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ABSTRACT 

 

 
ARTICLE DETAILS 

 
Liposuction remains among the most frequently performed cosmetic surgical procedures 

worldwide and continues to evolve through technological refinement and accumulating clinical 

evidence. This review synthesizes contemporary literature on the history, anatomical basis, 

techniques, anesthetic principles, complication profile, and emerging adjuncts of suction-assisted 

body contouring. Traditional suction-assisted lipectomy (SAL) remains the most widely used 

technique, but energy-based modalities—ultrasound-assisted liposuction (UAL), power-assisted 

lipectomy (PAL), laser-assisted lipectomy (LAL), radiofrequency-assisted lipectomy (RFAL), 

and water-assisted lipectomy (WAL)—have been developed to reduce operator fatigue, decrease 

blood loss, and, in some cases, promote skin retraction. Tumescent anesthesia, introduced by 

Klein, transformed liposuction safety by enabling large-volume fat removal under local 

anesthesia with minimal blood loss. Reported complication rates remain low overall, with 

contour deformity the most common adverse outcome and gluteal fat transfer carrying the 

highest procedure-specific mortality risk among aesthetic interventions, primarily related to fat 

embolism. Comparative data on ultrasound-assisted liposuction suggest a consistent reduction in 

intraoperative blood loss relative to traditional suction-assisted techniques, although evidence 

for superior long-term skin tightening remains inconclusive. Pharmacologic adjuncts such as 

tranexamic acid have shown mixed results across studies, with effectiveness appearing 

dependent on dose and route of administration. Noncosmetic indications, including lipedema, 

lipodystrophy, and gynecomastia, continue to expand the clinical utility of the procedure. 

Overall, liposuction maintains a favorable safety profile when performed by trained surgeons in 

appropriately selected patients, though continued investigation is warranted to clarify the 

comparative advantages of newer energy-based technologies. 

 

KEYWORDS: Ultrasound-assisted liposuction, laser-assisted lipectomy, power-assisted 

lipectomy, traditional suction-assisted lipectomy.

 

 Published On:  

15 July 2026 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Available on:  

https://ijmscrs.com 

 

https://doi.org/10.47191/ijmscrs/v6-i7-18
https://ijmscrs.com/
https://ijmscrs.com/


Liposuction and Body Contouring Surgery: A Comprehensive Review of Techniques, Safety, And Evolving Evidence 

1391     Volume 06 Issue 07 July 2026                              Corresponding Author: Ivan Yahir Paternina González 

I. INTRODUCTION 

 Suction-assisted lipectomy, more commonly known as 

liposuction, is an outpatient procedure designed to remove 

adipose tissue from the subcutaneous space in order to 

achieve a more desirable body contour (1). It is the second 

most performed cosmetic surgery in the United States and 

the most common surgical procedure among patients 

between the ages of 35 and 64 (1). In 2018, surgeons 

performed 258,558 liposuction procedures, representing a 5 

percent increase from the prior year, and the overall number 

of liposuction procedures increased 124 percent between 

1997 and 2015 (1). More recent global estimates place the 

number of liposuction procedures performed worldwide at 

approximately 300,000 annually, with the American Society 

of Plastic Surgeons reporting 2.3 million total plastic 

surgery procedures performed globally in 2020 (2). 

Beyond its purely aesthetic applications, liposuction serves 

as an important adjunct in reconstructive surgery, 

particularly when harvested fat is autologously reinjected 

into tissues of the breast or face (1). One procedure that has 

risen sharply in popularity and drawn considerable media 

attention is gluteal fat transfer, commonly known as the 

“Brazilian butt lift” (1). At the same time, the rapid 

proliferation of assistive technologies—ultrasonic, powered, 

laser-based, and radiofrequency devices—has generated 

debate over whether such innovations meaningfully improve 

outcomes or primarily serve as marketing differentiators 

with limited proven clinical benefit (3). This review 

integrates findings from historical accounts, original clinical 

investigations, and systematic literature analyses to provide 

an updated, evidence-based overview of liposuction: its 

history, anatomical principles, indications, techniques, 

anesthetic considerations, complications, and the 

comparative evidence surrounding blood loss and adjunctive 

pharmacologic strategies such as tranexamic acid. 

  

II. HISTORICAL DEVELOPMENT 

The history of liposuction is marked by a slow and often 

hazardous evolution toward the safer, more controlled 

techniques used today. The first documented attempt at 

surgical fat removal was performed by Charles Dujarrier in 

1921, who used a uterine curette to operate on the knees and 

calves of a dancer; the 

procedure resulted in injury 

to the femoral artery and 

ultimately required 

amputation of the limb (1). 

This tragic outcome led to the 

near-abandonment of fat-

removal surgery for several 

decades. In 1964, Josef 

Schrudde attempted a similar 

curettage technique on a 

patient's leg but observed skin 

necrosis in four of fifteen 

treated patients, along with hematoma and seroma formation 

(1). 

