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Introduction and Methods

This S2k guideline is an update of the German guideline pu-
blished in 2012. Some of the passages were taken from the 
previous version [1].

This is the short version of the guideline. The long versi-
on can be accessed at www.awmf.org. It contains additional 
information e.g. on the expert committee, on use, scope and 
objectives, on financing, implementation and dissemination 
as well as management of conflicts of interest, a clinical in-
troduction, and case reports.

The terms and symbols listed in Table  1 were used to 
offer standardized recommendations.

General recommendations for treating 
keloids and hypertrophic scars

Necessity of treatment

Hypertrophic scars and keloids are basically benign skin lesi-
ons. Any need for treatment is determined by the symptoms 
(e.g. pruritus/pain), by functional impairment (e.g. contraction/
mechanical irritation due to elevation) or can be rationalized on 
aesthetic/cosmetic grounds, when a significant impact on qua-
lity of life and stigmatization can be foreseen [2]. Bock et al. 
developed an instrument to assess quality of life specifically for 
patients with hypertrophic scars and keloids. In their validation 
study, a severe impairment of quality of life was observed [3].

Therapeutic goals/quality indicators

Therapeutic goals must be set on an individual basis; the 
main consideration is to alleviate the patient’s complaints. 
Depending on the method chosen, a clear improvement (e.g. 
volume reduction by 30–50 %, decrease of symptoms > 50 %, 
and/or sufficient patient satisfaction) should be achieved after 
3–6 treatment sessions or after 3–6 months of therapy.

Recommendation Consensus

If treatment success 
is not satisfactory 
after 3–6 sessi-
ons/3–6 months, 
modification of the 
treatment strategy 
(combination/switch/
increase of dosage) is 
recommended.

↑↑ Strong 
consensus

None of the currently available methods for scar therapy 
can guarantee scar reduction or an improvement of the fun-
ctional and/or cosmetic situation in all cases. The treatment 
method of first choice cannot be standardized for scars, as 
too many variables influence their development and regressi-
on (e.g. location, age and type of the scar, genetic predispo-
sition). A combination of various treatment methods is often 
required to achieve success.

Classification and evaluation of treatment success

The main methods for documentation in day-to-day practice 
include documentation of size and thickness and photo-
graphs. Patient satisfaction and reduction of symptoms are 
further important considerations.

Clinical studies currently use scales such as the Vancouver 
Scar Scale (VSS), Patient and Observer Scar Assessment Scale 
(POSAS), Visual Analog Scale (VAS), two-dimensional keloid 
modeling as well as mid- to high resolution B-image sonogra-
phy. Subjective assessment scales are, however, of only limited 
use for large scars or for evaluating functional impact [4–6]. 
3D imaging is also used, in particular for clinical studies.

Treatment algorithms

Algorithms for treating hypertrophic scars and keloids are 
depicted in Figures 1–3.

Assessment of various treatment options

Glucocorticoids

Mechanism of action

Glucocorticoids (aka glucocorticosteroids) reduce excessi-
ve scar growth by decreasing the synthesis of collagen and 
glycosaminoglycans, and inhibiting fibroblast prolifera-
tion. In addition to the known anti-inflammatory effect 
of glucocorticoids, they also inhibit iNOS transcription 
(iNOS, inducible form of NO synthase [7]) thus reducing 
collagen production in fibroblasts and inhibiting synthesis of 
alpha-2-macroglobulin, a collagenase inhibitor.

Table 1  Strength of recommendation – wording, symbolism 
und interpretation (modified after Kaminski-Hartenthaler 
et al. 2014).

Degree of 
recommendation

Wording Symbol

Strong recommendation 
in favor of a measure

“is recommended“ ↑↑

Weak recommendation 
in favor of a measure

“can be 
recommended”

↑

Open recommendation “may be considered” 0

Recommendation 
against a measure

“is not 
recommended”

↓
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Side effects

The injections are painful. If the injection is too deep, at-
rophy of the subcutis may develop; if the injection is too 
superficial, telangiectasias and disturbed pigmentation may 
ensue. Whitish deposits of the crystal suspension may also 
occur.

Procedure for therapeutic use

Most commonly, triamcinolone acetonide (TAC) is used at a 
dose of 10–40 mg, at most 5 mg/cm2. It can be injected as is, 
or diluted 1 : 2 to 1 : 4 with either NaCl 0.9 % or lidocaine. 
The injection must be administered in a strictly intralesi-
onal manner with a syringe that should ideally have a lo-

cking needle (Luer system). Blanching of the injected tissue 
indicates that infiltration is complete. Repeat injections may 
be administered at three to four week intervals if required. 
One study showed that starting with a low concentration 
of triamcinolone (10 mg/ml) and increasing it over time (to 
20 mg/ml resp. 40 mg/ml) may reduce the risk of possible 
side effects and the relapse rate [8]. Superficial spray cryo-
surgery immediately prior to the intralesional glucocorti-
coid injection causes edema and facilitates infiltration [9]; 
it also reduces pain.

