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1.0 Purpose and scope

The overall objective of the guideline is to provide up-to-date,
evidence-based recommendations for the management of ony-
chomycosis. The document aims to (i) offer an appraisal of all
relevant literature since January 2002, focusing on any key
developments; (ii) address important, practical clinical ques-
tions relating to the primary guideline objective, for example
accurate diagnosis and identification of cases, and suitable
treatment to minimize the duration of disease and discomfort;
(iii) provide guideline recommendations and, where appropri-
ate, with some health economic implications; and (iv) discuss
potential developments and future directions.

The guideline is presented as a detailed review with high-
lighted recommendations for practical use in the clinic, in
addition to an updated patient information leaflet [available
on the British Association of Dermatologists’ (BAD) website,
www.bad.org.uk].

2.0 Stakeholder involvement and peer review

The guideline development group consisted of consultant der-
matologists and a consultant mycologist. The draft document
was circulated to the BAD membership, the British Dermato-
logical Nursing Group, the Primary Care Dermatological Soci-
ety and the North West Region Kidney Patient Association for
comments, and was peer reviewed by the Clinical Standards
Unit of the BAD (made up of the Therapy & Guidelines Sub-
committee) prior to publication.

3.0 Methodology

This set of guidelines has been developed using the BAD’s rec-
ommended methodology' and with reference to the Appraisal
of Guidelines Research and Evaluation (AGREE II) instrument
(www.agreetrust.org).” Recommendations were developed for
implementation in the National Health Service using a process
of considered judgement based on the evidence. The PubMed,
Medline and Embase databases were searched for meta-analy-
ses, randomized and nonrandomized controlled clinical trials,
case series, case reports and open studies involving onycho-
mycosis published in the English language from January 2002
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to February 2014; search terms and strategies are detailed in
Data S1 (see Supporting Information). Additional relevant ref-
erences were also isolated from citations in the reviewed liter-
ature, as well as from additional, independent targeted
literature searches carried out by the coauthors. The prelimin-
ary results were split into four, with each consultant coauthor
screening the identified titles; those relevant for first-round
inclusion were selected for further scrutiny. The abstracts for
the shortlisted references were then reviewed and the full
papers of relevant material were obtained. The structure of the
guidelines was then discussed and different coauthors were
allocated separate subsections. Each coauthor then performed a
detailed appraisal of the relevant literature, and all subsections
were subsequently collated and edited to produce the final
guidelines.

4.0 Limitations of the guideline

This document has been prepared on behalf of the BAD and is
based on the best data available when the document was pre-
pared. It is recognized that under certain conditions it may be
necessary to deviate from the guidelines and that the results of
future studies may require some of the recommendations
herein to be changed. Failure to adhere to these guidelines
should not necessarily be considered negligent, nor should
adherence to these recommendations constitute a defence
against a claim of negligence. Limiting the review to English
language references was a pragmatic decision but the authors
recognize that this may exclude some important information
published in other languages.

5.0 Plans for guideline revision

The proposed revision for this set of recommendations is
scheduled for 2019; where necessary, important interim
changes will be updated on the BAD website.

6.0 Background

6.1 Definition

The term tinea unguium is used to describe dermatophyte
infections of the fingernails or toenails.>® Onychomycosis is a
less specific term used to describe fungal disease of the nails.
The condition is worldwide in distribution. In addition to der-
matophytes, it can be caused by a number of other moulds
and by Candida species. Some of the contributing factors caus-
ing this disease are occlusive footwear, repeated nail trauma,
genetic predisposition and concurrent disease, such as diabe-
tes, poor peripheral circulation and HIV infection, as well as
other forms of immunosuppression.

There is wide geographical and racial variation in the aetio-
logical agents of onychomycosis, but in the U.K. 85-90% of
nail infections are due to dermatophytes and about 5% are
due to nondermatophyte moulds.* ® The most commonly
implicated dermatophyte is the

anthropophilic  species
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Trichophyton rubrum, followed by Trichophyton interdigitale. Zoophilic
species are seldom involved, and usually only in fingernail
infections.

6.2 Epidemiology

Onychomycosis is among the most common nail disorders in
adults, accounting for 15-40% of all nail diseases.” Onycho-
mycosis is most prevalent in older adults but, because of the
limited number of large-scale studies, the actual incidence of
the condition is difficult to assess. Moreover, many reports do
not distinguish between dermatophytosis and other forms of
onychomycosis, or between infections of the fingernails and
toenails. It has been estimated that onychomycosis occurs in
about 3% of the adult population in the U.K.®

6.3 Aetiology

Many risk factors for onychomycosis have been identified.
They include increasing age, peripheral vascular disease,
trauma and hyperhidrosis. Fungal nail disease is more preva-
lent in men and in individuals with other nail problems such
as psoriasis, in persons with immunosuppressive conditions
such as diabetes mellitus or HIV infection, and in those taking
immunosuppressive medications. Tinea unguium is associated
with tinea pedis in up to one-third of cases. The difference
between the incidence of onychomycosis in men and women
might be a reflection of the degree to which individuals are
concerned about the appearance of their nails. Likewise, the
higher incidence of onychomycosis in older individuals could
be due to the greater likelihood of younger patients seeking
treatment at an earlier stage. Although infrequent, onychomy-
cosis can affect children and is most likely due to the wearing
of occlusive footwear.

6.3.1 Onychomycosis in children

There are few reports studying the aetiology of onychomyco-
sis in children. A recent study from Spain illustrates the spec-
trum of causal agents and disease patterns.” To study
childhood dermatophyte onychomycosis, a retrospective study
was carried out of children < 16 years of age, with dermato-
phyte onychomycosis diagnosed between 1987 and 2007. Of
4622 nail samples from 3550 patients, 218 came from 181
children up to 16 years old. Onychomycosis caused by derma-
tophytes was demonstrated in 28 cases (15:5%). T. rubrum (18
cases) was the most prevalent species, followed by T. tonsurans
(five cases), T. mentagrophytes var. interdigitale (four cases) and
T. mentagrophytes var. mentagrophytes (one case). Concomitant der-
matophytosis at other locations was confirmed in seven cases
(25%). Toenail onychomycosis was associated with tinea pedis
in five cases. Distal and lateral subungual onychomycosis was
the most common clinical pattern. The superficial white type
was found in two cases of toenail onychomycosis caused by
T. ubrum and T. tonsurans. During the period of study, only
5-1% of all investigated people were children aged up to
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16 years. Onychomycosis tended to increase in prevalence
over the years and represented 15-5% of all nail dystrophies
in children. The findings emphasized that dermatologists must
consider onychomycosis in the differential diagnosis of nail
alterations in children and always perform a mycological study
to confirm the diagnosis.

6.3.2 Onychomycosis in athletes

Specific aspects of athletics lead to a higher prevalence of ony-
chomycosis in athletes, such as trauma, previous tinea pedis
infection, increased sweating and increased exposure to infec-
tious dermatophytes.'® A study of Icelandic swimmers
observed a threefold increase in the occurrence of onychomy-
cosis in swimmers (23%) compared with the general popula-
tion (8%),'" and the Achilles survey demonstrated a 1-5 times
higher prevalence of onychomycosis in athletes compared
with nonathletes.'” Fungus invading the nail can spread to the
foot to cause tinea pedis when activated by periods of
increased warmth and humidity or impaired immunity. More-
over, the presence of one infection may increase the risk of
the other occurring. The key predisposing factors that contrib-
ute to infection in sports persons are the speed/ intensity
involved with sport (runners), the sudden starting and stop-
ping nature of the sport (e.g. tennis, squash, football, cricket
and ice skating), practising sports without protective footwear
(e.g. gymnasts, ballet dancers), frequency of nail injuries, pre-
valent use of synthetic clothing and shoes that retain sweat,
water sports and communal bathing. "

6.3.3 Onychomycosis in diabetics

Diabetics are almost three times more likely to develop ony-
chomycosis than nondiabetics.'* Diabetics may have increased
difficulty in doing regular foot check-ups due to obesity or
complications of diabetes such as retinopathy and/or cataracts.
This may contribute to diabetics (typically with poor circula-
tion of the lower extremities, neuropathy and impaired
wound healing) having a generally higher risk of developing
complications from onychomycosis. Diseased nails, with thick
sharp edges, can injure the surrounding skin tissue and result
in pressure erosion of the nail bed, injuries that may go unno-
ticed in diabetics due to sensory neuropathy. The injury may
act as an entry point for bacteria, fungi or other pathogens,
leading to limb-threatening complications or even possible
amputation of the lower extremities. Approximately 34% of
all diabetics have onychomycosis, as the worldwide diabetic
population displays many of the risk factors associated with
increased prevalence of the disease.'*

Studies investigating the dermatophyte species in diabetic
individuals are limited.'® In agreement with the majority of pre-
vious studies, recent reports have found that the most common
causative agent for tinea pedis and onychomycosis was T. ru-
brum, followed by T. mentagrophytes in diabetic patients.'® The
types and frequency patterns of dermatophyte species in diabetic
patients were similar to those in the immunocompetent group.

© 2014 British Association of Dermatologists
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6.3.4 Age and sex

Onychomycosis is reported to be more prevalent in the
elderly and appears to occur more frequently in men.>'®
Approximately 20% of the population aged over 60 years,
and up to 50% of subjects aged over 70 years are reported to
have onychomycosis.” The correlation between increasing age
and onychomycosis may be attributed to reduced peripheral
circulation, inactivity, suboptimal immune status, diabetes,
larger and distorted nail surfaces, slower-growing nails, diffi-
culty in grooming the nails and maintaining foot hygiene,
frequent nail injury and increased exposure to disease-causing
fungi.

