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Opinion statement

Irritant contact dermatitis (ICD) is a commonly occurring non-specific cutaneous inflam-
matory response to topical chemical, physiologic, and biologic toxins. Direct damage to
the skin induces barrier dysfunction, epidermal cell stimulation, and pro-inflammatory
mediator release leading to a visibly variable, itchy cutaneous reaction. Workplace expo-
sure of the hands to water, cleansers, and solvents remains the most common source of
ICD. There is no diagnostic test for ICD, as such a diagnosis is based on history and clinical
findings. Exclusion of allergic contact dermatitis, atopic dermatitis, and other xerotic
conditions is a key part of the work-up. Prevention and treatment of ICD lies in the
utilization of barrier protectants, incorporation of hydrating cleansers to decrease disrup-
tion of the barrier, and avoidance protocols and protective gear (fabrics, gloves, etc.).
Therapeutic tools to treat ICD include acute anti-pruritic and antibacterial soaks, cutane-
ous barrier protectants such as petrolatum, paraffin, and dimethicone; lipid-laden mois-
turizers rich in wool wax alcohols, ceramides, and cholesterol esters and colloidal oatmeal
based creams; and, when there is an eczematous component, the restrained use of anti-
inflammatory agents such as topical corticosteroids may be warranted. Future research in
ICD pathophysiology will yield more precise treatment options for future patients and
clinicians.



Introduction

Irritant contact dermatitis (ICD) refers to skin inflam-
mation that occurs as a result of exposure to exogenous
caustic or irritating chemicals or physical agents that
cause direct cytotoxic skin damage leading to skin barrier
disruption, cellular changes, and release of pro-
inflammatory mediators. ICD occurs via a non-
immunlogic mechanism in that it does not require prior
sensitization; however, sufficient concentrations of ex-
posed substances are required to elicit a reaction. Skin
barrier function plays a pivotal role in the resistance to
damage from these agents.

Hospitalization is rarely needed for ICD, with the
exception of severe acute cases involving large surface
areas from caustic agents such as Portland cement and
hydrofluoric acid chemical burns. Chronic ICD can be
induced subsequent to the frequent and repeated use of
mildly irritating substances, such as soap, water,
cleansers, and rubbing alcohol. Those with pre-existing
skin disease [e.g., dry skin and atopic dermatitis (AD)],

as well as infants and the elderly, are predisposed to
developing ICD due to a less resilient epidermal barrier.

Previously believed to be a monomorphic process,
ICD is now considered to be a complex biological syn-
drome with a distinct pathophysiology, diverse clinical
appearance, and natural history. ICD is influenced by
the physical and chemical properties of the irritating
substance, concentration, mode of exposure, host-
related susceptibility factors, and concomitant environ-
mental factors. Treatment of acute ICD involves
pruritus-relieving and infection-preventing soaks,
whereas chronic ICD treatment consists of avoidance/
protection from known toxic substances, gentle
cleansers, barrier creams, colloidal oatmeal-based
creams, emollients, and lipid-rich moisturizers, which
focus on improving barrier function and skin hydration.
We set out to further understand the pathophysiology of
irritant dermatitis and how it relates to current treatment
options.

Epidemiology

Approximately 80 % of the cases of contact dermatitis are due to ICD, with the
remaining being accounted for by allergic contact dermatitis (ACD), protein
contact dermatitis, systemic contact dermatitis, and contact urticaria [1].
Patients with AD are particularly vulnerable to irritants due to chronically
impaired barrier function [2, 3]. Research has demonstrated a different pene-
tration profile in the stratum corneum of patients exposed to irritants with AD
than in control subjects, suggesting altered barrier characteristics [2]. Anyone
can develop ICD; however, individuals in the rubber, plastic, metal, petro-
chemical, and automotive industries are at greater risk of occupationally in-
duced ICD, due to high rates of irritant exposure [4].

