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Learning Objectives: After studying this article, the participant should be able
to: 1. Describe the most common options available for minimally invasive facial
rejuvenation. 2. Identify key elements essential to each treatment option. 3.
Know how to avoid and manage complications for these procedures.
Summary: Minimally invasive cosmetic procedures continue to increase in pop-
ularity. This article is intended to provide a broad and practical overview of
common minimally invasive cosmetic techniques available to the plastic
surgeon. (Plast. Reconstr. Surg. 129: 142e, 2012.)

Minimally invasive cosmetic procedures
continue to increase in popularity, ac-
counting for 88 percent of cosmetic pro-

cedures in 2009. Neuromodulator injection alone
(with botulinum toxin type A) has had a greater
than 500 percent increase since 2000.1 With the
high demand and volume for such procedures, in
addition to the increased comprehension of facial
aging, practitioners should be well-versed in the
entire spectrum of possible procedures and essen-
tials of clinical use. This article is intended to
provide a broad and practical overview of common
minimally invasive cosmetic techniques.

PATIENT COUNSELING
Before a practitioner embarks on perform-

ing these techniques, it is paramount to remem-
ber that these are elective procedures and
should not be approached lightly. Patient satis-
faction is essential to the success of any cosmetic
procedure, and it is important to assess and
discuss the goals, limitations, complications, ex-
pected outcomes, off-label use, and realistic fi-
nancial obligations, as these procedures may re-
quire multiple treatments.2– 4

A complete history should always be taken, to
include medical conditions, medications (including
supplements/herbals), allergic reactions/sensitivi-
ties, previous facial rejuvenation (procedures, im-

plants, or injectables and their experiences with
these procedures), acne, keloids, dental abscesses,
herpes simplex infections, bleeding tendencies, or
immunocompromised states.3 If possible, patients
should discontinue medications, including herbal
supplements (e.g., arnica, garlic, ginger, ginseng,
Gingko biloba, St. John’s Wort, vitamin E) that may
cause bleeding 7 to 10 days before procedures to
decrease bruising.5,6 Patients on aspirin, nonsteroi-
dal antiinflammatory agents, Coumadin (Bristol-My-
ers Squibb Pharma, Bridgewater, N.J.), or clopi-
dogrel bisulfate (Plavix; sanofi-aventis, Bridgewater,
N.J.) may have medical indications where the risk of
stopping these medications may far outweigh the
benefit. The American College of Chest Physicians
2008 guidelines recommend continuation of anti-
coagulation for minor dermatologic procedures
with low risk of bleeding; however, the practitioner
should use his or her best medical judgment to guide
each patient individually and may consider not per-
forming a procedure if it is not safe.7,8
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SKIN RESURFACING
The most common classifications used to de-

scribe skin changes secondary to aging and sun
damage include Glogau’s classification of photo-
aging (Table 1)9,10 and Fitzpatrick’s classification
of facial wrinkling (Table 2).11

With skin resurfacing procedures, pretreat-
ment skin preparation is considered essential to
improve wound healing, although this may be
based on anecdotal experiences. The pretreat-
ment regimen may include topical tretinoin
(0.05% to 0.1%), hydroquinone (2% to 4%),
and/or alpha-hydroxy acid (4% to 10%), depend-
ing on the individual needs. Topical tretinoin im-
proves photodamaged skin, minimizes epidermal
hyperpigmentation in melasma, and reduces come-
dones and inflammatory lesions in acne and rosacea.
Agents containing hydroquinone are useful in pa-
tients with melasma, dyschromia, or hyperpigmen-
tation secondary to photodamage, acne, or
rosacea.12 Pretreatment usually starts 4 to 6 weeks
before and continues until 1 week before the
planned procedure. In patients with a history of
herpetic lesions, prophylaxis with acyclovir 500 mg
orally is administered twice daily, beginning 2 days
before the procedure and continued for 5 days
after.13,14 Previous isotretinoin (Accutane; Hoffman-
LaRoche, Inc., Basel, Switzerland) therapy has been
observed with atypical scarring after chemical peels
and lasers; thus, patients should wait at least 1 year
following cessation of isotretinoin treatment before
undergoing skin resurfacing.15

