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ABSTRACT
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Hereditary ichthyosis is a collective name for many dry and scaly skin disorders ranging in
frequency from common to very rare. The main groups are autosomal recessive lamellar
ichthyosis, autosomal dominant epidermolytic hyperkeratosis and ichthyosis vulgaris, and
x-linked recessive ichthyosis. Anhidrosis, ectropion and keratodermia are common
symptoms, especially in lamellar ichthyosis, which is often caused by mutations in the
transglutaminase 1 (TGM1) gene. The aim of this work was to study patients with different
types of ichthyosis regarding (i) the patho-aetiology (TGM1 and electron microscopy [EM]
analysis), (ii) skin signs and symptoms (clinical score and subjective measure of disease
activity), (iii) quality of life (questionnaires DLQI, SF-36 and NHP and face-to-face
interviews) and (iv) a search for new ways of topical treatment. Patients from Sweden and
Estonia with autosomal recessive congenital ichthyosis (n=83) had a broader clinical
spectrum than anticipated, but a majority carried TGM1 mutations. Based on DNA
analysis and clinical examinations the patients were classified into three groups, which
could be further subdivided after EM analysis. Our studies indicate that patients with
ichthyosis have reduced quality of life as reflected by DLQI and by some domains of SF-
36, by NHP and the interviews. All the interviewees reported that their skin disease had
affected them negatively to varying degrees during their entire lives and that the most
problematic period was childhood. All patients with ichthyosis use topical therapy. In a
double-blind study creams containing either 5% urea or 20% propylene glycol were found
inferior to a cream formulation containing lactic acid 5% and propylene glycol 20% both
regarding clinical improvement and thinning of the skin barrier. Improved topical therapy
may reduce the need of more toxic, oral drugs. Future studies should elucidate whether this
increases the quality of life of ichthyosis patients, especially if combined with more
detailed information about the aetiology and inheritance of the diseases.
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ABBREVIATIONS
AHA Alpha-hydroxy acid

ARCI Autosomal recessive congenital ichthyosis

BI Bullous ichthyosis

CIE Congenital ichthyosiform erythrodermia

CIFS Congenital ichthyosis with fine or focal scaling

DLQI Dermatology Life Quality Index

EHK Epidermolytic hyperkeratosis

EM Electron microscopy

HI Harlequin ichthyosis

HRQoL Health-related quality of life

IV Ichthyosis vulgaris

KID Keratitis-ichthyosis-deafness

LI Lamellar ichthyosis

LPE Lactic acid 5%, propylene glycol 20% in Essex cream®

LPL Lactic acid 5%, propylene glycol 20% in Locobase cream®

NBCI Non-bullous congenital ichthyosis

NHP Nottingham Health Profile

PL Propylene glycol 20% in Locobase cream®

QoL Quality of life

SD Standard deviation

SF-36 Short Form 36

GH General health

PF Physical functioning

RP Role- physical

RE Role-emotional

SF Social functioning

BP Bodily pain

VT Vitality

MH Mental health

SLS Sjögren-Larsson syndrome
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TEWL Transepidermal water loss

TGM Transglutaminase

UL Urea 5% in Locobase cream®

VAS Visual analogue scale

XRI X-linked recessive ichthyosis
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INTRODUCTION

Skin disorders encompass a broad range of diseases with widely different patho-

physiology. Some of the diseases are common and are caused both by hereditary

and acquired factors, for example atopic dermatitis and psoriasis. Others are much

more rare and involve mainly hereditary factors; examples of which are ichthyosis,

epidermolysis bullosa and albinism. Depending on what aspect of cutaneous bio-

logy is affected, the symptoms will vary enormously.

THE SKIN

The skin is the largest organ in the body, with an average weight in the human adult

of 4 kg, and covers an area of approximately 2 m2. It has many important functions,

ranging from the vital to the cosmetic. One function is to protect the body against

external damage from factors such as chemicals, particles, ultraviolet radiation and

microbes. Other functions are to prevent water loss, to assist in temperature

regulation and to preserve the internal milieu (Hunter et al. 1995, Haake et al.

2000).

The skin is a stratified organ, with three distinct layers- the epidermis, dermis

and sub-cutis. The thickness of the epidermis varies from less than 0.1 mm on the

eyelids to nearly 1 mm on the palms and soles. In epidermis there are no blood

vessels and 90-95% of the cells are keratinocytes. Other cell types found in the

epidermis are melanocytes, Langerhan cells and Merkel cells. The epidermis is

stratified and the keratinocytes are organised into four layers- the stratum basale,

stratum spinosum, stratum granulosum and stratum corneum (the cornified or horny

layer) (Fig.1). The life span of the keratinocytes starts with cellular mitosis

(proliferation) in the basal lamina and ends with desquamation from the stratum

corneum. This process, called keratinization or differentiation, normally takes about

1 month and is homeostatically controlled. The structure and function of an

individual keratinocyte correlate with its position within the epidermis and its stage

of differentiation.
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Figure 1. A schematic diagram of epidermal differentiation
(Bowden 1993, reprints were made with permission from the publisher).

Keratinocytes are characterised by a cytoskeleton composed of keratins, which

in turn constitute a group of more than 30 proteins, each produced by different

genes. The human keratins are organised into two families, type I and type II.

Keratins exist in pairs, so that their double filament always consists of one type I

and one type II keratin. Keratins 5 and 14 are expressed in the basal layer and

keratins 1 and 10 in the stratum spinosum, stratum granulosum and stratum

corneum (Hunter et al. 1995, Haake et al. 2000).

The basal layer of the epidermis is located above the basement membrane,

which is the junction between the epidermis and dermis. It is a single layer of

columnar keratinocytes. In the basal cell layer, the keratinocytes proliferate and in

this layer the stem cells and the transiently amplifying keratinocytes are located.

The stratum spinosum or the prickle cell layer is located above the basal layer

and contains multiple layers of keratinocytes. Spinous cells contain large bundles of

keratin filaments. Lamellar bodies containing lipids are seen in the superficial

keratinocytes of this layer (Hunter et al. 1995, Haake et al. 2000).

The two to three layers of cells above the stratum spinosum constitute the

stratum granulosum, which can be recognised by its content of keratohyaline



- 11 -

granules. The granules contain profilaggrin and some other proteins, which together

with loricrin are important for the barrier function.

 The transglutaminases comprise a family of enzymes that catalyse the cross-

linking of proteins. At least seven different transglutaminases are known in human

cells. The enzyme transglutaminase 1 is expressed in keratinocytes, and it is

important for the formation of the cornified envelope and the lipid envelope on the

surface of the keratinocytes (Pigg 2000). During the cornification process, the

cornified envelope is added between the internal surface of the cell membrane and

the bundles of keratin fibres (Downing 2000).

The stratum corneum is the outermost layer of the epidermis and contains large,

flat, terminally differentiated cells called corneocytes. Normally the corneocytes

have no nuclei or intracytoplasmic organelles. Lipids reside in the intercellular

spaces between the corneocytes and consist of ceramides, cholesterol, free fatty

acids, and also, in a relative amount of 2-3 per cent, other lipids, e.g. cholesterol

sulphate (Downing 2000). The thickness of the horny layer varies from 15-20 cells

on the upper arm to several hundred cells on the palms and soles (Haake et al 2000).

The process of desquamation is normally invisible, with shedding of individual

cells or small aggregates of cells, resulting in the smooth appearance of the skin

surface associated with a normal skin condition. Any disturbance in this process,

due either to a decreased rate of cell shedding, or an increased production of

corneocytes, may result in the accumulation on the skin surface of only partially

detached cells with or without thickening of the stratum corneum. The severity of

the disturbance may vary from mild to very pronounced, corresponding to barely

visible scaling with dryness of the skin to an accumulation of thick brittle scales as

in ichthyosis or psoriasis (Egelrud 2000).

INHERITED DISORDERS OF KERATINISATION

Inherited disorders of keratinisation encompass a broad group of diseases in which

keratinocyte maturation is disturbed. The disorders can be either polygenetic, as in

psoriasis, or monogenetic as in ichthyosis and Darier´s disease. When there is only
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one gene mutated, the disease belongs to the so-called genodermatoses. This thesis

will be primarily focused on ichthyosis.

The ichthyoses

Ichthyosis is a descriptive name for a large group of skin disorders which encom-

pass 20-30 different forms with different patho-aetiologies (see page 22). Hereditary

ichthyosis is either present at birth or develops in early childhood. It is characterised

by more or less generalised dryness, hyperkeratosis, scaling and other symptoms

such as erythema, blisters, ectropion, keratodermia and anhidrosis. The signs and

symptoms differ in different types of ichthyosis and are described in more detail on

page 21. The four main groups of ichthyosis are lamellar ichthyosis (LI),

epidermolytic hyperkeratosis (EHK, bullous ichthyosis [BI]), X-linked recessive

ichthyosis (XRI) and ichthyosis vulgaris (IV) (Traupe 1989, DiGiovanna 1999).

The characteristics of these four diseases are presented in Table 1.

Table 1. The four main groups of ichthyosis*

                 Congenital / rare ichthyosis                          Common ichthyosis

 Non-bullous congenital Bullous ichthyosis X-linked ichthyosis Ichthyosis vulgaris
 ichthyosis (NBCI) (BI) (XRI)  (IV)
 Syn: Lamellar ichthyosis Syn: Epidermolytic Syn: Sex-linked ichthyosis  
 (LI) or Congenital ichthy- Hyperkeratosis (EHK) vulgaris  
 osiform erythrodermia (CIE)    
 or Autosomal recessive    
 congenital ichthyosis (ARCI)    

Incidence 1 / 100 000 - 300 000 1 / 300 000 1/ 2 000 - 6 000 males 1 / 250

Patho- Mutation in TGM 1 gene Mutations in Deficiency of steroid Lack of filaggrin and

aetiology or unknown keratin genes sulphatase keratohyalin granules

Inheritance Autosomal recessive Autosomal dominant Recessive X-linked Autosomal dominant

Appearance Congenital Congenital First week of life First months or first years

 (collodion baby)   of life

Signs and Generalised dry, thick Blisters, Retention hyperkeratosis Dry and scaly skin,

symptoms and scaly skin. hyperkeratosis Brown scales on neck, prominent on extremities,

 Erythema, anhidrosis, and erythema extremities and trunk. flexural sparing.

 alopecia, ectropion,  Inguinal hernias Follicular keratosis  and

 keratodermia   atopic dermatitis

* ref: Traupe 1989, DiGiovanna 1999
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Acquired ichthyosis in adulthood can be a manifestation of systemic disease

such as malignancy, drug abuse, endocrine and metabolic disease, HIV infection,

autoimmune conditions and leprosy. Hodgkin´s disease is the most common

malignancy reported to be associated with acquired ichthyosis, but a variety of other

malignant diseases have also shown an association. Up to 30 per cent of AIDS

patients have been reported to have acquired ichthyosis, with xerotic skin.

