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Abstract

Result: The review delves into the realm of reducing submental fat, presenting a com-
prehensive analysis of various lipolytic agents used in plastic surgery and dermatology.
The introduction establishes the context by defining the key indicators of a youthful
neck and emphasizing the significant influence of fat in the aging process, particularly in
the submental area. The usage of aminophylline involves subcutaneous injections, facil-
itating fat breakdown by increasing cyclic adenosine monophosphate and inhibiting
adenosine receptors. Hypotonic pharmacologic lipo-dissolution induces fat dissolution
via injected compounds under pressure, while lipolytic lymphatic drainage employs
hyaluronidase to reduce tissue viscosity, aiding fat circulation. Glycerophosphoryl-
choline containing choline alfoscerate claims to activate fat metabolism, whereas
the utilization of phosphatidylcholine combined with deoxycholate lacks cosmetic
approval due to safety concerns. Deoxycholic acid has FDA approval for submental
fat reduction, yet its mechanisms remain incompletely understood. Understanding
the complex anatomy and mechanisms of lipolytic agents is essential for safe and
effective submental fat reduction, despite evolving practices and off-label utilization.
Clinical guidelines and references support this discussion, offering insights for safer

applications.
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to the deeper tissues such as the subplatysmal fat and submandibular
gland. Beneath the platysma muscle, the cervical fascia envelops the

The term “youthful neck” generally refers to a well-defined, creating
a cervicomental angle of approximately 105-120 degrees. The most
ideal scenario is when the sternocleidomastoid muscle and submental
line form an angle of 90 degrees (Figure 1). Moreover, it is charac-
terized by the existence of a subhyoid depression, prominence of the
thyroid cartilage, and distinct visibility of the anterior border of the
sternocleidomastoid muscle.!

From the most superficial layer to deeper layers, one can observe

the skin, subcutaneous fat, and the platysma muscle, which, in turn lead
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suprahyoid muscles and submandibular gland, and above this fascia,
certain cutaneous nerves and superficial veins pass through (Table 1).
All tissues undergo aging processes and procedures, yet modifications
in the fat tissue, which occupies the largest volume proportion, tend to
exhibit a more pronounced effect.? Hence, it becomes crucial to focus
attention on this fat layer.

As mentioned earlier, fat can be divided into preplatysmal fat and
post-platysmal fat, with the platysma muscle serving as the bound-
ary, and both layers of fat contribute to the formation of a double

chin in the submental area (Figure 2). Differentiating between these
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FIGURE 1 Thefigure demonstrates an illustrative representation
of the cervicomental angle, portraying the characteristics of an ideal
neck contour. It showcases a well-defined mandibular border that
forms an angle ranging between 105 and 120 degrees.

TABLE 1 Anatomical structure in the neck by layer dividing it to
superficial, intermediate and deep.

Layer Structures

Superficial Skin
Subcutaneous fat (pre-platysmal fat)

Intermediate Platysma muscle

Interplatysmal fat

Deep Soft tissue
Subplatysmal fat (post-platysmal fat)
Digastric muscles
Submandibular glands Skeletal support
Mandible
Hyoid bone

fats is clinically significant. This is because modifying the sub-platysmal
fat is challenging through non-invasive methods and may potentially
lead to deep tissue injury; thus, most procedures focus on the pre-
platysmal fat. The approach for deep fat often involves open surgical
methods. The part that pinches upwards upon contraction of the
platysma muscle is considered as the pre-platysmal fat.3 Fat contour-
ing can be broadly categorized into non-surgical, minimally invasive,
and surgical methods. Among the non-surgical modalities used within

FIGURE 2 Thefigureillustrates the schematic image of the
pre-platysmal fat, which represents the primary targeted fatty layer
for lipolytic agents.

plastic surgery and dermatology to reduce fat, one of the most fre-
quently employed methods is the use of lipolytic agents.* This review
will encompass the agents frequently utilized for the reduction of
submental fat.

