postoperative.

Results: Grafts survived in all 40 patients according to clinical observation and follow‐
up. Sedation requirements were minimal. Special interest is the use of this technique
when a scar is adherent to deep planes and skin elasticity is reduced.

Keywords: fat graft, carboxitherapy, receptor area, graft survival, lipofilling, fat graft
enhancement, pneumodissection
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1. Introduction

The introduction of grafts and/or fillers within the subcutaneous tissue implies the creation of
tunnels or planes of dissection within tissue. However, this is not without some significant
degree of trauma to the dermis and hypodermis cellular structure and the fragile microcircu‐
lation and nerves found within these layers.

In addition, the struggle of the instrument against the resistance of these solid cellular tissues
produces pain by transecting nerve endings or compression of the pressure sensors and/or
direct distension of these fragile receptors within the skin.

Until now, the only possible solution to reduce these effects was the application of local
anesthesia of different modalities, that is, blockades, infiltration or tumescent anesthesia. This
implies the introduction of a set volume of liquid and chemicals, which modify the tissue
composition both physically and chemically. This alteration to the biophysical composition of
the host tissue and the direct limitation of surround tissue elasticity and expandability makes
for a suboptimal graft host environment. The ideal environment for graft uptake includes
contact with living tissue for nutrition, abundant vascularization in living tissue and consistent
blood flow through this vascular net. These characteristics provide for nutrition of the graft
and also remove free radicals, toxic for the grafts. We propose a new technique of pneumo‐
dissection using carbon dioxide in the gas state to expand and dissect tissue planes while
preserving delicate microcirculation at the site, enhancing the host area conditions and
decreasing pain to the patient.

2. Characteristics of carbon dioxide

Carbonic acid gas, is also known as carbon dioxide, carbonic anhydride and dry ice in its solid
phase, is composed of one carbon atom and two oxygen atoms, with a chemical formula of CO2.

Its properties have stamped its use as an industrial material as may be seen in fire extinguishers
and welding gas. Commercially, it is added to carbonated beverages, including beer and
champagne, and its solid form, known as “dry ice,” has been used as a refrigerant and as an
abrasive in dry ice blasting.

Within the living cell, a series of reactions in the effort to generate energy in the form of
adenosine triphosphate (ATP) produces one of the main by‐products of aerobic respiration,
that is, carbon dioxide gas (CO2). Within the presence of oxygen, each molecule of glucose
produces 6 molecules of carbon dioxide, 6 molecules of water and up to 30 molecules of ATP.
This CO2 is then excreted through diffusion from the cells into the blood stream, whereby its
binding to hemoglobin ensures its passage to the lungs for exhalation.

Due to the increased solubility of carbon dioxide over oxygen in plasma, each time blood
circulates through the body, 4 vol% of carbon dioxide is removed from the tissues and delivered
to the lungs to be exhaled. However, this can increase 10 times during physical exercise.
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3. Uses of carbon dioxide gas in medicine

Carbon dioxide was first described in 1648 by the chemist Jan Baptist van Helmont upon
observing the mass discrepancy when burning charcoal within a closed vessel. He surmised
that the difference in mass of the ash to the original charcoal had been transmuted into an
invisible substance, which he referred to as a “gas” or “spiritus sylvestre.” Following Jan
Helmont, much work was carried out on the niche properties of carbon dioxide in the 1700s
and 1800s with Adrien‐Jean‐Pierre Thilorier in 1835, describing solid carbon “snow” CO2.

Carbon dioxide’s high purity of 99.9% and nontoxic properties makes it suitable for therapeutic
use. Most commonly employed in insufflation gas for minimal invasive surgery (laparoscopy,
endoscopy and arthroscopies) [1–4] in order to enlarge body cavities, protect and facilitate
manipulation of intra‐abdominal structures.

Possessing no hypersensitivity response, regardless of the volume used, it has been used as a
contrast medium in angiography and venograms [5–7]. Its applicability as a supercritical fluid
state has been marketed within the medical sterilization realm and also when temperatures of
−60°C are reached its therapeutic use in cryotherapy or as local analgesia by external applica‐
tion onto the skin surface.

In 1964, Kumar Patel from the USA invented the CO2 laser, which is still available and which
is one of the most useful varieties of medical, surgical, industrial and military applications.

Other uses have, in the addition to pure oxygen in medical grade oxygen, to help provoke
breathing and stabilize the O2/CO2 balance within blood.

The uses of carbon dioxide gas on the surface and in the depth of the human body have proven
to be highly safe and beneficial in different areas of medicine and surgery. The history of
therapeutic use of carbon dioxide gas by either percutaneous or subcutaneous injection,
otherwise known as carboxitherapy, began in 1932 at a thermal waters station in the Spy of
Royat, France. There, a group of cardiologists utilized CO2 on patients with peripheral and
functional artheropathies (artherosclerotics, Buerger, Raynaud) with significant success. In
1940, Jean Baptiste Romuef [8], a respected cardiologist published his 20‐year experience with
carboxitherapy. By the mid‐1980s, over 400,000 patients had been treated at Royat providing
carboxitherapy as not only an efficient therapeutic method but also a safe one.

The known therapeutic effects of CO2, such as arterial and capillary vasodilation, enhancement
of Bohr and lipolytic effect, increased sympatholytic action and with experimental work
demonstrating its neoangiogenetic effect means that its use continues to expand within the
realms of its therapeutic properties to medicine. There is abundant bibliography that describes
the utilization of carbon dioxide gas in patients with chronic obstructive artery disease and
gangrene who were treated with CO2 injection with significantly good results [9–13].