Ichthyosis has also been observed in bone marrow transplant recipients, where it

may be related to graft-versus-host disease (DiGiovanna 1999). Acquired ichthyosis

will not be discussed further in this thesis.

Ichthyosis is also seen as a component of various neurocutaneous syndromes,

e.g. Sjögren-Larsson syndrome (SLS), keratitis-ichthyosis-deafness (KID) syn-

drome and Netherton’s syndrome.

SLS is an autosomal recessive disorder comprising ichthyosis, mental retarda-

tion and spastic di- or tetraplegia. A characteristic retinopathy has been noted and

other neurological symptoms such as epilepsy and speech defects may also be

present (Sjögren T and Larsson T 1957, Jagell S 1981). The disorder has been

mapped to chromosome 17 (Pigg 1994) and mutations are found in the fatty

aldehyde dehydrogenase gene (FALDH)  (DiGiovanna 1999).

KID syndrome is characterised by a combination of keratitis, ichthyosis and

deafness and was first reported by Burns in 1915. Skinner (1981) later classified

this condition as ichthyosis and coined the acronym KID syndrome. According to

Traupe (1989) this is a misclassification, since it is not a true type of ichthyosis.

Rapidly progressive sensorineural deafness develops in infancy, and in the most

severe cases progressive corneal vascularisation occurs in childhood (Judge, Harper

1996).

Netherton’s syndrome is another rare syndrome characterised by congenital

ichthyosis, a specific hair-shaft defect (tricorrhexis invaginata) and atopic manifes-

tations. At birth, the affected infants exhibit generalised erythroderma and scaling,

which may persist into childhood or may change to ichthyosis linearis circumflexa.

Atopic manifestations are present, with eczema, asthma, angio-oedema, urticaria

and high IgE levels in the serum (Comel 1949, Netherton 1958, Traupe 1989 and
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Judge, Harper 1996). The aetiology has recently been located to the SPINK5 gene

on chromosome 5q32 (Chavanas et al. 2000, Chavanas et al. 2000).

History

Ichthyosis

The history of ichthyosis is as confusing and interesting as the disease itself. The

name ichthyosis is derived from the Greek ichthys, meaning ”fish”, and refers to the

similarity in the appearance of the skin to fish scales. It is a descriptive and wide

term used for several forms of keratinisation disorders. Ichthyosis has been known

for more than a thousand years.

Hippocrates (460-377 BC) made careful and objective descriptions of many

skin disorders. In his classification, scaly and dry eruptions were grouped together

under the term ‘lopoi’ (λοποσ  = epidermis). This group probably included ichthyo-

sis, and other diseases such as leprosy and psoriasis. The word “lepra” in Greek

means scale (Nyström 1896). In the Old Testament many skin disorders were

grouped together under the name “leprosy” and we may suppose that ichthyosis was

one of them.

“And if a leprosy break out abroad in the skin, and the leprosy cover all the

skin of him that hath the plague from his head even to his foot ….... “
(3 Mos 13:12)

The result of this was that a person with ichthyosis was considered to be a

leper, and was rejected by the community.

“And the leper in whom the plague is, his clothes shall be rent, and his head

bare, and he shall put a covering upon his upper lip, and shall cry, Unclean,

unclean. All the days wherein the plague shall be in him he shall be defiled; he

is unclean: he shall dwell alone; without the camp shall his habitation be.”
(3 Mos 13:45-46)

Many hundred years later, two brothers with ichthyosis left Norway on a

Viking ship to travel to Iceland. They were named Geirmundr and Hámundr

Heljarskin Hjorsson (Benediktsson 1968). Whether the name Heljarskin refer to the

skin, is unclear.
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Lorry in 1777 was one of the first to

describe ichthyosis in the literature. He

called it “Cornua certé” and he also

mentioned the “porcupine man”. This man

was Edward Lambert, who was born of

healthy parents and suffered from a very

severe type of ichthyosis hystrix (see Fig.

2). In 1808 Willan described this case in

detail and many others have also referred

to this cases  (Lorry 1777, Willan 1808,

Traupe 1989). Despite Edward Lambert’s

severe skin disease, he was able to find a

wife and became the father of six affected

children and several affected grandchildren.

Edward Lambert and his children and grand-

children exhibited themselves for money, travelling through various parts of Europe

as a “New Species of Man”. Edward Lambert died 90 years old after an accident.

In 1806 the French dermatologist Alibert classified ichthyoses into three main

groups with several subtypes:

Icthyose nacrée, syn. Icthyosis nitida  (cover illustration of this thesis)

a) L’Icthyose nacrée cyprine, syn. Icthyosis nitida cyprinea

b) L’Icthyose nacrée serpentine, syn. Icthyosis nitida serpentina

Icthyose cornée, syn. Icthyosis cornea

a) L’Icthyose cornée épineuse, syn. Icthyosis cornea spinosa

b) L’Icthyose cornée onguleuse, syn. Icthyosis cornea ungulosa

c) L’Icthyose cornée ariétin, syn. Icthyosis cornea arietina

Icthyose pellagre, syn. Icthyosis pellagra

a) L’Icthyose pellagre vulgaire, syn. Icthyosis pellagra vulgaris

b) L’Icthyose pellagre orbiculaire, syn. Icthyosis pellagra

orbicularis

Figure 2. The porcupine man
(Kaposi 1899)
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Alibert was of the opinion that “persons with ichthyosis are a different kind of

people, like seals, or something like that”. He also gave an exhaustive description of

many forms of ichthyosis, often using terms of animal appearances, e.g.: Icthyosis

nitida serpentina – “The scale is not hard, or more as the skin of a snake; ”Icthyosis

cornea ungulosa – “The patients have skin that looks like a bird’s- or quadruped’s

claw”. He pointed out that patients with ichthyoses generally had greatly varying

skin symptoms, and that hereditary factors could play a role. He mentioned that

ichthyosis is not contagious, as a man name “Buniva” had inoculated himself with

“ichthyosis substance” together with blood and saliva from patients with pellagra

without contracting ichthyosis.

Willan (1808) was the first to organise skin diseases into eight groups: papule,

squame, exanthema, pustule, vesicule, tubercula and macule. He classified

ichthyosis as belonging to Order II, Squame, and defined it as follows:

“Icthyosis is characterized by a permanently harsh, dry, scaly, and, in

some cases, almost horny texture of the integuments of the body, unconnected

with internal disorder. Psoriasis and Lepra differ from Icthyosis in being but

partially diffused, and in having deciduous scales”. (p 199)

Willan (1808) was the first to observe and report that these patients did not sweat:

“It is also remarkable that they never seem to have the least perspiration,

or moisture on the skin”. (p 200)

In 1813 Thomas Bateman, one of Willan’s disciples, was the first to call ichthyosis

fish-skin disease. He divided ichthyosis into two groups, Ichthyosis simplex and

Ichthyosis cornea. According to Bateman, Ichthyosis simplex was initially

characterised by thickened, harsh and discoloured skin, which appeared, at a short

distance, as if it were soiled with mud. When the disease advanced further, the signs

became much more obvious and the skin was almost black.

“The roughness, which is so great as to give a sensation to the finger passed

over it, like the surface of a file, or the roughest shagreen, is occasioned by

innumerable rugged points, into which the surface is divided”. (p 49)

Bateman described Ichthyosis cornea as being characterised by a rigid and horny

integument, sometimes partial, but sometimes extending nearly over the whole



- 17 -

body. He mentioned that this condition was rare. He also stated that the

excrescences had improperly been called horns -

“for they are purely of cuticular growth, having no connection with the bones

or other parts beneath, and consisting of a laminated callous substance,

contorted and irregular form, and not unlike isinglass in appearance and

texture.” (p 53)

Many authors have used the term Ichthyosis, but the classification into subgroups

has been confusing.

In 1838 Ernest Swartz  referred to Ichthyosis as being synonymous with Lepra

ichthyosis, Lepidosis ichthyosis, Ichthyose, Fish-skin, Der fishschuppen-Aussatz,

and Scale disease. He also classified ichthyosis into two groups, Ichthyosis simplex

synonymous with ichthyose nacrée and Simple fish-skin, and Ichthyosis cornea

synonymous with Ichthyosis cornigera, Cornua cutanea, Appendices cornées,

Corne, Ichthyose cornée and Horny fish-skin.

He stated that the disease could commence in adolescence, but also in infancy.

He claimed that in some cases it was hereditary, but even then not all members of

the family were affected.

Belcher made another survey of the names of the diseases in 1866. Here he

classified ichthyosis into Ichthyosis squamosa and Ichthyosis spinosa, or Ichthyosis

hysterix, or Ichthyosis scutella. He also stated that what Willan called Ichthyosis

cornea was the same as the diseases named Ichthyosis Squamosa, Seborrhoea sicca

and Acne sebacée corné by other writers. Belcher referred to one essay in the

“Edinburgh Medical Journal for July 1861” written by Dr Begbie, who he said

regarded ichthyosis as an “essentially scaly or squamous disorder, and therefore

correctly associated with Lepra and Psoriasis” (p 291). Belcher stated that

ichthyosis could be congenital, but more usually commenced a few months after

birth. He wrote:

“When icthyosis is congenital, the skin of the infant at birth is dry, rough,

uneven, and of a greyish-brown colour, but the epidermis is little

hypertrophied; this condition of it may continue for years, or even for life,
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accompanied by a constant mealy exfoliation, without being further

aggravated, constituting the mildest cases of the affection.” (p 292)

Individuals affected with the more severe forms were sometimes in the past

exhibited for money, as “mermaids” or  “porcupine men”. Their skin has also been

compared to the hide of an elephant or of a rhinoceros. Belcher reflected that if

ichthyosis is congenital this must be ascribed to the mother’s imagination during

pregnancy. Maybe she was longing for some peculiar fish, or was stricken by fright

arising from something connected with fish. This idea is similar to the history given

by one patient to the present author during these doctoral studies (AG unpublished

observation). The patient said that her mother had been frightened by a “Ruda” fish

when she was pregnant in the 1920s, and consequently the patient had been affected

with ichthyosis.