The modern era of liposuction began in the mid-1970s. In 

1974, the father-son team of Giorgio and Arpad Fischer 

attempted fat removal using a hollow cannula (1), and by 

1975 they had pioneered the use of blunt hollow cannulas 

combined with suction curettage for liposuction of the outer 

thighs, although patients in this series experienced 

deforming lymphorrhea (1). It was French dermatologist 

Yves-Gerard Illouz, however, who is widely credited with 

popularizing modern liposuction in the late 1970s through 

the combination of a hollow, blunt-tipped cannula with 

suction, thereby eliminating the dangers associated with 

sharp curettes (1). In 1977, Illouz also developed the “wet 

technique,” in which hypotonic saline solution and 

hyaluronidase were injected into adipose tissue prior to 

liposuction to reduce hemorrhagic risk—a form of 

hydrodissection that preserved neurovascular bundles and 

facilitated aspiration (1). 

Subsequent refinements followed in rapid succession. In 

1983, Pierre Fournier introduced the use of syringes rather 

than mechanical suction to allow for finer control of 

negative pressure, and also contributed the “criss-cross” 

technique of cannula movement (1,5,6). Luiz Toledo 

expanded the use of syringes to multiple gauges and sizes 

for fat aspiration in 1988 (1). The single most transformative 

advance, however, came in 1987, when American 

dermatologist Jeffrey Klein introduced the tumescent 

technique—a method of local anesthesia infiltration using 

dilute lidocaine and epinephrine that permitted removal of 

larger fat volumes while substantially reducing bleeding 

(1,5,6). Because 30 to 45 percent of lipoaspirate volume 

consists of blood when liposuction is performed without 

prior fluid instillation, the dry technique used in early 

liposuction has been almost entirely abandoned in favor of 

tumescent or superwet approaches (1). 

Technological refinement continued into the 1990s. Michele 

Zocchi developed ultrasonographically guided liposuction in 

the early 1990s, expanding the applicability of the procedure 

to previously unfavorable, fibrous regions such as the 

buttocks (1,6). That same decade, David Apfelberg 

introduced minimally invasive laser-assisted liposuction, 

which reduced damage to neurovascular structures and 

promoted tissue tightening for 

improved aesthetic results (1). 

More recently, power-assisted 

liposuction has further 

expanded the use and 

popularity of the procedure by 

reducing operator fatigue 

during large-volume or fibrous-

tissue cases (1,5). Given the 

historically high complication 

profile and persistent 

misconceptions surrounding liposuction, the technique was 

Figure 2- ultrasound 

assisted liposuction 

Figure 1-Liposuction cannulas 
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not formally taught in United States plastic surgery 

residency programs until the 1980s; today it ranks as the 

second most commonly performed cosmetic procedure after 

breast augmentation among board-certified plastic surgeons 

(5). 

 

III. ANATOMICAL CONSIDERATIONS 

A clear understanding of adipose tissue architecture 

underlies the safe and effective practice of liposuction. 

Adipocytes are composed largely of triglycerides that 

occupy the majority of the cell's volume, displacing the 

nucleus to one side (5). In the subcutaneous space, fat is 

organized into three principal layers—superficial 

(immediately beneath the dermis), middle or intermediate, 

and deep—with each layer composed of fat lobules 

separated by fibrous septa that house neurovascular channels 

(5). 

During childhood, weight gain stimulates an increase in the 

absolute number of adipocytes through differentiation of 

adipose-derived stem cells. Once adulthood is reached, 

however, the number of adipocytes becomes essentially 

fixed, and subsequent weight gain is instead mediated by an 

increase in the size of existing cells (5). This biological 

feature explains why liposuction can produce durable 

contour change: by permanently removing a defined 

population of fat cells, the procedure targets adipocytes that 

might otherwise be resistant to diet and exercise (5). 

Lipoaspiration produces a bimodal reduction in adipocyte 

number—an immediate reduction from direct mechanical 

removal, followed by a secondary reduction approximately 

six to twelve weeks later as damaged but incompletely 

aspirated cells undergo resorption (5). Nevertheless, because 

remaining adipocytes retain the capacity to enlarge and 

adipose-derived stem cells retain the capacity to 

differentiate, future weight gain can still negate the contour 

benefits achieved through surgery (1,5). 

Fatty and fibrous tissue characteristics vary considerably by 

anatomical region. In the arms and thighs, fat is loosely 

organized with minimal fibrous septation between layers, 

whereas in the back the fatty layers are densely tethered by 

fibrous attachments that organize the tissue into a compact, 

structurally rigid system (5). Five recognized zones of 

adherence—the lateral gluteal depression, gluteal crease, 

distal posterior thigh, 

midmedial thigh, and 

inferolateral iliotibial 

tract—represent 

regions where 

superficial 

subcutaneous tissue 

adheres firmly to the 

underlying deep fascia 

(1,5). Because these 

zones of adherence 

define the natural 

shape and surface topography of the body, aggressive 

suctioning within them substantially increases the risk of 

visible contour deformity (1). The most common region for 

liposuction is the broad area extending from the 

inframammary fold to the gluteal fold, encompassing the 

abdomen, flanks, trochanteric region, lumbar region, and 

buttocks (1). 