Procedure for prophylactic treatment

As a preventative measure, injection of 1 mg triamcinolo-
ne per centimeter directly into the wound margins during 

Figure 1  Treatment algorithm 
hypertrophic scar.
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surgery has shown good efficacy without topical side effects 
[10].

Other/expert remarks

Treatment success is most likely if active scars – i.e. bright 
red, or subjectively symptomatic (pruritic or painful) – are 
treated with TAC. This is based on the mechanism of action. 
If there is no improvement after three therapy sessions with 
triamcinolone, the treatment regimen should be adapted, for 
example by combining it with 5-fluorouracil.

Recommended reading on efficacy and 
recurrence rates

Efficacy of triamcinolone acetonide in keloid treatment: a 
systematic review and meta-analysis. Wong TS et al. Front 
Med (Lausanne) 2016; 3: 71.

Glucocorticoids 
(Triamcinolone)

Recommendation Consensus

Treatment of hyper-
trophic scars and 
keloids with strictly 
intralesional injections 
of glucocorticoids is 
recommended.

↑↑ Strong 
consensus

For hypertrophic scars 
and keloids, combinati-
on with cryosurgery is 
recommended.

↑↑ Strong 
consensus

Topical application of 
glucocorticoid creams 
or ointments alone is 
not recommended.

↓ Strong 
consensus

Figure 2  Treatment algorithm keloid (part I).
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Glucocorticoids 
(Triamcinolone)

Recommendation Consensus

Administration of glu-
cocorticoid injections 
after surgical treatment 
of keloids is recom-
mended.

↑↑ Strong 
consensus

Post-operative admi-
nistration of glucocor-
ticoid injections for the 
prevention of de novo 
formation of hyper-
trophic scars (HTS) or 
keloids in predisposed/
at-risk patients may be 
considered.

0 Strong 
consensus

Cryosurgery

Mechanism of action

The effect is based mainly on changes in microcirculation 
with cold-induced alteration, thrombosis and consecutive 
ischemic cell death.

Side effects

Protracted healing time of about four weeks and frequent (re-
versible) depigmentation due to destruction of cold-sensitive 
melanocytes.

Procedure

There are two basic approaches:
–	 Short cryosurgery, especially in combination with TAC to 

facilitate TAC injection,
–	 Intense cryosurgery with total freezing of the tissue. This 

can be performed as spray or contact freezing or as intrale-
sional cryosurgery.

In most cases, repeat procedures at intervals of 4–6 weeks 
are required until the scar has been sufficiently flattened.

Intralesional cryosurgery

Due to its various limitations, intralesional cryosurgery is 
only infrequently used. The required needle is a single-use 
medical product; its cost presents a significant hurdle for the 
procedure, particularly on an out-patient basis. Depending 
on the size of the keloid, several needles may be required, and 
treatment of larger keloids is time-consuming.

Figure 3  Treatment algorithm keloid (part II).
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Under sterile conditions, nitrogen is instilled into the ke-
loid via a double hollow needle after local anesthesia. The 
whole keloid is then frozen, with a halo of 3–5 mm around 
the lesion. Resolution of the keloid occurs within approxima-
tely four to six months (35).

Other/expert remarks

The patient should be advised to expect a blister pro-
gressing to a weeping wound; antiseptic treatment may 
be indicated. The next treatment session should take pla-
ce only after healing of the defect caused by the previous 
treatment. Dark-skinned patients must also be warned of 
possible hyperpigmentation or hypopigmentation. Active 
keloids may worsen after spray cryosurgery, and in these 
cases, a combination e.g. with subsequent triamcinolone 
injections is helpful.

Recommended reading on efficacy and 
recurrence rates
Efficacy and safety of triamcinolone acetonide alone and in 
combination with 5-fluorouracil for treating hypertrophic 
scars and keloids: a systematic review and meta-analysis. 
Ren Y et al. Int Wound J 2017; 14(3): 480–7

Intralesional cryotherapy for the treatment of keloid 
scars: evaluating effectiveness. van Leeuwen MC et al. Plast 
Reconstr Surg Glob Open 2015; 3(6): e437

Cryosurgery Recommendation Consensus

Treatment of hyper-
trophic scars and 
keloids with cryosur-
gery is recommended, 
especially in combina-
tion with triamcinolo-
ne injections.

↑↑ Strong 
consensus

Cryosurgery after 
surgical treatment of 
keloids can be recom-
mended in individual 
cases.

↑ Strong 
consensus

Postoperative cryosur-
gery for preventing 
de novo development 
of hypertrophic scars 
or keloids in predispo-
sed/at-risk patients is 
not recommended.

↓ Strong 
consensus

Pressure Therapy

Mechanism of action

Localized pressure reduces capillary perfusion; it accelerates 
maturation of collagen and thereby flattens the scar.

Side effects

Unpleasant sensations due to heat, sweating and swel-
ling of the limbs, dermatitis, pressure erosions and 
ulcerations.