Chemical Peels
Chemical peels are typically classified by

depth: superficial peels cause exfoliation of the

epidermis without extending deeper than the
basal layer; medium peels cause epidermal to pap-
illary dermal peel and regeneration; and deep
peels penetrate to the reticular dermis to induce
dermal regeneration (Table 3).13,16 There are var-
ious indications for each chemical peel, including
rhytides, irregular pigmentation, scars, actinic ker-
atosis, and acne.17

Superficial Peels
Alpha-hydroxy acids include glycolic acid and

lactic acid. They act mainly as an exfoliant, and
these peels can be used to treat a variety of
conditions, including photodamage, actinic
damage, melasma, hyperpigmentation, acne,
and rosacea.12,16,18,19 Alpha-hydroxy acid peels
are typically performed over several treatment
sessions, starting at lower concentrations and
then increasing, depending on the patient’s tol-
erance. These peels are generally safe, but it is

Table 1. Glogau Classification of Photoaging*

Group Severity
Age
(yr) Findings

I Mild 28–35 Minimal wrinkles; no
keratosis; minimal acne
scarring; little makeup

II Moderate 35–50 Early keratosis; early
wrinkling; mild scarring;
some makeup

III Advanced 50–65 Actinic keratosis;
telangiectasis; wrinkling
at rest; moderate
scarring; always wears
makeup

IV Severe 60–70 Actinic keratoses and skin
cancers; severe wrinkling;
severe acne scarring;
makeup cakes on

Adapted from Glogau RG. Chemical peeling and aging skin. J Geriatr
Dermatol. 1994;2:30–35.

Table 2. Fitzpatrick’s Classification of Facial
Wrinkling (Perioral and Periorbital)*

Class Score Wrinkling Degree of Elastosis

I 1–3 Fine wrinkles Mild (fine textural changes
with subtly accentuated
skin lines)

II 4–6 Fine to
moderate

Moderate (distinct popular
elastosis, individual
papules with yellow
depth wrinkles,
translucency,
dyschromia) moderate
number of lines

III 7–9 Fine to deep Severe (multipapular and
confluent elastosis,
thickened yellow and
pallid wrinkles, cutis
rhomboidalis) numerous
lines with or without
redundant skin

*Adapted from Fitzpatrick RE, Goldman MP, Satur NM, Tope WD.
Pulsed carbon dioxide laser resurfacing of photo-aged facial skin.
Arch Dermatol. 1996;132:395–402.

Table 3. Types of Chemical Peels*

Superficial Peels
Alpha-hydroxy acids (e.g., glycolic acid, lactic acid)
Beta-hydroxy acids (e.g., salicylic acid)
Jessner solution

Medium peels
Trichloroacetic acid 20% to 35%

Deep peels
Jessner solution and trichloroacetic acid
Phenol
Phenol and croton oil (e.g., Baker-Gordon formula,

Hetter formula)
Trichloroacetic acid 45% to 50%

*Adapted from Herbig K, Trussler AP, Khosla RK, Rohrich RJ. Com-
bination Jessner’s solution and trichloroacetic acid chemical peel:
Technique and outcomes. Plast Reconstr Surg. 2009;124:955–964.
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necessary to neutralize alpha-hydroxy acids with
a basic solution such as ammonium salts, sodium
bicarbonate, or sodium hydroxide.16

Beta-hydroxy acids include salicylic acid, which
works as an exfoliant, promoting the sloughing of
dead skin cells and is especially helpful in treating
acne because of its ability to penetrate the follicle.
Although salicylic acid has been used alone at
higher concentrations as a peeling agent, it is
more commonly used in combination with other
agents (e.g., Jessner solution).20

Jessner solution consists of 14 g resorcinol, 14 g
salicylic acid, 14 ml of lactic acid, and 100 ml of
95% ethanol. It causes exfoliation and is useful in
treating hyperpigmentation.13,14

Medium Peels
Trichloroacetic acid at concentrations up to 35%

acts as a medium depth peel. At concentrations of
45% to 50%, trichloroacetic acid acts as a deep
peel. Results depend on concentration and appli-
cation time and can be unpredictable at higher
concentrations. Trichloroacetic acid peels can be
used to treat photoaging, including fine rhytides,
actinic damage, melasma, hyperpigmentation dis-
orders, and scars.21 In combination with other
agents such as Jessner solution, trichloroacetic
acid can achieve deeper, more uniform penetra-
tion, resulting in a deeper peel, causing improve-
ment of moderate rhytides.14 Trichloroacetic acid
peels do not require neutralization.

