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INTRODUCTION

Post-inflammatory hyperpigmentation (PIH) is a reactive hypermelanosis, profoundly common in 
the Asian skin.[1] It presents as diffuse brownish to tan-colored patch or multiple well-circumscribed 
macules depending on the underlying condition causing it.[2] One of the most common conditions 
causing PIH in about 60% of the patients is acne vulgaris. Acne vulgaris is a common chronic 
inflammatory disorder characterized by comedones, papules, pustules, and nodules in varying 
proportion affecting the face, back, and chest.[3] ese sites, especially the face, are the visible sites, 
thus acne and its associated sequelae are a cause of significant psychological morbidity for the 
patients.[4] ese sequelae may have a profound effect on the patients’ mental status, sometimes 
even more than the acne itself, as they are long lasting and sometimes treatment refractory.[5,6] A 
number of therapeutic modalities are available for the treatment of PIH associated with acne.[7] e 
treatment of PIH can be addressed effectively along with the treatment of the underlying disorder.

PATHOGENESIS OF PIH ASSOCIATED WITH ACNE

ere are four factors which act in combination to result in acne: Increased sebaceous gland 
activity with seborrhea, abnormal follicular differentiation with increased keratinization, 
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microbial hypercolonization of the follicular canal, and 
increased inflammation.[8,9] e last factor, that is, increased 
inflammation is the basic causative factor in the pathogenesis 
of PIH [Figure 1].[10]

Perifollicular subclinical inflammation has been 
demonstrated in all the lesions of acne including 
microcomedones.[11] us, PIH can occur even in patients 
with predominantly comedonal acne.

Role of nutrition in acne and its associated PIH is 
controversial but a number of studies have demonstrated a 
significant advantage of high-protein diet and good nutrition 
in the management of such patients. Garg and Sangwan have 
found that high-carb-low-protein diet leads to perifollicular 

inflammation and fibrosis. ey proposed a “hypothesis of 
conscious selective self-destruction and non-renewal” or 
“deregulated autophagy” which means that when the body is 
depleted of important nutrients like proteins, it compensates 
by self-destruction of relatively non-essential tissues and 
deliberates delayed healing at sites like skin and hair tissues 
to conserve proteins for more active and vital tissue like 
muscles.[12] Besides high-protein diet, lifestyle modifications 
are also suggested such as avoiding prolonged starvations 
and skipping of meals as this type of lifestyle leads to more 
pigmentary disorders such as melasma, PIH, and periorbital 
hyperpigmentation (35%) in studied population (98 subjects) 
due to underlying macro- and micro-nutrient deficiencies. It 

Figure 1: Pathogenesis of post-inflammatory hyperpigmentation.
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was also recommended to have early morning protein and 
micronutrient balanced breakfast due to high nutritional 
demand due to morning hormonal surge and overnight 
starvation. is enables the body to reduce the starvation-
induced stress and heals the damaged tissues without 
sequelae. Erratic eating habits also lead to micronutrient 
deficiencies thus aggravating the PIH further. is makes 
it imperative to test hemoglobin, Vitamin D, B12, thyroid 
function tests, and iron studies in all patients of PIH.[12]

Detailed history and examination

Proper history should be taken from the patients. Examination 
would include evaluation of active acne and its associated 
complications at face, chest, and trunk. Hormonal profile 
should be ordered in patients with irregular menstruation, 
jawline distribution of the lesions, seborrhea, and hirsutism.[13] 
Other medical conditions such as polycystic ovarian disease, 
Cushing’s syndrome, undue stress, or depression should 
be looked out for. Patients should also be asked about the 
intake of drugs possibly contributing to acne or PIH such as 
anticonvulsants, anabolic steroids, and antidepressants.[14]

Differentiation between superficial/deep PIH

Clinically, PIH could be epidermal or dermal. Epidermal 
PIH usually occurs due to increase melanin formation while 
dermal PIH occurs due to break in basement membrane 
which leads to melanophage formation. Epidermal PIH 
usually presents as brown color while dermal is tan or bluish. 
Dermal PIH is more refractory to treatment.[14]