Procedure

Pressure therapy, usually with elastic materials, should be 
started as early as possible (i.e. upon conclusion of re-epithe-
lialization), or even preventively in patients with a predispo-
sition for the development of pathological scars. The requi-
red pressure is 20–30 mmHg (corresponding to compression 
class II) and should be maintained over the whole day, i.e. 24 
hours. Pressure therapy is usually performed with pressure 
suits or bandages, sometimes with transparent plastic masks 
or pressure buttons in special locations. With compression 
bandages made of the preferred long-stretch material, slight 
differences in circumference (e.g. edema) have less of an im-
pact than with short-stretch material, so that the still tolerab-
le maximum pressure is reached distinctly later, while on the 
other hand the still effective minimum pressure is less likely 
to be missed. With individually made pressure bandages, the 
applied pressure declines after about six months due to the 
properties of the material. Pressures may be slowly reduced 
over the course of the treatment period of 6–24 months. In 
postoperative prophylaxis, the treatment period should last 
at least 6–24 months.

Other/expert remarks

This treatment requires a lot of effort from the patient, and 
adherence is demanding for both patients and physicians.

Treatment is sometimes expensive, so the initial findings 
and changes over time should be documented carefully.

Recommended reading on efficacy and 
recurrence rates

The effects of conservative treatments on burn scars: A sys-
tematic review. Anthonissen M et  al. Burns 2016; 42(3): 
508–18
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Pressure therapy Recommendation Consensus

Pressure therapy can 
be recommended 
especially in case of 
extensive hypertro-
phic scars, e.g. after 
burns or scalds.

↑ Strong 
consensus

In case of a known 
predisposition for 
hypertrophic scars or 
keloids after surgery 
or after surgical re-
moval of pre-existing 
hypertrophic scars 
or keloids, pressure 
therapy in suitable 
locations can be 
recommended.

↑ Strong 
consensus

Surgical aspects of treating keloids and 
hypertrophic scars

Mechanism of action

Hypertrophic scars and keloids are fibroproliferative skin 
diseases of varying duration and intensity of inflammation. 
They are caused by genetic, systemic, and topical risk factors. 
The type of damage to the reticular dermis, such as thermal 
damage and impaired healing with prolonged inflammation, 
may result in disrupted scarring. Mechanical tension plays a 
major role in this process. This offers an opportunity for sur-
gical prevention and intervention, since genetic and systemic 
causes cannot currently be influenced.

Side effects

Surgical treatment itself carries a high risk of recurrence, 
especially in case of keloids, resulting in lesions that are of-
ten larger than the original lesion. An indication for surgery 
should therefore be declared with caution, except in cases of 
small hypertrophic scars.

In addition, the normal risks of skin surgery need to be 
considered.

Procedure

Prevention of hypertrophic scars/keloids during 
surgery

Undisturbed wound healing and avoidance of mechanical 
tension are important particularly in patients with a history 

of keloid formation. Measures to achieve this include: atrau-
matic surgical techniques, multilayer suturing techniques 
that avoid tension, use of materials suitable for the location, 
use of zig-zag plasty (W, Z) in incisions crossing joints, and 
flap surgery in case of excisions to relieve tension. The indi-
cation for surgery must be carefully verified.

Optimal post-operative care with the aim of rapid hea-
ling reduces the risk for keloids resulting from a prolonged 
inflammatory phase. Epidermal wound healing requires 
7–10 days, but this is insufficient for dermal healing and sta-
bilization of the scar. Since the healing dermis reaches 90 % 
of its former stability only after three months, a reduction 
of mechanical tension through rest, butterfly bandages, si-
licone sheeting or compression is recommended over a lon-
ger period. Revision surgery for hypertrophic scars usually 
yields satisfactory results, but the recurrence rate for keloids 
is 45–100 % if only surgery is employed.

Surgical techniques

Any kind of plastic surgery may be used – from primary 
wound closure to flap techniques, if the timing is conside-
red for hypertrophic scars and surgery is combined with an 
effective adjuvant treatment for keloids, especially in case of 
recurrence.

Z-plasty is suitable for relieving linear contractures and 
tension over joints. Long, longitudinal scar tracts are conver-
ted into shorter sections within the relaxed skin tension lines 
(RSTL) and extended depending on the angles. This reduces 
mechanically induced inflammation. In addition, shorter 
scar sections mature more rapidly. W-plasty is suitable for 
flat areas on the face but not over expression lines or joints. 
Scars should be excised completely. Scar tissue in the flap tips 
will increase the risk of necrosis. As opposed to scars, healthy 
skin can stretch and relieve tension.

Skin grafts are suitable for replacing large areas of scar-
red skin, but they are themselves prone to developing se-
condary contractures. Very thin “isotopic” split skin grafts, 
harvested in the area of the scar before excision of the dermal 
scars and subsequently re-positioned in loco, may be used for 
extensive hypertrophic scars. There is a recent description of 
this technique for scars after self-injury [11].