Deep Peels
The Baker-Gordon formula is one of the first

deep peels to gain popularity. It contains 3 ml of
phenol U.S. Pharmacopeia 88%, 2 ml of distilled
water, 3 guttas of 2.1% croton oil, and 8 guttas of
Septisol (Vestal Laboratories, St. Louis, Mo.).22–25

It was initially thought that phenol was the ingre-
dient responsible for the peeling effects. However,
Hetter’s studies26–28 revealed that it was in fact
croton oil that was responsible and that varying the
concentration of croton oil could allow the depth
of the peel to be customized to suit the patient’s
needs.29 Phenol, generally used at a concentration
of 50%, penetrates to the midreticular dermis.
The depth of penetration can be altered by pre-
paring the skin with washing and degreasing,
and occluding the area after application to pre-
vent evaporation.16,24 Higher concentrations re-
sult in increased toxicity without additional
therapeutic benefit. Infrequently, phenol may
cause cardiac arrhythmias, and full-face phenol
treatments should include continuous electro-
cardiographic monitoring and intravenous
access.29 This complication is more common

when more than 50 percent of the face is treated
in less than 30 minutes.17,30,31

MICRODERMABRASION
Microdermabrasion is a skin resurfacing tech-

nique that uses an inert substance such as alumi-
num oxide or sodium chloride crystals to remove
the superficial layers of the skin. It is used to ad-
dress photodamage, hyperpigmentation, superfi-
cial rhytides, stretch marks, scar revision, acne
scarring, and enlarged pores. It can be performed
on all skin types, including Fitzpatrick types IV, V,
and VI, where the use of other resurfacing tech-
niques may be limited.32–34

LASER RESURFACING
Newer laser skin resurfacing technologies have

the advantage that different systems can be chosen
and treatment parameters can be accurately ad-
justed to the type of skin problem being treated. For
laser skin resurfacing to be effective and safe, selec-
tive thermal destruction based on the principles of
selective photothermolysis is required.15 Proper
training, accreditation, and supervision are required
to prevent serious complications.35–38

Ablative laser resurfacing involves wounding
the skin to the level of the dermis. Wound healing
originates from the cells in the dermis and inflam-
matory cells that are recruited to the site of injury;
organized ultrastructural remodeling of the der-
mis produces smoother, firmer skin. Patients with
Fitzpatrick skin type I to type IV (Table 4)39 are
generally good candidates, and ablative laser re-
surfacing can be used to treat fine and deep rhyt-
ides, uncontrollable acne, acne scars, telangiecta-
sias, and actinic keratoses. Ablative lasers include
carbon dioxide and erbium:yttrium-aluminum-
garnet lasers.15,40–42

Fractional lasers create microthermal zones
by delivering columns of spatially confined ther-
mal injury to the skin, thereby avoiding conflu-
ent epidermal damage, allowing faster recovery
and fewer side effects compared with ablative

Table 4. Fitzpatrick’s Sun-Reactive Skin Types*

Skin
Type

Skin
Color

Skin Reactions to
Solar Radiation

I White Always burns, never tans
II White Usually burns, tans with difficulty
III Light brown Sometimes mild burn, tans average
IV Brown Rarely burns, tans with ease
V Dark brown Very rarely burns, tans very easily
VI Black Never burns, tans very easily
*Adapted from Fitzpatrick TB. Soleil et peau. J Med Esthet. 1975;2:
33–34.
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resurfacing.43,44 The surrounding unaffected fol-
licular units, and fibroblasts, aid in rapid repopu-
lation and collagen remodeling of these zones.45

Fractional laser devices may be effective in the
treatment of moderate to severe acne scarring and
moderate to severe photoaging, although it has yet
to be determined whether they work better than
unfractionated technology.46–49

Nonablative lasers heat tissue but do not ab-
late. The greatest advantage of nonablative lasers
is their more attractive side-effect profile. Nonab-
lative technologies include long pulse dye laser,
pulsed pulse dye laser, pulsed potassium titanyl
phosphate, erbium:yttrium-aluminum-garnet, di-
ode, and erbium laser, and are effective in the
treatment of mild to severe rhytides.15,45,46 In the
recovery period, sun exposure should be mini-
mized for 6 months and a sunscreen of at least
sun-protection factor 15 should be used.