Traditionally, the middle and deep adipose layers were 

considered the appropriate targets for liposuction, with the 

superficial layer left undisturbed because of the perceived 

risk of contour irregularity (5). Gasparotti subsequently 

popularized superficial liposuction for selected indications, 

including treatment of aged or flaccid skin, and 

contemporary practice now recognizes superficial-layer 

liposuction—including the deliberate exploitation of vertical 

fibrous septa to create 

defined abdominal 

musculature, known as “abdominal etching”—as a 

legitimate extension of traditional technique rather than an 

absolute contraindication (1,5). 

For ideal aesthetic outcomes, patients should possess 

adequate skin elasticity and fall within approximately 20 to 

30 percent of their ideal body weight (1). Liposuction is not, 

and should not be presented as, a weight-loss intervention; 

rather, it is most appropriately conceived as a body-

contouring technique for patients with isolated, 

disproportionate adipose deposits (5). Patients with a body 

mass index greater than 30 are generally better served by 

alternative weight-management strategies, although some 

authors note that liposuction may, in select circumstances, 

serve as a motivational adjunct that encourages patients to 

pursue more comprehensive lifestyle modification (5). 

 

IV. COSMETIC AND NONDOMESTIC INDICATIONS 

 Cosmetic Applications 

Liposuction is used to achieve body contouring through 

removal of excess, anatomically isolated fat deposits. 

Common treatment sites include the abdomen, flanks, 

trochanteric and lumbar regions, buttocks, breasts, thighs, 

calves, neck, and arms (1,5). Liposuction is increasingly 

employed as 

an adjunct to 

other 

aesthetic 

procedures, 

including 

breast 

augmentation, 

cervicoplasty, 

abdominoplas

ty, gluteal fat 

transfer, and 

body 

contouring following bariatric surgery (1). The procedure 

may also be tailored to achieve gender-specific aesthetic 

Figure 4.- Hip and glutes contour 

Figure 3.- Immediate postoperative 

liposuction 

Figure 5.- Hip and glutes contour 



Liposuction and Body Contouring Surgery: A Comprehensive Review of Techniques, Safety, And Evolving Evidence 

1393     Volume 06 Issue 07 July 2026                              Corresponding Author: Ivan Yahir Paternina González 

goals: in women, the objective is typically to create shapely 

contours of the breasts, waist, hips, and buttocks, whereas in 

men the goal is often to achieve upper-body dominance 

through reduction of flank adiposity (1). 

Gluteal Fat Transfer 

Gluteal fat transfer, popularly known as the Brazilian butt 

lift, applies liposuction principles by harvesting large fat 

volumes from a donor site, such as the abdomen or inner 

thighs, for autologous transfer to the buttocks (1). High-

volume fat transfer, generally defined as more than 1,000 

mL per buttock, has historically carried elevated risk of 

graft-site infection and donor-site seroma, although newer 

evidence suggests that high-volume transfer may be 

performed safely with appropriate technique (1). The 

procedure's popularity has grown rapidly, driven in part by 

shifting beauty standards and celebrity visibility: more than 

26,000 gluteal fat transfer procedures were performed in 

2018 alone, a 16 percent increase over the previous year and 

a 132 percent increase since 2013 (1). This growth has 

occurred alongside serious safety concerns. Reports of fatal 

pulmonary fat embolism following injury to gluteal veins, 

with an estimated mortality rate of 1 in 3,000, have 

prompted the formation of the Multi-Society Gluteal Fat 

Grafting Task Force to investigate and improve patient 

safety for this specific procedure (1). 

Noncosmetic Applications 

Liposuction also serves a number of reconstructive and 

medical indications. These include management of lipomas 

and angiolipomas with minimal scarring; lipedema, in which 

abnormal subcutaneous fat deposition in the lower limbs 

impairs mobility; lymphedema refractory to conservative 

treatment; and lipodystrophy syndromes, whether congenital 

or acquired, in which autologous fat transfer can restore lost 

volume in areas such as the feet or buttocks to relieve 

physical discomfort (1). Additional noncosmetic uses 

include treatment of cervicodorsal lipodystrophy associated 

with Cushing syndrome or antiretroviral therapy, correction 

of gynecomastia in men and macromastia in women in 

conjunction with mammoplasty, reduction of fat at planned 

surgical sites (for example, prior to tracheostomy, 

colostomy, or urostomy) in obese patients, thinning of 

reconstructive flaps to improve aesthetic outcomes, and 

harvesting of adipose tissue for “lipofilling” in breast 

reconstruction, burn management, and scar revision, given 

the presence of adipose-derived stem cells within harvested 

fat (1). Liposuction has additionally been described as an 

effective treatment for axillary hyperhidrosis, in which 

removal of fat from the axillary vault, combined with 

curettage against the dermis, reduces the density of eccrine 

and apocrine glands and offers a durable alternative to 

repeated botulinum toxin injection (6). 