Pathogenesis

Although the precise cellular mechanisms remain to be elucidated, increasing
evidence suggests the pathogenesis of ICD involves three main steps: irritation
and disruption of the skin barrier, stimulation of the epidermal cells, and
cytokine release leading to inflammation and skin changes Fig. 1.

Skin barrier disruption
Human skin creates a formidable barrier that protects underlying tissue from
infection, dehydration, chemicals, and mechanical stress. The stratum corneum
serves as the rate-limiting step for skin absorption of molecules due to its
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intrinsic structure of stacked cornified keratinocytes separated by highly ordered
extracellular lipid bilayers [5]. These organized lipids prevent excessive loss of
water from the body and limit the permeation of most topically applied
substances. The protective effects of the stratum corneum are further enhanced
by an acidmantle (one contributor to the acidic pHof the epidermis), a calcium
gradient that influences desquamation and cellular turnover and differentiation
of the epidermis, and the cutaneous immune system [6].

Exposure to irritants leads to stratum corneum damage and subsequent skin
barrier impairment. Due to the complex nature of the stratum corneum there
are many points of vulnerability. Excessive water loss and subsequent increased
penetration of irritants and allergens, alteration in the epidermal calcium
gradient, slow/deficient lipid production, and an increase in pH of the skin
can all predispose one to developing ICD [7–9].

Figure. 1. Irritant dermatitis involving the
hands of a mother who washes her hands
very frequently
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Trans-epidermal water loss (TEWL) is a reflection of the barrier function of
the stratum corneum. When injured, the ability of the stratum corneum to
maintain hydration is reduced, leading to increased TEWL and decreased water
content in the skin. This impaired skin barrier facilitates the entry of irritants
and is one of the fundamental defects in ICD pathophysiology [10].

Any substance capable of denaturing keratin, removing natural moisturizing
factor, or interrupting the lipid bilayer component of the epidermis can increase
TEWL. Irritants most frequently associated with increased TEWL include sol-
vents, detergents, and excessive use of water and soap. Irritating potency of
different surfactants and detergents has been previously studied using TEWL,
with sodium lauryl sulfate (SLS), sodium dodecan sulphonate (SDS), and
cocobetaine noted to most markedly influence the loss of water through the
skin [11–13].

The major lipid species of the stratum corneum include ceramides (47 %),
fatty acids (11 %), cholesterol (24 %), and cholesterol esters (18 %) [14]. The
highly organized structure, concentration, and ratio of these lipids allows the
epidermis to act as a barrier to irritants, allergens, and microbes, while limiting
water loss and regulating temperature. Many skin conditions including ICD,
xerosis, AD, and aging are at least partially attributed to aberrations in the
concentration and ratios of these lipids [15, 16].

Ceramides are a type of sphingolipid derived from lamellar granules. They
generate stacked lipid structures that surround corneocytes to provide an im-
permeable barrier that limits TEWL and decreases leaching of natural moistur-
izing factor from the superficial skin layers. As one ages there is a sharp decrease
in the production of intercellular lipids such as phytosphingosine and
phytosphingosine-containing ceramides, which leads to increased susceptibility
to dry skin and ICD [17, 18]. Marked deficiency in ceramide 3 (N-acyl
phytosphingosine) has also been well-documented in atopic skin and corre-
lated to increased TEWL. Many common skin irritants such as such as SLS and
SDS have been shown to reduce ceramide production. This is partially due to
their ability to solubilize stratum corneum lipids. Examination of ceramide
content following SLS application showed an inverse relationship between
baseline ceramide weight and clinical irritation including erythema, scaling,
dryness, and roughness [19].

A deficiency of cholesterol esters and an excessive relative concentra-
tion of cholesterol has been identified in naturally and SDS-induced
xerotic skin [17, 20]. Experimental and animal models have demon-
strated that solvents such as acetone extract lipids from the stratum
corneum [21] and anionic surfactants such as SLS damage keratin,
involucrin, profilaggrin, and other protein structures responsible for
preventing oversaturation of the stratum corneum and disorganization of
the lipid bilayers [22–24].