6.3.5 Genetics

Some recent studies suggest a genetic basis for susceptibility
to onychomycosis.'” Familial patterns of distal lateral onycho-
mycosis were caused by T. rubrum infection that appeared to
be unrelated to interfamilial transmission. Several studies have
reported the autosomal dominant pattern of inheritance associ-
ated with T. rubrum infection and highlighted the increased risk
of developing onychomycosis in subjects where at least one
parent had onychomycosis.'’

6.3.6 Immunodeficiency

Individuals infected with HIV have an increased risk of devel-
oping onychomycosis when their T-lymphocyte count is as
low as 400 cells mm ™ (normal range 1200-1400), and their
onychomycoses tend to be more widespread, usually affecting
all fingernails and toenails.” Proximal subungual onychomyco-
sis has been considered as an indication of HIV infection.
However, transplant recipients, individuals on immunosup-
pressive treatments and individuals with defective polymor-
phonuclear chemotaxis may exhibit a similar type of infection.
T. rubrum is the causative fungus in most cases, except for cases
of superficial white onychomycosis (SWO), which are usually
caused by T. mentagrophytes.

Experimental human infection has been developed using
different morphological forms of dermatophytes on different
tissue substrates.'® Infection of the nail plate has been induced
with macroconidia, microcondia, arthrospores from natural
infection, fragments of agar cultures, and dermatophyte-
infected skin scales. From these studies it can be concluded
that all of the different morphological forms of dermatophytes
have the potential to cause human infection, but arthroconi-
dia, because of their in vivo formation and shedding from the
skin and nail, are likely to be the forms involved in the

. 18,19
spread of infection. >

In the direct mode of dermatophyte
spread — contact with exfoliated infected material — the role
of arthrospores is substantiated by the fact that besides being
spores, i.e. nonvegetative and thus having no exogenous
nutritional requirements, they are resistant to adverse condi-
tions. They can also be produced in large numbers. As arth-

rospores are produced by fragmentation of hyphae, it is
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suggested that these fungal cells are the most suitable of the
dermatophyte spores for the growth of dermatophytes in the
nail plate.

7.0 Rationale for treating onychomycosis

It is a common misconception among physicians that as ony-
chomycosis is a cosmetic problem it need not be treated.
However, it is clear that onychomycosis can have a significant
impact on the quality of life of patients.”® Problems associated
with onychomycosis include discomfort, difficulty in wearing
footwear and walking, cosmetic embarrassment and lowered
self-esteem.” Infected nails may serve as a reservoir of fungi
with a potential for spread to the feet, hands and groin. Fun-
gal diseases are contagious and may spread to other family
members, if not treated. Onychomycosis can result in disrup-
tion of integrity of the skin, providing an entry point for bac-
teria leading to the development of foot ulcers, osteomyelitis,
cellulitis and gangrene in diabetic patients.”’ Furthermore,
there can be huge financial implications of neglecting onycho-
mycosis in this group of patients.* In addition, the presence
of sensitizing fungal/dermatophytic antigens in the nail plate
may predispose to other clinical conditions in subjects with
onychomycosis. These include asthma/sensitization of the
respiratory tract, and skin conditions, such as atopic dermati-
tis, urticaria and erythema nodosum.

Nail changes are an important medical concern for patients
and, therefore, nail diseases should raise attention and receive
proper care from both physicians and other healthcare provid-
ers.”> Approximately half of all patients with onychomycosis
experience pain or discomfort. About 30% of the patient pop-
ulation have difficulty in wearing footwear. Although onycho-
mycosis is not a life-threatening condition, many important
functional purposes of the nails may be severely compro-
mised. Difficulty in walking, emotional embarrassment and
work-related difficulties are the most commonly reported
issues. However, severe cases appear even to have a negative
influence on patients’ sex lives. Socks and stockings may fre-
quently be damaged, due to the constant friction with sharp,
dystrophic diseased nails in patients with onychomycosis.

8.0 Classification/clinical manifestations

Onychomycosis is a fungal infection caused by various patho-
gens, which can adopt any of several clinical patterns. The five
main clinical patterns are (i) distal and lateral subungual ony-
chomycosis (DLSO), (ii) SWO, (iii) proximal subungual ony-
chomycosis (PSO), (iv) endonyx onychomycosis and (v) total
dystrophic onychomycosis (TDO).

8.1 Distal and lateral subungual onychomycosis

DLSO is the most common presentation of dermatophyte nail
infection. Toenails are more commonly affected than finger-
nails. The fungus invades the nail and nail bed by penetrating
the distal or lateral margins. The affected nail becomes
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thickened and discoloured, with a varying degree of onychol-
ysis (separation of the nail plate from the nail bed), although
the nail plate is not initially affected. The infection may be
confined to one side of the nail or spread to involve the
whole of the nail bed. In time the nail plate becomes friable
and may break up.

The most common causative organism is T. rubrum. As DLSO
has a similar clinical presentation whether caused by dermato-
phytes or nondermatophytes, it is important to obtain a nail
sample for mycological examination so that the causative
organism can be identified.

Tinea unguium of the toenails is usually secondary to tinea
pedis, while fingernail infection often follows tinea manuum,
tinea capitis or tinea corporis. Tinea unguium may involve a
single nail, more than one nail, both fingernails and toenails,
or, in exceptional circumstances, all of them. The first and
fifth toenails are more frequently affected, probably because
footwear causes more damage to these nails. Dermatophyte
infection of the fingernails occurs in a similar pattern to that
in the toenails, but is much less common. Fingernail infec-

tions are usually unilateral.

8.2 Superficial white onychomycosis

In SWO, the infection usually begins at the superficial layer of
the nail plate and spreads to the deeper layers. Crumbling
white lesions appear on the nail surface, particularly the toe-
nails. These gradually spread until the entire nail plate is
involved. Some forms of superficial infection emerge as linear
bands from the proximal nail fold, but are superficial. Also
some forms show deep penetration. Neither of these will
respond well to topical therapy. This condition is most com-
monly seen in children and is usually due to T. interdigitale
infection.

8.3 Proximal subungual onychomycosis

Most cases of PSO involve the toenails. This infection can
originate either in the proximal nail fold, with subsequent
penetration into the newly forming nail plate, or beneath
the proximal nail plate. The distal portion of the nail
remains normal until late in the course of the disease. T. ru-
brum is the usual cause. Although PSO is the least common
presentation of dermatophyte mnail infection in the general
population, it is common in persons with AIDS, and has
sometimes been considered a useful marker of HIV infection.
In patients with AIDS, the infection often spreads rapidly
from the proximal margin and upper surface of the nail to
produce gross white discoloration of the plate without obvi-
ous thickening.

8.4 Endonyx onychomycosis

In endonyx onychomycosis, instead of invading the nail bed
through the nail plate margin, the fungus immediately pene-
trates the nail plate keratin. The nail plate is discoloured white
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in the absence of onycholysis and subungual hyperkeratosis.
The most common causative organisms are T. soudanense and
T. violaceum.

8.5 Total dystrophic onychomycosis

Any of the above varieties of onychomycosis may eventually
progress to total nail dystrophy (TDO), where the nail plate is
almost completely destroyed. Primary TDO is rare and is usu-
ally caused by Candida species, typically affecting immunocom-
promised patients.

8.6 Mixed pattern onychomycosis

Different patterns of nail plate infection may be seen in the
same individual. The most common combinations include
PSO with SWO, and DLSO with SWO.>?

8.7 Candidal onychomycosis

Infection of the nail apparatus with Candida yeasts may present

in one of four ways.

8.7.1 Chronic paronychia with secondary nail dystrophy

Chronic paronychia of the fingernails generally occurs only in
patients with wet occupations and in children due to thumb
sucking. Swelling of the posterior nail fold occurs secondary
to chronic immersion in water or possibly due to allergic
reactions to some foods, and the cuticle becomes detached
from the nail plate thus losing its water-tight properties.
Microorganisms, both yeasts and bacteria, enter the subcuticu-
lar space causing further cuticular detachment, thus generating
a vicious circle. Infection and inflammation in the area of the

nail matrix eventually lead to a proximal nail dystrophy.

8.7.2 Distal nail infection

Distal nail infection with Candida yeasts is uncommon, and vir-
tually all patients have Raynaud phenomenon or some other
form of vascular insufficiency, or are on oral corticosteroids. It
is unclear whether the underlying vascular problem gives rise
to onycholysis as the initial event or whether yeast infection
causes the onycholysis. Although candidal onychomycosis can-
not be clinically differentiated from DLSO with certainty, the
absence of toenail involvement and typically a lesser degree of
subungual hyperkeratosis are helpful diagnostic features.

8.7.3 Chronic mucocutaneous candidosis

Chronic mucocutaneous candidosis has multifactorial aetiol-
ogy, leading to diminished cell-mediated immunity. Clinical
signs vary with the severity of immunosuppression, but in
more severe cases gross thickening of the mnails occurs,
amounting to a Candida granuloma. The mucous membranes
are almost always involved in such cases.
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8.7.4 Secondary candidosis

Secondary candidal onychomycosis occurs in other diseases of
the nail apparatus, most notably psoriasis.