Flap surgery is superior for relieving scar contractures 
since – as opposed to grafts – flaps have a natural tendency 
to relax. Apart from local flap surgery, other techniques in-
clude pedicled flaps, free flaps, distant flaps and expanders. 
Flap surgery is also required for reconstruction of large de-
fects after resection of extensive keloids which are themselves 
usually recurrences after previous surgery. Any keloid risk at 
the donor site should be minimized by using highly effective 
adjuvant treatments such as postoperative radiation therapy 
(see the relevant chapter below). Dermal suturing is unable to 
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achieve tension relief in the reticular dermis, though this is 
important for preventing recurrence. For this purpose, fasci-
al sutures can be added for the trunk after block-like deep re-
section of the subcutaneous tissue down to the muscles, and 
broad subfascial mobilization [12–14].

Extramarginal versus intramarginal excision

In view of genetic alterations and local recurrence after exci-
sion, keloids may be said to show neoplastic properties. They 
have an inactive center and a progressive and in part even 
infiltrative margin. This suggests that extramarginal excision 
is more prudent than intramarginal excision. Recent studies 
have also shown that histologically incomplete excision re-
sults in increased recurrence rates [15, 16].

Follow-up treatment

Long-term care and instruction of the patient are essential 
for achieving lasting success after surgery. Healing disorders, 
e.g. due to radiation, must be treated. Timely immobilizati-
on, pressure/compression and butterfly bandages may assist 
in tension relief. Conservative treatment (see the respective 
chapters) can supplement recurrence prophylaxis.

Other, expert remarks

Lipotransfer and treatment with fatty tissue-derived me-
senchymal stem cells are still at an experimental stage. It is 
hoped that these will have anti-inflammatory and anti-fi-
brotic effects; this is to be systematically addressed in precli-
nical studies [17].

Recommended reading on efficacy and 
recurrence rates

Keloid excision and adjuvant treatments. A network 
meta-analysis. Sitios C et  al. Ann Plast Surg 2019; 83: 
154–62

Treatment 
(hypertrophic scars)

Recommendation Consensus

Surgical treatment of 
hypertrophic scars 
without tensile stress 
or cosmetic disfigure-
ment that have been 
present for less than 
one year is not recom-
mended.

↓ Strong 
consensus

Timely surgical treat-
ment of scar contrac-
tures over joints or in 
mobile areas with re-
duced function or cos-
metic disfigurement is 
recommended.

↑↑ Strong 
consensus

Suitable plastic sur-
gery techniques for 
relieving tension are 
recommended. Grafts 
are recommended if 
tension-relieving sur-
gery is not feasible.

↑↑ Strong 
consensus

Surgical treatment 
(Keloids)

Recommendation Consensus

For keloids, neither an 
exclusively surgical 
treatment, nor ablative 
monotherapy with a 
CO2 laser or an Er:YAG 
laser can be recom-
mended.

↓ Strong 
consensus

Surgical treatment of 
keloids can be recom-
mended after unsuc-
cessful conservative 
treatment. 

↑ Strong 
consensus

It is strongly recommen-
ded that adjuvant tre-
atments and their pro-
cedures be planned in 
advance when excision 
of keloids is envisaged 
(see other chapters).

↑↑ Strong 
consensus

According to our 
current knowledge 
of keloid biology and 
studies on recurrence 
that depend on the 
histological resection 
status, extramarginal 
excision (R0 excision) is 
recommended.

↑↑ Strong 
consensus

Intramarginal excision 
may be considered if 
extramarginal excision 
is not feasible.

0 Strong 
consensus
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It is recommended that 
long-term multimodal 
follow-up treatment 
should be performed. 
The patient needs to 
receive detailed infor-
mation on the necessi-
ty of these procedures 
beforehand.

↑↑ Strong 
consensus

Fractional ablative laser treatment

Laser devices

Ablative lasers (CO2, Er:YAG, Er:YSGG and thulium lasers) 
can be employed either in circumscribed areas, or in a fracti-
onal manner. The latter method leaves some vital tissue bet-
ween the ablation zones, ensuring specific efficacy with a low 
rate of side effects.

Mechanism of action

A specific sequence of spatiotemporal wound healing, involving 
heat shock proteins from the epidermis surrounding the ablati-
on channels, leads to epidermal and dermal restructuring. This 
results in normalization of cellular and connective tissue struc-
tures, vessels, nerves, and possibly even the locoregional immu-
ne system. When these lasers are used to treat scars, in addition 
to scar thickness, pruritus, erythema, density, and pigmentation 
often improve. This can result, for example, in the improvement 
of the functional aspect of contractures.

Side effects

Ablative laser treatment always causes bronzing, and at high 
energies can also produce erosions, weeping, crusts, and per-
sistent erythema. Depigmentation and hyperpigmentation 
are usually more intense and more persistent after CO2 laser 
treatment, since Er:YAG lasers hardly generate any heat. Vi-
ral or bacterial superinfections are also possible complica-
tions.