Although no absolute contraindications to liposuction exist, 

several relative contraindications warrant careful 

preoperative evaluation. Anticoagulants and medications 

that interfere with lidocaine metabolism should be 

discontinued before surgery, and poor skin elasticity in 

elderly patients increases the risk of unsatisfactory 

postoperative skin draping (1). Patients with suspected body 

dysmorphic disorder may require psychiatric evaluation 

before proceeding, and those with diabetes mellitus, cardiac 

disease, or hepatic disease may require medical clearance, 

with poorly controlled diabetes specifically recognized as a 

risk factor for postoperative infection (1,5). 

 

V. SURGICAL TECHNIQUES AND ASSISTIVE 

TECHNOLOGIES 

Despite the proliferation of more than fifty liposuction-

related devices and technique modifications introduced over 

the past several decades, traditional suction-assisted 

lipectomy remains the most widely used approach (1,3,5). 

All assistive technologies—ultrasound, power, laser, 

radiofrequency, and water-jet systems—rely on suction as 

the final common step for fat aspiration, even though their 

respective acronyms tend to emphasize the energy modality 

rather than the suction mechanism itself (5). 

A. Suction-Assisted Lipectomy 

In suction-assisted lipectomy (SAL), negative pressure—

typically equivalent to one atmosphere, or approximately 

760 mmHg—is applied through a blunt-tipped cannula to 

remove fat by mechanical avulsion: the suction traps tissue 

within the cannula tip, and forward-backward cannula 

motion subsequently tears the tissue free (5). This remains 

the technique with the lowest equipment cost, the most 

established safety record, and the most straightforward 

learning curve, though it is comparatively labor-intensive 

for the surgeon and offers minimal direct skin contraction 

(5). Suctioning from the superficial fat layer should 

generally be avoided to prevent dimpling and contour 

irregularity, given the vertical fibrous septa contained within 

this layer, although deliberate, controlled use of this 

anatomy can be exploited to create defined abdominal 

contours (1). 

B. Ultrasound-Assisted Lipectomy 

Ultrasound-assisted lipectomy (UAL), first developed by 

Zocchi, uses 

mechanical and 

thermal ultrasonic 

energy to selectively 

emulsify adipocytes 

prior to aspiration, a 

property that makes it 

particularly 

advantageous in dense, 

fibrous regions such as 

the back, chest, and 

upper flank (1,5). 

Device design varies 

between solid probes, Figure 6.- Ultrasound-guided aspiration 
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which are more efficient at emulsification but require a 

separate aspiration stage, and hollow probes, which are less 

efficient but allow single-stage emulsification and aspiration 

(5). Because of the risk of thermal injury at the skin entry 

site, protective sheaths and damp sponge barriers are 

required whenever ultrasound energy is used (5). 

The third-generation ultrasound device, marketed as 

VASER (vibration amplification of sound energy at 

resonance), incorporates titanium probes with rings or 

grooves that redistribute energy away from the cannula tip, 

thereby reducing the complications—seroma, pigmentation 

change, and thermal injury—that affected earlier-generation 

devices (5). A consistently reported advantage of 

ultrasound-assisted lipectomy is reduced intraoperative 

blood loss attributable to coagulation of adjacent small 

vessels: one comparative study reported a 7.5-fold reduction 

in blood loss with UAL relative to SAL (3.98 percent versus 

0.61 percent of total lipoaspirate, p < 0.0001) (3,5). This 

blood-sparing effect has been corroborated across multiple 

independent investigations. In a prospective study of 22 

patients undergoing third-generation internal ultrasound-

assisted liposuction, hemoglobin declined by a mean of 0.53 

± 0.36 g/dL and hematocrit by 1.50 ± 1.13 percentage points 

for each liter of aspirate removed, both significant 

reductions from preoperative baseline, but smaller in 

magnitude than historically reported with SAL (4). In that 

same study, the amount of aspirated supernatant accounted 

for 44.4 percent of the variance in hemoglobin change and 

30.9 percent of the variance in hematocrit change, and a 

strong positive correlation was observed between greater 

hemoglobin and hematocrit reduction and both female sex 

and smoking status (4). 