NEUROMODULATORS
Botulinum neuromodulators are produced by

various strains of Clostridium botulinum and act by
binding receptor sites on presynaptic autonomic
nerve terminals, inhibiting acetylcholine release and
inducing reversible reduction in focal muscular con-
traction. Currently, two botulinum toxin type A
products approved by the U.S. Food and Drug Ad-
ministration are used in cosmetic medicine: on-
abotulinumtoxinA, BoNTA-ONA, or Botox and Bo-
tox Cosmetic (Allergan, Inc., Irvine, Calif.); and
abobotulinumtoxinA, BoNTA-ABO, or Dysport
(Medicis, Scottsdale, Ariz.). Both have been ap-
proved by the U.S. Food and Drug Administration
for the temporary improvement in the appearance
of moderate to severe glabellar lines associated with
corrugators and/or procerus muscle activity in
adults younger than 65 years.50,51

Botox vials are available in 100 or 50 units, and
Dysport vials for cosmetic use contain 300 units.
The units are specific to each manufacturer and
are not interchangeable. There is currently no
consensus on the relative potency of each drug,
which appears to also be influenced by injection
technique and target region.52 For level of comfort
for practitioners, 1 unit of Botox is approximately
equivalent to 2.5 to 5 units of Dysport,53,54 but these
products should be viewed as different products
with different response profiles (Table 5).55

According to the package inserts, these prod-
ucts should be reconstituted gently with 0.9% ster-
ile, nonpreserved saline. However, the use of pre-
served saline has been shown in a prospective,
double-blind, randomized, controlled trial to de-
crease patient discomfort on injection.56 The re-

constituted solutions should be clear, colorless,
and free of particulate matter, and can be reason-
ably stored for approximately 1 week without the
potency being affected.57,58 The reconstitution, di-
lution, and storage are matters of physician
preference.57 It is prudent for practitioners assess-
ing different concentrations or using both prod-
ucts to label vials accordingly. One could consider
labeling the syringes or using different types of
syringes or needles with alternate color hubs for
each product to help identify them further.

After intramuscular injection, botulinum
toxin may spread or diffuse. “Spread” occurs im-
mediately after the injection itself, which is related
to technique, volume of injection, and needle size.
“Diffusion” occurs over several days as the toxin
passively moves away from the injection site.59 Gen-
erally, Dysport has a larger area of action, and
there has been ongoing debate regarding the dif-
ference in onset between Botox and Dyport.60

Consensus guidelines developed by Car-
ruthers et al.55,61 on best practices as a guide to
neuromodulator use are summarized in Table 6
and Figure 1.62 The duration of activity should be
expected to be approximately 3 to 4 months.

Common adverse events of pain, infection, in-
flammation, tenderness, swelling, erythema, bruis-
ing, and local weakness are usually transient and
often related to poor injection technique and/or
knowledge of facial anatomy.63 Horizontal fore-
head lines should be treated with the goal of weak-
ening but not completely paralyzing the frontalis
muscle. Injections should be 1 to 2 cm above the
bony orbital rim at the lateral corrugators and
should be lateral enough to avoid a “quizzical”

Table 5. Dysport versus Botox*

Dysport Botox

Vial size, units 300 100
Composition

Total protein, ng 4.35 5
Albumin, �g 125 500
Other 2.5 mg lactose 0.9 mg NaCl
Type A strain NCTC 2916 Hall
Complex weight, kDa �300 �900
Preparation Freeze-dried Vacuum-dried

Clinical generalizations
Conversion, units 2.5 1
Onset, days 3 4
Spread More Less
Duration Same Same
Price Less More

NCTC, National Collection of Type Cultures; NaCl, sodium chloride.
*Adapted from Carruthers JD, Glogau RG, Blitzer A; Facial Aesthetics
Consensus Group Faculty. Advances in facial rejuvenation: Botuli-
num toxin type a, hyaluronic acid dermal fillers, and combination
therapies—Consensus recommendations. Plast Reconstr Surg. 2008;
121(Suppl):5S–30S.
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eyebrow appearance. Injections should be avoided
under the midbrow to avoid eyelid ptosis from
diffusion to the levator muscle.61