Procedure

AFXL is initiated directly after suture removal or as early 
as possible. Treatment series of at least six sessions at four-
week intervals are to be recommended. This is followed by 
the decision to either conclude the treatment or to add further 
sessions.

Ablation channels created in the scar tissue may also 
be utilized to administer medications (laser assisted drug 
delivery [LADD]).

Other/expert remarks

Fractional ablative laser treatment is technically simple and 
can be performed rapidly. Either alone or combined with la-
ser assisted drug delivery (LADD) with TAC/5-fluorouracil, 
the method usually results in the improvement of one or more 
aspects of the scar (pruritus, erythema, density, pigmentati-
on, or thickness) as well as in an improvement of the subjec-
tive cosmetic appearance.

Recommended reading on efficacy and 
recurrence rates

Treatment of keloid scars using light-, laser- and energy-ba-
sed devices: a contemporary review of the literature. Forbat 
E et al. Lasers Med Sci 2017; 32(9): 2145–54

Ablative fractional 
laser treatment

Recommendation Consensus

Treatment of hypertro-
phic scars with a frac-
tional ablative laser, 
either as monotherapy 
or in combination with 
laser-assisted drug de-
livery, can be recom-
mended. This applies 
to hypertrophic scars 
after burns/scalds in 
particular.

↑ Strong con-
sensus

Treatment of active 
keloids with fractional 
ablative lasers is not 
recommended.

↓ Strong 
consensus

Treatment of inacti-
ve, flat keloids with 
ablative lasers in 
combination with tri-
amcinolone injection 
or with laser-assisted 
drug delivery may be 
considered.

0 Strong 
consensus

A recommendation for 
or against the use of 
fractional ablative la-
sers to prevent hyper-
trophic scars or keloids 
after surgery cannot 
currently be given 
due to the scarcity of 
available data.

Statement Strong 
consensus



Leitlinien  Guidelines hypertrophic scars and keloids

321© 2021 The Authors. Journal der Deutschen Dermatologischen Gesellschaft published by John Wiley & Sons Ltd on behalf of Deutsche Dermatologische Gesellschaft. | JDDG | 1610-0379/2021/1902

Non-ablative laser treatment

Pulsed dye laser

Mechanism of action

Laser coagulation reduces vascular supply, resulting in hy-
poperfusion and hypoxia, and ensuing regression of patholo-
gical scars. There have also been reports of reduced expression 
of Transforming Growth Factor (TGF)β1 and fibroblast proli-
feration, up-regulation of MMP-13 (collagenase 3), induction 
of fibroblast apoptosis, and up-regulation of ERK (extracellu-
lar signal-regulated kinase) and p38-MAP kinase activity after 
use of flash lamp-pumped pulsed dye laser (FPDL) [18, 19].

Side effects

A purpura often develops that can then persist for up to 14 
days. Depending on the energy density deployed by the laser 
and on the patient’s skin pigmentation, blisters and crusts 
may also occur. Persistent hyperpigmentation is more fre-
quent in persons with a dark skin type but is seen more rarely 
at a wavelength of 595 nm than at 585 nm.

Procedure

Depending on the patient’s skin pigmentation, treatment 
with a 585 nm FPDL is usually performed with an energy 
density of approximately 5.5–7.5 J/cm² and a spot diameter 
of 5–7 mm, or about 4.5–5.5 J/cm² with spot sizes of 10 mm. 
At least two treatment sessions at an interval of about six to 
eight weeks are recommended.

Nd:YAG laser: (1064 nm)

Mechanism of action

Damage to the deep dermal vessels results in a reduction of 
fibroblast collagen production.

Side effects

See pulsed dye laser; this treatment is also very painful.

Procedure

Treatment protocols remain insufficiently standardized; tre-
atment “overlaps” are to be avoided.

Intensed pulsed light

Mechanism of action

The mechanism of action is probably the same as for pulsed 
dye lasers with a vascular filter.

Side effects

See pulsed dye laser, there is a danger of deterioration in case of 
excessive thermic damage (particularly for skin types V and VI).

Procedure

Treatment protocols remain insufficiently standardized and 
depend strongly on the laser used.

Other/expert remarks

Several treatment sessions at four-week intervals using mode-
rate settings show the best and most sustained results.

Recommended reading on efficacy and 
recurrence rates

Treatment of keloid scars using light-, laser- and energy-ba-
sed devices: a contemporary review of the literature. Forbat 
E et al. Lasers Med Sci 2017; 32(9): 2145–54

Non-ablative laser tre-
atment

Recommendation Consensus

Treatment with pulsed 
dye lasers can be recom-
mended, particularly for 
reducing erythema e.g. 
in case of recent, strongly 
vascularized, erythemat-
ous hypertrophic scars 
and keloids.

↑ Strong 
consensus

Nd:YAG lasers with their 
deeper penetration may 
be considered as an 
alternative for reducing 
erythema in case of thi-
cker keloids and darker 
skin types.

0 Strong 
consensus

The intense-pulsed-light 
(IPL) technique for trea-
ting blood vessels may 
be considered as an 
alternative to pulsed dye 
lasers.