The epidermal calcium gradient is felt to play a crucial role inmediating skin
barrier homeostasis due to its influence on the terminal differentiation process
of keratinocytes. Menon et al. showed that the intracellular calcium gradient
disappears after barrier disruption with acetone, and reappears in parallel with
lamellar body secretion and barrier recovery over a 24-h period. These results
show that barrier disruption results in loss of the epidermal calcium gradient,
which may be the signal that initiates lamellar body secretion leading to barrier
repair [25].
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Epidermal cell stimulation and cytokine release
In acute-phase reactions of ICD, irritants penetrate the stratum corneum and
directly activate epidermal keratinocytes, the key regulators of cytokine release
and T cell activation. A cascade of events is initiated by damaged keratinocytes
leading to activation of the innate immune system and subsequent release of
pro-inflammatory cytokines, such as interleukin (IL)-1α, IL-1β, IL-6, and tumor
necrosis factor (TNF)-α [26]. TNF-α works in concert with IL-1α and IL-1β to
activate T cells, perpetuate cytokine and chemokine production, and upregulate
expression of intercellular adhesionmolecule-1 (ICAM-1) [27]—a characteristic
feature of ICD. TNF-α and IL-1α also trigger the release of CCL20 and CXCL8
chemokine signals that attract mononuclear and polymorphonuclear cells to
the irritant injury site [28, 29]. Additional active mediators such as CXCL8,
CXCL1, and CCL2 are stimulated by fibroblasts to facilitate transport of
Langerhans cells out of the epidermis [30, 31], while endothelial cells upregu-
late adhesionmolecules to enhance delivery of immune cells into the skin [26].

Chronic ICD is poorly understood. It is hypothesized that chronic-phase
reactions occur due to repeated exposure to solvents and surfactants that
gradually extract lipids and water-retaining substances from the stratum
corneum [32]. This leads to an increase in TEWL and the development of
individual tolerance to certain irritants known as the ‘hardening phenomenon.’
The increase in TEWL is thought to then promote cell proliferation and hyper-
keratosis, which manifests as the chronic eczematoid irritant reaction [33].

Presentation

ICD has a variety of clinical manifestations ranging frommild skin dryness and
erythema to more pronounced edema, coalescing vesicles, bullae, pustules,
ulceration, and even skin necrosis. Lesions are usually sharply demarcated and
confined to the contact area, while in ACD, lesions are less circumscribed and
frequently disseminated. Common symptoms in ICD include burning, sting-
ing, and soreness of the skin. Clinical distinction of ICD from ACD is difficult
since both have similar clinical and histopathologic presentations, and often
may coexist [34, 35].

Diagnosis

The diagnosis of ICD is made based on history and clinical presentation of
lesions [36]. Acute ICD related tomore potent agentsmay be diagnosed based on
distinct distribution, location, and time of onset of skin changes after exposure to
the causative agent. A comprehensive clinical history focused on the diagnostic
criteria listed in Table 1 can be helpful—no specific number of criteria is neces-
sary; however, the more criteria that exist, the stronger the diagnosis [37].

Treatment
Educating patients

How to avoid irritants in the home andworkplace is very important. Prevention
techniques may not only help reduce the risk of ICD, but also ACD, as an
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impaired skin barrier may increase the risk of allergen sensitization. Reducing
contact with irritants such as soap, solvents, oils, alkalis, acids, or abrasive
materials decreases the incidence of ICD.

Acute care

& Soak the affected area in cool or lukewarm water, saline (1 teaspoon/
pint), or Burow’s solution (13 % aluminum acetate dissolved in water
at a 1:40 concentration). Burow’s solution has antibacterial properties,
as well as an anti-inflammatory, cooling effect to decrease pruritus and
prevent infection [38].

