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Objective Quantification of Liposuction Results
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Currently, no reliable gold standard exists for the objective outcome measurement following liposuction. The purpose of this systematic
review was to summarize reported methods of monitoring liposuction results by objectively measuring subcutaneous adipose tissue.
A systematic literature search was performed to identify relevant articles that described techniques for objectively quantifying adipose
tissue following traditional liposuction. The search included published articles in three electronic databases—Ovid MEDLINE,
Embase, and PubMed. Subcutaneous adipose tissue was estimated using the following techniques: ultrasound, dual-energy X-ray
absorptiometry, magnetic resonance imaging, computed tomography, and three-dimensional imaging volumetric analysis. Reported
benefits of liposuction objective measurements included providing patients with a quantitative assessment of the liposuction results
pre- and postoperatively, detecting significant changes in body fat deposits, and following patterns of fat redistribution. This review
provides a summary of various techniques for quantification of liposuction results. More studies are needed to study the clinical
relevancy and impact of the various imaging modalities reviewed as well as to develop automated volumetric measurement technology
with improved accuracy, efficacy, and reproducibility.
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Keymessage: Currently, no reliable gold standard exists for the objective outcome measurement following liposuction. This review provides
a summary of various techniques for quantification of liposuction results. The preliminary results from this review are promising, and we
believe that three-dimensional representation and objective quantification are the future of cosmetic surgery.

review was to summarize reported methods of monitoring
liposuction results by objectively measuring SAT.

INTRODUCTION

Liposuction is the second most commonly performed
cosmetic surgical procedure in the United States (US),

second only to breast augmentation.!! In 2016, more
than 230,000 liposuction procedures were performed
in the US alone, amounting to US$1.3 billion.! This
popularity is partly because of its ubiquitous application
in plastic surgery and the reliability of its use.”’ Despite the
popularity of this procedure, very few surgeons objectively
quantify liposuction results. Surgeons rely mainly on visual
inspection through photographs, waist circumference
(measuring tape), or through skin-pinch measurements.**
The aforementioned techniques may not accurately reflect
surgical results as subcutaneous adipose tissue (SAT)
is composed of heterogeneous deposits.” Currently, no
reliable gold standard exists to objectively measure changes
following liposuction. The purpose of this systematic
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MaTteriALs AND METHODS

A search of the Ovid MEDLINE, Embase, and
PubMed databases was performed starting from
database establishment to August 1, 2017. Different
spellings and versions of the following keywords were
searched: (“volume” or “objective” or “quantification”
or “measurement” or “mapping” or “representation”
or “distribution”) and (“adipose tissue” or “fat”) and
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“liposuction”. Citations were limited to human studies
published in the English language. Studies were retained
if they included objective measurement of adipose
tissue following liposuction. Skin calipers and waist
circumference measures were excluded. Cadaver studies,
animal studies, case series (n < 10), abstracts, and
review articles were excluded. Studies with combined
abdominoplasty and liposuction as well as studies that
reported liposuction for non-cosmetic purposes (i.e.,
lipedema, lipodystrophy, lipomatosis, lymphedema, etc.)
were also excluded. All noninvasive techniques for lipolysis
and body contouring, ultrasound-assisted, and laser-
assisted liposuction were also excluded. Studies were only
included if the entirety of the adipose tissue treated was
suctioned and available for potential measurement. Two
independent reviewers assessed the eligibility of the studies
using strict inclusion/exclusion criteria. Studies were
selected based on the relevance of the title and/or abstract
of retrieved records [Figure 1]. The initial screen excluded
studies with evidently irrelevant titles or abstracts. If
content was unclear in the initial screen based on abstract
review, a formal article review was undertaken. Additional

studies were identified from an extensive manual Internet
search and from the reference list of relevant articles. The
systematic review followed the guidelines provided by the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement.®

EtHicAL APPROVAL

Ethical approval was not required as this was a systematic
review. We have followed the World Medical Association’s
Declaration of Helsinki.

ResuLts

Atotal of 1192 studies were identified and further narrowed
to 82 potentially eligible studies after primary review.
A total of seven studies met the inclusion criteria and were
included in this review. Objective measurement of SAT was
carried out using the following techniques: ultrasound,?”!
dual-energy X-ray absorptiometry (DXA),5!% magnetic
resonance imaging (MRI)," computed tomography
(CT),l” and three-dimensional (3D) imaging volumetric
analysis® [Table 1].

