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Abstract: Congenital ichthyoses are a group of hereditary disorders of keratinization that are challenging to treat. Affected 
individuals suffer not only from thickening of the skin but also associated complications such as growth restriction, hearing and 
eye complications, infections, and thermodysregulation. This clinical review provides a practical roadmap to the longitudinal care of 
patients with ichthyosis with both general and age- and disease-specific recommendations. The allure of pathogenesis-based and 
targeted treatments for these monogenetic severe but orphan conditions shines bright as dermatological therapies enter a new era. 
Keywords: cutaneous disease, genetic mutation, skin care, clinical management, topical and oral therapy, JAK and TYK2 inhibitors, 
retinoids

Introduction
Congenital ichthyoses are a group of diseases which all have some degree of hyperkeratosis, or skin thickening. The 
genetic etiologies are diverse, but as many current treatments aim to address the symptoms, we will discuss the diseases 
together. Following the overall treatment recommendations, the major categories of which are highlighted in Figure 1, we 
will elaborate on disease-specific modifications or treatments if available (see Table 1 for summary). Since there are no 
approved treatments for any ichthyosis type, work to validate the use of topical retinoids, biologics, and anti- 
inflammatory small molecules in ichthyosis will be discussed in the final section.

General Considerations
Babies with congenital ichthyosis (CI) can be born with a variety of clinical appearances: seemingly normal skin, 
erosions, hyperkeratosis, and/or erythema. Given the rapidity and decreased cost of genetic testing, the standard of care 
as soon as pathology is detected is genetic testing in order to allow for timely disease-specific management. For neonates 
with epidermolytic ichthyosis (EI), collodion membranes, and especially harlequin ichthyosis (HI), neonatal intensive 
care with close dermatology consultation and ongoing monitoring and management is critical. The relatively high surface 
area to body mass of babies makes the increased transepidermal water loss (TEWL) particularly problematic in the 
neonatal period. Monitoring for and treatment of dehydration, sufficient caloric intake, and electrolyte imbalance is key. 
Humidified incubators and ointments can help minimize the impact of the abnormal skin barrier. Both the erosions of EI 
and the hyperkeratosis of non-bullous congenital ichthyosis predispose to skin infections, necessitating a high suspicion 
for and low threshold to treat bacterial and fungal skin infections to prevent sepsis. The tight collodion membrane and the 
thick plates of HI can physically restrict rib cage expansion, such that HI patients have shallow breaths and potential 
respiratory failure. Additionally, the decreased lung expansion and risk of aspiration of amniotic fluid with scale increase 
risk of pneumonia. Similarly, the tightness of the hyperkeratosis can constrict digits and distal limbs leading to ischemia; 
ointments, topical retinoids, oral retinoids, and surgery may be needed.1
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In early childhood, continued monitoring, via body weight, of the effects of increased transepidermal water loss is 
important. Many children with ichthyosis are small for their age. Ensuring adequate water, caloric, protein, and iron intake can 
help minimize the effects of their erythroderma. Screening for vitamin D deficiency, especially among patients with more 
severe ichthyosis, darker skin types, and in the winter and spring, is recommended as the prevalence of vitamin D deficiency 
among patients with congenital ichthyosis was found to be higher than in the general baseline population.2

Figure 1 Clinical management considerations of congenital ichthyosis. Genetic diagnosis provides information on natural history and comorbid risks as well as disease- 
specific management to the patient and medical care team. In green are general categories of thinking to consider, and in peach are more specific management 
considerations.

Table 1 Treatment Recommendations for Ichthyosis Type by Age Group

Type of 
Congenital 
Ichthyosis

Newborn Child Adolescent Adult

Collodion Baby Humidified incubator and 
close homeostatic monitoring 

in NICU; clinically monitor 

for bacterial and fungal skin 
infections, pneumonia, and 

sepsis; monitor for 

compartment syndrome; 
generous applications of 

ointment to the skin; 

consider systemic acitretin 
for severe cases.