0 Strong 
consensus

Fractional non-ablative 
lasers (e.g. erbium glass 
lasers) can be recommen-
ded for treating hypertro-
phic scars, in particular 
after burns/scalds.

↑ Strong 
consensus
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Treatment of flat, inacti-
ve keloids with non-ab-
lative lasers (e.g. erbium 
glass laser) in combina-
tion with triamcinolone 
injections may be con-
sidered.

0 Strong 
consensus

Microneedling

Mechanism of action

In microneedling, the skin is pierced with many small need-
les. The resulting microtrauma triggers a wound healing 
cascade that leads to skin restructuring.

Side effects

There is a risk of infection, allergic or irritative dermatitis, 
and of developing hyperpigmentation. There have been iso-
lated reports of granulomas after microneedling as well as of 
the formation of hypertrophic scars in a tram track pattern 
[20, 21].

Procedure

Needling is carried out with needles of 1.5 to 3 mm length. 
These can be attached to a roll or a stamp and are ap-
plied to the skin. Treatment is usually performed after 
application of a local anaesthetic cream, or even under in-
tubation anesthesia in the case of extensive lesions. The 
puncture holes left by the needles in the scar tissue can 
be used to administer medications (needling-assisted drug 
delivery).

Other/expert remarks

Microneedling carries a lower risk for hyperpigmenta-
tion than the use of lasers for similar indications. There 
are only a handful of published studies on the efficacy of 
microneedling for hypertrophic scars, and even these have 
relevant methodic limitations. Positive experiences have 
been reported for hypertrophic scars after burns/scalds or 
similar.

Recommended reading on efficacy and 
recurrence rates

Microneedling: A Comprehensive Review. Hou A et al. Der-
matologic Surgery 2017; 43(3): 321–39

Microneedling Recommendation Consensus

Microneedling alone 
or in combination with 
needling-assisted drug 
delivery for treating 
hypertrophic scars, 
especially after burns/
scalds, can be recom-
mended.

↑ Strong 
consensus

Microneedling is not 
recommended for 
treating keloids.

↓ Strong 
consensus

Radiation therapy

Mechanism of action

The effect of ionizing radiation on pathological keloid scars 
is based on two main principles [1, 22]:
1.	 Radiation has a direct antiproliferative effect on fibrob-

lasts and myofibroblasts, due to inhibition of cell proli-
feration, delayed mitosis and mitosis-induced cell death. 
These effects depend on the single and overall dose of 
radiation, the influence of fractioning, the oxygen effect, 
and the different biological effects of various types of 
radiation.

2.	 Radiation also displays a direct anti-inflammatory ef-
fect via lymphocyte apoptosis, induction of differenti-
ation of fibroblasts/fibrocytes, effects on the cell mem-
brane, endothelial cells and macrophages/monocytes, 
as well as effects on leukocyte adhesion (ICAM) and 
oligonucleotides (NF-κB). An adequate dose of radiation 
will lead to less excessive fibroblast formation and to in-
hibition of keloid development without delaying wound 
healing.

Procedure

Optimally, postoperative irradiation after excision of a keloid 
should commence within seven hours, and within 24 hours at 
the latest. Irradiation within seven hours achieves the best 
results [23, 24].

HDR brachytherapy/LDR brachytherapy

After keloid excision, a plastic mini-catheter is positioned 
in the deepest base of the surgical scar and affixed there. If 
possible, this catheter should not be implanted deeper than 
one centimeter under the skin. For large keloids, more than 
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one mini-catheter may be used. Note that the direction of the 
catheter should be exactly the same as the direction of the 
scar. After closing the scar with non-absorbable sutures, a 
compression dressing should be applied (if possible), leaving 
one end of the catheter free to allow for connection to an 
afterloading device.

Percutaneous radiation therapy

A linear accelerator with 7 MV fast electrons and 5 mm foil 
is preferred for treatment. An overall dose of 12–14  Gy is 
recommended in three to four fractions once or twice a day. 
This should be performed within one week after surgery.

Side effects

Conventional percutaneous postoperative radiation therapy 
may lead to mild erythema and scaling in the area of the scar, 
lasting for about 3–4 weeks. Chronic side effects after per-
cutaneous radiation therapy include hyperpigmentation and 
depigmentation, dry skin, and telangiectasia; however these 
are almost exclusively observed after overall doses of ≥ 20 Gy. 
When using HDR  brachytherapy with an overall dose of 
12–14 Gy, visible, adverse effects on the skin are very rare.

In no study has a connection been found between irra-
diation of keloid scars and secondary malignancies [24–29].

Other/expert remarks

Keloid excision with subsequent HDR brachytherapy offers 
the lowest recurrence rates (10 % on average). Other types 
of radiation therapy show higher recurrence rates; however 
there is a lack of high-quality studies on this topic

Several analyses, overviews, and meta-analyses of avai-
lable published data provide the following important facts 
[23, 24, 30, 31]:
1.	 Techniques utilizing adjuvant percutaneous radiation 

therapy result in 1.2–2.0 times higher rates of keloid re-
currence than techniques utilizing brachytherapy.