8.8 Mould (nondermatophytic) infection of nails

Various filamentous fungi other than dermatophytes have been

524,25
Often these are casual,

isolated from abnormal nails.
transient contaminants, and direct microscopic examination of
nail clippings and scrapings is negative. However, certain
environmental moulds that are found in soil or plant material
are capable of causing nail infection, and when this is so it is
important that their significance is recognized. Unlike derma-
tophytes, these moulds, with the exception of Neoscytalidium
species, are not keratinolytic and they are generally considered
to be secondary invaders rather than primary pathogens of the
nail plate.

There is wide geographical variation in the causative organ-
isms, but Scopulariopsis brevicaulis, a ubiquitous soil fungus, is the
most common cause of nondermatophyte nail infection. Neo-
scytalidium  dimidiatum  (formerly called Scytalidium dimidiatum or
Hendersonula toruloidea) has been isolated from diseased nails as
well as from skin infections of the hand and foot in patients
from the tropics. Other causes of nail infection include Acremo-
nium species, Aspergillus species, Fusarium species and Onychocola
canadensis.

8.8.1 Epidemiology

Mould infections of nails have been reported in all age
groups, but are most prevalent in older individuals. Men are
more commonly affected than women, and toenails are more
frequently involved than fingernails. The incidence of mould
infection of the mails is difficult to assess from published
work, because many reports do not distinguish between der-
matophytosis and other forms of onychomycosis. However, it
has been estimated that nondermatophyte moulds account for
about 5% of cases of onychomycosis diagnosed in the UK.,
and around 20% of cases diagnosed in North America.”®
Unlike dermatophytosis, these mould infections are not conta-
gious, but many of them will not respond to the standard
treatments for dermatophyte or Candide onychomycosis.
Similarly to dermatophytic onychomycosis, many risk fac-
tors for nondermatophytic disease have been identified.” They
include increasing age, occlusive footwear, local trauma,
peripheral vascular disease, hyperhidrosis and psoriasis. Mould
infections of the nails are more prevalent in individuals with
other nail problems, in persons with immunosuppressive con-
ditions such as diabetes mellitus or HIV infection, and in those

taking immunosuppressive medications.

8.8.2 Clinical manifestations

With the exception of Neoscytalidium infection, nondermato-
phyte moulds occur usually as secondary invaders in nails that
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have previously been diseased or traumatized. This may
account for the fact that these infections often affect only one
nail.”® The toenails, especially the big toenail, are more fre-
quently affected than the fingernails.

A nondermatophyte mould should be suspected as the aeti-
ological agent of onychomycosis when previous antifungal
treatment has failed on several occasions, direct microscopic
examination has been positive but no dermatophyte has been
isolated, and there is no sign of associated skin infection. *®

9.0 Diagnosis

9.1 Introduction

The clinical signs of tinea unguium are often difficult to dis-
tinguish from those of a number of other infectious causes of
nail damage, such as Candide, mould or bacterial infection.’
Unlike dermatophytosis, candidosis of the nails usually begins
in the proximal nail plate, and nail fold infection (paronychia)
is also present. Bacterial infection, particularly when due to
Pseudomonas aeruginosa, tends to result in green or black discolor-
ation of the nails. Sometimes bacterial infection can coexist
with fungal infection and may require treatment in its own
right.

Many noninfectious conditions can produce nail changes
that mimic onychomycosis, but the nail surface does not usu-
ally become soft and friable as in a fungal infection. Nonfun-
gal causes of mail dystrophies include chronic trauma,
psoriasis, onycholysis, onychogryphosis, subungual malignant
melanoma and lichen planus.

Other less common dystrophic nail conditions mimicking
onychomycosis are Darier disease and lichen planus, and ich-
thyotic conditions such as keratosis, ichthyosis and deafness
syndrome. Approximately 10% of subjects affected with lichen
planus have abnormal nails, but in the majority of cases they
are associated with clinical signs such as thinning of the nail
plate, subungual hyperkeratosis, onycholysis and dorsal ptery-
gium.” Often yellow nail syndrome is falsely identified as a
fungal infection. Light green-yellowish pigmentation of the
nail plate, hardness and elevated longitudinal curvature are the
key clinical characteristics of this nail disease.

Repetitive trauma to the nail plate can also result in the
abnormal appearance of nails. It can result in distal onycholy-
sis leading to the colonization of the affected space by infec-
tious pathogens and discoloration of the nail plate. A clipping
of the infected nail area followed by examination of the nail
bed will help to differentiate between nail trauma and ony-
chomycosis. The nail bed will appear normal if the symptoms
are caused by trauma rather than onychomycosis, with a char-
acteristic pattern of intact longitudinal epidermal ridges
stretching to the lunula.

9.2 Essential investigations and their interpretation

The clinical characteristics of dystrophic nails must alert the
clinician to the possibility of onychomycosis. Laboratory
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confirmation of a clinical diagnosis of tinea unguium should
be obtained before starting treatment. This is important for
several reasons: to eliminate nonfungal dermatological condi-
tions from the diagnosis; to detect mixed infections; and to
diagnose patients with less responsive forms of onychomyco-
sis, such as toenail infections due to T. rubrum. Good nail spec-
imens are difficult to obtain but are crucial for maximizing
laboratory diagnosis. Material should be taken from any dis-
coloured, dystrophic or brittle parts of the nail. The affected
nail should be cut as far back as possible through the entire
thickness and should include any crumbly material. Nail drills,
scalpels and nail elevators may be helpful but must be steril-
ized between patients. When there is superficial involvement
(as in SWO) nail scrapings may be taken with a curette. If
associated skin lesions are present, samples from these are
likely to be infected with the same organism, and are more
likely to give a positive culture.”’”

Traditionally, laboratory detection and identification of der-
matophytes consists of culture and microscopy, which yields

527 calcofluor white

results within approximately 2-6 weeks.
is exceedingly useful for direct microscopic examination of
nail specimens, as the fungal elements are seen much more
easily than with potassium hydroxide, thereby increasing

s s 27
SenSlthl[Y.

9.3 Molecular diagnostics

Newer diagnostic techniques have been developed in recent
years using molecular genetic tools for diagnosing dermato-
phytes, Candida species and nondermatophytic moulds.*®

Many mycology diagnostic laboratories have implemented
a molecular method for the detection of dermatophytes.””*°
Real-time polymerase chain reaction (PCR) assays have been
developed, which simultaneously detect and identify the
most prevalent dermatophytes directly in nail, skin and hair
3134

appears that real-time PCR significantly increased the detec-

samples and have a turnaround time of < 2 days.

tion rate of dermatophytes compared with culture. However,
PCR may detect nonpathogenic or dead fungus, which could
limit its use in identifying the true pathogen. Restriction
fragment length polymorphism analysis, which identifies fun-
gal ribosomal DNA, is very helpful for defining whether the
disease is caused by repeat infection or another fungal strain
when there is a lack of response to treatment.>® However,
this technique has not been implemented into routine clini-
cal practice.

9.4 Histology

Recent studies have shown that histopathological analysis
using periodic acid—Schiff staining is more sensitive than
direct microscopy or culture.*® However, this technique is not
currently available in the majority of dermatology clinics or
mycology laboratories. Other diagnostic techniques under
investigation include flow cytometry and confocal and scan-
ning electron microscopy.
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9.5 Candida nail infection

Candida infection accounts for 5-10% of all cases of onycho-
mycosis.” Three forms of infection are recognized: infection
of the nail folds (or Candida paronychia), distal nail infection
and total dystrophic onychomycosis. The last is a manifesta-
tion of chronic mucocutaneous candidosis. Nail and nail fold
infections with Candida are more common in women than in
men. Fingernails are more commonly affected than toenails.
These infections often occur in individuals whose occupations
necessitate repeated immersion of the hands in water, and the
nails affected tend to be those of the dominant hand.
The fourth and fifth fingers are involved less frequently than
the thumbs and middle fingers. Among the various species
implicated, C. albicans and C. parapsilosis are the most common.

Candida paronychia usually starts in the proximal nail fold,
but the lateral margins are sometimes the first site to be
affected. The periungual skin becomes swollen, erythematous
and painful, and a prominent gap often develops between the
fold and the nail plate. Nail plate involvement often follows,
with infection usually commencing in the proximal section.
White, green or black marks appear in the proximal and lat-
eral portions of the nail and then in the distal parts. The nail
becomes more opaque, and transverse or longitudinal furrow-
ing or pitting occurs. The mnail becomes friable and may
become detached from its bed. Unlike dermatophyte infec-
tions, pressure on and movement of the nail is painful. Bacte-
rial superinfection is common and it is often difficult, if not
impossible, to determine which organism is the cause of the
nail damage.

Distal Candide nail infection presents as onycholysis and
subungual hyperkeratosis. It is often difficult to distinguish
from dermatophytosis, but the degree of nail damage tends to
be less than that seen in dermatophyte infections. Moreover,
the fingernails are nearly always involved, while 80% of der-
matophyte infections affect the toenails. Distal nail infection
with Candida is uncommon and nearly all patients with this
condition suffer from Raynaud phenomenon or some other
underlying vascular problem.

In patients with chronic mucocutaneous candidosis, the
organism invades the nail plate from the outset, causing gross
thickening and hyperkeratosis. This condition is often referred
to as total dystrophic onychomycosis.