A separate comparative trial evaluating VASER, a 

proprietary device termed LipoSaver2000, and traditional 

SAL found no significant differences among the three 

modalities in hemoglobin or hematocrit content of the 

lipoaspirate, although aspirate volume was significantly 

higher in the SAL group than in the VASER group (p = 

0.001) (2). This finding stands in contrast to several earlier 

reports describing a clear ultrasound-related blood-sparing 

benefit, illustrating that the magnitude of this effect may 

vary by device, technique, and patient population (2). 

Notwithstanding these blood-loss advantages, a 

comprehensive evidence-based review identified only five 

studies meeting strict methodological criteria for direct 

comparison of UAL and SAL, and concluded that despite 

well-documented clinical efficiency, relative safety, and 

reduced rates of postoperative anemia, there remains 

insufficient long-term data to confirm that UAL produces 

superior aesthetic outcomes or skin tightening compared 

with SAL (3). The same review noted that UAL carries a 

higher overall complication rate (35.2 percent) than other 

fat-removal methods and recommended that the technology 

be reserved for patients with low body mass index requiring 

low-to-moderate volume fat removal, cautioning that 

offering UAL to 

patients with 

excessive fat or skin 

laxity for whom more 

invasive surgery is 

indicated may be 

misleading regarding 

achievable outcomes 

(3). 

C. Power-Assisted 

Lipectomy 

Power-assisted 

lipectomy (PAL) incorporates an electric or pneumatic 

mechanism that drives rapid reciprocating motion of the 

cannula tip, reducing the physical effort required of the 

surgeon and improving economy of motion, particularly in 

fibrous regions such as the male breast or in revision cases 

(5). Reported increases in fat extraction efficiency with 

powered devices, relative to manual technique, have reached 

as high as 45 percent (5). The principal disadvantage of PAL 

is the vibration transmitted to the surgeon's hand, along with 

operative noise, both of which become more burdensome 

during lengthy large-volume procedures (5). 

D. Laser-Assisted Lipectomy 

Laser-assisted lipectomy (LAL) employs a laser fiber 

introduced through a small incision to rupture adipocyte 

membranes, releasing cellular contents into the extracellular 

space prior to aspiration (1,5). The accompanying thermal 

coagulation of small vessels and collagen fibers is 

associated with decreased intraoperative blood loss and 

improved postoperative skin tightening, though at the cost of 

more expensive equipment and prolonged procedure time 

(5). Complication rates with LAL are reported to be low, 

with one study finding a complication rate of 0.93 percent, 

including skin burns and localized infection (1). 

E. Radiofrequency- and Water-Assisted Lipectomy 

Radiofrequency-assisted lipectomy delivers energy 

simultaneously to the dermis and underlying subcutaneous 

tissue through a handpiece containing both external and 

internal probes, with continuous temperature monitoring 

designed to prevent thermal overshoot; one study found 

average linear skin contraction of 31 percent with this 

technology, exceeding that reported for other liposuction 

modalities, theoretically attributable to collagen fiber 

contraction and neocollagen formation (5). Water-assisted 

lipectomy uses a fanning jet of pressurized tumescent fluid 

to dissect and loosen fat for simultaneous aspiration through 

a secondary channel within the cannula; this remains the 

most recently introduced and least-studied of the assistive 

technologies, and further comparative data are needed 

before firm conclusions can be drawn regarding its relative 

efficacy (5). 

 

 

Figure 7.- Radiofrequency-Assisted 

Liposuction. 
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VI. ANESTHETIC PRINCIPLES AND FLUID 

MANAGEMENT 

The introduction of tumescent anesthesia by Klein in 1987 

stands as the single most important advance in the modern 

practice of liposuction, eliminating the requirement for 

general anesthesia in many cases, reducing blood loss and 

associated transfusion needs, and shortening overall patient 

recovery time (5,6). Tumescent solution typically combines 

a dilute lidocaine concentration (0.05 to 0.1 percent), 

epinephrine at a dilution of approximately 1:1,000,000, and 

sodium bicarbonate buffer within a balanced crystalloid 

carrier such as lactated Ringer's solution or normal saline 

(6). The so-called “superwet” or tumescent infiltration 

techniques use a defined ratio of infiltrate to anticipated 

aspirate and are associated with a blood content of less than 

2 percent of total fluid removed, a marked improvement 

over the 30 to 45 percent blood content historically observed 

with dry-technique liposuction (5). 

Tumescent anesthesia permits substantially higher lidocaine 

dosing than conventional subcutaneous infiltration. Whereas 

concentrated subcutaneous lidocaine is limited to a 

maximum of 5 to 7 mg/kg, large-volume tumescent 

infiltration has been demonstrated to be safe at doses up to 

55 mg/kg, although the American Society of Plastic 

Surgeons continues to recommend a more conservative 

maximum of 35 mg/kg, based on Klein's original 1990 

publication (5). This favorable safety margin results from 

several pharmacokinetic factors: lidocaine is lipophilic and 

becomes sequestered within fat cells, producing a slow 

release over the following 12 to 24 hours, with lidocaine and 

its active metabolite reaching peak plasma concentrations 

between 8 and 18 hours after injection; in addition, much of 

the infiltrated solution is subsequently removed through 

aspiration before full systemic absorption can occur (5,6). 

