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Abstract

Background One of the rare but serious complications
observed with deoxycholic acid administration is damage
to the marginal mandibular nerve. In this study, we eval-
uvated if deoxycholic acid directly induces histologic
damage to fresh cadaveric marginal mandibular nerve.
Methods A segment of marginal mandibular nerve was
harvested from 12 hemifaces of 6 fresh cadavers. The nerve
specimen was exposed to either 0.9% sterile saline for
24 h, deoxycholic acid (10 mg/ml) for 20 min, or deoxy-
cholic acid (10 mg/ml) for 24 h. The nerve specimens were
then fixed in glutaraldehyde for a minimum of 24 h.
Toluidine blue stained sections were evaluated for stain
intensity using light microscopy and color deconvolution
image analysis. Supraplatysmal fat was harvested as a
positive control and exposed to the same treatments as the
marginal mandibular nerve specimens, then evaluated
using transmission electron microscopy.

Results Toluidine blue staining was less in the marginal
mandibular nerve exposed to deoxycholic acid when
compared to saline. The specimen exposed to deoxycholic
acid for 24 h showed less toluidine blue staining than that
of the nerve exposed to deoxycholic acid for 20 min.
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Transmission electron microscopy of submental fat
exposed to deoxycholic acid revealed disruption of adipo-
cyte cell membrane integrity and loss of cellular organelles
when compared to specimens only exposed to saline.
Conclusions Deoxycholic acid (10 mg/ml) damages the
marginal mandibular nerve myelin sheath in fresh human
cadaver specimens. Direct deoxycholic acid neurotoxicity
may cause marginal mandibular nerve injury clinically.
No Level Assigned This journal requires that authors
assign a level of evidence to each article. For a full
description of these Evidence-Based Medicine ratings,
please refer to the Table of Contents or the online
Instructions to Authors www.springer.com/00266.
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Introduction

Submental fullness, a common aesthetic concern of
patients, does not always respond to exercise and weight
loss and may possess a genetic component. A 2016
American Society for Dermatologic Surgery survey found
that 73% of the 7322 respondents are somewhat-to-ex-
tremely bothered by excess fat under their chin or neck [1].
The perceived submental fullness can result from
supraplatysmal fat, subplatysmal fat, prominent sub-
mandibular glands, and/or prominent anterior digastric
muscles. Surgical options such as cervicoplasty with or
without liposuction may address submental fullness, but
require significant recovery time that may not be an
appealing first option to some patients.

A first in class drug, deoxycholic acid (10 mg/ml), was
FDA approved in 2015 for improvement in submental fat
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(SMF). A series of deoxycholic acid (10 mg/ml) injections
at 4-week intervals subjectively and objectively reduced
SMF in multiple phase III clinical trials [2].

Deoxycholic acid (10 mg/ml) is thought to target the
supraplatysmal fat via a detergent physical disruption of
adipocyte cell membranes, leading to cell death and
reduction in fat tissue [2-5]. As cadaver studies indicate
that on average, supraplatysmal fat accounts for 45-70% of
total submental fat, deoxycholic acid (10 mg/ml) repre-
sents an attractive option for patients interested in non-
surgical improvement in submental fullness [6, 7].

Extensive investigations of the pharmacokinetics and
safety profile of deoxycholic acid (10 mg/ml) injection
have identified common side effects and rare adverse
effects [2, 3, 8, 9]. Most patients experience significant
pain, bruising, and swelling in the injection area that
resolves within monthly treatment intervals, while a
minority of patients experience injury to the marginal
mandibular branch of the facial nerve (MMN) [3]. The
REFINE clinical trials reported marginal mandibular nerve
injury in up to 4.3% of patients treated with deoxycholic
acid (10 mg/ml) [2, 4]. Although all episodes were tem-
porary, the potential for permanent disfigurement of facial
expression and salivary incontinence after this cosmetic
intervention still remains. Anecdotal reports of periocular
deoxycholic acid (10 mg/ml) to treat lower eyelid steato-
blepharon possess particular risks for vision [10].