Harlequin 

Ichthyosis

Emollients; baths (with baking 

soda, salt water, or dilute 
bleach for recurrent skin 

infections); combing out 

softened scale from scalp; 
keratolytics in later childhood 

to limited areas of the body 

such as palms and soles; 
topical retinoids; topical 

N-acetylcysteine; consider 

systemic acitretin for severe 
cases. 

Routine ophthalmic 

evaluations. Routine ear canal 
debridement.

Same as child, but keratolytics 

are better tolerated, and 
systemic retinoids are often 

helpful for scale, 

hypohidrosis, and 
psychosocial quality of life. 

For systemic retinoids, 

monitor growth and optimize 
bone health (eg, adequate 

vitamin D intake).

Same as adolescent, but 

adverse effects of long 
term systemic retinoid 

therapy should be 

monitored for (eg, 
skeletal toxicity).

ARCI, lamellar 
type

(Continued)
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In childhood and adulthood, most congenital ichthyoses benefit from an individually honed topical skin care regimen 
that might include some of the following components.

Bathing
Daily bathing is helpful to hydrate and cleanse the skin. Baths are generally more helpful and recommended, although 
showers are often utilized due to time limitations. Hypoallergenic soap-free cleansers focused on the folds of the skin are 
best to minimize excessive drying of the skin.

Bathing in alkaline seawater (pH 8.1) or baking soda for 30–60 minutes at least once weekly can facilitate scale 
removal.3 Some patients also find colloidal oatmeal and salt additives in their bath and hydrotherapy with bubbles helpful 

Table 1 (Continued). 

Type of 
Congenital 
Ichthyosis

Newborn Child Adolescent Adult

ARCI, CIE type See above. Additionally, 

monitor intake of fluid, and 

follow growth charts 
carefully.

See above for scale. Case reports of temporary 

improvement of inflammatory component and potentially 

pruritus with secukinumab.

Epidermolytic 
Ichthyosis

Close homeostatic 
monitoring in NICU; clinically 

monitor for cutaneous 

superinfection and sepsis; 
generous application of 

ointment to the skin.

Emollients; baths (with baking 
soda, salt water, or dilute 

bleach to decrease bacterial 

colonization). Monitor for 
secondary infections. 

Minimize friction.

Same as child, but if systemic retinoids are used, low doses 
such as 0.25mg/kg/day are advised.

Netherton 

Syndrome

May need NICU. May need nutritional support. 

Emollients, calcipotriene, topical steroids, and calcineurin 

inhibitors (requires serum drug level monitoring). 
Monitor for cutaneous bacterial and fungal infections. Dilute 

bleach baths during periods of repeat cutaneous infections.

Same as adolescent. 

Consider biologics (eg 

dupilumab, secukinumab) 
for severe cases.

Keratitis-ichthyosis 

-deafness (KID) 

syndrome

Consider palliative care or 

new treatment for lethal 

subtypes. Clinically monitor 
for infections and erosions in 

intertriginous folds.

Dilute bleach baths during 

periods of repeat cutaneous 

infections.

Ichthyosis Vulgaris Emollients; treat associated 

atopic dermatitis.

Same as child, but keratolytics are better tolerated.

X-Linked 

Ichthyosis

Emollients Emollients; baths (with baking 

soda, salt water, or dilute 
bleach for recurrent skin 

infections).

Same as child, but keratolytics 

are better tolerated. Topical 
retinoids for problematic 

areas.

Same as adolescent. 

Annual manual testicular 
exam.

CHILD syndrome Topical retinoids, topical statin ointment, systemic retinoids, split-thickness skin grafts

CAPE Recalcitrant to topical 
steroids and most other 

psoriasis treatments.

Ustekinumab

Sjogren-Larsson Emollients Emollients; baths (with baking 

soda or salt water for scale).

Same as child, but 

keratolytics, calcipotriene, 

and systemic retinoids can be 
helpful for the skin.