In the 1890s Pontoppidan and Lesser divided ichthyosis into groups based on

the grades of severity of clinical signs. The mildest form was Ichthyosis simplex or

diffusa, with dry skin on the extremities. The moderate form was Ichthyosis

serpentina or cyprina, and the most severe form was Ichthyosis hystrix.

In the 20th century the knowledge about ichthyosis increased substantially.

Reicke (1900, 1921) was one of those who produced the basis for later

classifications. He proposed a classification based on the degree of clinical severity

and he recognised that congenital ichthyosis was a heterogeneous disease. The mild

form was Ichthyosis vulgaris, which was subdivided into other types, i.e. Ichthyosis

simplex, the mildest type, and Ichthyosis nitida or Ichthyosis serpentina.

 The most severe form was Ichthyosis congenita or foetalis, which was

subdivided into three types: Ichthyosis congenita gravis, Ichthyosis congenita

larvata and Ichthyosis congenita tarda.  Reicke (1921) described the appearance of

a newborn baby with severe symptoms as follows: “The skin was ½ cm thick and

the baby had ectropion,  ‘fish mouth’ and also malformations of the hands and

feets”.

Later in the century the development of new methods and techniques for

investigation of the disease provided a more complete picture of ichthyosis as a

group, but there are still many questions to be answered.
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In spite of the fact that the name ichthyosis has been known for 200 years,

patients can still today hear the name “scaly fish disease” from their doctor. This

name should be avoided, since it is embarrassing for the patients and many children

have been teased on this account. When dealing with patients the word “ichthyosis”

is more appropriate.

Treatment – a historical perspective

Treatment for ichthyosis was described in the literature as long as 200 years ago.

Many authors have established that ichthyosis cannot be cured.  However, many

different kinds of internal and external treatments have been described.

Willan (1808) launched a recommendation for removing the scales:

“The earliest mode of removing the scales is to pick them off carefully with the

nails, from any part of the body while it is immersed in hot water” (p 201).

Many authors have recommended a bath in hot water sometimes with and

sometimes without the addition of some substance. In 1806, Alibert concidered that

external treatment with frequent use of a warm bath containing mallow or sulphur

was the best choice. In 1808 Willan wrote;”…the formation of the scales was

prevented by a frequent use of the warm bath, with moderate friction” (p 201).

Bateman (1813) and Swartz (1838) were of the same opinion and recommended

bathing in sulphurous waters followed by rubbing of the skin with flannel or a

rough cloth. In 1879 Engelstedt recommended a bath with tar added, and in 1890

Pontoppidan advocated potash or green soap for local treatment.

The oldest keratolytic agent used in dermatology is salicylic acid. The naturally

occurring salicylates found in the fruit, leaves and bark of many plants were used

for many different diseases by Hippocrates, Celsus and Dioscorides as long ago as

in 400 BC. Skin diseases formed one group of diseases which were treated with

decoctions of willow leaves or of paste made from the ash of willow bark (Gross

and Greenberg 1948). Purified or synthetic salicylic acid has been used externally

since the second half of the 19th  century and its use for ichthyosis was first reported

in 1888 by Heitzmann (in Gross and Greenberg 1948).
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In 1838 Swartz  recommended treatment by rubbing the skin with ” ung.

Hydrarg (mercury) and Kali hydroiodici”. Belcher (1866) recommended

“stimulating lotions, containing corrosive sublimate and other preparations of

mercury, caustic potash etc.”. Other ointments containing various agents have also

been recommended for the treatment of ichthyosis, such as glycerine, lanolin, 10%

sulphur and tar (Lesser 1894, Reicke1921).

Petrolatum (Vaseline) is made of mineral oils and was produced for the first

time by R.A Chesebrough in the USA in 1871. It has since been used among many

other applications as a base for different ointments for treatment of ichthyosis

(Pontoppidan1890, Lesser 1894). Since the beginning of the 20th century the

classical treatment of ichthyosis has been to apply 1-10% salicylic acid in a

petrolatum base (Reicke 1921, Bruhns 1929, Traupe 1989). One patient with

lamellar ichthyosis reported to the author that when he was admitted to hospital in

the 1940s to 50s he was treated with ointments containing various percentages of

salicylic acid in petrolatum, whereafter he was wrapped up with gauze bandages

(AG, unpublished observation). On one occasion he was poisoned by the high

percentage of salicylic acid and was unconscious for a number of days.

Proust 1821 first extracted pure urea from urine, and pure urea was first synthe-

sised in 1828 by Wöhler (Rosten 1970).

Internal treatment was also advocated many years ago; there are descriptions of

many sorts of pills and decoctions for treating ichthyosis. Sulphur has been reported

to have a beneficial effect and was mostly used at the Hospital St Louis (France). In

1813 Bateman wrote; “ A lady took for a considerable time from three drachms to

half an ounce of pitch daily, with the most salutary effect both on her skin and

general health” (p 51).  He also recommended arsenical solution and decoctions of

inner bark of elm trees.

Alibert on the other hand, recommended clear soup from lizards and vipers. A

patients of the present author described how she was given such viper treatment in

the 1920s, when her family collected snakes and cooked them, and gave her the

clear abominable soup to drink (AG unpublished observation).
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Since there has been no medical cure for ichthyosis, many parents have taken

their affected children to homeopaths and naturopaths. For further descriptions of

treatment see chapter on treatments for ichthyoses.

Signs and symptoms

The lamellar ichthyoses are a heterogeneous group of several types of non-bullous

congenital ichthyosis. The term is sometimes used for all non-bullous and isolated

types of congenital ichthyoses except those referred to as harlequin foetus and self-

healing collodion baby (Traupe 1989). Another name for LI is autosomal recessive

congenital ichthyosis (ARCI), which describes the typical hereditary pattern. This

group of ichthyoses (LI) represents the most severe form and the signs are already

present at birth. Most of the new-borns with LI are encased in a membrane

resembling collodion or parchment with varying degrees of thickness. A “collodion

baby” may have ectropion, eclabium, crumpled ear, and digits that are fixed and

immobile. Fissures and peeling begin a few days after birth, and within a few weeks

the collodion membrane is shed. The patients then present a broad clinical spectrum

of ichthyosis ranging from thick, large, dark-brown scales to thin, white, small

scales. The entire body surface is usually involved, including the trunk, face, scalp

and flexor areas. Involvement of the palms and soles is variable and ranges from

minimal hyperlinearity to severe keratodermia. The skin is always dry and scaly. An

associated skin inflammation, varying from severe generalised erythema to mild

erythema in a few body regions, is evident in many patients (Traupe 1989, Judge

and Harper 1996, Campbell 2000). In the post-collodion phase LI seldom improves

spontaneously with increasing age. The ectropion may persist after birth and the

eyelids may fail to close fully, particularly during sleep. The patients may also have

hypohidrosis, but the degree of sweating impairment varies between patients. Some

patients have severe heat intolerance and have to strictly avoid overheating

(DiGiovanna 1999).  Another commonly associated symptom is total or partial alo-

pecia (Traupe 1989).

In 1902 Broq described bullous ichthyosis as a variant of congenital ichthyosis,

and in 1966 Frost and Van Scott introduced the term epidermolytic hyperkeratosis
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as synonymous with bullous ichthyosis. It is inherited as an autosomal dominant

disorder. At birth the infants may present with ichthyotic erythrodermia, scaling,

erosions and severe blisters, subsiding during the first years of life. Within a few

weeks or months after birth, the skin becomes hystrix (porcupine)-like with

verrucous hyperkeratosis on the trunk, axilla and flexural areas. The keratoses can

project up to 1 cm on the anterior surface of the lower legs and knees. (Traupe

1989). Repeated infections with bacteria and yeasts lead to pustulation and erosions

and may cause an embarrassing body odour. The infections are a troublesome

complication, especially in childhood, and may necessitate long-term antibiotic

treatment (DiGiovanna 1999).

X-linked recessive ichthyosis is a distinct form of the common ichthyoses and

is separate from ichthyosis vulgaris. It is a sex-linked condition, which affects only

males, and is carried on the X chromosome. The clinical feature in infants with XRI

is dry and scaly skin, which appears in the first week or first month of life. Later the

dark-brown scaling is most prominent on the extensor surfaces, and the scalp and

flexural areas are also involved (Traupe 1989, DiGiovanna 1999).

Ichthyosis vulgaris is inherited as an autosomal dominant condition, and is the

most common of all ichthyoses. At birth these infants appear normal, but within a

few months or after the first year of life they gradually develop a dry and scaly skin

(Traupe 1989, Campbell 2000). The scales are initially thin and the flexural areas

are spared. Follicular keratosis is often present, especially in children, and many of

the patients with IV also have atopic dermatitis (Traupe 1989).  Variation of the

clinical features may be seen in the same family. Both IV and XRI may improve

during the summer and with age.

Patho-aetiology

The aetiologies of many of the genodermatoses have been revealed in recent years.

This makes it easier to diagnose the disease correctly and to provide better informa-

tion to the patient. The four main groups of ichthyoses (LI, EHK, XRI and IV) have

widely differing patho-aetiologies.



- 23 -

One recently discovered cause of LI or ARCI is a deficiency of transgluta-

minase1 (TGM1), a cross-linking enzyme normally present in the epidermis and

essential for the formation of the cornified cell envelope in the stratum corneum

(Huber 1997). The deficiency is caused by homozygocity or compound heterozygo-

city for TGM1 gene mutations, which explain about half of the ARCI cases (Huber

1995, Laiho 1997, Pigg 1998). Recently at least four additional genetic loci have

been implicated in the pathogenesis of ARCI, but no candidate genes have been

proposed so far (Virolainen 2000,  Fischer 2000).

 The aetiology of bullous ichthyosis (BI or EHK) is a dominant negative

mutation in either K1 or K10 (Virtanen 2001).

In the 1970s the cause of XRI was found to be deficiency of the enzyme steroid

sulphatase, resulting in an abnormal accumulation of cholesterol sulphate in the

stratum corneum  (Jobsis et al 1976). Accumulation of cholesterol sulphate results

in retention hyperkeratosis (Traupe 1989). The routine lipoprotein electrophoresis

will show abnormal mobility of the β-band (Ibsen et al 1986).

Ichthyosis vulgaris is an autosomal dominant disease and the skin symptoms

can vary from one generation to another (Traupe 1989). It is caused by a gene-

dependent abnormality of keratohyalin. (Anton-Lamprecht 1994).