Protective skin products [39]

& Barrier creams protect against low-grade irritants, benefiting wet-
workers who regularly utilize water, soaps, and detergents [40]. They
also accelerate the rate of healing in damaged skin by increasing skin
hydration and modifying endogenous epidermal lipids [41–43].
Petrolatum, paraffin wax, and dimethicone are commonly used skin
protectants that are cheap and effective, as are TEWL inhibitors, in
preventing ICD.

& Petrolatum is a complex semi-solid combination of paraffin wax, mi-
crocrystalline wax, and white mineral oil, and is considered to be the

Table 1. Irritant contact dermatitis diagnostic criteria*

Subjective Objective
Major Minor Major Minor
1) Onset: minutes-hours 1) Onset: G2 weeks 1) Macular erythema,

hyperkeratosis,
or fissuring predominating over
vesicular change

1) Sharp circumspection
of the dermatitis

2) Symptoms: pain,
burning,
stinging, or discomfort
exceeding itching

2) Many people in the
environment
similarly
affected

2) Glazed, parched, or scalded
appearance of the epidermis

2) Evidence of
gravitational influence,
such as a dripping
effect

3) The healing process proceeds
without plateau upon withdrawal
of exposure to substance in
question

3) Lack of tendency for
spread of dermatitis

4) Negative Patch testing 4) Vesicles juxtaposed
closely to patches of
erythema, erosions,
bullae

*No specific number of these features needs to be present; the more criteria, the stronger the diagnosis
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gold standard TEWL inhibitor [44]. Wigger-Alberti and Elsner con-
firmed the protective effects of petrolatum against four standard irri-
tants—10 % SLS, 1 % sodium hydroxide (NaOH), 30 % lactic
acid, and undiluted toluene—in the repetitive irritation test [45].
Paraffin is a mixture of saturated aliphatic hydrocarbons and is
considered to be the most hydrophobic water-repelling agent;
when combined with petrolatum, it is an extremely efficient TEWL
inhibitor [46]. It is also a natural moisturizer that helps with exfoliation
and healing dried or cracked skin.

& Dimethicone is a man-made polymer of the naturally occurring ele-
ment silica or silicon. It is used as an emollient to soften andmoisturize
the skin, facilitate epidermal exfoliation, and provide a protective
barrier from irritants [47, 48]. Dimethicone-containing ointment has
also proven to be highly effective in protecting the skin against contact
irritants from sunscreens, intra-abdominal drainage, and the discharge
of cutaneous ulcers [49, 50]. However, use of dimethicone is becoming
more limited due to reports of sensitization and inflammatory reac-
tions to silicon polymers. Incubation of human monocytes demon-
strated elevated levels of inflammatory cytokines including IL-1β, IL-6,
and TNF-α [51]. Furthermore, local lymph node assay in mice showed
weak to moderate skin sensitization potential in four out of five silicon
materials tested for skin sensitization [52, 53].

Lipid-based moisturizers

& Supplementation of the skin barrier with phytosphingosine and
phytosphingosine-containing ceramides enhances barrier repair
and further induces ceramide production. Niacinamide is a
physiologically active form of vitamin B3 that increases epider-
mal thickness [54] and upregulates expression of serine
palmitoyltransferase, the rate-limiting enzyme in sphingolipid
synthesis [55]. This increase in ceramide production directly
correlates with a reduction in TEWL in subjects with xerotic skin
[55]. By creating a more formidable skin barrier using topical
niacinamide, patients will be less prone to ICD following irritant
exposure.

& In a model of ICD, skin was irritated with SDS and then treated
with either a 1 % cholesterol base or 1 % cholesterol ester base.
Skin treated with the cholesterol ester base showed improve-
ments in conductance values while the cholesterol-treated skin
did not. This suggests a benefit in restoring the
cholesterol:cholesterol ester ratio with moieties that are deficient
(cholesterol esters) rather than those present in relative excess
(cholesterol) when treating ICD.
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& Protective gloves can be worn by people in constant or recurrent
contact with water. However, they must be chosen carefully as
prolonged exposure to waterproof gloves (as opposed to semi-
permeable or cotton gloves) may worsen ICD by exposure to the
chemicals within the gloves [56].

pH optimization

& Healthy skin typically has an acidic stratum corneum with the pH
ranging between 4.6 and 5.6. However, repeated exposure to alkaline
substances such as soap, bleach, solvents, and even tap water can
disturb the intricate pH balance and lead to a disrupted epidermal
barrier.