Systematic search filtered by search terms:
Ovid MEDLINE, EMBASE and Pubmed

n=1192

Y

Relevant studies following
primary review of title and
abstract.

n=382

Records excluded: Irrelevant studies,
Non-English languages, case reports,
animal studies, and cadaver studies.

(%)

n=34

Y

Full-text articles assessed for
eligibility

n=48

Full-text articles excluded
for not meeting the
inclusion criteria

A 4

n=43

Cross-reference of
systematic reviews from
the original search results
+ manual search:

A 4

n=7
n=2

Studies included in
Systematic Review

Figure 1: Flow diagram of systematic review study selection and eligibility
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Table 1: Summary of studies that performed objective measurement of adipose tissue following liposuction

Study Design N (total) Liposuction Area Liposuction details Method of SAT
quantification
Bilgili et al. 2004 Cross-sectional study 14 submental (3), abdomen Tumescent Technique Ultrasound
(10), and thighs (11)
Cohen et al. 2012 Cross-sectional study 23 area defined as +60 mm Suction-assisted tumescent 3D imaging
to —80 mm, relative to the liposuction
umbilicus
Shi et al. 2009 Cross-sectional study 28 Abdomen N/A DXA
Valizadeh et al. 2016 RCT 20 Submental area Tumescent technique. The Ultrasound
procedure was performed
using a 1-3-mm cannula
with a spatula-shaped tip
Davis et al. 2006 Cross-sectional study 15 Abdomen Tumescent Technique. DXA
1-3mm cannula
Hernandez et al. 2011 RCT 14 thighs, hips, and lower Suction-assisted, DXA and MRI
abdomen below the tumescent technique
umbilical line (<5000ml)
Benatti ez al. 2012 RCT 36 Pelvis, thigh, abdomen Tumescent abdominal CT

liposuction (<4L)

N/A, not available; mm, millimeters; ml, milliliters; 3D, three-dimensional; DXA, dual-energy X-ray absorptiometry; CT, computed tomography;

MRI, magnetic resonance imaging

Discussion

Ultrasound

Ultrasound has been used in abundance to measure
SAT. Due to its relative affordability, accessibility,
and radiation-free and high-resolution studies,
ultrasound is a powerful tool.23"13151 The accuracy of
ultrasound-measured adipose tissue has proven to highly
correlate with MRII!8 and CT.'2% Ultrasound has been
reliably used to quantify tumescent liposuction results.*!
Fat thickness measurement using ultrasound has been
described for the thighs, submental, and abdominal
regions. In addition to visual inspection, patients can
also be provided with quantitative pre- and postoperative
assessments of the liposuction results.

Although not included in this review, Toomey et al.?" and
Barton et al® studied the measurement of SAT using
ultrasound. The authors observed a significant degree
of SAT variation caused by the pressure applied on the
ultrasound probe (up to 37%) and proposed a protocol
using a force gauge to maintain a fixed amount of pressure
on the probe (below 1 N) to minimize the compression
variability and fat distortion. The authors were able
to show a higher correlation between total body fat
percentage and ultrasonographic SAT using this protocol.
Barton et al.®' and Leahy et al" subsequently validated
the Toomey protocol and assessed its efficacy at measuring
SAT reduction after nonsurgical treatment. Barton ez al.®
obtained good reproducibility of SAT measurements
(precision of *0.558mm). One of the challenges
encountered was the identification of the deep fascial
point (as a reference point for further measurements).
This was proven to be more challenging than finding the
right pressure to apply on the probe and likely accounted

for a small variation in depth measurements. The authors
concluded that when the transducer pressure remains
below 1N, ultrasound can achieve constant and accurate
results in clinically monitoring SAT reduction following
nonsurgical fat removal.

Overall, when transducer pressure is controlled, ultrasound
can accurately quantify liposuction results in relatively
small areas (e.g., submental region). When treating a
large surface area (e.g., the abdomen), ultrasound carries
the disadvantage of scanning multiple zones because of
its relatively narrow field of view and the heterogeneous
deposits of adipose tissue.