Histopathology

Routine histopathological examination in lamellar ichthyosis have revealed non-

specific changes such as orthohyperkeratosis, an increased granular layer,

acanthosis and papillomatosis (Traupe 1989). In epidermolytic hyperkeratosis the

main histological features are  marked hyperkeratosis and epidermolysis of the cells

in the stratum spinosum. In ichthyosis vulgaris, moderate hyperkeratosis and a

reduced granular layer are the most prominent histological findings. In XRI the

stratum corneum usually shows mild to moderate compact orthohyperkeratosis

(Traupe 1989). Differentiation from IV can sometimes be difficult, but the granular

cell layer is usually normal (Judge and Harper 1996).

The complexity of the pathogenesis in ARCI becomes evident when lesional skin,

and especially stratum corneum, is studied by electron microscopy (EM) (Anton-
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Lamprecht 1994). At least four different EM patterns have been found in ARCI

(Fig. 3 a-d): type I is characterised by lipid droplets in the stratum corneum (Niemi

et al.1994), type II shows so called cholesterol clefts and lipid droplets in the

stratum corneum (Niemi et al.1991), and in type III there are elongated membrane

structures in the stratum granulosum and keratohyalin granules (Arnold et al. 1988,

Niemi et al. 1992) and type IV is characterised by masses of abnormal membranes

in the stratum corneum (Niemi et al. 1993, Anton-Lamprecht I 1998 ). Recently, six

patients with severe ARCI disorders were reported to display atypical features at

EM. They were found to have abnormal lamellar bodies, alterations in

keratohyaline, remnant organelles and lipid inclusions in the upper epidermal cells,

findings which resembled the ultrastructural features in harlequin ichthyosis (HI),

although the HI phenotype was not present at birth (Virolainen et al. 2001). As yet,

no strict correlation has been found between the EM type and the phenotype of

ARCI.

In EHK, electron microscopy shows clumped keratin filaments dispersed

around the keratinocyte nucleus (Anton-Lamprecht 1994, Traupe 1989). Des-

mosomes are disrupted to a variable extent and clefts appear between keratinocytes

(DiGiovanna 1999).

In ichthyosis vulgaris, the EM pattern is one of absent or fragmented

keratohyaline granules in the granular cells, whereas the keratin filaments appear

normal (Traupe 1989, Judge and Harper 1996), and in XRI normal keratohyaline

granules are seen, but desmosomes are more persistent than normal (Anton-

Lamprecht 1998).
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Figure 3 a. Electron microscopy. Type I,
showing lipid droplets in the stratum
corneum (Niemi et al. 1994, Fig. 7a).

Figure 3 c. Electron microscopy. Type III,
showing elongated membrane structures
in the stratum granulosum (Sg) and the
stratum corneum (Sc). KH= keratohyalin
granules (Arnold  et al. 1988, Fig. 6).

Figure 3 b. Electron microscopy. Type II,
showing cholesterol clefts and lipid
droplets (L) in the stratum corneum
(Niemi et al. 1991, Fig. 5).

Figure 3 d. Electron microscopy. Type IV,
with masses of abnormal membranes in
the stratum corneum
(Anton-Lamprech I 1998).

(reprints were made with permission from the publishers)
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Treatments for ichthyosis

The treatment of ichthyosis is symptomatic and aims at normalisation of the stratum

corneum, i.e. hydration, keratolysis and lubrication (DiGiovanna 1999). Much of

the current therapeutic practice is based on tradition (see chapter on history), subjec-

tive beliefs and personal clinical experience, while hard data are scarce (Traupe

1989). The basic principles of the therapy are the same irrespective of whether the

patient has a common ichthyosis with mild to moderate symptoms, or a rare form

with moderate to severe symptoms. The treatment is often very time-consuming and

may include baths once or twice a week and application of topical emollients seve-

ral times a day.

The hyperkeratosis can be thinned by baths and mild abrasion, for example

with a pumice stone, wet towel, sponge, etc. Common additives to the water are

oils, salts, urea, herbals and so on (Vahlquist 2000; AG unpublished observation).

For mild to moderate ichthyosis UV treatment and climate therapy can be of value

in the winter (Vahlquist 2000).

Keratolytic substances have long been used for treatment of various types of

hyperkeratotic and scaling disorders, e.g. ichthyosis and psoriasis. The term kerato-

lytic indicates keratolysis, but the substances do not necessarily lead to lysis of

keratin, and squamolytic agent could be a more appropriate name (Lodén 2000).

The most commonly used keratolytics for ichthyosis are salicylic acid, urea, α-

hydroxy acids (AHA) (e.g. lactic acid, glycolic acid) and propylene glycol.

One classical form of treatment of ichthyosis is the application of 1-10% sali-

cylic acid in a petrolatum base (Reicke 1921, Bruhns 1929, Traupe 1989). In chil-

dren, however, total body treatment with salicylic acid should be avoided, because

of the risk of systemic toxicity (Traupe 1989).   

In 1968 Swanbeck described the use of high (10%) concentrations of urea in

creams as therapy for ichthyosis and other hyperkeratotic conditions, and since then

urea-containing creams (2-10%) have been popular, especially in Europe (Traupe

1989, Vahlquist 2000). In a recent study, for example (Küster et al. 1998), urea in a

lotion base was found to be well-tolerated and highly effective in children with mild

to moderate types of ichthyosis.
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In 1974 Van Scott and Yu demonstrated that ΑΗΑ (e.g. lactic acid 5%, glycolic

acid 5%) had a good effect on ichthyotic disorders. Many available keratolytic

creams and lotions contain AHA in a concentration of 5-15% (DiGiovanna 1999).

Propylene glycol, which was synthesised in 1859, has been reported by

Goldsmith (1978) to have an osmotic effect and enhance hydration and

desquamation of the stratum corneum. Goldsmith also found that propylene glycol

40-70% under polyethylene occlusion was useful treatment for conditions such as

ichthyosis, keratosis plantaris/palmaris, calluses for example. Many emollients for

dry skin contain 10-25% propylene glycol.

In a recent pilot study it was found that a combination of two keratolytics in a

cream base (5% lactic acid, 20% propylene glycol in Locobase cream®) seemed to

have an additive or even synergistic effects without causing too much irritation

(Gånemo and Vahlquist 1997).

Other agents used for topical treatment of ichthyosis are vitamin D

(calcipotriol) (Lucker 1994) and retinoids (tretinoin, tazarotene), which may be

effective but can be irritating in some patients (DiGiovanna 1999). Topical tazaro-

tene 0.05 % has recently been reported to be more beneficial in congenital ichthyo-

ses in comparison with an ointment containing 10% urea (Hofmann et al. 1999) and

has also been used successfully in some patients with epidermolytic hyperkeratosis

(Virtanen 2001).

When systemic retinoids were introduced in the late 1970s this meant a great

improvement for patients with lamellar ichthyosis. Amelioration of signs and symp-

toms by isotretinoin and acitretin has also been observed in other types of ichthyosis

or syndromes with ichthyosis, e.g. SLS, EHK, harlequin ichthyosis (Vahlquist 1994,

Bojs 2000, Virtanen 2001, Traupe 1989). The use of systemic retinoids carries a

clear risk of side effects such as skeletal disorders other serious systemic effects and

hair loss, and their teratogenic effects prevent their use in women of fertile age

(Vahlquist 1994).

As the effects of topical treatment are often only slight, and oral retinoids carry

a risk for side effects, there is a need for innovative therapy in the field of ichthyosis

therapy.
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QUALITY OF LIFE

Health is a broad term with a variety of meanings. The concepts of health and well-

being are summarised by the World Health Organisation in their statement: “Health

is not merely the absence of disease or infirmity, but also physical, mental and

social well-being” (WHO 1995). Clearly, this definition suggests that illness com-

promises not only the biological integrity of man, but also his social, economic and

psychological well-being (Katsambas 1994). Well-being has been defined as “a

general term encompassing the total universe of human life domains including

physical, mental and social aspects, that make up what can be called a good life”

(WHO 2000).

Quality of life (QoL) is a term that is often used in an imprecise and vague way,

and there is no absolute consensus on a definition. Also, there are many different

approaches to its assessment. During the past decades, a number of instruments

have been developed for the assessment of QoL and health-related quality of life

(HRQoL) (Wiklund 1990, Ware 1993 and Finlay 1994). Many studies have been

undertaken to evaluate the impact of a variety of chronic diseases on quality of life.

Dermatological disorders are rarely life threatening, but are often chronic, and

the consequences for long-term sufferers can be both physically and psycholo-

gically disabling (Katsambas 1994, Lundberg et al. 1999, 2000, Wahl 2000). There

are many ways in which skin diseases have a detrimental influence on quality of

life. QoL measures in dermatology are useful for providing insight into patient

problems, for monitoring effects of therapy, and as a basis for clinical decisions

(Finlay 1997).

QoL instruments may be classified into generic and disease-specific. Generic

instruments measure aspects of health that are of general importance, and allow

comparisons between diseases. Two of the most widely used generic HRQoL

instruments are the Nottingham health profile (NHP) (Hunt 1981) and the Short-

Form (SF)-36 (Ware et al.1993). These two instruments measure health-related

quality of life in terms of the perceived functional, emotional and social impact of

chronic disease.
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One of the disease-specific tools, the Dermatology Life Quality Index (DLQI),

has been developed to give a more comprehensive picture specifically of the life of

dermatology patients (Finlay 1994). The DLQI measures the most relevant aspects

of quality of life related to skin disease. Finlay (1997) points out that for routine use

a simple instrument such as the DLQI may be appropriate, since easy use and

scoring are very important.

Visual analogue scale (VAS) consists of a 10 cm long line with two extremes,

and the patients indicate their position on the scale. The VAS has been used in a

number of studies to measure the disease activity in dermatological disorders

(Lundberg et al. 2000 and Parslew et al. 2000). The advantage of the VAS is that in

principle it has innumerable response options and is sensitive to change.

Content analysis is a method developed specifically for the analysis of written

material. It is suitable for investigations in which the content of the text serves as

the basis for inference (Holsti 1969). Content analysis involves identifying, coding

and categorising the primary patterns in the data. In the present study, this means

analysing the contents of interviews. In 1952, Berelsson defined content analysis as

a ”research technique for the objective, systematic, and quantitative description of

the manifest content of communication”. In 1969, Holsti modified Berelson’s

definition by stating “content analysis is an objective, systematic and general

description of the manifest context of a text”.