Also acting on vascular pathologies, in 2002, Toryama et al. [14] showed an excellent improve‐
ment in the peripheral circulation in patients with critical ischemia, with a reduction of 83%
of amputation cases.
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For several decades, we have used the subcutaneous injection of carbon dioxide gas to improve
local circulation of the skin and subcutaneous tissues, to produce detachment of fibrous tissues
and to promote the formation of new collagen in the treated areas [15]. It is also used in its
cryogenic state to perform procedures in cryosurgery.

4. Physiological effects

4.1. Stimulation of blood circulation

Blood circulation is locally increased with pneumodissection due to a vasodilator effect and a
neoangiogenic effect. Vasodilation is produced through two main mechanisms:

• Inflammation

• Acidification

The inflammatory response to an “aggression” is immediate. It physically acts to destroy, dilute
or block the offending agent, but, in turn, this triggers a series of events at the vascularized
connective tissue level, including plasma, in cells circulating in the blood vessels and in the
extravascular components of connective tissue, with the objective to heal and rebuild the
damaged tissue. Acute phase inflammatory mediators, such as histamine, bradykinins and
prostaglandins, produce vasodilation to increase to the local blood flow in order to deliver
white blood cells to the insulted area. Changes in microcirculation occur, increasing the
vascular permeability to cells and proteins.

Histological aspects in the repair process demonstrated the proliferation of small newly
formed blood vessels and fibroblasts [16].

Inside the body, carbon dioxide reacts with water producing carbonic acid. This reaction
acidifies the local medium where CO2is injected. The local increase of H+ stimulates vasodi‐
lation. In this way, carbon dioxide directly in microcirculation of the vascular connective tissue,
promoting vasodilation [17, 18] and an increase in the venous and lymphatic drainage.
According to researchers, this can be a reflection of the increase in parasympathetic activity
by the decrease in sympathetic activity in these tissues. In addition to that, the persistence of
clinical improvement or “temporary cure” of the blood vessel conditions can be explained by
the neoangiogenesis [19], due to the formation of angiogenic factors, and vascular endothelial
growth and fibroblast growth triggered by hypercapnia tissue.

With carboxitherapy, through the infusion of CO2, it is demonstrated that a persistent vasodi‐
lation is identified during assisted laparoscopy, which leads to a significant rise in the concen‐
tration of oxygen (O2) in the local body cavity. Studies with Doppler flow monometry have
demonstrated the action of the carboxitherapy in improving blood flow locally.

4.2. Bohr effect

The affinity of hemoglobin for oxygen depends on the pH of the medium; the acidity stimulates
the release of oxygen thus reducing this affinity. In addition to the acidity, the increase in the
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concentration of carbon dioxide (CO2) as described in the oxygen‐hemoglobin dissociation
curve also lowers the oxygen affinity. The presence of higher levels of CO2 and protons (H+)
in the capillaries of tissues in active metabolism promotes the release of O2 of hemoglobin, the
reciprocal effect occurs in the capillaries of the alveoli of the lungs and the high concentra‐
tion of O2 releases CO2 and H+ of the hemoglobin. This relationship is known as Bohr effect [20,
21].

There is a consensus among authors about the existence of a significant increase in the
concentration of oxygen (O2) locally after subcutaneous infusion of CO2 demonstrating an
increase in the partial pressure of O2. These authors [22, 23] have reported that a decrease in
affinity of hemoglobin for oxygen in the presence of carbon dioxide gas leading to more oxygen
delivery to the cells, which would boost the metabolism of tissues in the region being treated
(potentiation of the Bohr effect).

4.3. Role of CO2 in connective tissue

Carboxitherapy produces a “mechanical trauma” post the insertion of the insufflation cannula
and the direct trauma of the CO2 gas insufflating between tissue planes and creating a form of
pneumodissection. This pneumodissection produces an inflammatory process and the
consequent migration of fibroblasts to the region of insufflation, leading to the subsequent
proliferation of fibroblasts and therefore the synthesis of collagen and activation of other
extracellular matrix proteins such as fibronectin and glycoprotein, which are essential in the
biological processes such as adhesion and cell differentiation, tissue repair, serving as a
substrate for fibrinolytic enzymes and clotting.

Histological studies of the tissues treated with carboxitherapy have found an increase in the
thickness of the dermis, as evidenced by the increased stimulus of neocollagenases. There is
total preservation of the connective tissue layers, including its vascular and neurovascular
structures as evident within these collagen fibers.

5. Carbon dioxide gas as pneumodissector of tissues—carboxitherapy

Insufflating gases within tissue is not an innovative idea in current medicine. Ivån Goni
Moreno, an Argentinean surgeon from the early 1900s, is credited with his operation of
introducing progressive preoperative pneumoperitoneum for the repair of large hernias in
1940. Moreno progressively placed large amounts of room air preoperatively into the perito‐
neal cavity over a period of weeks. With this technique, the patient became adjusted to an
increased intra‐abdominal pressure and tolerated the sudden reduction of the viscera during
the repair, free from respiratory distress.

Currently, with the widespread of laparoscopic procedures, insufflation with carbon dioxide
is widespread in all therapeutic and diagnostic laparoscopy as utilized in general, gynecolog‐
ical and urological surgeries.
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Due to carbon dioxide’s high degree of diffusion, this gas is rapidly absorbed and eliminated,
leaving only the vasodilator effect (pneumodissection) in the tissues, without the increased
risk of fatal air embolism.

Subcutaneous infiltration of CO2 began to be used for aesthetic purposes in the 1970s in France,
with the object of treating cellulite and localized areas of adiposities in the subcutaneous tissue.
More recent work of Brandi et al. [24, 25] showed measurable reductions in maximum
circumference of abdomen, thigh and knee regions with the transcutaneous administration
of CO2 and improved skin irregularity after repeated sessions of carboxitherapy.