Bupivacaine is specifically discouraged as a component of 

tumescent solution because of its longer duration of action, 

slower elimination, and greater potential for cardiac, 

neurologic, and hematologic toxicity (5). 

Detumescence the process by which infiltrated fluid spreads 

through tissue planes and exerts its full pharmacologic effect 

generally requires 20 to 30 minutes, although many 

surgeons proceed after approximately 10 to 15 minutes in 

order to preserve operative efficiency, particularly when 

tissue blanching or turgor provides an adequate clinical 

endpoint (5,6). For patients undergoing large-volume 

liposuction, defined as more than 4 liters of aspirate, 

additional intravenous crystalloid resuscitation 

approximately 1 mL for every 4 mL of lipoaspirate 

exceeding 4,000 mL is recommended, in addition to 

replacement of any preoperative fluid deficit and routine 

maintenance fluids (5). Hemodynamic studies have 

demonstrated that large-volume liposuction is associated 

with measurable physiologic changes, including increased 

heart rate, mean pulmonary artery pressure, cardiac index, 

and stroke volume index, alongside decreased mean arterial 

pressure and systemic vascular resistance index, with 

plasma epinephrine concentrations peaking five to six hours 

after induction of anesthesia (5). More recent data indicate 

that the risk of liposuction-related complications correlates 

more closely with body mass index than with absolute 

aspirate volume, with a proposed safe upper limit of 

approximately 100 mL of aspirate per unit of body mass 

index (5). 

 

VII. BLOOD LOSS AND THE ROLE OF 

TRANEXAMIC ACID 

Blood loss has long been recognized as one of the principal 

limiting factors in large-volume liposuction, constraining the 

amount of fat that can safely be aspirated in a single session 

(2,4). Approximately 20 to 45 percent of lipoaspirate 

volume is blood when liposuction is performed without fluid 

infiltration; this proportion falls to roughly 10 to 30 percent 

with the wet technique, to approximately 15 percent with the 

addition of epinephrine, and to as low as 2 percent of 

aspirated volume with the superwet technique (4,5). 

Aspiration volume, operative duration, and patient body 

weight have been identified as the most important 

determinants of overall blood loss (4). 

Tranexamic acid (TXA), an antifibrinolytic agent with 

established efficacy in reducing blood loss in cardiac, 

obstetric, trauma, and orthopedic surgery, has more recently 

been investigated as an adjunct in plastic and aesthetic 

surgery, including rhinoplasty, facelift, breast reduction, and 

dermatologic procedures (2). A 2016 meta-analysis reported 

that TXA could reduce blood loss and transfusion 

requirements in craniomaxillofacial and plastic surgery 

generally (2), and individual studies in rhinoplasty and 

dermatologic surgery have similarly reported reduced 

intraoperative bleeding and improved surgical field visibility 

with TXA use (2). 

Evidence specific to liposuction, however, remains 

comparatively limited and inconsistent. Cansancao and 

colleagues, in a study of ten women, reported that 

preoperative and postoperative intravenous administration of 

10 mg/kg TXA significantly reduced blood loss per liter of 

lipoaspirate, finding 8.8 mL of blood loss per liter of 

supernatant in the TXA-treated group compared with 20.1 

mL in the untreated group—a 56.2 percent relative 

reduction—along with a 48 percent reduction in hematocrit 

decline (2,4). Rodriguez-Garcia and colleagues, studying 50 

women who received 1,000 mg of TXA added to tumescent 

solution, similarly reported significantly lower hematocrit 

decline relative to aspirated volume in the TXA group 

compared with controls (2). In a study of 36 patients 

undergoing combined liposuction and resection for breast 

reduction, infiltration of 0.5 g/5 mL TXA solution into one 

breast, with a TXA-free solution infiltrated into the 

contralateral breast, resulted in 38 percent less blood volume 

in the lipoaspirate from the TXA-treated side (2). El Minawi 
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and colleagues compared locally infiltrated TXA (8.1 

mg/kg) with intravenously administered TXA (7.8 mg/kg) 

and found that local infiltration significantly reduced blood 

loss per milliliter of aspirate and lowered hematocrit values 

in the lipoaspirate, whereas intravenous administration 

produced only a numerical, non-significant decrease (2). 