2 | AMINOPHYLLINE

Aminophylline, a soluble derivative of the xanthine theophylline
(dimethylxanthine), possesses about 80% of the activity of theo-
phylline. Originally used as a bronchodilator, it is administered intra-
venously by adding it to intravenous fluids when used for its intended
purpose. However, for localized injection therapy, it is administered in
the form of subcutaneous injections.> Although there is no clear evi-
dence regarding its safety and efficacy mechanisms, reports from var-
ious studies suggest its effectiveness, leading to its widespread use in
many medical institutions for this purpose.® When combined with free
hyaluronic acid, which has properties for retaining water molecules, it
regulates the rate of aminophylline elimination, thereby prolonging the
drug’s effect at the injection site and subsequently increasing the local-
ized fat-reducing effect. The promotion of fat breakdown by xanthine
derivatives is explained through three pathways: Firstly, by inhibit-
ing phosphodiesterase type IlIB, thereby increasing intracellular cyclic
adenosine monophosphate and inducing protein kinase activation.”
Secondly, by inhibiting adenosine receptors, which promotes fat break-
down. Thirdly, aminophylline acts as a beta-2 adrenergic agonist,

stimulating fat breakdown.”
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TABLE 2 Hoefflin’s HPL solution is hypotonic pharmacologic
lipo-dissolution (HPL) technique proposed by Dr Hoefflin.

Ingredient Function

400 mL of N/S
solution

600 mL Sterile water

0.25 mL 1:1000 Stimulate catecholamine

epinephrine Intracellular lipolysis and subsequent
cellular osmotic gradient
1 mL dehydrated Inhibits cellular lipid interface
alcohol

2 mL potassium
chloride

Assists in elevating sodium potassium
osmotic gradient

Inhibits the cell wall Ca2 = dependent fluid
transport

0.5 mL verapamil

0.5 mL triamcinolone
40 mg/mL

Assists in secondary resolution of edema

Note: This method involves the injection of specific solutions containing
compounds aimed at inducing fat breakdown within the subcutaneous
adipose tissue.

3 | HYPOTONIC PHARMACOLOGIC
LIPO-DISSOLUTION

Subsequently, an overview of hypotonic pharmacologic lipo-
dissolution (HPL), frequently utilized in lipo-dissolution procedures,
will be provided. This technique entails the injection of solutions con-
taining fat-storing compounds and agents that facilitate fat breakdown
into the subcutaneous adipose tissue. The injected substances induce
adipocytes to swell and segregate under hydrostatic pressure, thereby
fostering lipid dissolution through their collective interactions.2 The
dissolved fat is absorbed through the lymphatic vessels and eliminated
from the body as waste through urine. Utilization of ultrasound or low-
level laser therapy enhances the efficacy of fat dissolution. Low-level
laser therapy, in particular, has been employed for fat breakdown upon
the discovery that fat dissolution occurs at specific frequencies. This
approach, initially proposed by Dr Hoefflin, has undergone modifica-
tions and is currently utilized in various clinics for clinical applications
(Table 2).8

4 | LIPOLYTIC LYMPHATIC DRAINAGE

Lipolytic lymphatic drainage primarily involves hyaluronidase, which,
when injected into the body, breaks down hyaluronic acid, reducing
tissue viscosity. This decrease in viscosity facilitates fat circulation
through the lymph nodes. Essentially, it promotes local lymphatic circu-
lation, aiding in the improvement of cellulite and edema. Hyaluronidase
possesses the property of hydrolyzing substances within the skin tis-
sue, aiding in their dissolution. By utilizing its action on connective
tissue dissolution, injecting it subcutaneously leads to loosening of

abdominal connective tissue, reducing tissue edema. Consequently,

this assists in enhancing blood and lymphatic circulation, facilitating
the breakdown and metabolism of abdominal fat cells.?

5 | GLYCEROLPHOSPHORYLCHOLINE

Furthermore, choline alfoscerate contains glycerophosphorylcholine, a
precursor to choline, a major component of neuronal cell membrane
lipids. It serves a role in forming cellular membranes and plays a role
in neurotransmission as a precursor to acetylcholine.' Choline is pur-
ported to activate fat metabolism when administered in significant
amounts; however, its approval by the FDA is currently limited to intra-
venous injection or oral therapy. The use of choline for subcutaneous
injections to destroy fat is not yet an approved method and falls outside

the scope of authorization.