6. Theory behind the use of carboxitherapy for pneumodissection during
fat grafting

The ideal conditions for adipose (fat) grafting within tissue includes (1) ease of dissection of
tissue planes with the advancement of the infiltrating cannula, (2) the ability to layer this fat
by placing minimal amounts of adipocytes in multiple tunnels in order to maximize contact
with the surrounding tissues therefore increasing the grafts survival rate, (3) good vasculari‐
zation and oxygenation of tissue recipient site, (4) minimal trauma to reduce the risk of
bruising, (5) the absence of vasoconstriction, (6) the absence of toxic chemicals in the recipient
tissue and (7) good elasticity of the adjacent tissues to comply with the additional volume. The
use of carbon dioxide gas as a pneumodissector of the tissue planes may be the one way to
achieve these ideal conditions in the host tissue.

The resistance of the tissues to the advancement of a needle or cannula is predetermined by
the density of cell structures and fibrosis of the tissue area on the body. Some of the causes of
pain during the introduction of fluids and grafts into tissues are due to the compression of
pressure receptors (baroreceptors) and also by the stretching of the nerve endings by direct
mechanical pressure from the advancing cannula or needle. Also, the pH of the solutions being
injected produces pain and burning. The slow insufflation of the carbon dioxide in its gaseous
state by percutaneous injection produces tissue plane dissection, which subsequently decreas‐
es the tissues’ overall resistance while increasing its three‐dimensional space, yet preserving
the neurovascular characteristics of that tissue by pneumodissecting these structures away
with the advancement of the needle/cannula and therefore decreasing the possibility of direct
pain.

7. Clinical experience

The pneumodissection flow and the total volume of gas infiltrated subcutaneously are
controlled with CARBOTECH F650 from Axt Medical Systems®, with complete control over
the speed and volume of CO2 gas infiltrated (Figure 1).
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Figure 1. Pneumodissector console.

The pneumodissector console is connected to the pure carbon dioxide gas tank. The CO2 is
injected under the control of the surgeon for speed of flow, time of injection and overall
administered dose through a disposable tube with 25G needle attached through luer‐lock. This
needle is then inserted directly under the skin of the patient within the designated site.

The flow of CO2 through the pneumodissector is fixed at 80 ml per minute. Insufflation between
100 and 1000 ml per area depending on the procedure to be carried out and the site on the body
to be performed is undertaken. CO2 easily distributes to all of the injected area and its sur‐
rounding tissue (Figure 2).

Figure 2. Histology of pneumodissected tissue (hematoxylin‐eosin). Left, Normal subcutaneous tissue. Right, Subcuta‐
neous tissue after pneumodissection, note the air spaces between septums and vessels.

During the past 12 months, we have used the pneumodissection technique intraoperatively
prior to the grafting of adipocytes at various quantities in 60 patients (Table 1).
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Area Amount injected (cc) Volume of CO2 infused (cc)
Breast 210 333
Breast 600 707
Breast 560 765
Buttocks 400 580
Buttocks 700 765
Buttocks 800 1000
Buttocks 480 580
Buttocks 550 595
Buttocks 840 843
Buttocks 780 865
Buttocks 440 564
Buttocks 620 789
Buttocks 680 721
Arms 240 469
Arms 225 342
Facial 26 45
Facial 54 89
Facial 32 48
Facial 38 74
Facial 49 107
Buttocks 200 378
Buttocks 680 731
Buttocks 250 379
Buttocks 540 763
Buttocks 780 893
Buttocks 300 389
Breast 150 333
Breast 400 586
Breast 520 555
Breast 460 632
Breast 380 509
Hand 40 100
Hand 50 104
Hand 40 132
Genitalia 30 105
Abdomen 12 40
Abdomen 20 57
Abdomen 10 58
Thigh 180 287
Calf 110 215
Breast 250 380
Breast 550 647
Breast 610 805
Buttocks 450 640
Buttocks 650 700
Buttocks 840 999
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Area Amount injected (cc) Volume of CO2 infused (cc)
Buttocks 430 520
Buttocks 600 700
Buttocks 780 900
Buttocks 700 800
Buttocks 445 507
Buttocks 635 885
Buttocks 600 651
Arms 200 461
Arms 221 302
Facial 22 41
Facial 55 91
Facial 30 44
Facial 34 70
Facial 45 101

Table 1. Patients table. Details of volume of fat grafted and CO2 infused.

Areas of both the body (abdomen, buttocks, arms, breast, and legs) and face have been
successfully pneumodissected prior to fat grafting with clinically superior results compared
to commonly used hydrodissection technique (Figures 3–11).

Figure 3. Patient with abdominal flaccidity, lipodystrophy and gluteal hypoplasia. Preoperative (left) and 3 months
postoperative of TULUA, liposuction and pneumodissection‐assisted fat grafting to gluteal area in the subcutaneous
plane (right).
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Figure 4. Patient with abdominal flaccidity, lipodystrophy and gluteal hypoplasia. Preoperative (left) and 3 months
postoperative of TULUA, liposuction and pneumodissection‐assisted fat grafting to gluteal area in the subcutaneous
plane (right).

Figure 5. Patient with hand aging. Note skin quality, flaccidity and prominence of vascular network (left). Three
months postoperative of pneumodissection‐assisted fat grafting in hands in the subcutaneous plane (right).
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Figure 6. Patient with hand aging. Note skin quality, flaccidity and prominence of vascular network (left). Three
months postoperative of pneumodissection‐assisted fat grafting in hands in the subcutaneous plane (right).

Figure 7. Patient with gluteal hypoplasia (left). After 3 months of pneumodissection‐assisted fat grafting in the gluteal
area in the subcutaneous plane (right).

Figure 8. Patient with gluteal hypoplasia (left). After 3 months of pneumodissection‐assisted fat grafting in the gluteal
area in the subcutaneous plane (right).
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Figure 9. Patient with breast hypoplasia (left). After 3 months of pneumodissection‐assisted fat grafting in breasts in
the subcutaneous plane (right).