9.6 Mould infection

Mould infections of nails have few specific clinical features.
For this reason mycological and histological examinations
should be performed on any patient with nail lesions of unde-
termined origin.

The correct diagnosis of onychomycosis caused by non-
dermatophyte moulds can be especially challenging. These
nondermatophyte filamentous fungi can easily be ascertained
as causing onychomycosis if distinctive morphological ele-
ments such as conidiophores are seen in addition to fila-
ments in direct microscopy of the nail specimen, or if a
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fungus from warm latitudes, such as a Neoscytalidium, is iso-
lated in an area in which only such fungi occur in infected
patients. Most cases are more ambiguous. A fungal species
such as Aspergillus sydowii may be isolated either as a contami-
nant or as an aetiological agent, and filaments seen in direct
microscopy may be either nonviable dermatophyte elements
or genuine nondermatophyte elements. Therefore, even
exclusive and heavy isolation of such a nondermatophyte
from a specimen positive for fungal filaments does not
guarantee that the nail is infected by the same nondermato-
phyte.

10.0 Treatments

10.1 Topical treatment

The hard keratin and compact structure of the dorsal nail plate
act as a barrier to topical drug diffusion into and through the
nail plate. The concentration of topically applied drug can
drop by 1000 times from the outer to inner surface.’” The
hydrophilic nature of the nail plate also precludes absorption
of most lipophilic molecules with high molecular weights.
The role of monotherapy with topical antifungals is limited to
SWO (except in transverse or striate infections), early DLSO
(except in the presence of longitudinal streaks) when < 80%
of the nail plate is affected with lack of involvement of the
lunula, or when systemic antifungals are contraindicated. Stud-
ies comparing the efficacy of topical treatments in onychomy-
cosis are rare. Technologies that enhance the penetration of
topical antifungals into the nail plate are a matter of current
research.

10.1.1 Amorolfine (strength of recommendation D; level of
evidence 3; see Appendices 1 and 2)

Amorolfine (Locery1®; Galderma, Amersham, U.K.) belongs to
the morpholine group of synthetic antifungal drugs and
exhibits broad-spectrum fungistatic and fungicidal activity. It
inhibits the delta 14 reductase and delta 8 and delta 7 isomer-
ase enzymes in the ergosterol biosynthetic pathway and is fun-
gicidal against C. albicans and T. mentagrophytes. It is available as a
5% lacquer and is applied to the affected nail once or twice
weekly for 6-12 months, after removal of as much of the dis-
eased areas of the nail as possible by gentle filing. It persists
in the nail for 14 days after treatment is completed. Amorol-
fine nail lacquer has been shown to be effective in around
50% of cases of distal fingernail and toenail onychomycosis.*®
Similar results have been obtained in other studies that have
confirmed the greater efficacy of amorolfine 5% vs. the 2%
concentration.>” Once-weekly application is as effective as
twice-weekly application.*® An important observation is that
the clinical improvement obtained with amorolfine and other
topical antifungals may not be synonymous with mycological
cure, which has invariably lower rates, often by 30%.*' Amo-
rolfine has also been found to be effective as a prophylactic
treatment for recurrence of onychomycosis.*” Side-effects
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following amorolfine lacquer treatment are rare and are lim-
ited to local burning, pruritus and erythema.

10.1.2 Ciclopirox (strength of recommendation D; level of
evidence 3)

Ciclopirox is a hydroxypyridone derivative with broad-spec-
trum antifungal activity against T. rubrum, S. brevicaulis and Can-
dida species. Ciclopirox inhibits metal-dependent enzymatic
processes including nutrient uptake, cellular energy production
and degradation of toxic intracellular peroxide.** It is available
as an 8% lacquer applied once daily for up to 48 weeks. Cic-
lopirox lacquer once daily was shown to be more effective
than placebo in the treatment of toenail onychomycosis (34%
mycological cure vs. 10% with placebo, and a clinical cure of
8% vs. 1% with placebo).** The recommended duration of
treatment is up to 24 weeks on the fingernails and up to
48 weeks on the toenails. There are no head-to-head trials
comparing amorolfine with ciclopirox in the treatment of
onychomycosis; however, cure rates are usually lower with

45,46

ciclopirox. Periungual and nail fold erythema are the most

common side-effects.

10.1.3 Tioconazole (strength of recommendation D; level
of evidence 3)

Tioconazole is an imidazole antifungal available as a 28% solu-
tion (Trosyl®; Pfizer, Sandwich, UXK). In an open-ended
study of 27 patients with onychomycosis treated with tioco-
nazole, mycological and clinical cure was achieved in 22% of
patients.*” Allergic contact dermatitis to tioconazole is not

uncommon.%

10.1.4 Other topical treatments (strength of
recommendation D; level of evidence 3)

Once-daily application of topical 10% efinaconazole, a new
triazole antifungal agent, has recently been found to be more
effective than vehicle in the treatment of onychomycosis, with
mycological cure rates approaching 50% and complete cure
(defined as mycological and clinical cure) in 15% of patients
after 48 weeks of application.*’

New topical formulations of terbinafine are being investi-
gated, with early data showing promising clinical and myco-
logical results.

Butenafine, bifonazole, salicylic acid, over-the-counter men-
tholated ointment,”' ozonized sunflower 0il°? and undeceno-
ates have been used, but there are limited data to support
their use as monotherapy for onychomycosis. A 40% urea
ointment is now available as an over-the-counter preparation
for the treatment of onychomycosis.

10.2 Systemic therapy

The main systemic drugs approved and widely used for the
treatment of onychomycosis are the allylamine terbinafine and
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the triazole itraconazole. Griseofulvin is also licensed for treating
onychomycosis but is much less commonly used now given the
higher efficacy and compliance rates and lower relapse rates of
the other systemic agents. Fluconazole is not licensed for the
treatment of onychomycosis, but may represent a useful third-
line therapy. Ketoconazole also demonstrates efficacy but the
risk of hepatotoxicity with long-term therapy limits its use. In
the U.S.A. and Europe, including the U.K., it has been removed
from the market for the treatment of superficial mycoses. The
rate of treatment failure with standard antifungal drugs is in the
range of 25—40%, and this failure has been attributed to poor
patient compliance, low bioavailability, lack of drug penetration
into the nail, drug resistance and drug interactions.”® The new
second-generation triazoles represent a further group of thera-
peutic agents that may have a role in the treatment of refractory
cases of onychomycosis.

10.2.1 Griseofulvin (strength of recommendation C; level
of evidence 2+)

Griseofulvin (Fulcin®; Grisovin®; GlaxoSmithKline, Uxbridge,
U.K.) is weakly fungistatic, and acts by inhibiting nucleic acid
synthesis, arresting cell division and inhibiting fungal cell
wall synthesis.”* It is the only antifungal agent licensed for
use in children with onychomycosis, with a recommended
dose for the age group of 1 month and above of
10 mg kg~ ' per day. It should be taken with fatty food to
increase absorption and aid bioavailability. In adults the rec-
ommended dose is 500-1000 mg per day for 6-9 months in
fingernail infection and 12-18 months in toenail infection.
Mycological cure rates for toenail infection are only 30—40%.
Side-effects include nausea and rashes in 8-15% of patients.”’
In adults, it is contraindicated in pregnancy and the manufac-
turers caution against men fathering a child for 6 months
after therapy. Studies comparing griseofulvin therapy with

56-58 59,60
’ have demonstrated

terbinafine and itraconazole
lower cure rates for griseofulvin. Griseofulvin has several lim-
itations including lower efficacy, long treatment duration, risk
of greater drug interactions and the availability of newer anti-
fungal agents. For these reasons it is no longer a treatment of
choice for onychomycosis unless other drugs are unavailable

or contraindicated.

10.2.2 Terbinafine (strength of recommendation A; level of
evidence 1+)

Terbinafine (Lamisil®; Novartis, Camberley, UK. acts by
inhibiting squalene epoxidase, which is essential for the bio-
synthesis of ergosterol, an integral component of the fungal
cell wall. Its action results in both a depletion of ergosterol,
which has a fungistatic effect, and an accumulation of squa-
lene, which appears to be directly fungicidal. It is presently
the only oral fungicidal antimycotic.°’ More than 70% of ter-
binafine is absorbed when taken orally, and absorption is not
affected by food intake; 99% of oral terbinafine binds to
plasma proteins, and it is cleared mostly by the kidney and
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excreted in urine. Terbinafine clearance is decreased when
patients have severe liver or kidney disease. Terbinafine is
strongly lipophilic and therefore distributes well in skin and
nails. It is detected in the nail within 1 week of starting ther-
apy and persists for 6 months after the completion of treat-
ment, as it has a long half-life.®> Terbinafine has broad and
potent fungicidal effects against dermatophytes, particularly
T. rubrum and T. mentagrophytes, but has lower fungistatic activity
against Candida species than the azoles.®® Oral terbinafine is
generally well tolerated but there have been rare reports of
serious adverse reactions, including Stevens—Johnson syndrome
and toxic epidermal necrolysis.** A postmarketing surveillance
study revealed that the most common side-effects were gastro-
intestinal (4-9%), such as nausea, diarrhoea or taste distur-
(2:3%)
pruritus, urticaria or eczema. The incidence of serious adverse

bance, and dermatological events such as rash,
events was 0-04%.°> Although studies have demonstrated that
terbinafine is associated with only minimal hepatic toxicity,®®
there have been rare reports of serious hepatic toxicity, which
occurred usually in patients with pre-existing liver disease.®’
Therefore, systemic terbinafine is mnot recommended in
patients with active or chronic liver disease. Baseline liver
function tests and a complete full blood count are recom-
mended in patients with a history of heavy alcohol consump-

8 .
Baseline

tion, hepatitis or haematological abnormalities.®
monitoring should also be considered for children, as terbina-
fine is not licensed for use in treating paediatric onychomyco-
sis. Oral terbinafine has minimal drug—drug interactions. The
only potentially significant drug interaction with terbinafine is
with drugs metabolized by the cytochrome P450 2Dé6 isoen-
zyme. Taste disturbance is a very rarely reported adverse
effect, but it can be permanent and patients should be warned
of this.