Content analysis can be quantitative, for example when the focus is placed on

counting the number of times that certain expressions occur. It can also be qualita-

tive, in making an interpretation of the content in a text. In both cases, “each cate-

gory may consist of one, several or many words. Words, phrases, or other units of

text classified in the same category are presumed to have similar meanings”

(Weber 1990).

The interest in HRQoL in dermatology is relatively new, but several studies

have already shown that skin diseases may have an adverse impact on quality of life

(Lindholm 1993, Kurwa 1995, Nichol 1996, Lundberg 2000). However, ichthyosis

has not previously been studied in this respect.



- 30 -

AIMS
The overall aim of this investigation was to gain further knowledge about the

aetiologies, signs and symptoms of ichthyosis, its influence on the patient’s life and

the possible treatments.

The specific aims were:

- to characterise and subclassify patients with autosomal recessive congenital

ichthyosis with respect to the presence or absence of TGM1 mutations, clini-

cal findings, electron microscopic features of the skin, and therapeutic prefe-

rences. (I)

- to investigate the health-related quality of life in a large group of patients

with various types of ichthyosis (lamellar ichthyosis, X-linked ichthyosis and

ichthyosis vulgaris) and to compare the results with norm data from the

general population. (II)

- to study the relations between subjective disease activity and quality of  life

instruments and also between the various quality of life instruments. (II, III)

- to investigate the life-time perspective and the quality of life in middle-aged

and elderly persons with congenital ichthyosis in order to learn more about

the influence of the disease on different phases of life. (III)

- to evaluate the effects of a newly invented keratolytic cream formulation for

the treatment of lamellar ichthyosis in a double-blind controlled clinical trial.

(IV)
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MATERIAL AND METHODS

PATIENTS

The patients with ichthyosis were identified and recruited via the Swedish

Ichthyosis Association (studies I, II, III, IV), and via dermatology departments in

Uppsala (studies I, II and IV), in Linköping (study II) (Öhman, Vahlquist 1998) and

in several other cities around Sweden (studies I , II, III and IV), as well as from

Tartu University Clinics, Estonia (study I). In some cases close relatives of the

above-mentioned persons, affected by similar symptoms, were also recruited (study

II). Some characteristics of the patients included in the various studies are shown in

Table 2.

Study I: Eighty-three patients (72 families) who fulfilled the criteria for ARCI

participated. Other types of non-bullous congenital ichthyosis, e.g. neuroectodermal

syndromes, were excluded.

Study II: Inclusion criteria were LI, XRI or IV.  The diagnosis was based on

signs and symptoms reported in the patients’ medical records and/or in their

questionnaire answers. Invitations to participate were sent by mail to 144 patients.

The total response rate was 84.7 % (122 patients) and the response rates for each of

the diagnoses were LI 82.2 %, XRI 87.8 % and IV 84.5 %.

Study III: Inclusion criteria were congenital ichthyosis and age ≥ 55 years. Nine

persons with LI and one with EHK were recruited. We have reasons to believe that

this study represented virtually all patients with congenital ichthyosis living in

Sweden in that age group.

Study IV: Twenty patients participated in a clinical trial. Inclusion criteria

were: (i) congenital ichthyosis of the lamellar or non-bullous erythrodermic type;

(ii) widespread skin involvement with similar symptoms on the arms and legs; (iii)

adult persons aged 16-80 years; and (iv) no mental or physical handicap affecting

compliance. Twelve of the patients had severe ichthyosis, six had moderate

symptoms and two had fairly mild symptoms.
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Table 2. Demographic data on the patients in the four studies

 Study no. I II III IV
No. of  Patients 83 121 10 20

Gender
Men 36 (43 %) 66 (54.5 %) 4 (40 %) 7  (35 %)
Women 47 (57 %) 55 (45.5 %) 6 (60 %) 13 (65 %)

Age, years
Mean ± SD 27.0 ± 21 44.8 ± 17 67.8 ± 9.6 38.0 ± 16
Median (range) 20.0 (0.5-81) 45.0 (17-78) 66 (56-80) 34.5 (16-64)

Formes of ichthyoses
Non-bullous congenital 83 37 9 20
ichthyosis (lamellar ichthyosis,
autosomal recessive congenital
ichthyosis)
X-linked recessive  ichthyosis - 36 - -
Ichthyosis vulgaris - 48 - -
Bullous ichthyosis - - 1 -
(Epidermolytic hyperkeratosis)

Country
Sweden 73 121 10 20

 Estonia 10 - - -

METHODS

Clinical examination (studies I, III and IV)

In study I the patients were examined at the dermatology clinics in Uppsala, Umeå,

Stockholm, Örebro, Göteborg, Halmstad, Helsingborg, Kristianstad, Eksjö, Linkö-

ping and Tartu. In study III the assessment was made at the time of the interview in

the patient’s home (n=9) or in a conference room (n=1), and in study IV the patients

were examined at the dermatology clinic in Uppsala.

A total of 83 patients (study I) were clinically examined, using a standardised

protocol in which the degrees of ichthyosis and erythema were scored 0-4 in 9 diffe-

rent body regions (trunk, arms, legs, face, scalp and neck, hands, feet, knees/elbow,

and flexural areas). The sum of scores was calculated for each patient after mul-

tiplying the individual value of one region by the relative contribution of that region
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to the patient´s whole body surface area (calculated according to the ”9 % rule”, i.e.

with the trunk representing 0.36, legs and feet 0.36, arms and hands 0.18 etc. of the

total body area). The maximum value of the weighted sum of scores was thus 4.0.

The type of scaling was noted. Special attention was paid to any abnormalities in

the patient´s general habitus, psychomotor function, dental status, vision, ears, nails

and hair growth.

In study III the severity of the disease was rated by a semi-quantitative global

clinical assessment based on the degree of scaling, hyperkeratosis, erythema and

extension, using a 0-3 scale, where 0 represents no skin symptoms and 3 the most

severe skin symptom in the group.

A total of 20 patients (study IV) underwent clinical examination (double-blind)

on days 1 and 28, with use of a standardised protocol in which scaling, dryness and

erythema on the extremities were scored from 0 (absent) to 4 (extremely severe).

Photographs (Studies I and IV)

In each patient 3 to 4 photographs were taken from involved skin areas and from

different body regions (study I). In study IV standardised photographs were taken of

the four extremities before and after 4 weeks of treatment (days 1 and 28).

Blood analysis (Study I)

Male patients without good knowledge of their family history were screened for

steroid sulphatase deficiency, using an electrophoretic method (Ibsen 1986).

Patients with a history of repeated bacterial infections were investigated for

Chanarin-Dorfman syndrome by examining a blood smear under the microscope

(Traupe 1989). Mutation screening: Blood DNA was prepared and analysed for

TGM mutations as previously described (Pigg 1998, Pigg 2002).



- 34 -

Skin biopsy (Study I)

A punch biopsy specimen (3 mm) was taken from involved skin after infiltrating the

skin with lidocaine-adrenalin or, in children, after applying EMLA® cream. The

specimens were fixed in 3% glutaraldehyde and were processed for transmission

electron microscopy according to standard procedures.

Bioengineering techniques

Replica (Study IV)

Moulding of the skin surface on the four extremities was carried out by 4-5 cm

diameter silicon-elastomer replication before and after 4 weeks of treatment (days 1

and 28). The skin replicas were examined with the naked eye.

Capacitance (Study IV)

The electrical capacitance of the skin surface was recorded with a Corneometer CM

820 (Courage + Khazaka, Cologne, Germany) (Blichmann 1988). This was done on

the volar aspects of the forearms and on the backs of the calves before and after 4

weeks of treatment (days 1 and 28). Means of three to four determinations at each

skin site were calculated.

Transepidermal water loss (Study IV)

Transepidermal water loss (TEWL) was measured in order to characterise the water

barrier function of the skin (Pinnagoda 1990). An EPI Evaporimeter (Servo Med

AB, Stockholm, Sweden) was used (Blichmann 1988) and the measurements were

made on the volar aspects of the forearms and on the backs of the calves, before and

after 4 weeks of treatment (days 1 and 28).

In connection with the examination in all patients, the air temperature and the room

humidity in the investigation room were measured.
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Questionnaires  (Studies I-IV)

In connection with the clinical examination, the patients, or parents of young

patients, completed a questionnaire concerning their/their children’s past and

present skin symptoms (study I). This included questions about whether or not the

patients were born as a collodion baby, whether they experienced variations in skin

symptoms unrelated to therapy and climate and/or reduced sweating or general

malaise in a hot climate, and what type of therapy they preferred. They were also

asked about their family history, focusing on the occurrence of ichthyosis in their

relatives and /or offspring.

One questionnaire (study II) included sociodemographic questions concerning

age, gender, marital status, education, employment and geographical area of resi-

dence, and questions about ichthyosis. This was sent to the patients together with a

measure of perceived disease activity and the quality of life questionnaires, i.e. the

DLQI  and the SF-36.

In study III the patients were mailed a questionnaire concerning their back-

ground (socio-economic status, upbringing, education, etc.) together with the NHP

quality of life questionnaire. The completed questionnaires were delivered to the

investigator in connection with the interview.

Before the clinical examination in study IV (on day 0), the included patients

were asked by the investigators for demographic data, medical history and history

of medication.

Visual analogue scale (Studies II and IV)

As a subjective measure of disease activity, VAS was used in two of the studies. In

study II six questions were asked in order to assess the patient’s perception of his or

her symptoms. The end-points were no symptoms (0) - worst symptom (100). The

first three questions concerned symptoms at the time of the survey and the other

three elicited how the respondent perceived these symptoms when they were at their

worst. The symptoms asked about were dryness, scaling and erythema. Scores were

obtained by measuring the distance, in mm, from ‘no symptom’ to the patient´s

mark on the VAS.
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During the trial period (study IV), the patients were instructed to make a

weekly evaluation (weeks 0-4) of dryness, scaling and erythema on each of the four

extremities. The end-points were no symptoms (0) - worst symptom (100). Scores

were obtained by measuring the distance, in mm, from ‘no symptom’ to the

patient´s mark on the VAS.

  .

Quality of life instruments

DLQI (Study II)

The DLQI  (Finlay, Khan 1994) consists of 10 questions, with a time frame of the

previous seven days. It covers the most relevant aspects of quality of life related to

skin disease. Each question has four response alternatives: ‘very much’, ‘a lot’, ‘a

little’, and ‘not at all’, with corresponding scores of 3, 2, 1, and 0. The ten items are

summarised in six dimensions and one overall summary score. The six dimensions

are (i) symptoms and feelings; (ii) daily activities; (iii) leisure; (iv) work and school;

(v) personal relationships; and (vi) problems with treatment. Higher scores indicate

a poorer quality of life. The DLQI is a dermatology-specific instrument and not all

questions may be relevant to a healthy population. No norm data are therefore avai-

lable.  However, healthy controls reportedly have a very low mean total DLQI score

of approximately 0.5 (Finlay, Khan 1994).