Lateral orbital wrinkles, or “crow’s feet,” in-
jections should be performed superficially (sub-

dermal), 1 cm outside of the bony orbit, and above
the inferior margin of the zygoma. This will avoid
diplopia, ectropion, and smile asymmetry, and
tends to reduce bruising.63

Inappropriate treatment of the perioral re-
gion can result in significant dysfunction, such as
drooling, speech difficulties, and oral incompe-
tence. Injections too high on the lips may affect
the orbicularis oris and can worsen asymmetry.
This can be prevented by not injecting higher than
halfway between the lips and the mandible.55

Lower facial injections are more sensitive to ad-
verse events of oral competence and are best
treated with small volumes and dosages to reduce
both spread and diffusion.

Platysmal bands may be softened with neuro-
modulators in patients with good skin elasticity
and minimal fat descent. Conservative injections
should be performed to avoid dysphagia or voice
changes.64 Large single-setting dosages have been
reported for the platysma, but practitioners
should stay under 100 units of Botox per session.65

Oral anticholinesterase (pyridostigmine) up to 60
mg may be used to counteract side effects.55

Several facial surgical treatments and proce-
dures may benefit from the adjunctive use of neu-
romodulation. Pretreatment with Botox 1 to 2
weeks before laser resurfacing may improve results

Table 6. Recommendations on the Use of Botulinum Toxin Type A

Total Dose

Region/Target Muscle(s) Usual No. of Injection Points Botox (units) Dysport (units)

Upper face
Vertical frown lines, glabellar

complex (procerus,
depressor supercilii,
corrugator supercilii) 5 to 7; men may require more sites Women, 10–30; men, 20–40 40–80

Horizontal forehead lines
(frontalis, but consider
interactions with procerus,
corrugators, and orbicularis
oculi in overall facial
shape)

4 to 8; more or fewer may be
required based on anatomical and
aesthetic evaluations

Women, 6–15; men, 6–15 or
more

30–60

Crow’s feet (lateral portions
of the lateral orbicularis)

2–5 per side (higher in selected
patients)

Women, 10–30; men, 20–30 40–60

Midface
Radix (nasalis) 1–2 2–4 6–15
Nasal tip (depressor septi

nasi, levator labii superioris
alaeque nasi) 2–4 3–5 (each muscle) 10–15

Lower face
Perioral area, orbicularis oris 2–6; 4 sites, 1 site per lip quadrant 4–5 10–20
Depressor anguli oris 1–2 2–3 6–10
Dimpled chin (peau

d’orange), mentalis
1–2 (start with 1 midline or 2

symmetrical, lateral injections)
4–10 10–20

Neck, platysmal bands,
platysma 2–12; per band �10/band 40–80/band

Masseteric hypertrophy 1–2 sites in muscle 25–30/side 100–300/side
*Adapted from Nguyen AT, Kenkel JM. Injectables. Sel Read Plast Surg. 2010;10:1–25.

Fig. 1. Common botulinum toxin injection sites.
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by eliminating the hyperfunctional component
during healing.66,67 Similarly, pretreatment in se-
lected cases of browplasty may improve results by
reducing the negative effects of the brow depres-
sors in the healing phase.

FILLERS
Hyaluronic acid is a glycosaminoglycan biopo-

lymer that is a part of all connective tissue in living
organisms. Hyaluronic acid products account for
the majority of filler procedures because of their
excellent safety profile, 3- to 9-month duration of
effect, expanded application and use for enhanc-
ing facial volume, and lower potential for hyper-
sensitivity reactions (0.6 to 0.8%), with skin testing
not required.68–72 The Restylane products (Medi-
cis) Fine Lines and Perlane are designed for dif-
ferent depths with different sized particles.73 Ju-
véderm (Allergan) has a higher concentration of
hyaluronic acid, 24 mg/ml, when compared with
Restylane, with more cross-linking in an attempt to
increase longevity and has been reported to last up
to 12 months.74 The Juvéderm XC, Restylane-R,
and Prevelle Silk (Mentor Corp., Santa Barbara,
Calif.) add 0.3% lidocaine for less procedural
pain.75 Despite some similarities in the available
injectable hyaluronic acid fillers, there are signif-
icant differences in injectability and other physical
properties that relate to preferences for certain
facial regions, skin types, and varied patient
profiles.76