10.2.3 lItraconazole (strength of recommendation A; level
of evidence 1+)

Itraconazole (Sporonox®; Janssen-Cilag, High Wycombe, U.K.)
is active against a range of fungi including yeasts, dermato-
phytes and some nondermatophyte moulds. It is not as active
in vitro against dermatophytes as terbinafine, its minimum
inhibitory concentration (MIC) being 10 times greater.®®
Although it is generally felt to be a fungistatic agent, it can
achieve fungicidal concentrations, although its minimum fun-
gicidal concentration is about 10 times higher than its MIC.*’
The mechanism of action of itraconazole is the same as that of
the other azole antifungals: it inhibits the fungal cytochrome
P450 oxidase-mediated synthesis of ergosterol, which is
required for fungal cell walls.”® Itraconazole is optimally
absorbed with food and an acidic pH. It is highly lipophilic
and is metabolized in the liver by the cytochrome P450 3A4
system, which increases the risk of it interacting with other
drugs metabolized by this route. Like terbinafine, it also pene-
trates the nail quickly and is detectable in the nail as early as
7 days after starting therapy, and persists in the nails for up
to 6-9 months after therapy discontinuation.®” The rapid
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detection, concentration and persistence of itraconazole in the
nail plate make the intermittent dosing regimen as efficacious
as daily dosing.

The most common adverse reactions to itraconazole include
headache and gastrointestinal upset. Adverse effects are lower
if itraconazole is given as pulse therapy. Asymptomatic liver
function abnormalities occur in 1-9% of patients treated with
pulse itraconazole and in 3% of those treated with continuous
itraconazole.”' Hepatitis tends to occur with continuous ther-
apy usually after 4 weeks. Monitoring hepatic function tests is
recommended in patients with pre-existing deranged results,
those receiving continuous therapy for more than a month,
and with concomitant use of hepatotoxic drugs. Itraconazole
is contraindicated in patients with congestive cardiac failure
due to the increased risk of negative inotropic effects. Itraco-
nazole may also prolong the QT interval, and therefore coad-
ministration with other drugs that also increase the QT
interval is contraindicated.

10.2.4 Terbinafine vs. itraconazole in dermatophyte
onychomycosis

Both of these drugs have been shown to be more effective
than griseofulvin in dermatophyte onychomycosis, and there-
fore the optimum choice of treatment lies between terbinafine
and itraconazole. As both terbinafine and itraconazole persist
in the nail for a considerable period after elimination from
the plasma,’” intermittent or ‘pulse’ treatment regimens have
been developed. Unless there are contraindications, terbinafine
should be considered as the first choice based on its higher
efficacy and tolerability.

Terbinafine is licensed at a dose of 250 mg per day for
6 weeks in fingernail and 12—16 weeks in toenail infection.
Patients should be re-evaluated 3—6 months after treatment
initiation and further treatment should be given if the disease
persists.®® Ttraconazole is licensed at a dose of 200 mg per
day for 12 weeks continuously, or alternatively as pulse ther-
apy at a dose of 400 mg per day for 1 week per month. Two
pulses are recommended for fingernail onychomycosis and
three pulses for toenail onychomycosis.

Several large studies demonstrate higher efficacy rates for
terbinafine in comparison with itraconazole. A multicentre,
randomized trial involving 508 subjects demonstrated com-
plete cure (defined as negative mycological analysis and a nor-
mal nail) in 55% or 26% of patients receiving 16 weeks of
continuous terbinafine or pulsed itraconazole, respectively, at
follow-up at 72 weeks (strength of recommendation A; level of evidence
1).”® The 151 patients in the Icelandic arm of this study were
further studied for the long-term effectiveness of treatment
during a 5-year blinded prospective follow-up study.”* At the
end of the study mycological cure without a second therapeu-
tic intervention was found in 46% and 13% of the terbinafine-
and itraconazole-treated patients, respectively. Mycological and
clinical relapse was significantly higher in the itraconazole
group (53% and 48%, respectively) than in the terbinafine
group (23% and 21%) (strength of recommendation A; level of evidence

British Journal of Dermatology (2014) 171, pp937-958




946 BAD guidelines for onychomycosis 2014, M. Ameen et al.

1). Other subsequent studies have reported similar cure rates

75-78 . .
Terbinafine and itraco-

for terbinafine and itraconazole.
nazole have also been used to treat onychomycosis effectively
and safely in special patient populations, such as children, the
elderly, immunocompromised patients, diabetics and those
with Down syndrome.®®”7"”® However, efficacy appears to be
lower in patients over the age of 65 years, with one study
demonstrating complete cure with terbinafine in only 15% of
patients.®® In patients with psoriasis, too, it has been demon-
strated that response to treatment of onychomycosis with itr-
aconazole is lower.®!

Since the publication of the last guidelines there have been
trials investigating the efficacy and tolerability of pulse terbina-
fine treatment for onychomycosis (500 mg per day for 1 week
per month for 3 months). Results have been conflicting, with
smaller studies suggesting comparable efficacy between pulse
(250 mg

However, a larger randomized trial demon-

and continuous terbinafine
3 months).*>*’

strated a mycological cure rate of 70-9% vs. 58-7% at follow-up

per day for

at 18 months for continuous vs. pulse terbinafine, respec-
tively.”® Other regimens using ‘intermittent’ as opposed to pulse
terbinafine therapy have also been trialled, again with variable
success.®*®* A recent meta-analysis of the efficacy of continuous
and intermittent terbinafine regimens for toenail onychomyco-
sis concluded that although continuous terbinafine is generally
more effective than a pulse regimen for mycological cure, both
are equally effective for complete clinical cure.®®

In theory, it should be possible to offer an effective pulse
terbinafine treatment regimen, given that terbinafine persists
in nails for at least as long as itraconazole following treatment
discontinuation, and it represents an attractive option as it can
reduce the costs of treatment as well as drug-associated
adverse effects.

Hyphanox™ (Stiefel; a GSK Company, Research Triangle Park,
NC, U.S.A)) is a patented formulation of itraconazole with
higher bioavailability. Stiefel completed a phase III randomized
controlled trial for onychomycosis comparing a dose of 200 mg
per day of Hyphanox with itraconazole 100 mg twice daily for
3 months. Although Hyphanox demonstrated no significant
advantage over itraconazole (44% vs. 37% mycological cure
rate, respectively) this was the largest ever clinical trial for ony-
chomycosis, enrolling 1381 patients and demonstrating good
tolerability with both formulations of itraconazole.®’”

In a meta-analysis of systemic antifungals for the treatment
of onychomycosis, adverse effects led to treatment discontinu-
ation in 3-4% of patients receiving continuous terbinafine,
2-1% of patients receiving pulse terbinafine, 4-2% of patients
receiving continuous itraconazole and 2-6% of patients receiv-
ing pulsed itraconazole.®® A recent meta-analysis comparing
long-term mycological recurrences of toenail onychomycosis
after successful treatment with terbinafine vs. itraconazole
demonstrated a significantly lower mycological recurrence rate
with terbinafine compared with itraconazole. The authors sug-
gest that the reason for this is the fungicidal action of terbina-
fine compared with the fungistatic action of itraconazole.®
Terbinafine, in comparison with itraconazole, is also associated
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with a lower risk of drug interactions.”® In conclusion,
terbinafine is superior to itraconazole both in vitro and in vivo
for dermatophyte onychomycosis and should be considered
the first-line treatment, with itraconazole as the next best

alternative.

10.2.5 Fluconazole (strength of recommendation B; level
of evidence 2++)

Fluconazole has a long half-life, allowing once-daily dosing. It
is excreted predominantly in the urine and therefore the dose
needs to be adjusted depending on the creatinine clearance. It
remains detectable in toenails for up to 6 months after therapy
discontinuation.”’ It has some activity against dermatophytes
and some Candida species. Although it is currently not licensed
for use in onychomycosis, attention has been focused on
using it in a once-weekly dosing (450 mg) regimen. This is
possible because of its pharmacokinetic properties, and it
offers the advantage of improving compliance and reducing
treatment costs.

Seven studies have evaluated fluconazole for the treatment
of onychomycosis.”> However, only three of these were ran-
domized, double-blind placebo-controlled trials, which evalu-
ated different weekly dosages of fluconazole (150—450 mg)
and different treatment durations (4, 6, 9 or 12 months).%f95
Mycological cure rates ranged from 47% to 62% in toenail
infections and from 89% to 100% in fingernail infections.
Clinical cure rates were lower (28-36% for toenail infections
and 76-90% for fingernail infections). Higher doses (450 mg
per week) and longer treatment duration (9 and 12 months)
were associated with higher cure rates. There are few compar-
ative trials, but fluconazole appears to be less effective than

. . 96
itraconazole or terbinafine.