6 | PHOSPHATIDYLCHOLINE

Understanding of phosphatidylcholine (PPC) is necessary, which dif-
fers slightly from the previously mentioned glycerolphosphorylcholine.
Although the authors are currently not utilizing PPC itself, have expe-
rience with deoxycholate. Hence, acquiring an understanding of PPC
is pertinent. Originally derived from soybean oil, PPC is known to
be involved in triglyceride metabolism. It has been utilized to inhibit
fat accumulation, addressing conditions such as cardiovascular dis-
eases and fatty liver. Deoxycholate acid (DCA) has served a detergent
role in PPC formulations. Consequently, PPC combined with DCA
has been widely used as a lipolytic agent. Initially introduced as an
intravenous agent known as lipostabil, it has been off-label employed
in some instances for obesity treatment.!> However, due to insuffi-
cient evidence regarding the safety of the PPC combination with DCA
compound for cosmetic fat reduction, its usage has been prohibited.
Subsequently, the focus shifted away from PPC to DCA, leading to

several research endeavors.”.

7 | DEOXYCHOLIC ACID

DCA functions as a detergent, disrupting membrane integrity and caus-
ing cell collapse, as previously mentioned.'2 When administered alone
via injection, fat necrosis was observed, targeting fat more effectively
than other tissues due to its differential affinity for albumin. The first
FDA-approved product in 2015 was Kybella, which was imported and
distributed in South Korea as “Belkyra.” However, its relatively high
cost initially limited its widespread popularity. Last year, Daewoong
introduced a similar drug called “V-olet,” containing the same active
ingredient. Presently, it is widely used due to increased affordability.
Although its approval is limited to submental fat, the potential for off-
label use in other areas exists.®> DCA, commonly used for moderate
to severe submental fat indications, still lacks a fully clarified mech-
anism. Recent in vitro research presents conflicting results regarding

DCA’s effect. Some studies suggest non-specific necrosis induced by
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DCA, while others propose fat-specific lipolysis by PPC. These contra-
dictory findings underscore the need for additional research to achieve
a comprehensive understanding.'*

Some of the adverse effects associated with DCA injections include
initial edema resulting in dysphagia, numbness, and induration, which
usually resolve naturally over time. One of the most concerning side
effects is the development of skin ulcers if the injection is super-
ficial; in such cases, early care with medications like prednisolone
and antibiotics might help, but severe cases might require surgery.
In men, there is a possibility of alopecia if injected into areas with
facial hair, yet this typically resolves naturally within 3 months, and
intradermal prednisolone injections may aid recovery. Improper ster-
ile procedures during injections could lead to infectious complications
such as cellulitis or abscess formation. Furthermore, there is a poten-
tial risk of partial injury to the marginal mandibular nerve.'2 Certainly,
most adverse effects, including nerve injuries, tend to resolve natu-
rally within a period ranging from three weeks to 6 months without
specific intervention.!> Certainly, due attention is warranted for the
marginal mandibular nerve in the submental region, given its path. Aris-
ing from the caudal edge of the parotid gland or below the angle, it
courses anteriorly along the mandible’s inferior border, turning upward
at the mid-mandibular body, known as the antegonial notch, travers-
ing through the deep cervical fascia. Injury in this course may lead
to weakened functions of the depressor anguli oris and depressor
labii inferioris, resulting in asymmetrical smiles or asymmetry in lip
movement.1 Similarly, the cervical branch of the facial nerve fol-
lows a comparable path, innervating the platysma muscle, affecting lip
depression but not lip eversion. Such nerve injuries are attributed to
demyelination or inflammation caused by deoxycholate, and evidence
suggests their dose-dependent occurrence. Additionally, inflamma-
tion in the platysma might induce neuropraxia-like symptoms, where
confirming lip pouting can distinguish nerve involvement; adminis-
tering botulinum toxin to the non-paralyzed depressor anguli oris
can mitigate symptoms. Primarily, anti-inflammatory agents such as
prednisolone, Ibuprofen, or intravenous administration of vitamin B
complex are utilized to alleviate inflammation. Caution is advised, espe-
cially in patients with thin or atrophic platysma or those with prior
neck procedures, as facial contour surgeries or suction procedures
may cause scarring and contractures, altering nerve pathways. Recov-
ery duration can range from 1 week to approximately 10 months,
with longer recovery periods often required for the marginal mandibu-
lar nerve compared to the cervical nerve. Hence, consideration of
anti-inflammatory agents like prednisolone is recommended.’®