Figure 10. Patient with breast hypoplasia (left). After 3 months of pneumodissection‐assisted fat grafting in breasts in
the subcutaneous plane (right).

Figure 11. Patient with breast hypoplasia (left). After 3 months of pneumodissection‐assisted fat grafting in breasts in
the subcutaneous plane (right).

Body Contouring and Sculpting204



Figure 9. Patient with breast hypoplasia (left). After 3 months of pneumodissection‐assisted fat grafting in breasts in
the subcutaneous plane (right).

Figure 10. Patient with breast hypoplasia (left). After 3 months of pneumodissection‐assisted fat grafting in breasts in
the subcutaneous plane (right).

Figure 11. Patient with breast hypoplasia (left). After 3 months of pneumodissection‐assisted fat grafting in breasts in
the subcutaneous plane (right).

Body Contouring and Sculpting204

Upon pneumodissection of the tissue planes, the subsequent ease with which the introduction
and advancement of the infiltrating cannula allows for ease of larger amounts of grafting tissue
(adipocytes) with greater uniformity to be placed, less resistance from normal tissue planes
and decrease in both intra‐ and postoperative discomfort to the patient. There was less bruising
of the skin noted within the postoperative period.

8. Complications and adverse events of carboxitherapy

As already mentioned, carbon dioxide gas is a versatile gas utilized within many industries.
It is a by‐product present in the blood circulation as a consequence of aerobic respiration. Based
on current literature, carboxitherapy can be considered as a safe therapeutic treatment, without
adverse effects or major complications, both local and systemic.

The amount of gas injected during a therapeutic dose of carboxitherapy is below the volume
produced by the body itself. Our body produces 200 cc of CO2 when at rest and during vigorous
exercise this amount may rise to 10 times that value. In addition, the patients in our study
subjected to subcutaneous injections of CO2 show no damage to the connective tissue or its
microcirculation.

Therefore, we know that CO2 works in the affected area and is rapidly eliminated from the
body with no possibility of air embolus. However, in our study, minimal complications were
noted with the administration of subcutaneous CO2 therapy. These included and were limited
to (1) local pain at the injection site of the 25G needle, (2) small bruising and ecchymosis from
the needle entering the dermis, (3) A “cracking sensation” experienced by patients due to the
formation of local emphysema that disappears within 30 minutes of the procedure.

9. Contraindications to carboxitherapy

Contraindications to the treatment include acute myocardial infarction, unstable angina, heart
failure, hypertension, acute thrombophlebitis, gangrene or localized infections at the site
therapy, epilepsy, respiratory failure, renal failure, pregnancy and psychiatric disorder. But in
any case, these patients would not be candidates for an elective body contouring surgery. So,
in healthy patients with usual comorbidities, there are no contraindications.

10. Conclusion

Carbon dioxide is an abundant gas found in every living species on Earth. Its role in many
industries, including medicine, have stemmed from its early discovery in 1648. With respect
to its effect on both the skin and subdermal layers, CO2 has sound physiological principles
confirmed through histological studies.

Pneumodissection: Enhancement of the Receptor Area before Fat Grafting
http://dx.doi.org/10.5772/64838

205



Our technique of pneumodissection prior to adipocyte grafting has worked with these
principles in mind. Using CO2 to establish volume within given tissue planes yet preserv‐
ing the fragile microcirculation of the tissue is a valuable prerequisite to the survival of
the graft.
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Abstract

Venous thromboembolism is a common complication following surgical procedures. It
is imperative for us to identify which risks factors are present in our patients, not only
because  body  sculpting  procedures  are  elective,  but  also  to  help  us  perform  an
individualized assignment of venous thromboembolism risk. Once we have identified
the risk, we can select a method of venous thromboembolism prophylaxis based on the
guidelines by the American College of Chest Physicians and the other individualized
risk scales presented in this chapter. Our main goal is to keep as low as possible the
incidence of venous thromboembolism and its complications.

Keywords: venous, thromboembolism, risk, body, sculpting, postoperative

1. Introduction

Body sculpting procedures can be associated to postoperative venous thromboembolism in
patients with certain characteristics. This entity can lead to fatal consequences, like pulmonary
embolism and death, that is why it is important for us to clearly assess the risk for each individual
in the preoperative setting, in order to establish certain procedures and prophylaxis, which may
help us lower or diminish these risks to the minimum. Given these are elective procedures, it
should be our main concern that our patients are well prepared before the surgery with a complete
preoperatory analysis of the risks both the patient and the surgery per se represent.
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2. Background

Venous thromboembolism represents a wide spectrum of disease, ranging from deep venous
thrombosis to pulmonary embolism, a very relevant complication following body sculpting
procedures, especially those who combine two or three procedures in one surgery. Some
studies have reported that each year 350,000–600,000 Americans suffer from deep venous
thrombosis and pulmonary embolism and that at least 100,000 deaths are directly or indirectly
related to venous thromboembolism [1]. These numbers represent the incidence in general
population, not specifically following body sculpting procedures, nevertheless some studies
in the last few years have discussed this matter.

Some data collected from a worldwide survey among certificated plastic surgeons revealed
pulmonary embolism as the main cause of death following a liposuction, which represented
the 23% of all deaths [2]. Another study that included all the procedures performed inside an
operating room reported that 63.6% of the postoperative deaths were secondary to throm‐
boembolism [3]. Considering large‐volume liposuction procedures, Albin and de Campo
reported an incidence of venous thromboembolism of 1.7% in patients where the aspirated
volume was larger than 5 L [4]. Grazer and Goldwyn cited a 1.9% incidence of venous
thromboembolism in a series of abdominoplasty patients [5]. Finally, in combined procedures
and with longer surgical times as belt lipectomies, there is a higher incidence of thromboemb‐
olism, as reported by Aly and colleagues with a 9.4% incidence in this group of patients [6].