In direct contrast to these findings, a prospective study 

comparing VASER, LipoSaver2000, and traditional SAL 

techniques in which 500 mg of TXA was added to 1,000 cc 

of tumescent solution and applied to one flank, with the 

contralateral flank receiving tumescent solution without 

TXA found no significant difference in hemoglobin or 

hematocrit content of the lipoaspirate between TXA-treated 

and untreated sides, regardless of the liposuction technique 

employed (2). The authors of that study attributed this 

discrepancy to the comparatively lower TXA dose used (500 

mg per 1,000 cc of tumescent solution) relative to the higher 

doses reported in studies demonstrating a positive effect, 

suggesting that the concentration of TXA within the 

infiltration solution may be an important determinant of its 

hemostatic efficacy in this setting (2). The authors further 

cautioned that, irrespective of TXA's apparent lack of effect 

on bleeding in their cohort, incorrect or overly superficial 

infiltration technique carries an independent risk of 

superficial skin necrosis through injury to the dermal and 

subdermal vascular network (2). 

Taken together, the available evidence suggests that TXA 

may offer a meaningful blood-sparing benefit in liposuction 

when administered at sufficiently high concentrations, 

whether by local infiltration or intravenous route, but that 

this benefit is not uniformly observed across all reported 

protocols. The heterogeneity in dosing, administration route, 

and technique across published series limits the ability to 

draw firm, generalizable conclusions, and several authors 

have called explicitly for larger, standardized trials before 

TXA can be considered a routine component of liposuction 

practice (2). 

 

VIII. COMPLICATIONS AND SAFETY OUTCOMES 

Liposuction is associated with a comparatively low overall 

complication rate relative to other surgical procedures. One 

large series reported an overall complication rate of 2.4 

percent, rising to 3.5 percent when liposuction was 

combined with other procedures, but falling to only 0.7 

percent when liposuction was performed as a solitary 

procedure (1). A separate analysis identified an overall 

contour-irregularity incidence of 2.7 percent, with 

hematoma occurring in 0.15 percent of cases and deep 

venous thrombosis or pulmonary embolism in 0.06 percent 

(5). 

Contour deformity is consistently identified as the most 

common complication of liposuction, affecting as many as 9 

percent of patients in the form of soft-tissue depressions, 

elevations, panniculus folds, or wrinkling (1). Strategies to 

reduce this risk include the use of smaller-diameter 

cannulas, avoidance of superficial-layer suctioning outside 

of deliberate etching techniques, employment of a criss-

crossing cannula pattern, and deliberate slight 

undercorrection to account for postoperative fat lysis (1). 

Seroma and hematoma, while uncommon, may arise from 

blind cannula injury to small perforating vessels or 

lymphatic channels; the use of progressive tension sutures, a 

technique borrowed from abdominoplasty closure, has been 

shown to reduce seroma rates from 9 percent to 2 percent 

(1). 

Wound infection occurs in fewer than 3 percent of inpatient 

liposuction cases and in approximately 1 percent of 

outpatient procedures, with low rates generally attributable 

to surgeon expertise, prophylactic antibiotic use, and sterile 

technique (1). Although uncommon, early superficial 

infection can progress to more severe presentations such as 

necrotizing fasciitis or toxic shock syndrome, both of which 

constitute surgical emergencies (1,5). 

Fat embolism, although rare, carries a mortality rate of 10 to 

15 percent and most often manifests within 12 to 72 hours 

after surgery, warranting vigilant postoperative monitoring 

(1). One 2018 study estimated that at least 17 patients 

worldwide had experienced clinically significant fat 

embolization following liposuction with or without 

subsequent fat grafting, while more recent estimates suggest 

that the true global figure—particularly when gluteal fat 

grafting is included—may exceed 135 cases (1). Gluteal fat 

transfer in particular is recognized as carrying the highest 

mortality rate of any aesthetic surgical procedure, a risk 

specifically related to fat embolism following inadvertent 

injury to gluteal veins (1). By contrast, the overall incidence 

of venous thromboembolic events after conventional 

liposuction—encompassing both deep venous thrombosis 

and pulmonary embolism—is low, at approximately 0.03 

percent, although pulmonary embolism remains the most 

common cause of death after the procedure, contributing to 

an overall mortality rate of approximately 0.01 percent (1). 

Same-day ambulation following surgery is encouraged 

specifically to reduce thromboembolic risk (1). 

Systemic complications that may arise in the weeks to 

months following surgery include edema, lymphedema, 

wound dehiscence, hypertrophic scarring, ecchymosis, and 

skin laxity (1). Blind cannula injury carries the potential, 

albeit rare, for abdominal wall injury, bowel perforation, or 

vascular injury, and inexperienced use of ultrasound-assisted 

devices in particular has been associated with abdominal 

perforation, in part because the thermal and mechanical 

properties of ultrasound energy reduce the surgeon's tactile 

feedback during cannula passage (1,6). Skin 

devascularization and necrosis may occur if suctioning is 

performed too close to the dermal undersurface, injuring the 

dermal vascular plexus (1). Breast augmentation performed 

with autologous fat transfer may produce fat necrosis that 

mimics microcalcifications suspicious for malignancy on 

subsequent mammographic imaging; reassuringly, the 
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incidence of such imaging findings appears similar to that 

observed in patients who have not undergone fat transfer, 

indicating that the procedure does not meaningfully impair 

breast cancer detection (1). 