Zileuton can help 

a minority of patients 

with their pruritus.
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to minimize scale, especially when combined with water pressure and massage.4 Dilute bleach baths, as often employed 
in atopic dermatitis to reduce Staphylococcus aureus infection, decrease microbial burden and its downstream con
sequences (eg, odor, bacterial infections, pustules, etc.). If a patient with CI has recurrent skin infections, bleach baths 
two to three times a week are often recommended, but the bleach bath should be followed by a quick shower to rinse off 
the dilute bleach from the skin. Gram-negative bacterial and recurrent fungal infections might respond better to dilute 
acetic acid (eg, vinegar) soaks, but too high of a concentration can cause stinging if the skin has any fissures.

Scale Removal
After long baths (30 minutes or more), scale may be removed with gentle physical exfoliation with a soft wash cloth or 
from the scalp with a fine toothed comb. Over-the-counter chemical keratolytics (eg, emollients containing urea, lactic 
acid, salicylic acid, glycolic acid, etc.) are frequently tried, but caution must be exercised in babies and children, who 
might find these products cause intolerable stinging and burning; rarely in babies salicylate toxicity could be observed. 
Compounded topical N-acetylcysteine is sometimes used, especially in pediatric populations, but reports of irritation, 
odor of the product, and compounding costs can be problematic.5

Moisturizers
Humectants (eg, glycerin and propylene glycol) and emollients (eg, petrolatum) improve xerosis and pruritus, reduce 
inflammation, and help repair the skin barrier. In addition to commercially available products, many patients with 
ichthyosis have personal formulations that they have found to work well for their skin type, and participation in patient 
support groups such as the Foundation for Ichthyosis & Related Skin Types, Inc., allow for sharing of these specificities.

Retinoids
Topical and oral retinoids are used for moderate or severe hyperkeratosis because of their role in promoting epidermal 
differentiation and barrier turnover.6 Current limitations for topical retinoids are cost and availability given its off-label 
use for ichthyosis, but ongoing clinical trials are attempting to minimize these barriers to patient care. Tazarotene cream 
is typically used because the first- and second-generation topical retinoids approved for acne (eg, tretinoin and adapalene) 
have not been shown to be helpful in ichthyosis and/or are too irritating. If tazarotene is too irritating, especially in 
anatomic sites with more sensitive skin, it can be applied less frequently or diluted with petrolatum or applied onto skin 
pretreated with a thin layer of petrolatum.

Oral retinoids dramatically help the most severely affected, but there are intricacies in management, especially as it 
pertains to certain types of ichthyosis, which will be discussed in the following section. Acitretin is generally not used in 
individuals of childbearing potential as pregnancy is only safe 3 years after the last dose; however, in the United States 
isotretinoin requires monthly counseling, attestations, and pregnancy tests for individuals of childbearing potential via the 
iPledge Risk Evaluation and Mitigation Strategy program. Cheilitis, xerosis, and skin irritation (especially if desquama
tion is excessive) are common side effects. Laboratory monitoring (at minimum alanine transaminase, aspartate 
transaminase, and triglyceride and cholesterol levels) is generally performed at baseline, maximum dose, and then 
twice yearly.7 Routine ophthalmic evaluation is recommended considering the mucosal dryness induced by systemic 
retinoids. Given the long-term use of systemic retinoids for CI, musculoskeletal side effects such as hyperostosis and 
premature epiphyseal closure have been reported, although both were diagnosed in patients treated with high doses and 
for long durations of retinoid exposure.8 Current recommendations are to perform growth assessments in children and 
baseline and follow-up DEXA scans every 3–5 years in adults on long-term systemic retinoid therapy.6