Sculptra (sanofi-aventis, Bridgewater, N.J.)
contains poly-L-lactic acid microspheres in a pow-
dered form. The long-term soft-tissue augmenta-
tion is caused by stimulation of fibroblasts and
growth of type I collagen into areas of accumu-
lated poly-L-lactic acid microspheres. It is best used
as a three-dimensional volumetric filler as op-
posed to a superficial line filler.77 Sculptra most
often requires a series of injections to achieve
adequate correction. The clinical effects can be
seen for 18 to 24 months.74 Nodule formation is
decreased by deeper plane injection, reconstitu-
tion with higher volumes (�5 ml), and longer
reconstitution times (�2 hours or preferably
overnight).78,79

Radiesse (Merz Aesthetis, Inc., San Mateo,
Calif.) is composed of calcium hydroxylapatite
that acts as a biostimulatory scaffold for collagen
ingrowth.80 It is highly viscous and predisposed to
nodule formation, especially on the lips in up to
20 percent of patients.81,82 Deep injection is rec-
ommended. Longevity is 9 to 18 months but it may
last for 2 to 5 years.83

Autologous fat is the original injectable.84 It is
fully biocompatible and plentiful. Unfortunately,
the degree of permanency varies. Coleman’s85

technique has been described in detail, and var-
ious techniques of harvesting, handling, and graft-
ing have been attempted, with acceptable patient
satisfaction.85–88 Successful fat grafting involves dif-
fuse infiltration using multiple passes while graft-
ing small aliquots of fat with each pass. This is
thought to increase the contact area of the grafted
fat with the recipient tissue vascular bed, improv-
ing long-term viability. The grafted fat appears to
stabilize at approximately 4 months but may con-
tinue to lose volume for up to 1 year.86

Silicone is not U.S. Food and Drug Adminis-
tration–approved for soft-tissue augmentation
and is not recommended for use. It is permanent
and much less forgiving than temporary inject-
ables. If used, microdroplet (0.01 to 0.03 ml) in-
jection technique may allow for dispersion in tis-
sue to become encapsulated as microparticles.89,90

Artefill (Suneva Medical, Inc., San Diego,
Calif.) is a gel suspension of 20% polymethylmeth-
acrylate homogeneous 30- to 42-�m microspheres
in 3.5% bovine collagen solution mixed with 0.3%
lidocaine that may have durability over 5 years.91,92

Because it contains bovine collagen, patients must
be skin tested 1 month before injection.74 It re-
ceived U.S. Food and Drug Administration ap-
proval for nasolabial fold correction and should
not be used in patients susceptible to keloid for-
mation or hypertrophic scarring. As it is a longer
acting product, it should be used with caution, as
complications are less forgiving.

FILLER INJECTION TECHNIQUES
Fillers are foreign materials, and avoidance of

contamination should reduce infectious adverse
events. Sterile technique should be used during
reconstitution and dilution of product. One
should consider changing gloves after intraoral
manipulation. Injection during active skin infec-
tions should be avoided. Use of the smallest nee-
dles to achieve the desired effect is recommended.

The importance of skin preparation with in-
jectables is not proven but is logical. Alcohol
cleansing is commonly used. Chlorhexidine may
have the benefit of a residual antibacterial effect
that is not seen with alcohol.93 Chlorhexidine
should be avoided in the periorbital region be-
cause of the risk of keratitis.94 It is important to
spread the skin during cleansing to get into wrin-
kles. Prophylactic antibiotics have been suggested
to prevent biofilms in situations where longer last-
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ing fillers are used initially or later during signif-
icant infections.

Topical anesthetics or nerve blocks may be
used, and the concomitant injection of local an-
esthetic and fillers has been described.95–97 Using
the smallest needle possible that allows accurate
injection may reduce pain, trauma, adjacent tissue
trauma, and risk of infection: 30 gauge for less
viscous, 27 gauge for more viscous such as calcium
hydroxylapatite, or 25 gauge for poly-L-lactic acid
to avoid clumping or clogging.3 Alternatively a
26-gauge needle will provide visual clues as to nee-
dle depth: intradermal, the gray of the needle can
be seen; superficial subdermal, the shape of the
needle can be seen; and deep subdermal, fat is
pressed down with the tip of the needle.98–100 De-
spite classic teachings of dermal injection, the ma-
jority of product is found in the subcutis.101