Dual-energy X-ray absorptiometry

DXA is a tool used to measure body composition using
differences in the attenuation of two X-rays as they
penetrate tissuel® and has been shown to provide accurate
and objective visual improvement of body composition
following liposuction.®!*!"l  Pre- and postoperative
DXA scans can be used to measure and compare total
fat mass, total lean mass, total bone mineral mass, and
body weight. One advantage offered by this modality is
the possibility of visualizing the entire body and body fat
redistribution patterns. One study!! showed a significant
reduction in body fat following liposuction at 6 weeks and
at 6 months, but not at 1 year. In addition, this imaging
modality showed remodeling at the hips and thighs and a
preferential accumulation of fat in the abdominal region.
DXA is a relatively inexpensive, simple, and efficient
method of assessing liposuction results using minimal
radiation. More studies are needed to confirm its accuracy
and reliability in measuring SAT.
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Magnetic resonance imaging

The high-quality and radiation-free images of soft tissues
obtained using MRI make it a valuable modality to
assess SAT.®!618 The cost, time requirements, and limited
availability of MRI may restrict its widespread use.!1%18l
Currently, only one study has reported the use of MRI
for objective quantification of liposuction results, more
specifically to assess redistribution of subcutaneous
and visceral adipose tissue following liposuction.''! By
manually tracing the appropriate borders of muscle and
fascia, SAT was distinguished from visceral adipose tissue.
Although MRI appears to be accurate and safe for adipose
tissue monitoring, restricted access to this costly imaging
modality limits its widespread applicability.

Computed tomography

Similar to MRI, CT scans are useful for the simultaneous
visualization of subcutaneous and visceral adipose
tissues. Currently, only one study has reported the use
of CT for objective quantification of liposuction results,
more specifically to measure the effect of liposuction and
physical activity on visceral fat.'? The authors found
CT-calculated adipose tissue volume to be accurate when
compared with aspirated fat volume during liposuction.
Despite the availability and accuracy of CT in measuring
subcutaneous fat volume, exposure to ionizing radiation
remains the main disadvantage.™!¢1322 CT should be
considered when visualization of deeper tissue is required.

Three-dimensional digital photographic imaging system
3D imaging techniques are frequently used in body
contouring to assess surface anatomy. Two or more digital
cameras rotate around an object and simultaneously take
pictures at different angles.! An algorithm subsequently
uses the data to create a 3D image.™ The reliability and
accuracy of 3D imaging in detecting changes in 3D shape
and volume have been validated.[%*->1 The low cost and
portability of the scanner are unique properties compared
to other imaging techniques such as MRI and CT.
Although radiographs and CT scans provide pertinent
tissue information, their ability to analyze surface anatomy
is limited as compared to 3D photogrammetry.

3D digital photographs have been used to follow
abdominal volume reduction following liposuction,
with  high intra-observer reliability  (intraclass
correlation = 0.985-0.998).1 One study compared the
SAT volume measured by 3D imaging with the volume
of aspirated fat (after gravity separation) and found
no correlation between the two measurements. The
discrepancies between 3D imaging and aspirated fat
volume were attributed to varying individual response.
Early results of 3D digital photographs are promising.
More studies are needed to assess reliability in objectively
quantifying changes in abdominal volume after
liposuction.

Limitations

The focus of the systematic review was traditional
surgical liposuction. Noninvasive techniques were not
included. The rational for the above exclusion criteria was
to compare estimated SAT volume with actual aspirated
volume. Only three studies,®!'"'J however, compared
estimated SAT volume with aspirated fat or with a different
imaging modality. Comparison between estimated and
aspirated adipose tissue is crucial to validate the accuracy
of the various aforementioned methods. Moreover, many
studies were missing inter- and intra-observer reliability
data, which were essential to support study conclusions
and reproducibility.

CoNncLuSION

This systematic review provides a summary of various
techniques for adipose tissue quantification of liposuction
results. Objective measurement of liposuction results has
been described using a multitude of techniques. Due to
paucity of studies, it is difficult to establish superiority
of one technique over another. Individualized decisions
should be made with consideration of the potential risks
and benefits of the various imaging modalities described.
More studies are needed to study the clinical relevancy
and impact of the various imaging modalities reviewed
as well as to develop automated volumetric measurement
technology with improved accuracy, efficacy, and
reproducibility. The preliminary results from this review
are promising, and we believe that 3D representation and
objective quantification is the future of cosmetic surgery.
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