However, fluconazole 450 mg
per week for 3 months in fingernail infections, and for at least
6 months in toenail infections, may be a useful alternative in
patients unable to tolerate terbinafine or itraconazole, and its
once-weekly dosing regimen may improve compliance in
some patients compared with daily terbinafine or itraconazole.

The common adverse effects of fluconazole include head-
ache, skin rash, gastrointestinal complaints and insomnia.
Adverse effects leading to treatment discontinuation occur in
2:0% of patients receiving fluconazole 150 mg per week,
which increases to 5-8% for higher weekly doses (300—
450 mg).*® Fluconazole is a weaker inhibitor of the cyto-
chrome P450 enzymes than itraconazole, and therefore may

. . 97
have fewer drug interactions.

10.2.6 Second-generation triazoles (new triazoles)

The second-generation triazoles have broad-spectrum antifun-
gal activity, particularly to yeasts and nondermatophyte
moulds. They have an improved safety profile and fewer drug
interactions than the first-generation triazoles. Clinical trials
assessing their efficacy for onychomycosis are presently limited
or ongoing. Their utility is restricted by their high cost, and to
date they have been reserved primarily for the treatment of
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invasive opportunistic fungal infections, particularly in the
immunocompromised.

10.2.6.a. Voriconazole has demonstrated high in vitro activity
against onychomycosis-causing dermatophytes, as well as Can-
dida species, Scopulariopsis, Neoscytalidium and Fusarium species.®*”®
It may therefore represent a useful alternative therapeutic
option for recalcitrant nail infections.”®

10.2.6.b. Posaconazole (strength of recommendation C; level of evi-
dence 2++) has broad-spectrum activity and high efficacy
against yeasts and moulds. It exhibits MICs comparable with
terbinafine against dermatophytes.”® A recently completed
phase II multicentre randomized double-blinded, placebo-con-
trolled, dose-ranging study compared the efficacy of posaco-
nazole (100, 200 or 400 mg per day for 24 weeks, or
400 mg per day for 12 weeks) with terbinafine (250 mg per
day for 12 weeks) for DLSO in 218 patients. Complete cure at
48 weeks was significantly higher for posaconazole 200 mg
per day for 24 weeks (54-1%) and 400 mg per day for
24 weeks (45-5%), but lower for 200 mg per day for
12 weeks (20%) compared with terbinafine (37%). Treatment
was generally well tolerated. The most commonly reported
adverse effects were headaches (6%), diarrhoea (5%), nausea
(4%) and fatigue (4%). Seven patients receiving posaconazole
had to withdraw from the study because of asymptomatic
liver enzyme increases, as dictated by protocol.'® The authors
suggest that the failure to demonstrate a higher cure rate with
the higher dose of posaconazole may be due to small sample
sizes, or because the absorption of posaconazole into the toe-
nail does not increase in a dose-proportional manner.

10.2.6.c. Ravuconazole (strength of recommendation D; level of evi-
dence 2+) has been investigated for the treatment of distal
subungual toenail onychomycosis. A phase I/II randomized,
double-blind, placebo-controlled, dose-ranging study demon-
strated high tolerability and mycological cure in 59% of sub-
jects treated with oral ravuconazole 200 mg per day for
12 weeks.'”' The drug has not yet undergone phase TI trials.

10.2.6.d. Albaconazole has broad-spectrum antifungal activity
and good pharmacokinetic and bioavailability properties. It
has already demonstrated potent activity against Candida and
Aspergillus species. Its long half-life allows for weekly dosing
schedules. A recent phase II double-blind, placebo-controlled
study enrolled 584 patients with distal subungual toenail ony-
chomycosis, who were randomized to receive albaconazole
100, 200 or 400 mg or placebo weekly for 24 or 36 weeks.
Cure rates of 21-54% were demonstrated in the treatment
groups at week 52. Efficacy was dose dependent and was
highest in the group treated with 400 mg weekly for
36 weeks. Cure rates increased until week 52, and so it is pos-
sible that they might have been higher with longer follow-up
periods. Treatment-related adverse effects occurred in < 3% of
patients and were mild to moderate. The most common
adverse effects were headache, nausea, diarrhoea and a tran-
sient and mild increase in liver enzymes.'®> The weekly dos-
ing schedule of albaconazole has the potential to improve
compliance, particularly as longer courses of antifungal ther-
apy may be required for some patients.
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10.2.6.e. Pramiconazole was developed with the objective of
treating superficial infections of the skin, mucosae and nails. It
has broad-spectrum action, with preclinical studies demon-
strating similar or superior antifungal activity to itraconazole
and ketoconazole. It has excellent bioavailability and a long
half-life, permitting once-daily dosing.'®® Encouraging results
from phase II clinical trials against cutaneous dermatophyte
and yeast infections warrant further development and trials of
this drug for onychomycosis.'**

In conclusion, the new triazoles may play a useful role in
onychomycosis that is resistant to standard antifungal agents,
for the treatment of nondermatophyte moulds that have tradi-
tionally responded poorly to established antifungal therapies,
and for treating special patient populations such as the immu-

nocompromised.

10.3 Echinocandins

The echinocandins are a new class of antifungal drugs that
inhibit the synthesis of glucan, an essential component of fun-
gal cell walls. They have broad range and potent fungicidal
effects against yeasts, and are used as salvage therapy for inva-
sive candidosis and aspergillosis. They are available only as
intravenous formulations and therefore are unlikely to be used

for the treatment of onychomycosis.'*®

10.4 Candida

Clinical studies have demonstrated that itraconazole has signif-
icantly greater efficacy than terbinafine for the treatment of
onychomycosis. However, studies to date are limited by rela-
tively small patient numbers, and they do not always define
the clinical subtype (DLSO, TDO or onychomycosis associated
with paronychia). A study conducted in India demonstrated
cure rates of 92% (12/13) vs. 40% (four of 10) for 4-month
courses of pulse itraconazole (400 mg per day for 1 week
each month) and pulse terbinafine (250 mg per day for
1 week each month), respectively, in the treatment of Candida
onychomycosis.*” A higher cure rate of 60% was achieved
when Candida onychomycosis was treated with terbinafine

250 mg per day for 4 months.'%¢

Cure rates are reported to
be even higher with long treatment schedules of terbinafine:
mycological cure rates of 70% and 85% were demonstrated
for C. albicans and C. parapsilosis, respectively, after 48 weeks of

terbinafine 250 mg per day.'%”

These studies suggest that ter-
binafine is effective, but only when given for long treatment
periods. Itraconazole and fluconazole are believed to be
equally effective in the treatment of Candida onychomycosis
and should be given for a minimum of 4 weeks for fingernail
and 12 weeks for toenail onychomycosis. Itraconazole can be
given at a dose of 200 mg per day or as pulse therapy
(400 mg per day for 1 week each month), and fluconazole
can be given either as 50 mg per day or 300 mg per week.'®

In summary, unless there are contraindications against its
use, itraconazole should be considered the first-line treatment
for Candida shorter treatment

onychomycosis, given its
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duration. This also means that itraconazole is more cost—effec-
tive and more likely to be associated with greater compliance.
Fluconazole can be used as an alternative if there are contrain-
dications to using itraconazole.

Chronic mucocutaneous candidosis is characterized by fre-
quent relapses, and patients with chronic mucocutaneous
candidosis often fail to respond to normal drug dosages.
Therefore, it is recommended that high-dose therapy is given
for long periods.lo8 However, this can lead to the develop-
ment of drug-resistant strains. Therefore, for this reason, other
antifungals such as flucytosine, amphotericin, the new azoles
such as voriconazole and posaconazole, and echinocandins
have sometimes been used.'®® Some patients with chronic
mucocutaneous candidiasis also develop dermatophyte ony-
chomycosis, which can also respond poorly to treatment.

There is a distinction between the treatment of someone
with a local reason for having Candida in the nail (e.g. Raynaud
phenomenon or occupational disease) and someone with
immune suppression or mucocutaneous disease. The former
will also benefit from local measures, such as warm hands and
work practices, both in eradication and prevention of relapse.

10.5 Nondermatophyte moulds

Onychomycosis caused by nondermatophyte moulds is often
difficult to eradicate. Although clinical studies have shown that
terbinafine is more efficacious than itraconazole for onycho-
mycosis caused by dermatophytes, itraconazole has broader
antimicrobial coverage for Candide and nondermatophyte
moulds.®® In vitro susceptibility testing of the common antifun-
gals against nondermatophyte moulds has demonstrated that
Aspergillus has excellent susceptibility to itraconazole, followed
by miconazole, ketoconazole and terbinafine. Scopulariopsis had
wide MIC ranges for nearly all antifungal drugs including ter-
binafine. Fusarium and Acremonium were the agents with reduced
susceptibility to nearly all of the antifungal drugs tested. Of
the antifungal drugs, terbinafine demonstrated the lowest
activity against the majority of the nondermatophyte
moulds."'® Despite these results, it is often apparent that the
clinical efficacy of drug therapy does not always correlate with
the in vitro activity.