Several injection techniques are commonly
described (Fig. 2),102 although the effectiveness of
various techniques has not been shown in clinical
trials.68 With serial puncture/droplet, small ali-
quots are deposited using multiple injections
along the wrinkle or fold. This technique is useful
in the glabellar region, philtral columns, and for
correction of fine rhytides. With linear threading,
the injectable is deposited as the needle is ad-

vanced, anterograde, or withdrawn, retrograde/
retrotracking. Anterograde injection may be less
painful and may cause less bruising. This may be
useful for enhancing the nasolabial folds and the
vermiliocutaneous border by finding the potential
spaces with limited needle movement. Retrograde
injection does not create additional tracks and
may avoid intravascular injection, as in the glabel-
lar region.55,82 Fanning involves multiple passes in
different directions or layers without withdrawing
the needle, which is believed to achieve superior
results for the nasolabial fold. Crosshatching in-
volves linear injection in an evenly spaced grid
pattern. This is effective for large areas, three-
dimensional filling, and the oral commissures.102

Injecting large volumes in the subepidermal plane
increases local adverse events as opposed to mul-
tiple or deep injections.103

COMBINATION THERAPY
With the evolution of the understanding

of facial rejuvenation, combination modalities
to address the three-dimensional face are
increasing.104–106 (See Video 1, which demon-
strates the combination use of injectables, avail-
able in the “Related Videos” section of the full-text
article on PRSJournal.com or, for Ovid users, at

Fig. 2. Drawings depicting injection techniques: serial puncture (above, left), linear threading
(above, right), fanning (below, left), and crosshatching/radial (below, right). (From Rohrich RJ, Ghavami
A, Crosby MA. The role of hyaluronic acid fillers (Restylane) in facial cosmetic surgery: Review and
technical considerations. Plast Reconstr Surg. 2007;120:41S–54S.)
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http://links.lww.com/PRS/A441.) In a prospective,
randomized study of Botox in combination with
hyaluronic acid filler, improved outcomes were
demonstrated in comparison with hyaluronic acid
filler alone for glabellar rhytides.107 The combi-
nation treatment almost doubled the duration of
response. Published consensus recommendations
for botulinum toxin and hyaluronic acid combi-
nation therapies are available.55

INJECTABLE COMPLICATIONS
Injectables have excellent safety profiles, with

rare side effects that are often procedural or tech-
nique-related (e.g., placement that is too
superficial).74,108–110 Early complications are com-
monly inflammatory in nature; late complications
are usually secondary to granuloma formation;
and both of these may be infectious in cause and
may be complicated by a phenomenon that is col-
lectively referred to as biofilm, a structured com-
munity of microorganisms encapsulated within a
self-developed polymeric matrix and irreversibly
adherent to a living or inert surface now being
found on every indwelling foreign body.111–113

Early complications are most common and are
generally inflammatory or technical in nature.114

Early injection-site reactions can be limited by ap-
plying ice or cold compresses to minimize bruising
and swelling.

More serious early adverse events include al-
lergic reactions, infections, vascular compromise,
and placement of product that is too superficial.
Antihistamines, topical immunomodulators [ta-

crolimus, Aldara (3M, St. Paul, Minn.)], and ste-
roid injections are effective in managing immu-
nologic reactions.100 Injections around the lips
may trigger herpetic outbreaks. If the patient has
a history of herpes, prophylactic antiviral treat-
ment should be considered, especially when in-
jecting around the lips.115

Intraarterial injection can cause injection-site
necrosis. The supratrochlear artery runs deep and
the angular artery runs superficially, and these
depths should always be kept in mind during in-
jection around these areas. Venous occlusion may
occur if excessive product results in external
compression.108 To avoid vascular compromise, as-
pirate before injection, use lower volumes in high-
risk areas, remember vascular anatomy and depth
planes, treat one side at a time, and occlude the
vessels at their origin.3,116,117

Early intervention when encountering vascu-
lar compromise may prevent necrosis. Immedi-
ately abort the procedure and massage the area to
disperse the material. Warm (not cold) gauze and
nitroglycerin paste will promote vasodilation. Hy-
aluronidase injection should also be used to de-
compress occluded vessels.118 Essential products to
have available when using injectables include ice,
heat, nitroglycerin, and hyaluronidase.