Risk factors that increase the likelihood of surgical 

complications include cardiovascular disease, pulmonary 

disease, diabetes, vascular disease, tobacco use, active or 

recent infection near the planned surgical site, and a prior 

history of venous thromboembolism (1). As with any 

surgical procedure, liposuction produces a transient 

elevation in acute inflammatory markers such as interleukin-

6 and C-reactive protein, though without evidence of 

progression to renal disease or chronic systemic 

inflammation; indeed, some studies suggest that permanent 

adipocyte removal may confer long-term metabolic benefits, 

including improved insulin sensitivity and reduced systemic 

inflammation, although this remains an area of active 

investigation with conflicting results across studies (1). 

Large-volume and debulking liposuction, frequently 

employed in patients with lipedema or massive weight loss, 

presents a distinct complication profile. Current 

recommendations call for hospitalization when aspirate 

volumes exceed 5,000 mL, given the potential for 

significant postoperative blood loss even when the aspirate 

itself does not appear grossly bloody (5). Postoperative 

edema in such cases can be substantial and difficult to 

manage with standard compression garments, occasionally 

progressing to cellulitis or necessitating lymphedema-grade 

compression therapy (5). 

 

IX .FUTURE DIRECTIONS 

Liposuction continues to evolve along several parallel 

trajectories. Noncosmetic indications are expanding, 

particularly the use of fat grafting for breast, facial, and 

pedal reconstruction, even though liposuction performed for 

functional or reconstructive purposes is rarely covered by 

Medicare or third-party insurance, even in cases involving 

genuine functional impairment (1). Investigation into the 

long-term metabolic consequences of large-volume fat 

removal, including effects on insulin sensitivity and 

cardiovascular risk factors, remains ongoing and has 

produced conflicting results to date (1). 

Considerable research interest has also focused on 

noninvasive alternatives to surgical liposuction, including 

cryolipolysis (marketed as CoolSculpting), deoxycholic acid 

injection (marketed as Kybella), and radiofrequency-based 

skin tightening (marketed as Thermage); while these 

modalities address some of the same patient concerns 

around localized adiposity and skin laxity without surgical 

scarring, they remain distinct from, and are not a substitute 

for, surgical liposuction in patients with substantial fat or 

skin excess (1). 

Within the surgical domain, evidence-based scrutiny of 

energy-based devices is likely to intensify. Several 

reviewers have cautioned that despite considerable industry 

investment and marketing around technologies such as 

VASER-assisted high-definition liposculpture, rigorous 

long-term comparative data confirming superior aesthetic 

outcomes or skin retraction relative to traditional SAL 

remain limited (3). Combined approaches—for example, 

pairing VASER with helium-based plasma radiofrequency 

technology, or supplementing high-definition liposculpture 

with ultrasound-guided rectus fat grafting techniques for 

abdominal etching—represent active areas of innovation, 

though objective, standardized outcome measures are still 

needed to validate their comparative benefit (3). Similarly, 

continued refinement of pharmacologic adjuncts such as 

tranexamic acid, particularly with respect to optimal dosing 

and route of administration, may further improve the safety 

profile of large-volume procedures (2). As the field 

progresses, the central challenge will be balancing genuine 

technological advancement against marketing-driven 

adoption, ensuring that new devices and adjuncts are 

incorporated into practice only as supporting evidence 

warrants (3,5). 

 

CONCLUSIONS  

Liposuction has evolved from a hazardous, poorly 

understood procedure in the early twentieth century into one 

of the safest and most frequently performed surgical 

interventions in contemporary aesthetic and reconstructive 

practice. The introduction of tumescent anesthesia 

fundamentally transformed the safety profile of the 

procedure, and subsequent technological refinements—

ultrasound, power, laser, and radiofrequency assistance—

have each sought to address specific limitations of 

traditional suction-assisted technique, with varying degrees 

of supporting evidence. Comparative data consistently 

support a blood-sparing advantage for ultrasound-assisted 

liposuction, although claims of superior long-term skin 

tightening remain insufficiently substantiated by rigorous, 

controlled, long-term studies. Pharmacologic strategies such 

as tranexamic acid show promise in reducing intraoperative 

blood loss but require further standardization before routine 

adoption can be recommended. Across all techniques, 

contour deformity remains the most common complication, 

while gluteal fat transfer carries a disproportionately 

elevated mortality risk that warrants continued safety 

investigation through dedicated multi-society task forces. As 

both cosmetic demand and reconstructive applications for 

liposuction continue to expand, ongoing evidence-based 

evaluation—rather than reliance on marketing claims for 

newer technologies—should guide the selection of 

technique for individual patients 
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