There are far fewer trial data of the treatment of nonderma-
tophyte onychomycosis, perhaps because it is less common,
particularly in temperate climates. The following studies,
unless otherwise indicated, have used standard 3-month
courses of pulse itraconazole 200—400 mg per day for 1 week
each month, or terbinafine 250 mg per day. In a study of 59
cases of Scopulariopsis onychomycosis treated with different anti-
fungals, there was no efficacy with griseofulvin (600 mg
twice daily for 12 months), low efficacy with fluconazole
(150 mg per day for 12 weeks) and ketoconazole (200 mg
per day for 4 months), but high and comparable efficacy with
itraconazole and terbinafine.'!" Treatment of 36 cases in Bel-
gium, the majority of which had infection with Scopulariopsis
(64%) followed by Aspergillus (22%), also demonstrated a high

12

cure rate of 88% with itraconazole.''” A study from India
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demonstrated clinical and mycological cure rates of 62% (five
of eight) and 44% (four of nine) with itraconazole and terbi-
nafine, respectively, in the treatment of nondermatophyte ony-
chomycosis.®> Another small study comparing itraconazole
with terbinafine demonstrated higher cure rates with pulse itr-
aconazole in the treatment of Scopulariopsis or Fusarium species
responsible for onychomycosis.''> However, terbinafine does
demonstrate high efficacy against Aspergillus onychomycosis:
pulse therapy with 500 mg per day of terbinafine for 1 week
each month for 3 months led to an 88% (30/34) clinical and
mycological cure rate after 1 year.''*

In conclusion, the clinical data show that cases of onycho-
mycosis caused by Aspergillus in particular, as well as Scopulariop-
sis, are generally easier to eradicate by drug therapy than other
agents causing nondermatophyte mould onychomycosis. Tosti
et al. recommend either terbinafine (250 mg per day) or pulse
itraconazole (400 mg per day for 1 week per month) for 2—
3 months for the treatment of Aspergillus species distal lateral
subungual onychomycosis. For the more difficult-to-treat non-
dermatophyte moulds, recommended treatment should involve
a combination of approaches such as systemic antifungal ther-
apy combined with topical nail lacquers,'®® or surgical or
chemical avulsion combined with topical therapy. In a trial of
59 cases of nondermatophyte onychomycosis, a significantly
higher cure rate (approximately 60%) was seen with a combi-
nation of topical treatment with surgical avulsion compared
with monotherapy with either terbinafine or itraconazole,
which demonstrated cure rates of approximately only 20—
40%, depending on species.115 In a recent review it was con-
cluded that systemic and/or topical therapy combined with
periodic chemical or surgical nail debridement/avulsion may
be the best option in the management of nondermatophyte
mould onychomycosis.**

The new azoles may have a role in the future management
of nondermatophyte mould onychomycosis, but at present
there are limited clinical data. A single case report of Neoscytali-
dium onychomycosis showed good response to pulse posaco-
nazole therapy (400 mg twice daily for 5 days each month
for 3 months), but there was subsequent relapse.''® Vorico-
nazole was more successful in the treatment of Neoscytalidium

L 117
onychomycosis.

10.6 Treatment of paediatric onychomycosis

Onychomycosis is less common in children, with an approxi-

mate worldwide prevalence of < 0-5%.''®

However, as in
adults, the toenails are more commonly affected, and DLSO is
the most common presentation.” The dominant aetiological
agents in childhood cases of onychomycosis are T. rubrum,
T. mentagrophytes and Candida species. Children with onychomy-
cosis should be examined carefully for concomitant tinea capi-
tis and tinea pedis. Their parents and siblings should also be
checked for onychomycosis and tinea pedis.

As the nail plate in children is thin and grows faster than in
adults, topical treatment is often advocated. However, there are

no clinical trials demonstrating the efficacy of topical therapies
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for onychomycosis in paediatric populations. In addition, some
experts believe that, as in adult onychomycosis, topical therapies
alone are generally ineffective, particularly when there is signifi-
cant nail plate disease or nail matrix involvement." "’

There are clinical trial data demonstrating the efficacy and
safety of systemic treatment for paediatric onychomycosis. A
systematic review of all data was recently published by Gupta
and Paquet, and describes five clinical trials, three retrospective
analyses and a number of case reports.'*® The following two
studies demonstrated efficacy for both itraconazole and terbi-
nafine. A study of only 17 cases (age 3—14 years, mean 8-5)
treated with pulse itraconazole (5 mgkg™' per day for
1 week each month) for 3—5 months demonstrated a high
clinical cure rate of 94% with no relapse for 1—4-25 years
after therapy initiation.'”' A more recent study of 36 cases
(age 4—17 years) of onychomycosis treated with either a
12-week course of itraconazole 200 mg per day, or daily ter-
binafine at a dose determined by body weight, demonstrated
clinical cure in 100% of cases treated with itraconazole and in
88% of cases treated with terbinafine.”” Treatment with both
drugs is well tolerated in paediatric populations.”®"'*!!*
These studies demonstrate higher cure rates for paediatric ony-
chomycosis than adult onychomycosis and also a faster
response to treatment in paediatric populations.

In summary, the three drugs that are proposed for use in
the systemic management of paediatric onychomycosis are
terbinafine, itraconazole and fluconazole. The azoles are advo-
cated when onychomycosis is caused by Candida species.'”’
Griseofulvin is no longer recommended as the first line of
treatment for paediatric onychomycosis, because of long treat-
ment duration and low efficacy. Pulse itraconazole therapy
(5 mg kg™ per day for 1 week every month) is recom-
mended for 2 months for fingernail infection and 3 months
Fluconazole is recommended at

for toenail infection.

3-6 mg kg~' once weekly for 12-16 weeks for fingernail
infection and 18-26 weeks for toenail infection. Daily terbina-
fine is recommended for 6 weeks for fingernail and 12 weeks
for toenail infection at 62-5 mg per day if weight is < 20 kg,
125 mg per day for 20—40 kg weight, and 250 mg per day if
weight exceeds 40 kg.''*'** 1%

Griseofulvin is the only systemic antifungal drug licensed
for use in children. Although terbinafine is presently not
licensed for use in children under the age of 12 years, it is
now accepted as being recommended by consensus for the
treatment of paediatric onychomycosis. It is helpful that the
safety of systemic terbinafine for the treatment of tinea capitis
in children has been established, although the duration of
drug therapy required for tinea capitis is usually not as long

as for onychomycosis.

10.7 Combination treatment (strength of recommendation
D; level of evidence 3)

Slow nail growth and suboptimal concentration in the affected
nail may explain failure of topical antifungal monotherapy in
many cases of onychomycosis. It has been suggested that a
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combination of topical and systemic antifungal treatments for
onychomycosis provides antimicrobial synergy, wider antifun-
gal spectrum with improved fungicidal activity, increased cure
rates, suppression of resistant mutants and enhancement of
tolerability and safety.'”® Topical imidazoles, ciclopirox and
amorolfine have all been used in combination with systemic
antifungal agents.

Tioconazole 28% solution combined with 1 g oral griseo-
fulvin for 1 year resulted in 69% clinical and mycological
cure, compared with 41% in a griseofulvin—only group.116

Amorolfine 5% nail lacquer in association with two pulses of
itraconazole therapy was at least as effective as three pulses of
itraconazole alone in moderate-to-severe fingernail onychomy-
cosis caused by Candida.'*” The combination was also shown to
be more effective in severe toenail onychomycosis.'*® A multi-
centre randomized controlled study showed that in the treat-
ment of dermatophytic toenail onychomycosis with matrix
involvement, amorolfine 5% mnail lacquer once weekly for
12 months in combination with oral terbinafine 250 mg per
day for 3 months was more effective than oral terbinafine alone
for 3 months.”® Similarly, combination therapy with topical
ciclopirox and oral terbinafine has been suggested to improve
cure rates when compared with systemic treatment alone.' >

However, another study found that combination of amorol-
fine or ciclopirox nail lacquers with oral terbinafine pulse
therapy did not offer any advantage over oral terbinafine pulse
monotherapy in the treatment of onychomycosis caused by
dermatophytes, yeasts and nondermatophyte moulds."*°

There is sufficient evidence to recommend combination
therapy if response to topical monotherapy is likely to be
poor, such as may be the case in proximal nail disease.

10.8 Onychomycosis in special groups

10.8.1 Diabetics

Up to one-third of diabetics may have onychomyosis.'* This
high prevalence of onychomycosis in diabetics is attributed to
a combination of host factors including impaired glycaemic
index, ischaemia, neuropathy and local immunosuppression.
Onychomycosis is a significant predictor for the development
of foot ulcers in diabetes."*' Low risk of drug interactions and
hypoglycaemia makes terbinafine the oral antifungal agent of
choice in the treatment of onychomycosis in diabetics.'*” Ttr-
aconazole is contraindicated in congestive heart failure due to
increased risk of negative ionotropic effect. As there is
increased prevalence of cardiac disease in diabetics, terbinafine
is preferred over itraconazole in the treatment of onychomy-
cosis in this population. Topical treatments may be appropri-
ate for mild-to-moderate infections and where risk of drug
interaction is considered high.

10.8.2 Immunosuppression

The prevalence of onychomycosis in HIV-positive patients is
approximately 30%, and correlates with CD4 counts of
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450 mm.'*?

AIDS in the 1990s, introduction of highly active antiretroviral

While PSO was over-represented in patients with

treatments and fluconazole treatment of oropharyngeal candido-
sis may explain the reduction in incidence of PSO in this patient

L 134,135
population.