TREATMENT

ere are some basic do’s and do not’s to prevent and 
control PIH [Table 1]. ere are a multitude of therapeutic 
modalities available for the treatment of PIH associated with 
acne [Figure 2]. Treating acne and PIH simultaneously would 
be a logical approach.[7] us, the ideal treatment would be 
a single agent that is effective against both acne and PIH. It 
is also pertinent to choose an agent which causes minimal 
irritation to the skin as this may lead to worsening of PIH 
rather than improvement. Value of photoprotection using a 
sunscreen with SPF of at least 30 cannot be underestimated. 
e treatment can be a spot treatment or field therapy 
depending on the area affected.[15]

Treatment options could be divided in medical and 
procedural modalities [Figure 3].

Medical therapies

Topical agents

Topical depigmenting agents are usually the first line of 
therapy [Table  2]. ey have a good response in epidermal 

PIH but dermal PIH is usually refractory to these 
therapies.[15,16]

While retinoids and azelaic acid work effectively both on 
active acne and PIH, hydroquinone, kojic acid, niacinamide, 
Vitamin C, and liquorice extract are promising agents on 
PIH. Other newer agents such as rucinol, pycnogenol, ellagic 
acid,[17-33] and silymarin are usually used in combination with 
other depigmenting agents [Figure 4].[34]

Systemic agents

Systemic therapies are usually prescribed to the patients who 
are resistant to topical therapies or as add-on therapies for 
faster improvement [Table 3].[35-37]

Along with the above treatment options, oral isotretinoin has 
also been used to reduce the inflammation associated with 
acne as well as PIH.[38]

Interventional therapies

Patients refractory to topical and oral treatment modalities 
and those who have dermal PIH are the suggested patients 
for interventional therapies. ese therapies can be utilized 
simultaneously along with conventional therapies to hasten up 
the results, as combination treatment works synergistically by 
multipronged action at different pathways of etiopathogenesis.

Chemical peels/chemexfoliation

Superficial chemical peels which penetrate into the 
papillary dermis are usually well tolerated in dark-skinned 

Table 1: Do’s and do not’s while managing PIH.

Do’s Do not’s

Adequate sun protection Avoid excessive sun exposure
Proper nutrition should be 
maintained and any underlying 
deficiency should be corrected

Aggressive and over treatment 
should be avoided

Underlying disorder like acne 
should be simultaneously 
treated

Patients with undue 
expectations, body dysmorphic 
disorder, or hypochondrism 
should not be included

Proper detailed history regarding 
any history of medical diseases 
or drug intake should be taken 
for all the patients
Psychological evaluation should 
be done
Proper priming should be done 
before peeling
Proper informed consent should 
be taken from the patient and 
expected results should be 
explained to him/her
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individuals.[39] It is pertinent to use the correct type and 
percentage of peel so as to avoid irritation which can worsen 
PIH.

Tissue replacement is achieved by a controlled stage of 
inflammation.[40] e peels cause elimination of epidermal 
melanin and can also inhibit the transfer of melanosomes 
to keratinocytes. Medium-  and high-depth peels can also 
be used but they have a high risk of causing PIH in dark-
skinned individuals. e most important factor to consider 
before doing peeling in such patients is excellent priming 
which can be done with hydroquinone, retinoids, kojic acid, 
or glycolic acid (6–12%).[41]

Glycolic acid is a small molecular alpha-hydroxy acid, which 
at a concentration less than 30% disrupts enzymes such as 
sulfotransferases, phosphotransferases, and kinases, thereby 
reducing sulfate and phosphate groups from the surface of 

keratinocytes decreasing corneocyte cohesions. us, it acts 
as a keratoregulator that increases corneocyte shedding and 
cell replacement. It usually acts above the granular layer 
and reduces the number of desmosomes and aggregation of 
tonofilaments.[42]

Lactic acid is a light weight acid which easily passes through 
the cell membrane. It has a keratolytic effect and has excellent 
hydrating properties, suitable even for hypersensitive skin.[41]

Mandelic acid is one of the largest alpha-hydroxy acids, 
which works in a similar way to decrease PIH.[43]

Retinoic acid peel, also known as yellow peel, contains 
tretinoin as the active component. It binds to the nuclear 
receptors which regulate cell differentiation, proliferation, 
and intercellular communication. In addition to this, it also 
exerts an anti-inflammatory effect and anti-comedonal 
effect.[43]