2.	 HDR brachytherapy offers the lowest recurrence rates 
(average 10.5 % ± 15, range: 0–44), followed by LDR 
brachytherapy (average 21.3 % ± 2.1, range: 19.4–23.6) 
and percutaneous radiation therapy (average 22.2  % 
± 16, range: 0–72).

3.	 It is recommended that the time interval between ke-
loid excision and irradiation be kept as short as possib-
le. There is a difference in keloid recurrence rates after 
postoperative irradiation depending on whether radiati-
on was started within 7 hours, within 24 hours, or after 
24 hours. In studies where radiation therapy (brachythe-
rapy) was initiated within seven hours, recurrence rates 
of only 2.3 % were observed [23].

Treatment should preferably be performed in specialized 
clinics with an interdisciplinary team of physicians (dermato-
logy, plastic surgery, radiation therapy).

After keloid excision and adjuvant radiation therapy, the 
usual postoperative procedures and special measures for ten-
sion-free wound care should be observed, just as with other 
methods for keloid prevention.

Recommended reading on efficacy and 
recurrence rates

Optimizing radiotherapy for keloids: a meta-analysis syste-
matic review comparing recurrence rates between different 
radiation modalities. Mankowski P et al. Annals of plastic 
surgery 2017; 78: 403–11

Surgical Excision with Adjuvant Irradiation for 
Treatment of Keloid Scars: A Systematic Review. van Leeu-
wen MC et al. Plast Reconstr Surg Glob Open 2015; 3: e440.

Leitlinien in der Strahlentherapie. Strahlentherapie 
gutartiger Erkrankungen fachgruppenspezifische evidenzba-
sierte S2e-Leitlinie der Deutschen Gesellschaft für Radioon-
kologie (DEGRO). Version 2.0 vom 02.11.2018

Radiation therapy Recommendation Consensus

Adjuvant radiation 
therapy after keloid 
excision is recommen-
ded in cases of keloid 
recurrence.

↑↑ Strong 
consensus

Adjuvant radiation the-
rapy after keloid excisi-
on is recommended for 
keloids that are either 
large or difficult to treat 
with other methods.

↑↑ Strong 
consensus

Adjuvant radiation the-
rapy after keloid excisi-
on may be considered 
for smaller keloids after 
careful weighing of risk 
factors.

0 Strong 
consensus

HDR brachytherapy is 
recommended as the 
preferable method 
for adjuvant radiation 
therapy.

↑↑ Strong 
consensus

Primary monotherapy of 
hypertrophic scars and 
keloids with radiation is 
not recommended.

↓ Strong 
consensus
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Silicone sheeting and silicone gel

Mechanism of action

The mechanism of action for silicone gels has not been fully 
clarified. Occlusion, and the resulting increased moisturizati-
on, particularly of the stratum corneum, is believed to cause 
a signaling effect on fibroblasts via cytokine release from ke-
ratinocytes [32]. After 24 weeks of silicone application, re-
duced numbers of mast cells and a reduction in the increased 
expression of Fas antigen from intralesional fibroblasts were 
observed [33].

Side effects

Occlusion may result in folliculitis in sporadic cases.

Procedure

Silicones are available as gels, creams, pads, sheets and fo-
ils. Typical use is 12–24  h/day over a period of twelve to 
24 weeks. If they are used preventively after surgery, treat-
ment may begin shortly after suture removal. When treating 
open wounds, preventive use should be delayed until the 
wound has been completely epithelialized. Treatment usually 
lasts for several weeks to months.

Other/expert remarks

Evidence for the benefits of silicone preparations for preven-
ting hypertrophic scars and keloids is weak [34]. There are 
some indications for a benefit in the treatment of hypertrophic 
scars and keloids in terms of scar thickness and color [34].

Recommended reading on efficacy and 
recurrence rates

Silicone gel sheeting for preventing and treating hypertro-
phic and keloid scars. O’Brien L et al. Cochrane Database 
Syst Rev 2013; 9: CD003826

Review of silicone gel sheeting and silicone gel for the 
prevention of hypertrophic scars and keloids. Hsu KC et al. 
Wounds 2017; 29(5): 154–8

Silicone sheeting and 
silicone gel

Recommendation Consensus

Use of silicone prepa-
rations may be consi-
dered especially as an 
add on in the treatment 
of active hypertrophic 
scars.

0 Strong 
consensus

Postoperative use of 
silicone preparations for 
preventing de novo for-
mation of hypertrophic 
scars or keloids in pati-
ents with risk factors or 
predisposition, as well as 
after surgical treatment 
of hypertrophic scars or 
keloids, can be recom-
mended.