Given these high rates of mortality following venous thromboembolism complicated with
pulmonary embolism after body sculpting procedures, it should be logic for us to think that
the surgeons performing these procedures would establish a prophylaxis protocol in all their
patients in order to lower the risk of the development of venous thromboembolism. Never‐
theless, some worldwide studies have reported that only 43.7% of the surgeons performing
liposuction procedures and 60.8% of the surgeons performing a combined body sculpting
procedure use thromboembolism prophylaxis [7]. This can be secondary to the belief that
venous thromboembolism has a low incidence, or because of the fear to have bleeding
complications and postoperative hematomas, with dehiscence of wound and infection.

3. Risk factors

In order to develop a venous thromboembolism, two variables must be present interacting
between them: first, the individual patient’s risk factors which cannot be modified and are
usually permanent and second, the circumstances surrounding the time and place where the
thromboembolism occurs, being transient in nature, with the possibility to be modified most
of the times.

Risk factors inherent to the patient include age, active malignancy, history of venous throm‐
boembolism, other chronic diseases such as heart or respiratory failure, spinal cord injury,
multiple trauma, myocardial infarction, congenital or acquired coagulation disorders (antith‐
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rombin deficiency, Protein C and Protein S deficiency, elevated coagulation factors), hormone
replacement therapy, and oral contraception. Critically ill patients receiving intensive care are
also considered to be a population at risk for developing venous thromboembolism.

According to the British Thoracic Society, patient risk factors are traditionally classified into
major and minor categories (Table 1) [8]. Remember, these predisposing factors cannot be
modified, so the seldom presence of them justifies the use of prophylaxis. The important thing
here is not only to be able to identify those factors, but also to assess the overall risk of venous
thromboembolism in each patient and to establish the appropriate prophylaxis regimen in each
case [9].

Major risk factors (RR = 5–20) Minor risk factors (RR = 2–4)

Postoperative state: major abdominal/pelvic

surgery, hip/knee joint replacement,

postoperative intensive care

Cardiovascular: congenital heart disease, heart failure, hypertension,

superficial venous thrombosis, central venous catheter

Obstetrics: late pregnancy, caesarian section,

puerperium

Humoral: estrogen use: oral contraception, hormone replacement

therapy

Lower limb affections: fractures, extensive

varicosities

Miscellaneous: chronic obstructive lung disease, neurological

impairment, latent malignancy, thrombotic defects, long‐distance

travel in the sitting position, obesityMalignancies: abdominal/pelvic, advanced/

metastatic stage

Limited mobility: hospitalization geriatric care Other: inflammatory bowel disease, nephrotic syndrome, chronic

dialysis, myeloproliferative disease, paroxysmal nocturnal

hemoglobinuria

Miscellaneous: history of previous venous

thromboembolism

Table 1. Risk factor of venous thromboembolism, according to the British Thoracic Society [8].

Besides these risk factors inherent to the patient, the surgical procedure per se represents also
a risk factor to the patient. General anesthesia, supine position as well as immobilization
produce blood stasis. Decreased venous return also diminishes the clearance of activated
clotting factors, which in turn augments the hypercoagulable state. Finally, intimal injury is
secondary to venous traction and to the vasodilatory effect of anesthesia, which favors platelets
deposits in the sites of vascular injury, initiating the coagulation cascade.

4. Natural history of venous thromboembolism

As described earlier in this chapter, venous thromboembolism includes various stages of
complex developments, which can be fatal as they lead the patient to a pulmonary embolism.
Regardless of the patient’s risk factors, the surgery alone is one of the most important risk
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factors we will face. During surgery, the patient will be prone to stasis, hypercoagulability and
endothelial injury, which in turn can explain how 50% of deep vein thrombosis associated with
surgery start intraoperatively. The first affected veins will be the most distal ones, located at
the calf region. Of these affected cases, approximately 50% may resolve spontaneously within
72 h with the use of adequate venous thromboprophylaxis, which will help in the lysis of
thrombi and prevent the formation of new ones. When the deep vein thrombosis is isolated to
the calf, it will rarely cause leg symptoms or clinically important pulmonary embolisms [10].

Of the untreated symptomatic calf deep vein thromboses, approximately 25% will extend to
more proximal veins as late as 1 week after the surgery, and subsequently break free to cause
pulmonary embolism in the late stages. Each of these stages may or may not be associated with
symptoms. The development of symptoms depends on the extent of thrombosis, the adequacy
of collateral vessels, and the severity of associated vascular occlusion and inflammation.

In those cases where the thrombi moves in a more proximal direction toward the inguinal
region and it is symptomatic but without chest symptoms, approximately 50% of the patients
will have a pulmonary embolism on lung scan [11]. From day 3 to day 7 of the postoperative
period the patient will be at the highest risk of the development of fatal pulmonary embolism,
being fatal around 10% of symptomatic pulmonary embolisms within one hour of first
symptoms. Furthermore, the patient will be at the highest risk of developing symptomatic
venous thromboembolism within 2 weeks of surgery, but that risk will remain elevated for 2–
3 months [12].

The severity of acute pulmonary embolism is determined primarily by its hemodynamic
impact, presenting as sudden pulmonary hypertension. In healthy patients, it is known that a
pulmonary bed obstruction of 30–50% is needed in order to develop pulmonary hypertension
[13]. In the other hand, patients with a previous history of lung or heart disease will develop
pulmonary hypertension with even a minor obstruction in the pulmonary circulation. The
acutely developing pulmonary hypertension in pulmonary embolism leads to an increase in
right ventricular after load, morphologically presenting as right ventricular dilation and may
eventually cause right heart failure, which results in decreasing of left ventricular filling, and
deteriorated diastolic left ventricular function due to right ventricular dilation. After a
diagnosed pulmonary embolism, 50% of patients have right ventricular dysfunction on
echocardiography. These events can lead to a fall in blood pressure and present as syncope,
hypotension or carcinogenic shock, resulting in sudden death [14]. After a symptomatic deep
vein thrombosis, there is an approximately 10% cumulative incidence of severe postthrombotic
syndrome after 5 years.