Figure 2: Approach to a patient of post-inflammatory hyperpigmentation.
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Salicylic acid is a beta-hydroxy acid which has a high affinity 
for lipids and removes intercellular lipids that are covalently 
linked to the cells, thus reducing sebum. It is regarded as a 
desmolytic agent because it disrupts the cellular junctions.[31] 
It affects the arachidonic acid cascade and has significant 
anti-inflammatory properties. us, it has effect on both acne 
and PIH.[44-46]

Jessner’s solution contains 14% lactic acid, 14% salicylic acid, 
and 14% resorcinol in ethanol. It is used either alone or in 

combination with trichloroacetic acid peel as a superficial 
peeling agent in PIH.[43]

Deep peels such as trichloroacetic acid and phenol are very 
effective for resistant type of pigmentation, but should be 
used with a lot of caution [Figure  5]. Phenol peel can also 
be combined with micro needling and radiofrequency 
[Figure  6]. ese may lead to chemical burns and are 
specially not suited for sensitive skin types and nutritionally 
deficient patients.[47]

In addition, combination peels such as glycolic acid, kojic 
acid, and arginine work effectively in reducing PIH.[47] ese 
have a good safety profile as lower concentrations are used 
and work for active acne as well [Figure  7]. All these peels 
are usually well tolerated by Fitzpatrick skin types IV to 
VI as individual concentration of each chemical is reduced 
and better controlled. ese peels can also be combined 
with lasers [Figure  8]. If proper procedure and precautions 
are followed, there are minimal side effects which include 
transient erythema, burning sensation, reactivation of herpes 
simplex virus, and paradoxical PIH.

Platelet-rich plasma (PRP) therapy

PRP is an autologous product containing more than 94% 
platelets as compared to 6% in blood. Platelets contain more 
than 30 growth factors such as platelet-derived growth 
factor (PDGF), transforming growth factor (TGF) beta 

Figure 4: Pathway of melanin synthesis.

Figure 3: erapeutic modalities for post-inflammatory hyperpigmentation.
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1 and 2, epidermal growth factor (EGF), platelet-derived 
angiogenesis factor, and fibrinogen.[48] ese growth factors 
play a role in various homeostatic mechanisms of the body. 

Two of these growth factors have demonstrated a significant 
role in reduction of hyperpigmentation. TGF decreases 
melanogenesis by downregulating microphthalmia-

Table 3: Systemic skin-lightening agents.

Agent Mechanism of action Adverse effects

Tranexamic acid[35] Inhibits plasminogen activator from converting plasminogen to plasmin
Decreases the release of basic fibroblast growth factor
Decreases alpha-melanocyte-stimulating hormone

Nausea, diarrhea, abdominal 
pain, hypomenorrhea, skin 
rashes, drowsiness 

Glutathione[36,37] Directly or indirectly inhibiting tyrosinase activity (binds to active 
site of the enzyme containing copper and eliminates free radicals and 
peroxides)

Long-term safety has not been 
demonstrated

Pycnogenol (procyanidin)[34] Anti-inflammatory and antioxidant
Inhibits NF-KB

Metallic taste

Polypodium leucotomos[34] Antioxidant and photoprotective properties No serious side effects

Table 2: Topical skin lightening agents.

Agent Mechanism of action Adverse effects

Hydroquinone[17,18] Inhibits tyrosinase
Inhibition of DNA and RNA synthesis
Degradation of melanosomes
Destruction of melanocytes

Contact dermatitis, exogenous 
ochronosis, halo hypopigmentation

Azelaic acid[19,20] Inhibits tyrosinase
Interferes with DNA synthesis
Antiproliferative and cytotoxic effect on abnormal 
melanocytes

Irritation, transient erythema, burning

Retinoids[21,22] Inhibits tyrosinase transcription; melanin 
dispersion/removal by increased epidermal 
turnover 

Retinoid dermatitis

Mequinol[23-25] A competitive inhibitor of tyrosinase PIH, erythema, burning, desquamation, 
dryness