↑ Strong 
consensus

Extractum cepae (onion extract)

Mechanism of action

Extractum cepae has anti-inflammatory and bactericidal ef-
fects and inhibits fibroblast proliferation. Induction of mat-
rix-metalloproteinase 1 (MMP-1) [35] and inhibition of the 
TGFβ/Smad signaling pathway have been discussed as pos-
sible mechanisms of action [36].

Side effects

Intolerance of the ingredients can lead to allergic contact der-
matitis.

Procedure

In general, an external application should be done several 
times a day, and ideally with light massaging into the scar 
tissue. For old, indurated scars, occlusion after applicati-
on may be considered. If used preventively after surgery, 
treatment may commence shortly after the sutures have 
been removed. When treating open wounds, preventive 
use should be delayed until the wound has been completely 
epithelialized. Treatment usually lasts for several weeks to 
months.

Other/expert remarks

Preparations with extractum cepae contain other ingre-
dients as well. Onion extract may cause irritation and should 
be used with caution, particularly on the face or in small 
children.

Recommended reading on efficacy and 
recurrence rates

Systematic reviews on the benefits of extractum cepae for the 
prevention or treatment of hypertrophic scars and keloids are 
not available; the existing evidence from controlled clinical 
studies is limited.
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Extractum cepae 
(onion extract)

Recommendation Consensus

Treatment of active 
hypertrophic scars with 
combination products 
containing extractum 
cepae (onion extract) 
may be considered as 
an add on treatment.

0 Strong 
consensus

Use of combination 
products containing 
extractum cepae (onion 
extract) may be consi-
dered for postoperative 
prevention of de novo 
formation of hypertro-
phic scars or keloids, as 
well as for prevention 
of recurrence after 
surgical treatment of 
hypertrophic scars or 
keloids.

0 Strong 
consensus

5-fluorouracil and bleomycin

Mechanism of action

The pyrimidine analog 5-fluorouracil (5-FU) inhibits fibrob-
last proliferation.

Side effects

Burning pain on injection, hyperpigmentation, skin irritati-
on, ulcerations.

Procedure

Application is usually every four weeks at a concentration 
of 50  mg/ml and a maximum overall dose of 50–150  mg 
per treatment [37]. As with TAC, 5-FU is injected strict-
ly intralesionally with a syringe that ideally has a locking 
needle. Various studies conducted in recent years have 
shown that a combination of 5-FU and TAC either at a 9 : 1 
or 3 : 1 ratio seems to be superior to either medication as 
monotherapy.

Other/expert remarks

This is an off-label treatment, and the patient must be informed 
accordingly. Treatment with 5-FU shows good response rates, 
especially when combined with other therapeutic options. 
Local side effects are less pronounced than with triamcinolone, 
and so it can be used in ‘cortisone-sensitive’ areas [38, 39].

In some countries, bleomycin is used instead of 5-FU, 
particularly in dark-skinned patients. Use of bleomycin is ho-
wever extremely rare in Germany. As compared with 5-FU, 
the risk of skin ulcerations in dark-skinned patients is said to 
be lower with bleomycin. The substance is injected directly 
into the scar tissue at a concentration of 1.5 IU/ml.

Neither 5-FU nor bleomycin is approved for treating 
hypertrophic scars and keloids, which constitutes a limiting 
factor for primary use.

Recommended reading on efficacy and recur-
rence rates

Efficacy and safety of triamcinolone acetonide alone and in 
combination with 5-fluorouracil for treating hypertrophic 
scars and keloids: a systematic review and meta-analysis. 
Ren Y et al. Int Wound J 2017; 14(3): 480–7

5-Fluorouracil Recommendation Consensus

Treatment of otherwise 
refractory hypertrophic 
scars with 5-FU (off label) 
may be considered.

0 Strong 
consensus

Treatment of otherwise 
refractory keloids with 
5-FU (off label) can be 
recommended.

↑ Strong 
consensus

Treatment with 5-FU 
(off label) may be con-
sidered for preventing 
de novo formation of 
hypertrophic scars or 
keloids in risk patients, 
and for preventing re-
currence after surgical 
treatment.

0 Strong 
consensus

Other therapeutic approaches

Calcium channel 
blockers

Recommendation Consensus

A recommendation 
for or against the use 
of calcium channel 
blockers for preven-
tion or treatment of 
hypertrophic scars or 
keloids cannot cur-
rently be issued due to 
the scarce and often 
contradictory nature 
of available data.

Statement Strong 
consensus
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Imiquimod [40] Recommendation Consensus

Imiquimod is not re-
commended for either 
prevention or treat-
ment of hypertrophic 
scars or keloids.

↓ Strong 
consensus

Hyaluronidase Recommendation Consensus

A recommendation 
for or against the use 
of hyaluronidase for 
prevention or treat-
ment of hypertrophic 
scars or keloids can-
not currently be issu-
ed due to the scarcity 
of available data.

Statement Strong con-
sensus

Plasma Recommendation Consensus

A recommendation for 
or against the use of 
plasma for prevention 
or treatment of hyper-
trophic scars or keloids 
cannot currently be 
issued due to the scar-
city of available data.

Statement Strong 
consensus
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