SF-36 (Study II)

The SF-36 (Ware el al.1993, Sullivan et al.1994) is a multi-dimensional, self-

administered and validated instrument. The questions concern quality of life ‘today’

compared with ‘one year ago’, on the patient’s typical day and in the previous four

weeks. The SF-36 measures health-related quality of life using 36 items arranged in

eight dimensions: (i) general health (GH), (ii) physical functioning (PF), (iii) role-

physical (RP), (iv) role-emotional (RE), (v) social functioning (SF), (vi) bodily pain

(BP), (vii) vitality (VT) and (viii) mental health (MH). Scores range from 0 to 100,

higher scores indicating a better quality of life. Normative data have been presented

for the Swedish general population (Sullivan et al.1994). Age- and gender-adjusted

norm scores were calculated as described by Hjermstad et al. (1998).



- 37 -

NHP (Study III)

The patients were mailed the NHP I and NHP II questionnaires, which is a self-

administered and validated instrument (Wiklund 1988, Wiklund 1990). The NHP I

measures health-related quality of life and contains 39 questions in six areas

(emotions, sleep, energy, pain, mobility and social isolation). The response format

is dichotomous (yes/no). The response to each question is weighted in accordance

with its influence on quality of life and the results are summarised within each area

(Wiklund 1990, 1992). The total scores within the six areas range from 0 to 100,

with low scores indicating higher levels of function and/or better health. The NHP

II contains seven yes/no questions reflecting the frequency of health-related

problems within the following areas: paid employment, housework, social life,

home life, sex life, hobbies and holidays.

Interviews (Study III)

Nine subjects were interviewed in their homes and one was interviewed in a

conference room. The interviews were tape-recorded and later transcribed verbatim.

The interviewer (AG) used an interview guide (Fig. 4) with questions about the

subject’s childhood and adulthood and present situation.
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Figure 4.  Structured interview1

1. Could you please tell me about your childhood.
2. Do you feel that your skin condition affected your childhood?

Yes – No.
If yes – in what way?

3. Do you feel that your parents looked at you as being different from other
children?

Yes – no
If yes – in what way?

4. How did your skin condition affect you at school?
5. Are you or have you been married or living together with a partner?

(If no, go to question 9)
6. Did your skin condition influence your choice of partner?
7. If you have a child or children, did you get information about the possibility

that the child/children could acquire your skin condition?
8. Do you think that your ichthyosis has affected your and your partner’s

married life/life together?
If it has – could you please tell me in what way.

9. You have answered that you have not been married and that you have lived
as single. Do you think that it is your ichthyosis that has been the reason for
this?

If yes – what is it that has been of importance in this respect?
10. Do you think that your skin condition has affected your contacts with the

opposite sex? Yes – no.
If yes - in what way?

11. Could you please tell me about your working life?
12. How have your contacts with friends, neighbours and relatives been?
13. Has your skin condition changed (varied) during your life?
14. Have improvements or impairments of your skin condition been associated

with specific events in your life?
15. What is it like to be older with ichthyosis?
16. Is there anything that makes it easier or more difficult to have ichthyosis

today compare with earlier in your life?
17.  Has your skin condition affected your life up to now? Yes – no.

If yes – in what way?
18. Do you think that your life would have been different if you had not suffered

from ichthyosis?
19. In what way?
20. Can you remember the treatments you have been given for your skin

condition?
21.  Were any of the treatments effective in any way?

                                                
1 Based on the author’s clinical experience of working for many years with patients

with ichthyosis.
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Data analysis

Interview data

The interviews were analysed separately for each respondent. Interview data were

analysed by content analysis. Words and sentences in the interviews were classified

into categories that were considered to reflect central messages. The interviewer

read through the transcribed interviews and structured them into two categories,

childhood and adulthood.  All interviews were searched for statements about the

skin disease, its signs and treatment and about its relation to everyday life, focusing

on similarities and differences in the material. The material was then structured into

preliminary themes under the two categories. The second step was to discuss the

preliminary themes with another person.  The third step was to condense the

preliminary themes into final themes by looking for similarities among the former

and seeking suitable titles that broadly described their meanings.

Statistical analysis

Statistical methods used in studies I-IV are presented in Table 3.

Table 3. Statistical methods used in the four
studies
     

Study no. I II III IV
Wilcoxon Rank sum test x
Paired t test x
Anova x x
Post hoc analysis with Tukey-Honestly-
Significant Difference test x x
Chi-square x x
t test for independent samples x
One-sample t test x
Z test x
Spearman's correlation coefficients x x
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Chi-square tests were employed to compare the three diagnostic groups (LI-TGM1,

LI/CIE and CIFS) (study I) regarding sex, collodion baby, ectropion, alopecia,

anhidrosis and keratodermia. Analysis of variance (ANOVA) and post hoc analysis

with the Tukey-Honestly-Significant Difference test were used to compare the same

three groups regarding age, degree of ichthyosis and erythema.

Chi-square analysis was used (study II) to compare the three diagnostic groups

regarding age, marital status, education, employment, and geographical area of

residence. ANOVA was used to compare the groups regarding the HRQoL instru-

ments and, for a separate comparison male, subgroups. Post-hoc analysis was

performed with the Tukey Honestly Significant Difference test. The t test for

independent samples was used to compare genders in the total groups, and for a

separate comparison of genders in LI and IV, and of subgroups of females in LI and

IV groups. Spearman´s correlation coefficients were used to study correlations

between the SF-36 and DLQI and between the SF-36, DLQI, and VAS. The z test

(Howell 1992) was used to compare patient mean SF-36 scores with Swedish norm

data from a study by Sullivan et al. (1994). For the analysis of SF-36 data, age- and

gender-adjusted scores were calculated using a direct standardisation method

(Hjermstad et al. 1998), and the one-sample t test (Howell 1992) was used to

compare patient mean SF-36 scores with age- and gender-adjusted norm data.

Spearman´s correlation coefficients were used to analyse the relationships

between the NHP and disease severity (study III).

The paired t test was used to compare the effects of four cream formulations

regarding capacitance, TEWL and mean consumption of the cream. The Wilcoxon

rank sum test was applied to compare the same formulations regarding scores for

scaling, dryness and erythema (study IV).
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ETHICAL CONSIDERATIONS

The Research Ethics Committee of the Faculty of Medicine, Uppsala University,

Sweden approved the studies (study I no. 97342, study II no. 00005, study III no.

96205, and study IV no. 97424) and the Ethical Committee of Investigations of

Human, Tartu University, approved study I (no –74/17, 23.08.1999). Study IV was

conducted in accordance with the ethical principles that have their origins in the

Declaration of Helsinki (1964), in compliance with the European guidelines

concerning Good Clinical Practice for trials on medical products (GCP 1990) and in

compliance with the Medical Products Agency (MPA) rules (LVFS 1996:17). The

MPA approved study IV (151:1947/97).

The patients in studies I, III and IV were given both oral and written

information concerning the aim and design of the studies. The patients in study II

were given written information about the aim and design of the studies. In all

studies the patients gave their informed consent to participate.
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RESULTS AND DISCUSSION

STUDY I

Of 83 patients fulfilling the criteria for ARCI, 44 were found to carry disease-

causing TGM1 mutations on both alleles, details of which are reported elsewhere

(Pigg et al. 2002). We confirmed that deficiency of epidermal transglutaminase due

to homozygous or compound heterozygous TGM1 mutations is a leading cause of

ARCI in Northern Europe. The remaining 39 patients were negative for TGM1

mutations on DNA screening and were subdivided into two groups on the basis of

their clinical phenotypes.

Table 4. Clinical findings in the three groups of patients in study I
Group A

(LI-TGM1)a

B

(LI/CIE)

C

(CIFS)

No. of

         Patients 44 (7) 19 (1) 20 (2)

             (Estonian cases in brackets)

Age

                Mean (range) 24 (0.5 – 71) 30 (1-81) 26 (0.5-79)

p<0.001 b

Clinical scores p<0.05 p<0.05

Ichthyosis, mean ± SD 2.6 ± 1.0 2.0 ± 0.8 1.2 ± 0.3

Erythema, mean ± SD 0.7 ± 0.6 1.1 ± 1.0 0.3 ± 0.4

p<0.05 p<0.001

Born with typical collodion 35 (80%)*** 7 (37%) 7 (35 %)

Ectropion 31 (71%)*** 8 (42%) 1 (5%)

Alopecia 15 (34%) 5 (26%) 2 (10%)

Anhidrosis 39 (87%) 19 (100%) 16 (80%)

Palmoplantar keratodermia 38 (86%) 15 (79%) 10 (50%)**

Assoc. abnormalities c 8 (18%) 8 (42%) 2 (10%)

a= The patients are identical to those reported in a previous publication (Pigg et al. 2002)
b= Anova (Tukey HSD)
c= Assoc. abnormalities were: mental retardation, speech disturbance, deafness, and neuropathy
in an arm, and malformation of ears, fingers and toes
**=p<0.01, ***=p<0.001 = Significant difference vs the other two groups (chi-square)
LI = Lamellar ichthyosis, TGM1 = Transglutaminase 1 gene, CIE = Congenital ichthyosiform
erythroderma, CIFS = Congenital ichthyosis with fine or focal scaling
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Table 4 shows the three groups based on DNA analysis and clinical examination.

The largest group (A) comprised patients with TGM1 mutations who had typical LI

or CIE, except in two cases who showed only mild or focal ichthyosis mainly

confined to the trunk. Group B comprised patients with a clinical appearance similar

to that in group A, but without TGM1 mutations; some of these patients were

erythrodermic. The patients in group C also lacked a TGM1 mutation, but had mild

skin symptoms at the time of investigation; we named this phenotype congenital

ichthyosis with fine or focal scaling (CIFS).
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Figure 5. The age distribution of the patients in study I

The age distributions of the patients in the three groups A (LI/TGM1),B

(LI/CIE) and C (CIFS) are presented in Figure 5. Almost half of the patients were

below the age of 20, and these included many children only 1-2 years old. The three

types of ARCI were represented in almost all age groups. The relatively small

numbers of patients aged > 20 years are probably due to a sampling artefact or to a

high infant mortality among collodion babies in the past.