Kojic acid[26] Inhibits tyrosinase (chelates copper at the active 
site of this enzyme)

Allergic contact dermatitis, erythema, 
stinging, mild exfoliation

Arbutin and deoxyarbutin[27] Inhibits tyrosinase and melanosome maturation PIH (higher concentrations), erythema
Niacinamide[28] Inhibits melanosome transfer

Decreases melanogenesis through cell signaling 
interference 

Local skin reaction

N-acetyl glucosamine[15] Inhibits tyrosinase glycosylation Local skin reaction 
Ascorbic acid (Vitamin C)[29] Interrupts melanogenesis by interacting with 

copper ions to reduce dopaquinone 
Local skin reaction (i.e., irritation)

Vitamin E (a-tocopherol acetate)[30] Interferes with lipid peroxidation of melanocyte 
membranes
Increase in intracellular glutathione content
Inhibits tyrosinase

Allergic or irritant reactions

Licorice extract (glabridin and liquiritin)[31] Inhibits tyrosinase 
Melanin dispersion
Anti-inflammatory properties

Erythema, burning

Soy[32] Inhibits melanosome transfer (soybean trypsin 
inhibitor and Bowman-Birk inhibitor inhibit the 
activation of the PAR-2 cell receptors)

Erythema, burning, pruritus, dryness

Aloesin[33] Competitively inhibits tyrosine hydroxylase and 
DOPA-oxidase

Irritant reactions

Flavonoids[15] Antioxidant and anti-inflammatory effect
Inhibits tyrosinase

Allergic or irritant reactions
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associated transcription factor promoter activity and 
inhibiting the expression of paired box homeo-c gene (PAX 
3), which at the protein level, reduces the production of 
tyrosinase and tyrosinase-related protein 1 and 2.[49] EGF 
inhibits prostaglandin-E2 (PGE2) expression and tyrosinase 
enzyme activity. PRP can be injected or used along with 
dermarollers, microneedling radiofrequency, and lasers.[50]

Laser- and light-based therapies

Although topical skin-lightening agents are the first-line 
treatment for PIH, some patients with dermal pigmentation 
may be refractory to treatment. Such patients require 
alternative or adjunctive therapies. Laser-  and light-based 
therapies have been used in a few such cases but these have 
to be used very cautiously for PIH as if not used judiciously, 
these may paradoxically cause PIH.[51]

e basis for using these therapies is selective 
photothermolysis and that green, red, or near-infrared 
lasers are pigment specific and these lights selectively 
target intracellular melanosomes.[52] A selective window for 
targeting melanin lies between 630 and 1100  nm, where 
there is good skin penetration and preferential absorption of 
melanin over oxyhemoglobin.[53] Typically, energy from short 
wavelength lasers is more efficiently absorbed by epidermal 
melanin while longer wavelengths penetrate deeper with 
more selective absorption by dermal targets making them 
safer to use for darker skin patients. e use of longer pulse 
durations and cooling devices can also provide a greater 
margin of safety while maintaining efficacy in darker-skinned 
individuals.[53]

Figure 5: Phenol light peel before and after four sessions.

Figure  7: Combination peel (glycolic, kojic, and lactic acid peel 
before and after two sessions each.

Figure  6: Phenol light peel and microneedling radiofrequency 
before and after two sessions each.

Figure 8: SSR 540 laser and combination peel (arginine, kojic, and 
lactic acid peel) before and after two sessions each.
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Shorter wavelengths (<600 nm) damage pigmented cells with 
lower energy fluencies, while longer wavelengths (>600 nm) 
penetrate deeper but need more energy to cause melanosome 
damage. Besides wavelength, pigment specificity of lasers 
also depends on pulse width. With an estimated thermal 
relaxation time of 250–1000 ns, melanosomes require 
submicrosecond laser pulses (<1 µs) for their selective 
destruction, but longer pulse durations in the millisecond 
domain do not appear to cause specific melanosome 
damage.[54]