Off-label use of deoxycholic acid injections has been reported in
clinical cases for body contouring and lipomas, beyond the approved
submental fat indication, and has been attempted in various clinics.’
For jowl fat treatment, injections are often administered in volumes
less than 0.5 cc or diluted in distilled water (not saline) to a concen-
tration of about 0.5%, approximately half the standard 1%, yielding
promising outcomes.® Posterior and anterior axillary lines have also
been targeted for treatments, with reported cases showing effective

maintenance lasting up to 3 to 9 months post-treatment.?

8 | STEROID

Local injections of cortisol are known to elevate circulating free fatty
acids. This correlation has been traditionally associated with the abil-
ity of glucocorticoids to promote lipolysis. The study of Xu et al.,2°
conducted using rat primary adipocytes, demonstrates that glucocor-
ticoids directly induce lipolysis in these cells in a manner that is both
dose- and time-dependent. This effect was reduced by RU486, a glu-
cocorticoid antagonist. Dexamethasone, a glucocorticoid, decreased
cyclic-nucleotide phosphodiesterase 3B levels, leading to increased
cyclic adenosine monophosphate and activated PKA, initiating lipoly-
sis.RU486 or H89, a PKA inhibitor, reversed these effects. Dexametha-
sone also increased hormone-sensitive lipase and adipose triglyceride
lipase levels, associated with enhanced lipolysis, counteracted by
RU486 or actinomycin D. Despite these changes, hormone-sensitive
lipase did not relocate to lipid droplets in mature adipocytes. In vivo
experiments in dexamethasone-treated rats showed elevated FFAs in
correlation with increased lipase activity, affirming the link between
glucocorticoids and systemic FFA elevation. In certain cases, local injec-
tions of steroids can lead to localized lipoatrophy.2! Despite this risk,
many clinics still frequently combine steroids like dexamethasone and

triamcinolone with other agents to achieve lipolytic effects.

9 | DISCUSSION

A double chin, also known as submental fat, has a negative effect on
the appearance of the face aesthetically, and surgical and non-surgical
treatments have been used for treatment.?? Surgical treatments,
including liposuction and platysmalplasty, have been employed. Non-
surgical methods involve the use of energy-based devices such as
high-frequency and high-intensity focused ultrasound equipment, or
the induction of adipocytolysis through various injection therapies.?3
Within the realm of injection therapies, DCA injection therapy is rec-
ognized for inducing an inflammatory response. This response involves
the mobilization of macrophages, promotion of fibroblast formation,
and stimulation of collagen formation when injected into subcutaneous
fat. The DCA formulation was initially introduced by Kythera Biophar-
maceuticals in the United States for the purpose of reducing submental
fat. Following approval by the Food and Drug Administration, DCA was
released in South Korea in 2021 by Daewoong Pharmaceutical.®
Cosmetic and dermatological applications of lipolytic agents have
broadened significantly, even capable of replacing liposuction in appro-
priately selected patient populations. With proper patient selection,
these agents can yield outcomes comparable to surgery but with min-
imal downtime, allowing for a wide range of procedures. They can
be particularly beneficial for patients reluctant to undergo secondary
liposuction procedures or those wary of more burdensome secondary
facial contouring. Despite deoxycholic acid’s current approval lim-
ited to pre-platysmal fat, accumulating off-label cases demonstrate its
expanding utility, raising hopes for stabilized protocols across various

applications.
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In conclusion, this comprehensive review underscores the evolving
landscape of lipolytic agents for submental fat reduction, emphasizing
the need for further research into their mechanisms and safety pro-
files. Understanding the anatomical intricacies and potential adverse
effects associated with these agents is crucial for practitioners aiming
to achieve optimal outcomes while ensuring patient safety in cosmetic
and dermatological procedures.
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