 The ichthyosis severity score was significantly higher in group A than in

groups B and C (see Table 4). The erythema score was highest in group B. A great

variation of clinical symptoms was found within the three groups. Our area-related
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scoring system is similar to the PASI score for monitoring psoriasis (Fredriksson

1978).

A collodion baby phenotype at birth was most prevalent in group A, followed

by groups C and B. Anhidrosis was found in 80-100%, and palmoplantar

keratodermia in 50-86% of all patients, but ectropion occurred mainly in group A. A

high frequency of anhidrosis was observed in all groups and many patients reported

that sweating occurred only in a small skin area on the upper lip. The

pathophysiology of ichthyosis-associated anhidrosis is poorly understood, but

obstruction of sweat ducts in a hyperkeratotic stratum corneum is one possible

explanation. Malformations of fingers, toes and ears were most common in group B,

and 2 cases each in groups A and B had mental retardation and neuronal deafness.

 EM analysis of skin biopsy specimens showed a type I pattern in 36 patients

from all three groups, type II in 20 patients from group A and in one patient from

group B, type III in 3 patients from group B, and type IV in 2 patients from group

C, 3 patients were found to have a harlequin-like EM pattern, which had also

previously been observed in Finland (Virolanen et al. 2001). Previous studies have

shown that the EM type is not affected by ichthyosis therapy (Niemi, personal

communication).
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Figure 6. Topical and oral treatments in the Swedish (n=73)
and Estonian (n=10) patients on study I (in % of each group)
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 All patients used some type of topical therapy and this was usually applied

once or twice a day, but to a very variable degree. The most popular cream additives

were urea, various alpha-hydroxy acids, and lactic acid/propylene glycol (LPL).

About 20% of the patients (mainly in groups A and B) also used oral retinoids.

In conclusion, this study, which involved one of the largest number of ARCI

patients hitherto reported on, has shown that the clinical spectrum in Sweden and

Estonia is broad and the aetiologies numerous. However, by using a combination of

genetic blood tests, careful clinical characterisation and EM analysis it is often

possible to make an adequate diagnosis of certain subtypes of the disease, thus

allowing proper information to be given to the patient.
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STUDY II

A total of 122 patients (age range 17-78 years) completed the questionnaires, giving

an overall response rate of 84.7%. One patient was excluded because of incomplete

answers and the questionnaires on perceived disease activity in three further patients

were excluded from analysis for the same reason. There were no significant

differences between the three diagnostic groups (LI, XRI and IV) regarding age,

marital status, education, employment or geographical area of residence.

The DLQI scores are given in Table 5. There was a significant overall

difference between the groups in that patients with LI had a higher (worse) score

than those with XRI. LI patients also had a significantly higher score than patients

with XRI and IV for “daily activities” and “treatment”. Females had significantly

higher scores than males in the dimensions “daily activities” and “treatment”.  LI

females also had significantly higher scores than IV females in the dimensions

“daily activities” and “treatment”.  Among males, there were significant differences

between the three diagnostic groups regarding “personal relationships”, in that

males with IV had a higher score than those with XRI.  Healthy controls have been

reported to have a very low mean total DLQI score of approximately 0.5 (Finlay,

Khan 1994). In the present study, the ichthyosis groups had total scores ranging

from 4.2 (XRI) to 7.7 (LI). The mean total DLQI score was 6.1 for the whole group,

approximately the same as in a previous study of psoriasis and atopic dermatitis

(Lundberg et al. 2000), but lower than in several other studies of these diseases

(Finlay and Khan 1994, Nichol et al.1996, Kurva and Finlay 1995).
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Table 5. Dermatology Life Quality Index (DLQI) scores in the patients with lamellar
ichthyosis, X-linked ichthyosis and ichthyosis vulgaris in study II. Mean values are given.
   Lamellar  X-linked Ichthyosis

ichthyosis ichthyosis  vulgaris
  (n = 37) (n = 36) (n = 48)

Total DLQI score (0-30) 7.7a 4.2a 6.3
DLQI dimension scores for :   

symptoms and feelings (0-6) 2.1 1.4 2.1
daily activities (0-6) 1.7a,b 0.5a 1.0b

leisure (0-6) 1.1 0.7 0.7
work and school (0-3) 0.7 0.3 0.4
personal relationships (0-6) 0.6 0.6 1.1

 treatment (0-3) 1.6a,b 0.7a 1.0b

Values with identical superscripts (a,b) on the same row are significantly
different (p<0.05).

The scores for the eight dimensions of the SF-36 for the total ichthyosis groups are

shown in Figure 7. There were no significant differences in these dimensions

between diagnostic groups or genders or between genders within groups. However,

when the total study group was compared with the Swedish norm data, the study

group showed significantly lower (worse) scores for the dimensions GH, RP, RE,

VT, SF and MH (Fig. 7). The age- and gender-adjusted norm scores for the study

population were very similar to the mean scores of the Swedish norm data.
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* = significantly decreased quality of life in the study group 

Figure 7. Mean SF-36 scores in the study group compared to Swedish normdata (study II).
A high score indicate a good quality of life. GH = general health, PF = physical functioning
RP = role-physical, RE = role-emotional, SF = social functioning, BP = bodily pain,
VT = vitality, MH = mental health

Spearman´s correlation coefficients were computed between the quality of life
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Spearman´s correlation coefficients were computed between the quality of life

dimensions of the SF-36 and those of DLQI. The DLQI and SF-36 scores correlated

well, only 11 out of 56 correlations being non-significant. The DLQI “total”,

“symptoms and feelings” and “work and school” correlated significantly with all

eight SF-36 dimensions. The strongest correlation was found between DLQI total

and social functioning in the SF-36. This is relevant, since psychosocial domains

are very important for patients with skin disease (Lundberg et al. 2000, Nichol et

al.1996). The lowest correlations were found for “bodily pain” and “role-physical”,

which suggests that pain and physical problems are not the predominant symptoms

in ichthyosis (Traupe 1989).
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Figure 8. Subjective disease activity (VAS) in the three
groups of patients in study II. Low scores indicate absence
of symptoms.  LI = lamellar ichthyosis, XRI = X-linked
recessive ichthyosis, IV = ichthyosis vulgaris.

We used a VAS method to assess the patients´ perception of their own skin

symptoms, and Figure 8 presents the VAS scores for disease activity “today”. For

”today”, patients with IV had significantly higher scores than those with XRI for

“dryness”. It was surprising that LI patients did not score higher in scaling than the

other groups of patients. One explanation may be that the individual conception of

what the end score (100) represents differs markedly in different groups of patients.

We also assessed the correlations between the subjective measure of disease activity

and the two quality of life instruments. The DLQI domains correlated well with the

skin symptoms “scaling” and “dryness”, but less well with erythema.
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In conclusion, these results show that patients with ichthyosis have a reduced

quality of life as reflected by the DLQI and by some domains of the SF-36. In some

of the DLQI dimensions and in the subjective measure of disease activity (VAS), we

also detected some gender differences. Most of the dimensions of the DLQI and the

SF-36 correlated significantly with each other and with the subjective measure of

disease activity “today”. The results suggest that the DLQI is suitable for use in

patients with ichthyosis.
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STUDY III

Six women and four men with either lamellar or bullous ichthyosis participated in

this study. According to the global assessment of the disease severity, five subjects

had severe skin symptoms, two had moderate and three had mild. Five of the

subjects had been hospitalised at some time for their ichthyosis. Whether this had

affected their childhood and later life was impossible to determine on the basis of

our data.

It was of particular interest to investigate subjects who had grown up with

ichthyosis at a time when knowledge of this severe skin disease and its treatment

was markedly deficient, and to obtain information on how parents took care of their

ichthyotic children when sanitary equipment was poor and electricity lacking.

All the interviewees reported that their skin disease had affected them

negatively to varying degrees during their entire lives and that the most problematic

period was childhood.

The interview material was structured into two categories, childhood and

adulthood, and into 16 themes (Table 6).

Table 6. Categories and themes identified at the interviews in study III                              
 Categories & themes   No. of patients reporting
Childhood

Spontaneous reporting of skin problems 10/10
Parents deeply engaged 10/10
Feeling different from other children 10/10
Bullied by other children or adults 10/10
Shyness 8/10
Gymnophobia 7/10
Affecting choice of profession 7/10
Thoughts on how to find a partner 10/10

Adulthood
Go regularly to a doctor 9/10
Go regularly to a naturopath or homeopath 4/10
Improvement of symptoms with age 8/10
Time-consuming skin care/housework because of ichthyosis 7/10
Problematic skin symptoms and heat intolerance 7/10
Thoughts about having children (and grandchildren) 6/10
Effects on married life  0/ 8

 Effects on relations to relatives and neighbours   3/10
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As seen in Table 6, all participants reported that other children or even adults

used to bully them, sometimes every day at school. One way of coping with this

was to try to hide behind clothes and to develop a natural shyness.

The skin presented severe problems for the subjects during childhood, with

thick scaling, fissures, wounds and pain. Later in life, the skin problems seemed to

have improved, especially over the past 20-30 years when medical treatment inclu-

ding oral retinoids and new cream formulations became available. Also, the general

level of knowledge about ichthyosis is now better than when the respondents were

children. Although the skin symptoms had improved, the participants reported many

current skin problems such as fissures, blisters and thickened and scaly skin.

Several of the participants reported that it was very time-consuming to take care

of their skin. A bath took 3-4 hours once or twice a week, and in addition

lubrication has to be applied every day. The respondents reported that they needed

more time to take care of their homes, since scales and grease spots on the furniture

and carpets were abundant. Retrospectively, the participants could not understand

how their mothers manage to cope with the situation at times when there was

virtually no technical equipment such as washing machines and vacuum cleaners to

aid in domestic work.

The parents sought medical help from many sources, often travelling long

distances to see a doctor or a homeopath in the hope of finding a cure for their

child’s ichthyosis.

The respondents also reported problems associated with poor body temperature

control due to anhidrosis and described how this affected sports activities, their

choice of professional career and leisure activities. During their teenage years,

seven subjects longed for a different profession than that which later became the

reality. One respondent was directly advised by a dermatologist as to the choice of

profession with reference to the skin disease.

Eight subjects either had or had had a partner, and the remaining two subjects

reported that they had lacked a partner all their lives. All of those with a partner told

their partner about their skin problems when they first met and there were no

subsequent problems in married life that were related to the ichthyosis. Six of the
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interviewed persons had between one and five children, all except one of whom had

healthy skin. Four of the participants were childless and two of these had avoided

becoming pregnant for fear of transmitting the disease to their offspring.