Authors suggest three potential mechanisms of injury to
the MMN after deoxycholic acid (10 mg/ml) injection,
including sharp injury from the injection needle, diffusion
of deoxycholic acid (10 mg/ml) within the tissue sur-
rounding the nerve, and/or post-injection inflammation in
the tissue surrounding the nerve [11]. The course of the
MMN exhibits significant morphologic variability regard-
ing its distance from the inferior border of the mandible
and ranges from 1 to 4 cm inferior to the inferior border of
the mandible posterior to the antegonial notch [12, 13]. At
the antegonial notch, the nerve traverses the facial artery
and nerve superior to the inferior border of the mandible.

To further investigate the mechanism of MMN injury
after deoxycholic acid (10 mg/ml), we sought to study its
direct histological effects in a human cadaveric model.

Materials and Methods

Twelve hemifaces of 6 fresh human cadavers were evalu-
ated and included for the study. In all 12 hemifaces, the
MMN was identified at a variable distance inferior to the
inferior border of the mandible posterior to the antegonial
notch and dissected anteriorly where it was found to tra-
verse the facial artery and vein approximately 2-3 cm
above the inferior border of the mandible (Fig. 1). After

Fig. 1 Harvesting of cadaveric marginal mandibular nerve in a
cadaver model. a Marginal mandibular nerve (white arrow) tagged.
b Marginal mandibular nerve (white arrow) shown passing over facial
artery and vein (black arrow)

careful dissection, 4 cm of the nerve was harvested. The
cut ends of the nerve were sutured together using 6-0
polypropylene suture and then the loop of nerve was
immersed in a 1.5-ml centrifuge tube containing 1 ml of
deoxycholic acid (10 mg/ml) for either 20 min or 24 h, or
0.9% sterile saline for 24 h. This was done taking care that
the sutured cut ends of the nerve were not immersed in
solution (Fig. 2).

The respective tissues were then fixed in glutaraldehyde
for a minimum of 24 h in a refrigerator. Tissue was
embedded in plastic, sectioned in a standard way, and
stained with toluidine blue. Using color deconvolution
image analysis macro in Image Scope (Leica Biosystems,
Vista, CA), the intensity of toluidine blue staining of a
representative MMN specimen from each treatment group
was measured. The color deconvolution algorithm calcu-
lates and separates the area and intensity of an individual
stain. The percent of weak, medium, and strong toluidine
blue positive intensity was recorded.

To evaluate the deoxycholic acid (10 mg/ml) effect on
cadaveric fat, supraplatysmal fat was harvested using a

Fig. 2 Marginal mandibular nerve preparation. a Marginal mandibu-
lar nerve sutured end to end using polypropylene suture. b Partial
submersion of sutured marginal mandibular nerve in centrifuge tube
containing either deoxycholic acid (10 mg/ml) or 0.9% sterile saline
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4-mm dermatologic tissue punch from three fresh human
cadavers for a total of 18 specimens. The supraplatysmal
fat specimens were then exposed to the same conditions
(deoxycholic acid (10 mg/ml) for 20 min, deoxycholic acid
(10 mg/ml) for 24 h, or normal saline for 24 h) and fixed in
glutaraldehyde for 24 h prior to preparation for transmis-
sion electron microscopy. This study adhered to the tenets
of the Declaration of Helsinki.

Results

Histopathology confirmed nerve tissue in all 12 specimens.
Toluidine blue staining demonstrated a decrease in myelin
in MMN samples exposed to deoxycholic acid (10 mg/ml)
compared to control (Fig. 3). Color deconvolution image
analysis of representative MMN specimens from each
treatment group confirmed a decrease in toluidine blue
staining in the deoxycholic acid (10 mg/ml) groups
(Fig. 4). This was particularly striking when comparing the
24-h saline group to the 24-h deoxycholic acid (10 mg/ml)
group. The percent of weak, medium, and strong positive
toluidine blue stain intensity for each treatment group is
summarized in Fig. 5. Transmission electron microscopy
of submental fat exposed to deoxycholic acid (10 mg/ml)
revealed disruption of adipocyte cell membrane integrity
and loss of cellular organelles when compared to speci-
mens only exposed to saline (Fig. 6). Supraplatysmal fat
exposed to deoxycholic acid (10 mg/ml) for 24 h showed
further adipocyte disruption than samples exposed to
deoxycholic acid (10 mg/ml) for only 20 min.