Disease-Specific Considerations
Oral retinoids for EI must be dosed at a very low level (eg, 0.25 mg/kg/day); higher doses can worsen the erosions. On 
the other side of the continuum, patients with severe lamellar ichthyosis (LI) often need at least 1 mg/kg/day of systemic 
retinoids, and after decades of use, might suffer from long-term consequences such as diffuse skeletal hyperostosis. 
Babies with HI also need systemic retinoids, but notably, they need acitretin 1mg/kg/day early to help shed the keratotic 
plates of skin to minimize the constrictive effects of the skin on breathing function.9
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Both the erosions and hyperkeratosis of epidermolytic ichthyoses are often exacerbated by friction, making reason
able minimization of friction helpful. For non-bullous congenital ichthyoses, while scale removal is often helpful and 
desired, one does not want to remove too much scale, as the skin then becomes more tender and irritated.

For LI, the scale can occlude the eccrine glands, such that affected individuals experience hypohidrosis and more 
problematically thermodysregulation.10 If the hypohidrosis is mild or moderate, such that only specific activities cause 
thermodysregulation, cooling externally with spray bottles of water and/or use of cooling vests may be sufficient 
treatment, especially in children if systemic retinoids are otherwise not desired. Children with LI and more narrow 
external auditory canals can easily have their ears blocked with scale accumulation such that it is uncomfortable and can 
even cause conductive hearing loss. Many undergo routine professional ear debridement every 3–4 months. Routine 
hearing evaluations in young children should be considered for those with significant scale build up in the external 
auditory canals. The hyperkeratosis often causes ectropion and can also cause meibomian gland dysfunction; these 
conditions predispose individuals with lamellar ichthyosis to complications of keratoconjunctivitis sicca, such as corneal 
abrasions and ulcers. If the eyelids cannot completely close, nightly application of ophthalmic ointment is recommended 
to restore the tear film. Tazarotene cream applied to the eyelids also helps treat ectropion.11

Due to the abnormal keratinization of the congenital ichthyoses, patients–especially those with HI, EI, Netherton 
syndrome (NS), and KID syndrome–may experience secondary skin infections such as tinea corporis, candidiasis, viral 
infections, or scabies. Diagnosis may be more difficult due to the underlying baseline hyperkeratotic or inflamed skin. 
Having a high degree of suspicion and appreciating the patient’s perceptions of change in symptoms are important factors 
in early diagnosis.

For NS and ichthyosis vulgaris (IV), patients are more prone to developing atopic dermatitis and other cutaneous 
rashes, such as ichthyosis linearis circumflexa. These conditions can be treated using topical steroids, topical calcineurin 
inhibitors, narrow band UVB phototherapy, and dupilumab.12 Psoralen-UVA therapy is not recommended as patients 
with NS already have an increased risk of skin cancers, particularly non-melanoma, for which they should be screened 
regularly.

As understanding of the genetic causes and pathophysiology of congenital ichthyoses has expanded, pathogenesis- 
based therapies have been attempted with mixed success. These treatments that are being considered for ichthyosis fall 
into four categories: 1) Enzyme replacement therapy, 2) Immunomodulatory biologics, 3) Small-molecule protein 
inhibitors, and 4) Gene therapy.13 Cases of congenital hemidysplasia with ichthyosiform erythroderma and limb defects 
(CHILD syndrome) have had the skin changes improved with the application of a compounded topical statin.14,15 

Individuals with NS that have associated primary immunodeficiency may experience cutaneous improvement with 
immunoglobulin replacement therapy.16 After finding that adults with epidermolytic ichthyosis, NS, lamellar ichthyosis, 
or congenital ichthyosiform erythroderma with at least moderate erythroderma had IL-17A immune skewing, a cohort of 
20 subjects were treated with secukinumab with heterogeneous results.17 Four patients with NS experienced clinical 
improvement on secukinumab.18 Individual case reports have also demonstrated clinical improvement of erythroderma, 
pruritus, and frequency of cutaneous infections in a patient with congenital ichthyosiform erythroderma (due to 
CYP4F22 mutations) and atopic dermatitis with dupilumab and guselkumab.19