5. Assessment of postoperative venous thromboembolism risk

In each patient to undergo a surgical body contouring procedure should be implemented a
strategic scheme of risk assessment, planning and establish measures to reduce morbidity and
mortality [15]. We must identify the preventive management of hypercoagulable states. Risk
stratification will allow us to make good decisions, especially in patients at high risk.
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Over the past two decades, thromboprophylaxis has taken greater importance, given the
increase in the number of surgical procedures performed in the body contour area. Because of
this, there have been designed, applied, and evaluated various risk models for venous
thromboembolism [16–19]. The most widely known and validated model is the one developed
by Caprini et al.

This model was initially published in 1991 [20], which with the passage of time has been
modified and refined. In the published version of 2005, plastic and reconstructive surgery
patients were included, predicting the risk of venous thromboembolism within 30 or 60 days
(Figure 1) [21]. As a result of these validation studies, strata have been identified to report level
of risk and response to prophylaxis based on risk level [22–23].

Figure 1. The 2005 Caprini risk assessment model. COPD, chronic obstructive pulmonary disease; DVT, deep venous
thrombosis; PE, pulmonary embolism. Caprini, Thrombosis risk assessment as a guide to quality patient care. 2005.

The most recent version of the Caprini Risk Assessment Model was published in 2010
(Figure 2) [24]. When compared with the 2005 Risk Assessment Model, the 2010 Risk Assess‐
ment Model has four distinct, data‐driven changes, including addition of new risk factors or
reweighting of old risk factors. Some studies have shown that Caprini 2010 model gives an
altered estimate of the risk of thromboembolism with consequent inappropriate application
of preventive measures, so what right now the evidence does not support is its use in patient
stratification until it is validated more widely [25].
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Figure 2. The 2010 Caprini risk assessment model. Risk assessment as a guide to thrombosis prophylaxis. Curr Opin
Pulm Med. 2010.

The 2012 American College of Chest Physicians guidelines note that at any level of 2005 Caprini
score, plastic and reconstructive surgery patients are at decreased risk of venous thromboemb‐
olism compared with patients undergoing abdominal and pelvic surgery [26]. Prior validation
studies of the 2005 Caprini score in plastic and reconstructive surgery patients [27] and the
head and neck surgery population [28] showed that 70–80% of patients in the overall popula‐
tion are classified as lower risk (2005 Caprini scores of 3–4 or 5–6). Thus, only a small proportion
of patients fall into the highest risk strata.

We recommend that all plastic and reconstructive surgery patients should be risk‐stratified for
perioperative venous thromboembolism risk using a 2005 Caprini score and that surgeons
consider chemoprophylaxis on a case‐by‐case basis in patients with Caprini score >8.

6. Thrombosis and venous thromboembolism prophylaxis

Venous stasis is a recognized venous thromboembolism risk factor. Stasis, along with hyper‐
coagulability and intimal damage, constitutes the central tenets of Virchow’s triad for throm‐
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bosis. Stasis also promotes venous dilation, resulting in intimal microtears. This exposes
subendothelial collagen and initiates the clotting cascade. Venous dilation is known to predict
deep venous thrombosis in other surgical subspecialties [29].

In recent years there has been consensus in plastic surgery looking forward to find the best
available evidence on prevention, taking into account the best scientific articles of all specialties
related to venous thrombosis. The most important aspects for a surgeon about this issue are
enlisted.

7. Type of anesthesia

General anesthesia, paralysis, or both eliminate calf muscle pump action in the lower extrem‐
ities. The calf muscle pump propels venous blood cranially and, in concert with the venous
valve system, mitigates venous stasis and venous dilation. A recent study of 200 patients
having elective plastic surgery under spontaneous breathing, avoid gas, face up, extremities
mobile (SAFE) anesthesia with postoperative duplex ultrasound screening showed an
asymptomatic deep venous thrombosis rate of 0.5%. This rate is similar to symptomatic venous
thromboembolism rates among low‐risk (2005 Caprini score of 3 or 4) plastic surgery in
patients undergoing surgery under general anesthesia [21, 30]. The recommendation on this
issue is limited by the fact that some operations require general anesthesia, and thus this
recommendation is not applicable to all patients.

Pannucci et al. [25] recommend using non‐general anesthesia when appropriate. When
possible, consideration should be given to using monitored anesthesia care, local anesthesia
with sedation, or neuraxial anesthesia instead of general anesthesia with a grade 1C level of
evidence (Table 2) [31].

Grade Description Benefit vs risk and
burdens

Quality of supporting
evidence

Implications

1A Strong
recommendation,
high‐quality
evidence

Benefits clearly
outweigh risks and
burdens,
or vice versa

RCTs without important
limitations or
overwhelming evidence
from observational
studies

Strong recommendation
and can apply to most
patients in most
circumstances
without reservation

1B Strong
recommendation,
moderate‐quality
evidence

Benefits clearly
outweigh risks and
burdens,
or vice versa

RCTs with important
limitations or
exceptionally strong
evidence from
observational studies

Strong recommendation
and can apply to most
patients in most
circumstances
without reservation

1C Strong
recommendation
low‐ or very
low‐quality

Benefits clearly
outweigh risks and
burdens,
or vice versa

Observational studies or
case series

Strong recommendation
but may change when
higher quality evidence
becomes available
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Grade Description Benefit vs risk and
burdens