Discussion

Injury to the MMN can occur after neck liposuction,
genioplasty, submandibular gland removal, superficial
parotidectomy, oncologic neck dissections, injections of
filler to the jowl, facelift surgery, and most recently with

deoxycholic acid (10 mg/ml) injection [2, 4, 14—18]. Injury
leads to paresis of the ipsilateral depressor anguli oris,
mentalis, and labii depressor inferioris muscles and unop-
posed/over-action of the respective contralateral muscles.
This creates a disfiguring asymmetry to the smile where the
paretic lip does not depress when smiling and the unop-
posed contralateral muscles exaggerate the smile contor-
tion. MMN injury can also cause difficulty with
swallowing and drinking, as well as salivary incontinence.
Treatment for temporary injury consists of active facial
exercises or neurotoxin injection to the contralateral
depressor anguli oris, mentalis, and/or labii depressor
inferioris muscles to improve symmetry and function
[16, 19, 20].

In our study, we sought to investigate a potential
mechanism of MMN injury related to deoxycholic acid
(10 mg/ml) injection—direct damage to the nerve from
deoxycholic acid (10 mg/ml). Theoretically this would
seem plausible, as deoxycholic acid in vitro destroys cells
via a non-specific detergent disruption of cell membranes
[5, 21].

We found a dose-dependent decrease in myelin staining
after deoxycholic acid (10 mg/ml) exposure at 2 time
points compared to control. Toluidine blue staining was
significantly reduced in MMN specimens exposed to
deoxycholic acid (10 mg/ml), particularly those in the 24-h
group where there was negligible staining. Color decon-
volution image analysis was performed on each treatment
group in only one hemiface because the 24-h deoxycholic
acid (10 mg/ml) treatment group showed a 10* decrease in
strong staining percentage compared to the control and
each hemiface displayed similar qualitative staining char-
acteristics. Histologic changes seen in the MMN specimens
may be due to the proposed tissue-selectivity of deoxy-
cholic acid. This relates to in vitro and animal studies that
show adipocytes are much more likely to lyse when
exposed to deoxycholic acid than other cell types of pro-
tein-rich tissues with higher interstitial albumin [22].
Transmission electron microscopy of submental fat

C

Fig. 3 Marginal mandibular nerve toluidine blue staining after exposure to: a saline for 24 h, b deoxycholic acid (10 mg/ml) for 20 min
¢ deoxycholic acid (10 mg/ml) for 24 h. Magnification of x400 for all images
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Fig. 4 Color deconvolution image analysis of toluidine blue staining

Fig. 5 Marginal mandibular
nerve toluidine blue staining
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Fig. 6 Transmission electron microscopy photomicrographs of supraplatysmal cadaver fat: a exposed to saline for 24 h. b Exposed to
deoxycholic acid (10 mg/ml) for 20 min. ¢ Exposed to deoxycholic acid (10 mg/ml) for 24 h

exposed to deoxycholic acid (10 mg/ml) showed signifi-
cant damage to adipocyte cell membranes, similar to those
seen in prior studies of ex vivo human adipose tissue [23].

Myelin is high in phospholipids and may share similar
vulnerability to deoxycholic acid. Therefore, our study may
point more to direct MMN myelin injury, rather than from
the needle during injection or intense local post-injection

inflammation. Further molecular studies evaluating cellular
organelle or DNA damage are needed to better characterize
the exact mechanism of injury. Although not evaluated in
this study, injection-related mechanical damage and/or
local inflammation still may play a role in the transient
MMN injury seen clinically.
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Overall, sound knowledge of the biochemical properties
of deoxycholic acid (10 mg/ml) combined with an under-
standing of submental/cervical anatomy are critical when
treating SMF with deoxycholic acid. This study, while
limited by fresh cadaveric nerve, points to the need for
further in vivo animal studies to better understand the
mechanism of MMN injury after deoxycholic acid (10 mg/
ml) injection. These results should also lend strong caution
to providers considering the use of deoxycholic acid
(10 mg/ml) to treat periocular fat, such as lower eyelid
steatoblepharon, due to risk of damage to nearby neu-
rovascular structures.

Conclusion

In summary, deoxycholic acid (10 mg/ml) damages the
marginal mandibular nerve myelin sheath in fresh human
cadaver specimens. Direct deoxycholic acid neurotoxicity
may cause marginal mandibular nerve injury clinically.
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