One subject spontaneously reported that he thought that he actually benefited

from having ichthyosis in that everybody easily recognised him. His skin disease

also spurred him on to be more clever than other people.

Table 7 shows the results of the NHP assessment for the whole group. The

individual total NHP I score varied from 0 to 427 and the mean score was 178

(±168). The highest mean score (worst) was noted for the dimension “sleep” and the

lowest (best) for the dimension “physical mobility”. When the scores were

compared with age- and gender-adjusted scores for the general population, the

participants showed a lower quality of life in all areas. The total scores for the NHP

II varied from 0% to 57% affirmative answers (Table 7). The NHP II question

indicated that most problems concerned vacations. Problems in relation to

vacations, leisure activities etc. as reflected in the NHP II may be partly due to the

increasing age of the participants.

Table 7. The values on the Nottingham Health Profile for the 10 participants in study III     
 NHP I, Questions 1-38     NHP II, Questions 39-45    

 Paid
Total  employ House- Social Home Sex Hobb- Holi-

 EM SL EN P PM SO score  ment work life life life ies days
Mean scores of  

participants 25 41 37 31 16 28 178 % 10 50 30 0 10 40 60
 

Range 0-100 0-100 0-100 0-84 0-52 0-100 0-427         
Age- and gen-  
 der adjusted 12 24 25 14 15 8 98 % 6 23 18 7 14 18 20
norm values*                

EM =emotional reaction, SL=sleep, EN=energy, P=pain, PM=physical mobility, SO=social isolation
* = Hunt et al 1984,  Hjermstad M J et al 1998
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There were no significant correlations between either the NHP I (p= 0.579) or

the NHP II (p=0.702) scores and the results of the global assessment of the disease

severity. There are many possible reasons for a poor correlation between clinical

scores and quality of life assessment. First, there may be a real difference between

subjective and objective symptoms in congenital ichthyosis. Secondly, the rather

small sample of patients may have distorted the correlation. Thirdly, the NHP

instrument itself and/or our method of rating the patients’ skin symptoms may have

had intrinsic weaknesses that negatively affected the results.

Iliev et al (1998) claims that no judgement of a patient’s quality of life can be

based solely on information about the clinical severity of her/his disease. It needs to

be based also on quality of life assessments using both a health status questionnaire

and specific tools for dermatology patients. Our findings in individuals suffering

from ichthyosis are fully compatible with this conclusion.

The results of study III have confirmed that persons with congenital ichthyosis

have a reduced quality of life.
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Study IV

Out of the 20 patients entering the clinical trial, two were excluded because of

protocol violations. The other 18 patients completed the trial according to the

protocol.

 The investigation was designed as a double-blind within-patient study for

comparing the following cream formulations: (i) 5% urea in Locobase® fatty cream

(UL), (ii) 20 % propylene glycol in Locobase® fatty cream (PL), (iii) 5% lactic acid

and 20% propylene glycol in Locobase® fatty cream (LPL), (iv) 5% lactic acid and

20% propylene glycol in Essex® cream (LPE).

At the start of the trial, the patient received four 500 g jars of identical appea-

rance labelled ‘left arm’, ‘right arm’, ‘left leg’ and ‘right leg’ respectively. Apoteket

AB randomised the contents of the jars so that each cream formulation was used on

both arms and legs and on the right and left sides. The randomisation was kept

secret until the end of the study. The patient was instructed to use the creams on the

extremities twice daily for 4 weeks and they were asked not to use other topical

agents on the extremities.

Table 8 shows the mean clinical scores, capacitance and TEWL before and

after 4 weeks of treatment. Xerosis was reduced by all four creams, but significantly

more by LPL and LPE. Scaling was reduced only by LPL and LPE, which also

caused a slight increase in the erythema score.

Table 8.  Clinical signs (scores), skin hydration (capacitance) and transepidermal water loss (TEWL)
 before and after 4 weeks of treatment with various cream formulations in the 18 patients of study IV

       Pre-therapy Post-therapy (mean )

(range of mean valuesUrea 5% in PG 20% in LA  5% & LA  5% & PG 20%

for different Locobase ® Locobase ®  PG 20% in in Locobase ®

 treatment areas) fatty cream fatty cream  Essex ® cream fatty cream

Scaling (score 0-4) 2.1 - 2.3 2.1 2.1 1.7 ** 1.4***

Dryness (score 0-4) 2.4 - 2.6 1.8 1.8 1.3 ** 1.1***

Erythema (score 0-4) 1.1 - 1.3 0.9 1.0 1.3 ** 1.3 **

Capacitance (a.u.) 31 - 32 33 28 39 * 44 **

TEWL (g/cm2 per h) 13 - 16 14   16*      20 ***   21***
PG= Propylene glycol, LA = Lactic acid, a.u. = arbitrary units. * = p< 0.05, ** = p< 0.01, *** = p< 0.001 for
significance of difference compared with effect of urea 5% in Locobase ®  fatty cream
(Wilcoxon Rank sum test for scores and paired t test for other measurements).
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Figure 9 shows the patients` weekly evaluations of dryness and scaling using

visual analogue scales. Complete data were obtained from only 12 patients and

mean values for these patients are shown in the figure. This evaluation of symptoms

showed that LPL produced the most rapid effect.

VAS
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15

0 1 2 3 4

Urea in Locobase
Propylene glycol in Locobase
Lactic acid/propylene glycol in Essex cream
Lactic acid/propylene glycol in Locobase

week

Figure 9. The patients` weekly evaluations of dryness and scaling using separate visual
analogue scales (VAS 0-10) for each symptom and adding the scores together for
each patient (max. score = 20) (study IV). Mean values for patients (n=12) who

completed all protocols are shown.

Skin roughness was evaluated in a blinded study of replicas obtained before and

after therapy. Before therapy, skin capacitance was abnormally low (normal range

50-70 arbitrary units) and TEWL was abnormally high (normal range 4-8 g/cm2 per

h). After 4 weeks of treatment with LPL and LPE both variables had increased

significantly (Table 8). The potency of the combination of keratolytics in the creams

is reflected in its effect on the skin barrier failure in LI, which seemed to deteriorate

even further when LPL or LPE was applied twice daily for four weeks. This may be

the price that patients have to pay for getting smoother skin, as long as the

underlying defect in LI is not corrected.
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When asked after 4 weeks which cream formulation they preferred, 14 of 18

evaluable patients stated that they preferred LPL, two preferred LPE, one preferred

PL, and one could not decide which cream he preferred. The long-term (8 weeks)

effect of the various formulations was assessable in 13 patients. Ten of these chose

to continue with LPL, which resulted (on that extremity) in a non-significant reduc-

tion in the mean score for scaling and dryness from 3.0 to 2.2 and for erythema

from 1.2 to 0.9. The TEWL and capacitance remained virtually constant. Except for

one of the drop-outs, none of the patients experienced any side-effects apart from

occasional, slight skin irritation, especially when applying LPL or LPE.

This study confirms the promising results obtained in a pilot study of LPL in a

smaller group of patients (Gånemo and Vahlquist 1997).

It would be interesting to test many more concentrations and combinations of

keratolytics in different types of creams. However, the design of our study did not

permit more than four candidate creams to be tested at a time.

The mechanism of action of LPL is not fully understood, but our data indicate

that a combination of comparatively low concentrations of lactic acid and propylene

glycol in a semiocclusive cream base such as Locobase® fatty cream has the

advantage of being both highly effective and well tolerated.
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GENERAL CONCLUSIONS AND FUTURE DIRECTIONS

° In a large-scale screening project for ARCI in Sweden and Estonia, 83 patients

were identified, the majority of whom were found to have TGM1 mutations.

Patients without TGM1 mutations either had a clinical picture similar to that

in patients with TGM1 mutations (n=19), or a much milder phenotype, which

was given the name congenital ichthyosis with fine or focal scaling (CIFS)

(n=20). In all three subgroups of ARCI the clinical spectrum was broad and

EM analysis of skin biopsy specimens showed many different patterns, albeit

with a predominance of EM type II in TGM1-associated ichthyosis. A high

proportion of all patients were born as collodion babies, and suffered from

anhidrosis, ectropion, alopecia and keratodermia palmo-plantaris. The

therapeutic preferences varied markedly between patients, as well as between

Sweden and Estonia. In conclusion, by using a combination of genetic blood

tests and a careful clinical ultrastructural characterisation of the patients, it is

usually possible to diagnose specific subtypes of congenital ichthyosis, thus

allowing proper information and therapeutic advice to be given to the patient.

° The patients with ichthyosis have a reduced quality of life as reflected by the

DLQI, SF-36, NHP and by the interviews. The generic and the disease-specific

quality of life questionnaires were found suitable for use in patients with

ichthyosis. All the interviewees reported that their skin disease had affected

them negatively to varying degrees during their entire lives and that the most

problematic period was childhood. It would therefore be interesting to speci-

fically investigate the quality of life in ichthyosis-affected children and their

families, and try to prevent the negative impact of the disease on the children’s

psyche.

° Most of the dimensions of the DLQI and the SF-36 correlated significantly

with each other and with the subjective measure of disease activity (VAS)

“today”. The results suggest that the DLQI is suitable for use in patients with
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ichthyosis. However, the VAS scores showed only marginal differences

between the three diagnostic groups (LI, XRI, IV). There was no significant

correlation between the results of the global assessment and those of the NHP

in study III.

° The use of standardised, general quality of life instruments such as the NHP

entails hazards in assessing the patients´ total generated life experience, since

coping mechanisms are likely to compensate for past painful experiences, and

will not be recorded by this instrument. It is important for the nurse for

example to understand how factors experienced in the past might have made

stigmatic impressions on the patient’s life. In this study it was clear that in a

life-long perspective the patients´ total experience of living with a severe skin

disorder was more thoroughly elucidated by qualitative methodology in the

form of semistructured interviews. Understanding based on such data will

hopefully lead to more empathic care.

° One way to reduce the distress caused by ichthyosis is to improve the

therapeutic options. This investigation has confirmed that a combination of

comparatively low concentrations of lactic acid and propylene glycol in a

semiocclusive cream base has the advantage of being both highly effective

and well tolerated. In the future it would be interesting to test many other

concentrations and combinations of keratolytics in different types of creams,

with the aim of finding even better topical treatment for patients with

ichthyosis.
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