Quality of supporting
evidence

Implications

evidence

2A Weak
recommendation,
high‐quality evidence

Benefits closely
balanced with risks
and burden

RCTs without important
limitations or
overwhelming evidence
from observational
studies

Weak recommendation,
best action may differ
depending on circumstances
or patient’s
or societal values

2B Strong
recommendation
moderate‐quality
evidence

Benefits closely
balanced with risks
and burden

RCTs with important
limitations or
exceptionally strong
evidence from
observational studies

Weak recommendation,
best action may differ
depending on circumstances
or patient’s
or societal values

2C Weak
recommendation
low‐ or very
low‐quality
evidence

Uncertainty in the
estimated of benefits
risks, and burden;
benefits, risk, and
burden may be closely
balanced

Observational studies or
case series

Very weak
recommendation; other
alternatives may
be equally reasonable

Reproduced from Guyatt et al. [31].

Table 2. RCTs (randomized controlled trials).

8. Use of pneumatic compression and/or elastic stockings

Elastic stockings (also known as graduated compression stockings) may preferentially shunt
venous blood from the superficial to the deep venous system through perforating veins.

Shunting augments the volume and velocity within the deep venous system, theoretically
decreasing stasis and the likelihood of thrombosis [32, 33]. Elastic stockings are significantly
more effective than no stockings for both deep venous thrombosis and pulmonary embolus
prevention in general and orthopedic surgery patients [33].

Intermittent pneumatic compression devices (also known as sequential compression devices)
work by means of multiple mechanisms. The sequential compression serially “pumps” blood
from caudal to cranial, using the venous valve system to facilitate egress of venous blood and
minimizing venous stasis and venous dilation. Intermittent pneumatic compression also
stimulates the body’s endogenous fibrinolytic mechanism. Blood samples taken distant from
the intermittent pneumatic compression site show stimulation of bloodborne fibrinolytic
activity when intermittent pneumatic compression is applied. Thus, intermittent pneumatic
compression applied to a single leg can provide deep venous thrombosis risk reduction by
means of both a direct and an indirect mechanism [34]. A meta‐analysis by Ho and Tan shows
that intermittent pneumatic compression is superior to elastic compression stockings for deep
venous thrombosis risk reduction [35].
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The latest recommendations about this are using intermittent pneumatic compression to
prevent perioperative venous thromboembolism events in plastic surgery patients [25]. In the
absence of rigorous publications in plastic surgery, this recommendation was derived largely
from meta‐analyses in other specialties (Grade 1B). Same recommendation applies for elastic
compression stockings, but most meta‐analyses recommend the intermittent pneumatic
compression over the compression stockings (Grade 1B).

9. Effectiveness of chemoprophylaxis and bleeding risk

When we refer to chemoprophylaxis, we are referring to unfractionated heparin or low
molecular weight heparin provided at prophylactic doses. The 2012 American College of Chest
Physicians guidelines on deep venous thrombosis and pulmonary embolus prevention for
nonorthopedic surgical patients do not recommend low‐dose aspirin as first‐line venous
thromboembolism prophylaxis; as a result, experts do not recommend aspirin as first‐line
venous thromboembolism prophylaxis for plastic surgery patients.

Low‐dose aspirin is recommended as prophylaxis only when unfractionated heparin and low
molecular weight heparin are contraindicated or not available [26]. Only one study that
compared aspirin to low molecular weight heparin in 505 free flap patients showed no
difference in postoperative venous thromboembolism or bleeding. However, based on a
relative paucity of data, we could not make recommendations specific to plastic surgery
patients [36].

The oral factor Xa inhibitor “apixaban” has U.S. Food and Drug Administration approval for
stroke reduction in nonvalvular atrial fibrillation, deep venous thrombosis, and pulmonary
embolism prophylaxis after adult hip or knee replacement [37]. The oral factor Xa inhibitor
“rivaroxaban” has U.S. Food and Drug Administration approval for stroke prophylaxis in
nonvalvular atrial fibrillation, deep venous thrombosis and pulmonary embolism prophylaxis
after adult hip and knee replacement, and for treatment of deep venous thrombosis or
pulmonary embolism events [38]. Neither drug is U.S. Food and Drug Administration
approved for venous thromboembolism prophylaxis in the general surgery population.

Prior studies of patients undergoing abdominal and pelvic surgery have shown significant
venous thromboembolism risk reduction with a combination of chemoprophylaxis plus
intermittent pneumatic compression versus intermittent pneumatic compression alone [39,
40]. Meta‐analyses in high‐risk surgical patients, including a Cochrane review, showed that
combination prophylaxis significantly decreased the risk of symptomatic pulmonary embo‐
lism and symptomatic deep venous thrombosis [41, 42].

Population level data in plastic surgery did not show a significant venous thromboembolism
risk reduction with chemoprophylaxis. In addition, there was evidence of harm in the overall
population with increased rates of reoperative hematoma. These findings, paired with the
known low venous thromboembolism risk among many plastic surgery patients, suggest that
chemoprophylaxis should not routinely be provided to all plastic surgery patients [21].
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Bleeding risk with chemoprophylaxis did not show a clear trend in the risk-stratified analysis.
As 2005 Caprini score increased, estimates became less precise, as evidenced by the wider
confidence intervals. This finding has face validity, as the 2005 Caprini score has been validated
to predict risk of venous thromboembolism but not risk of bleeding. In other studies, plastic
surgery patients with 2005 Caprini scores of >8 had a 60-day venous thromboembolism rate
of 11.3% when no prophylaxis was provided, whereas chemoprophylaxis is reported to
decrease 60-day venous thromboembolism risk by 50% [43].