CARD14 associated papulosquamous eruption (CAPE) is caused by mutations in CARD14, which activates the 
nuclear factor-kappa B pathway, and responds preferentially to ustekinumab.20 Zileuton, which blocks leukotriene 
formation, helps some patients with Sjogren-Larsson (causing deficiency in microsomal fatty aldehyde dehydrogenase, 
affecting leukotriene metabolism) who have pruritus.21

Future Considerations
In dermatology in 2022–2023 Janus kinase (JAK) inhibitors have emerged, with multiple agents now approved for the 
treatment of atopic dermatitis (abrocitinib, ruxolitinib, and upadacitinib), alopecia areata (baricitinib, ritlecitinib), vitiligo 
(ruxolitinib), and plaque psoriasis (deucravacitinib). Systemically, these small-molecule JAK inhibitors show potential 
for a role in treating subtypes of congenital ichthyosis. While the aforementioned agents have focused selectivity for JAK 
1, 2, and/or 3 or TYK2, it is the pan-JAK inhibitor tofacitinib that has been investigated in the treatment of HI to date. 
Studies showed that HI patients have upregulated STAT1 signaling, and consequently nitric oxide synthase (NOS2). 
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When blocking STAT1/NOS2 signaling in an HI living skin equivalent 3D model using tofacitinib, the HI phenotype was 
improved.22 This finding is supported by investigations showing that multiple congenital ichthyosis subtypes harbor 
elevated JAK/STAT signaling.23

With accessibility of the skin and monogenetic causes, ichthyosis has always been an obvious choice for gene therapy. 
Unfortunately, the few completed clinical trials have been disappointing, but they provided a framework for future 
potential gene therapy options. Three adults with lamellar type ARCI had subtle improvement after treatment with TG1 
delivered by a replication-defective herpes simplex virus type 1 vector.24 Similarly, epithelial sheets with keratinocytes 
expressing SPINK5 transduced by a lentiviral vector only provided temporary improvement.25

The lure of these pathogenesis-based treatments is great, but by definition, each subtype of ichthyosis requires 
a different treatment. Therefore, focus must be on improving and getting approval for treatments that work for many 
types of ichthyosis. Generalized hyperkeratosis, scaling, and dryness experienced by congenital ichthyosis patients are 
commonly treated using topical and/or oral retinoids; however, this use is currently off-label. Off-label retinoid use presents 
potential problems, including access to affordable medication in appropriate quantities (if topical) or risk of systemic and 
dose-limiting toxicities with the use of oral retinoids. While it has historically been difficult to formulate isotretinoin in 
a vehicle that can be effectively delivered topically, TMB-001 is a new topical isotretinoin ointment that uses a proprietary 
polyethylene glycol delivery technology to treat congenital ichthyosis by providing hydration, lubrication and scale 
reduction. In phase 2a26 and phase 2b27 clinical studies, TMB-001 proved to be safe and effective in patients with recessive 
X-linked and autosomal recessive lamellar congenital ichthyosis. Remarkably, 100% of per-protocol patients receiving 
TMB-001 0.05% ointment achieved the primary endpoints of (i) 50% or greater reduction in scaling as assessed by the 
Visual Index for Ichthyosis Severity (VIIS)28 and (ii) 2-grade or more improvement in the Investigator Global Assessment 
(IGA) Likert scale. A Phase 3 trial with TMB-001 0.05% ointment is ongoing, and this medication represents a promising 
new therapy that could provide congenital ichthyosis patients an effective on-label topical retinoid option.

Conclusion
The treatment of congenital ichthyosis is at an interesting juncture. Treatments span the spectrum of traditional 
dermatology (eg, baking soda and bleach baths, emollients, etc.) to cutting edge (eg, pathophysiologic-based gene 
therapy). Whether through new topical or systemic agents, advances are being made in the treatment of congenital 
ichthyosis. These breakthroughs will provide dermatologists and other healthcare providers more therapeutic options than 
ever before for the care of this special group of patients.
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