Acne laser blue light can be used for active acne as well as PIH 
[Figure 6]. Blue light not only targets the propionibacterium 
acne but also improves PIH and erythema. e 1064  nm 
QS-Nd: YAG is well absorbed by melanin and being a longer 
wavelength causes minimal damage to epidermis and is not 
absorbed by hemoglobin. e deeper skin penetration is also 
helpful to target dermal melanin.[55] Low-dose QS Nd: YAG 
laser induces sublethal injury to melanosomes causing 
fragmentation and rupture of melanin granules into the 
cytoplasm.[56] is effect is highly selective for melanosomes 
as this wavelength is well absorbed by melanin relative to 
other structures.[45] Different platforms utilize different 
fluence, pulse width, and frequency for optimum results. e 
fluence used is less than 1.9–2.6 J/cm2, spot size 6 mm, and 
frequency of 10 Hz.[57]

FRACTIONAL NON-ABLATIVE AND ABLATIVE 
LASERS

is is a new concept in laser therapy in which multiple 
microscopic zones of thermal damage are created leaving the 
majority of the skin intact.[58,59] e latter serves as a reservoir 
for healing. ese multiple columns of thermal damage are 
called microthermal treatment zones (MTZ) and lead to 
extrusion of microscopic epidermal necrotic debris (MEND) 
that includes pigment in the basal layer.[60] e viable 
keratinocytes at the wound margins facilitate the migration of 
MENDs. e depth and diameter of MTZ are determined by 
the energy levels used. In non-ablative erbium glass laser, there 
are no visibly ablative zones but only microscopic columns of 
damage.[61] ere is virtually zero down time and only mild 
erythema and swelling are visible. Hence, the recovery is 
faster and complications of open wounds such as hyper-  or 
hypo-pigmentation are avoided.[62] In ablative lasers (erbium 
YAG 2940 and CO2 laser), on the other hand, healing time is 
5–7 days with crusting and exfoliation [Figure 9]. e stratum 
corneum is found to be intact after 24 h of treatment. ere 
is less risk of scarring, in fact, use of ablative lasers leads to 
improvement of post-acne scars. Sensitive areas such as neck 
and chest that are more prone to scarring can be safely treated 
with lesser fluence and less number of passes. Furthermore, 
greater depths of penetration can be achieved as entire skin 
surface is not ablated hence, dermal PIH can be targeted.[63]

IPL was developed in the late 1990s and involves the use of 
a xenon-chloride lamp that emits light that is non-coherent 
not collimated and has a wide spectrum (500–1200 nm).[64] 
e advantage of IPL lies in the flexibility of parameters. 
e effectiveness of IPL involves absorption of light energy 
by melanin in keratinocytes and melanocytes leading to 
epidermal coagulation due to photothermolysis followed by 
microcrust formation. ese crusts containing melanin are 
shed off, hence, the clinical improvement in pigmentation. 
e newer IPL-based technologies have the flexibility 
of lower fluence and higher pulse width, thus leading to 
effective results topped with safety and virtually no down 
time. Figure  10 interestingly shows marked improvement 
with ACNE 420 blue light not only in active acne but also 
on redness and PIH without any signs of post-acne scarring. 
Another added advantage with the wavelengths below 
600  nm is that they also target oxyhemoglobin leading to 
improvement in post-acne erythema besides improving 
PIH.[64]

Combination therapy is that in which different modalities 
of treatment are combined according to the patients’ needs 
and skin type. It is usually done when the patient has lesser 
time, that is, some important life event is coming up, the 
pigmentation appears dermal and the pigmentation is 
refractory to unimodal treatment.

Figure 9: Pixel erbium YAG laser before and after three sessions.

Figure 10: Acne 420 laser for active acne and PIH before and after 
three sessions.
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CONCLUSION

PIH secondary to acne is a long-lasting and psychologically 
distressing problem in dark-skinned individuals. It occurs 
secondary to release of inflammatory mediators such as 
prostaglandins and interleukins in acne which stimulate 
melanogenesis. Epidermal PIH usually responds to topical 
skin-lightening agents which are the first line in these cases. 
Some patients with dermal PIH refractory to standard 
treatment may require other adjunctive therapies such 
as chemical peels, PRP, and lasers. Rational and holistic 
approach to the management of the underlying acne, early 
customized treatment along with correction of underlying 
nutritional deficiencies, and lifestyle modifications plays the 
most crucial role in effective treatment of PIH.
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