& Maintaining pH helps sustain activity levels of lipid-producing en-
zymes β-glucocerebrosidase and acid sphingomyelinases [57, 58].

& Tap water can cause shifts in pH, suboptimal to the lipid-producing pH
range for up to 6 h.

& Hyper-acidification of the skin may help prevent skin irritation.
Experiments inmice showed that the stratum corneum in hairless mice
treated with lactobionic acid and gluconolactone had enhanced barrier
homeostasis and skin appearance while preventing skin irritation [59].

& Hydrophobic skin-protectant products may prevent an alkaline pH
shift in the skin that is caused by soap, solvents, and water (author
opinion, CE). If the alkaline pH shift occurs, with time the skin’s innate
buffering systems can restore the naturally acidic pH and lipid pro-
duction by the pH-dependent enzymes.

Anti-inflammatory treatments

& Topical corticosteroids have not been experimentally proven as useful
in the treatment of ICD when compared to steroid-free vehicle and
untreated controls [60]. However, they are often used in a limited scope
to treat acute eczematous ICD as they can help decrease inflammation
and itch. Prolonged use of topical corticosteroids is not advised as it
may lead to skin atrophy and actual increase in ICD susceptibility.

& Niacinamide has also been shown to be beneficial in treating a
variety of inflammatory skin diseases [61–63] secondary to in-
hibition of leukocyte chemotaxis, lysosomal enzyme release,
lymphocytic transformation, mast cell degranulation, vasoactive
amines, preservation of intracellular coenzyme homeostasis, and de-
creased sebum production [64, 65].

Emerging therapies

& A lipid fraction, isostearyl isostearate, has recently been identified as
one of the most effective lipid-based TEWL inhibitors in the world;
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however, its ability to prevent skin contact with irritants remains to be
evaluated [66–68].

& Identification of the specific lipids deficient in ICD and then
supplementing them directly to the irritated skin may bemore effective
than supplying normal skin physiologic levels of lipids [14, 69].

& Newly developed topical calcineurin inhibitors such as
pimecrolimus and tacrolimus may be used for their anti-
inflammatory mechanisms without the atrophy risk carried by
topical corticosteroids [70, 71].

& 18β-Glycyrrhetinic acid is a new, potentially viable anti-inflammatory
agent due to its corticosteroid-like anti-inflammatory effects, without
the corticosteroid side effects. In vitro, 18β-glycyrrhetinic acid has been
found to attenuate the generation of excessive pro-inflammatory genes
NO, PGE2, and ROS by inhibiting nuclear factor (NF)-κB and PI3K
activity [72].

Pediatric considerations
ICD is as common in children as in adults. Common presentations in children
include irritant diaper dermatitis, also known as ‘napkin dermatitis,’ which
presents as erythematous patches with/without scaling that spare the
intertriginous folds and liplicking dermatitis [73••, 74]. Studies show that
children under 8 years old are more susceptible to cutaneous absorption of
chemicals and irritant reactions [75]. The infant skin barrier develops post-
natally throughout the first year of life. Infant skin has a thinner stratum
corneum and papillary dermis, as well as increased ability to absorb water [76,
77]. Additionally, direct skin injury that perturbs the skin barrier can occur
during removal of various adhesive tapes and monitors frequently found on
infants while in the hospital [78]. Moreover, infant skin has a pH of 5.5, and
only begins to develop its acid mantle at birth, so it is missing the protective
acidic barrier found in adult skin. Similar to adults, children with inherently
disrupted cutaneous barrier function, such as those with AD, have a predispo-
sition to developing ICD.
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