The immediate appearance of lumps and
bumps are technical errors of product placement
too superficially. This may be avoided by slowing the
injection and using finer-gauged needles. The
Tyndall effect refers to the blue discoloration
seen when soft-tissue fillers are injected too
superficially.119,120 Immediate massage of products
may minimize nodules or irregularities.

“Angry red bumps,” with and without tender-
ness, describe delayed erythema with visible or
palpable nodules. The cause has been thought to
include hypersensitivity, infections, and foreign
body reactions.115 If the cause is infectious, anti-
biotic coverage should be considered early.112

Late complications include migration, dis-
coloration, scarring, atrophy, and foreign body
granulomas. Causes of granuloma formation in-
clude the volume of injected material, size of the
filler particles used, impurities, and biofilms.
Steroid injections are proven treatments of
granulomas.94,121,122 Delayed complications of in-
jectables potentially occur from biofilms.113

Complications should be approached in an
algorithmic manner (Fig. 3).113 If the wound is
fluctuant, it should be needle-drained and cul-
tured. Culture specimens should be sent to the
laboratory immediately for appropriate handling.
Preliminary antibiotic regimens should consist of

Video. Video 1, which demonstrates the combination use of
injectables, is available in the “Related Videos” section of the
full-text article on PRSJournal.com or, for Ovid users, at
http://links.lww.com/PRS/A441.
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at least two-drug therapy (e.g., a quinolone and a
third-generation macrolide) to prevent further
biofilm formation. Macrolides have improved ac-
cumulation in the subcutaneous space and may
also block quorum sensing.123 After a trial of an-
tibiotics, intralesional high-dose steroids should
be considered.100 If hyaluronic acid was used, hy-
aluronidase should also be considered.124 The use
of laser-assisted evacuation of filler material as an
intermediate step between medications and sur-
gery may be considered.125 Excision should be the
last step.113

The physician of record is ultimately respon-
sible to ensure that any nonphysician adminis-
tering injectables possesses the proper educa-
tion and training to protect patients and
improve quality of care.126,127 Risks have been
associated with injectables administered by unli-
censed practitioners.128 A central registry or “filler
passport” has been suggested to maintain records
while also minimizing unqualified practitioners
and unregulated products.113 Improvements in
collaboration between core specialty and subspe-
cialty societies, communication with the U.S. Food
and Drug Administration, guidance, and moni-
toring have been recommended.67 Future re-
search may focus on the impact of staff adminis-
tering treatment, long-term safety and efficacy,
validation of effectiveness tools, and detailed re-
porting of long-term outcomes.69

CONCLUSIONS
Minimally invasive facial rejuvenation continues

to increase in use. The practitioner should be knowl-
edgeable about available procedures, limitations,
best techniques, risks, and management of risks.

Rod J. Rohrich, M.D.
Department of Plastic Surgery

University of Texas Southwestern Medical Center
1801 Inwood Road

Dallas, Texas 75390-9132
rod.rohrich@utsouthwestern.edu

PATIENT CONSENT
Patients provided written consent for the use of their

images.
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71. André P. Evaluation of the safety of a non-animal stabilized
hyaluronic acid (NASHA—Q-Medical, Sweden) in Euro-
pean countries: A retrospective study from 1997 to 2001.
J Eur Acad Dermatol Venereol. 2004;18:422–425.

72. Larsen NE, Pollak CT, Reiner K, Leshchiner E, Balazs EA.
Hylan gel biomaterial: Dermal and immunologic compat-
ibility. J Biomed Mater Res. 1993;27:1129–1134.

73. Matarasso SL, Carruthers JD, Jewell ML; Restylane Consen-
sus Group. Consensus recommendations for soft-tissue aug-
mentation with nonanimal stabilized hyaluronic acid (Re-
stylane). Plast Reconstr Surg. 2006;117(Suppl):3S–34S;
discussion 35S–43S.

74. Broder KW, Cohen SR. An overview of permanent and
semipermanent fillers. Plast Reconstr Surg. 2006;118(Suppl):
7S–14S.

75. Weinkle SH, Bank DE, Boyd CM, Gold MH, Thomas JA,
Murphy DK. A multi-center, double-blind, randomized con-
trolled study of the safety and effectiveness of Juvéderm
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