When plastic surgeons choose to use chemoprophylaxis, there are minimal data to support
an evidence-based recommendation for the appropriate duration of chemoprophylaxis.
However, as length of inpatient stay was variable, patients received different durations of
chemoprophylaxis. Prior work in plastic surgery has shown that among super high-risk pa-
tients (2005 Caprini score >8), venous thromboembolism events occur with the same fre-
quency at postoperative weeks 3–8 as they do at weeks 1–2. The expert panel of 2015 does
not recommend adding routine chemoprophylaxis to intermittent pneumatic compression
for venous thromboembolism prophylaxis in the general non-risk-stratified plastic surgery
population. They recommend that all plastic and reconstructive surgery patients should be
risk-stratified for perioperative venous thromboembolism risk using a 2005 Caprini score
and that surgeons consider chemoprophylaxis on a case-by-case basis in patients with Cap-
rini score >8 (Grade 1C).

10. Timing of chemoprophylaxis administration

Ultimately, the surgeon must balance the relative risks of venous thromboembolism with
chemoprophylaxis-associated venous thromboembolism risk reduction and bleeding risk in
their decision to provide chemoprophylaxis. Davison and Massoumi [44] said: “An hematoma
is a medical stress, an inconvenience, an embarrassment, or an additional procedure, but rarely
does it kill a patient. Thromboembolism that progresses to a pulmonary embolism kills the
patient 50% of the time.” The classic teaching has been that deep venous thrombosis forms in
the operating table, in response to induction of hypotension and vasodilation. Thus, initiation
of preoperative mechanical and chemoprophylaxis are conceptually appealing for venous
thromboembolism risk reduction.

The 1999 American Society of Plastic Surgeons consensus statement on deep venous throm-
bosis prophylaxis by McDevitt recommended that “thromboprophylaxis for the surgical
patient should begin before the operative procedure. All such measures are directed toward
enhancing venous flow, decreasing serum thrombogenic factors, and stabilizing the vascular
endothelium.” As such, low molecular weight heparin administered at least 2 h before surgery
was recommended for moderate-and high-risk patients, “when dissection will not be exten-
sive” [45]. However, there are insufficient data to recommend preoperative over postoperative
chemoprophylaxis for venous thromboembolism prevention in the non-risk-stratified plastic
surgery population. Also preoperative chemoprophylaxis was not associated with an in-
creased risk of hematoma compared to postoperative chemoprophylaxis in the non-risk-
stratified plastic surgery population (Grade 2C).
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11. Unfractionated heparin versus low molecular weight heparin

Many studies had very wide confidence intervals, and their aggregate effect may have skewed
data for this clinical question. There is a meta‐analysis that included 16 randomized controlled
trials and nearly 13,000 patients showed no significant difference in postoperative venous
thromboembolism, major bleeding, or minor bleeding for cancer patients who received
preoperative unfractionated heparin versus low molecular weight heparin [46].

In a single‐center study of breast surgery patients, low molecular weight heparin was sug‐
gested to have a higher risk of preoperative hematoma compared with unfractionated heparin
[47]. The data presented in the various studies are ambiguous, but there are some suggestions
based on exhaustive reviews. In conclusion, neither subtype of heparin (low molecular weight
or unfractionated) conferred an advantage over mechanical prophylaxis alone for venous
thromboembolism risk reduction in the non‐risk‐stratified plastic surgery population. Low
molecular weight but not unfractionated heparin conferred an increased risk of reoperative
hematoma in the non‐risk‐stratified plastic surgery population [25] (Grade 2C).

12. Effectiveness and bleeding risk for chemoprophylaxis by surgery type

There are special situations in plastic surgery, for example, complex reconstructions with free
flaps for breast or head and neck cancer. An analysis of transverse rectus abdominis muscu‐
locutaneous (TRAM) flap patients was unable to separate pedicled TRAM flap from free TRAM
flap breast reconstructions. Thus, these results are difficult for interpretation, as the extent of
surgery, duration of surgery, and tightness of abdominal wall closure are substantially different
between the two groups [48–50].

Patient group Intervention Recommended? Grade
All plastic surgery patients Non‐general anesthesia Yes 1C
All plastic surgery patients Intermittent pneumatic compression Yes 1B
All plastic surgery patients Chemoprophylaxis No 1C
All plastic surgery patients Preoperative risk stratification (Caprini) Yes 1C
Caprini score >8 Chemoprophylaxis Individualized 1C
All plastic surgery patients Preoperative vs. postoperative

chemoprophylaxis
Insufficient data for
recommendation

2C

All plastic surgery patients Low molecular weight vs.
unfractioned heparin

No recommendation on
medication type

2C

TRAM, body contouring,
general head and neck

Chemoprophylaxis No 2C

Head and neck free flaps Chemoprophylaxis Individualized 2C

Reproduced from Pannucci et al. [25].

Table 3. Recommendations and GRADE level.
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Head and neck reconstruction using a free flap showed a significant venous thromboembolism
risk reduction with chemoprophylaxis but also a significant increase in a composite bleeding
endpoint. Bleeding within the neck or adjacent to the airway can be life threatening and thus
has a different risk profile than prior recommendations. Surgeons must consider chemopro‐
phylaxis on a case‐by‐case basis. After an exhaustive review of the existing literature, a
consensus recommendation was created and is summarized in Table 3.

The risk of venous thromboembolism in esthetic or reconstructive plastic surgery is real, and
complications may range from minor to life threatening. In the setting of elective surgery, all
these considerations should be strongly considered and weighed against the potential for
postoperative bleeding and secondary monitoring or interventions.

13. Conclusion

Given the morbidity and mortality associated with venous thromboembolism and the
inaccuracy of screening modalities, prevention should be the goal in this group of patients. We
recommend an individualized assessment of risk in each patient and according to the scales
presented, determine the individual risks, and the best prophylaxis to be applied before and
after the surgery.
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