Iatrogenic immunosuppression also increases
the risk of onychomycosis.'*® Most cases of onychomycosis in
immunosuppressed patients are due to T. rubrum. Nondermato-
phytes account for only a small proportion of the cases of ony-
chomycosis in immunosuppressed patients.'>” Griseofulvin is
the least effective oral antifungal in the treatment of onychomy-
cosis in patients with HIV.'*® As there is an increased risk of
interaction of itraconazole and ketoconazole with antiretrovirals,
terbinafine and fluconazole are preferred for the treatment of
onychomycosis in this patient population.**’

10.9 Surgery, lights and lasers (level of evidence 1)

Surgical avulsion followed by topical antifungal therapy would
seem a logical approach for single-nail onychomycosis, but
results from a randomized controlled trial were disappoint-
ing.'* Further studies are needed in this area, and at present
this treatment is not recommended based on the evidence
available.

Debridement alone cannot be recommended as a treatment

. 141
for onychomycosis.

Mechanical intervention may be neces-
sary to remove the dermatophytomas within the nail plate or
nail bed.

In a single-centre open trial, photodynamic therapy (PDT)
has recently been reported to achieve cure rates of 44:3% at
12 months, reducing to 36-6% at 18 months.'*?

Based on the paucity of available evidence, PDT cannot cur-
rently be recommended for the treatment of onychomycosis
(strength of recommendation D; level of evidence 3).

Newer devices such as near infrared diode at 870 and
930 nm, 1064-nm

yttrium aluminium garnet lasers are showing promising results

and millisecond neodymium-doped

in the treatment of onychomycosis, but recommendations

cannot be made at this stage.'**'**

11.0 Treatment failure or relapse?

Onychomycosis has often been associated with high recur-
rence rates (40-70%), and many patients have a long history
of disease recurrence.'*® The term ‘recurrence’ suggests both
relapse and reinfection. In treatment relapse, infection is not
completely cured and returns. This implies treatment failure.
In reinfection the ailment is completely cured and is fol-
lowed by a new infection by the same or a different organ-
ism. Fungal-free nails are the goal of antifungal therapy in
onychomycosis. Because of the slow growth pattern of the
toenails, up to 18 months is required for the nail plate to
grow out fully. Therapeutic success of antifungal therapy of
onychomycosis depends on the newly grown-out nail plate
being fungus free.

Onychomycosis is a deep-seated, recalcitrant fungal infec-
tion. The in vitro activity of antifungal drugs does not always
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correlate with their clinical efficacy. This may be attributed
to the carriage of arthroconidia and chlamydoconidia (rest-
ing fungal elements) in the nail plate. In occasional cases,
pockets of tightly packed hyphae develop in the subungual
space, leading to a dense white lesion (termed a dermato-
phytoma) visible beneath the nail. This type of infection
can be resistant to antifungal treatment without prior
removal of the lesion. This appearance is most often seen
in the great toenail. Other nail characteristics such as nail
thickness (> 2 mm), slow outgrowth, severe onycholysis
and dermatophytoma also contribute to the failure of anti-
fungal therapy. The resting fungal elements are highly resis-
tant to antifungal therapy and appear to survive in the nail
plate environment and in footwear for long periods of
time, even contributing to the recurrence of infection after
therapy is stopped.

The major risk factors for recurrence include family history,
coexisting ancillary clinical conditions (diabetes, arterial and
vascular diseases, Down syndrome, Raynaud syndrome),
immune suppression and acquired or inherent immunodefi-
ciency. Other previously implicated prognostic factors are
coexisting bacterial/viral nail infections, erroneous diagnosis,
poor compliance, antifungal resistance and poor choice of
antifungal therapy. Furthermore, the role of disease-causing
fungi is also critical. Generally, onychomycosis caused by
nondermatophytic moulds does not respond to oral antifun-
gal therapy, and current effective management options are
limited.

12.0 Prevention

Recurrence of onychomycosis may occur in some patients
after discontinuation of therapy. T. rubrum is commonly found
in hotel bedrooms, carpeting, gyms and the changing rooms
of most public bathing facilities. For this reason, it is essential
that the importance of always wearing protective footwear to
avoid re-exposure is emphasized to patients at risk. Other
strategies include application of an absorbent powder, and
antifungal powders containing miconazole, clotrimazole or
tolnaftate in shoes and on the feet, and wearing cotton, absor-
bent socks. It is also important for patients to keep their nails
as short as possible and to avoid sharing toenail clippers with
family members and friends.

Shoes can contain a large number of infective fungal ele-
ments. In many instances, it is best to discard all ‘old and
mouldy’ footwear. If this is impossible, fungal elements can
be eliminated by putting naphthalene mothballs in the shoes
and then leaving them enclosed within a tightly tied plastic
bag for a minimum of 3 days. Afterwards, the patient can air
the shoes to remove the odour of the naphthalene. The fungal
arthroconidia should be dead. However, it is still helpful to
continue to apply antifungal powders inside shoes to ensure
that all infective fungal elements are eliminated. An alternative
is to spray a terbinafine solution into shoes on a periodic
basis. Because both onychomycosis and tinea pedis are conta-
gious, all infected family members must also be treated at the
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Table 2 Summary of drug therapies in children (age 1-12 years)
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same time to avoid reinfection. It is helpful to recommend
comfortable, well-fitting shoes and to avoid trauma to the
nail.

It is important to discuss the role of nail salons to patients
who develop nail infections. Frequent manicures and pedi-
cures predispose many patients to a variety of nail problems,
including paronychial infections and primary onycholysis due
to Candida, as well as dermatophytic nail infections. Patients
who have developed these infections should be advised to
frequent salons that employ a sterile technique.

13.0 Mycological resistance

Oral antifungal therapy with agents such as terbinafine and
itraconazole is the treatment of choice for onychomycosis
and dermatophytosis that does not respond to topical thera-
pies. The activity spectrum of these drugs is variable, leading
to treatment failure in 25-40% of treated patients, possibly
due to poor patient compliance, lack of drug penetration into
the nail, medication bioavailability, or drug interactions and
resistance.

The European Committee on Antimicrobial Susceptibility
Testing has described a reference broth microdilution method
for testing Candida susceptibility,"*” and the Clinical and Labo-
ratory Standards Institute has developed the M38-A technique
for testing filamentous moulds; however, dermatophytes have

'8 Tittle research has

not been included in this method.
focused on the drug resistance of dermatophytes and nonder-
matophytic species. Importantly, the in vitro activity of antifun-
gal medications has not been shown to be a predictor of
clinical outcomes. In an illustrative study, terbinafine and
voriconazole were the most potent agents against dermato-
phytes. Itraconazole and voriconazole were the most active
agents against yeast species.63

Importantly, these studies cannot be used for clinical guide-
lines, and the MIC values obtained must be tested in a well-
designed clinical study. Such future work is necessary to assist
clinicians in choosing the best therapeutic option.

14.0 Pharmacoeconomic considerations

Systemic drug therapy for onychomycosis is costly, as gener-
ally long treatment courses are required, especially for toenail
onychomycosis. Moreover, treatment duration is often
increased in the context of immunosuppression. Consider-
ation of the cost of drug therapy may be taken into account
when assessing the risk-to-benefit ratio of onychomycosis
treatment. Clinical trials of three of the major drug therapies
for onychomycosis (itraconazole, terbinafine and fluconazole)
have all investigated the efficacy of weekly or ‘pulse’ ther-
apy, which would considerably decrease the cost of treat-
ment. There are some encouraging data suggesting
comparable efficacy with daily dosing and supporting these
intermittent dosing regimens when cost issues are important.
In resource-limited regions of the world fluconazole is often

more readily available and cheaper than other antifungal
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agents, making it a more attractive therapeutic option for
onychomycosis.

15.0 Future directions

Areas of unmet need and uncertainty in the treatment of ony-
chomycosis that require further studies include (i) physical
therapies, including surgery, lasers and PDT; (ii) a greater
understanding of the pharmacodynamics and pharmacokinetics
of antifungal drugs and the potential role for therapeutic drug
monitoring; (iii) a greater role for combination therapy, either
systemic and topical or systemic in combination, which
should improve efficacy and drug-related adverse effects; (iv)
greater understanding of drug resistance and (v) poor compli-

ance.

16.0 Recommended audit points

e In the last 30 consecutive patients with onychomycosis
treated with a systemic agent, has a positive culture been
obtained before commencing therapy?

e In the last 30 consecutive patients with onychomycosis,
has an appropriate treatment agent been chosen based on
the type of organism cultured?

e In the last 30 consecutive patients with onychomycosis,
were arrangements made for adequate duration of treat-
ment to be supplied from the hospital or general practi-
tioner?

e In the last 30 consecutive patients with atypical onycho-
mycosis and in nonresponders, has immunosuppression
been considered?

e In the last 30 consecutive patients, has culture at the end
of treatment to confirm mycological clearance been con-
sidered, at least in high-risk groups?

The audit recommendation of 30 cases per department is
to reduce variation in the results due to a single patient,
and to allow benchmarking between different units. How-
ever, departments unable to achieve this recommendation
may choose to audit all cases seen in the preceding
12 months.

17.0 Summary

Onychomycosis is among the most common nail disorders
in adults.” The management of onychomycosis requires the
correct mycological identification where possible, assessing
disease susceptibility and risk factors and deciding what
therapy options are most suitable for the clinical form of
onychomycosis and aetiological agent. Some patients will
require monitoring, particularly high-risk patients, and at
the end of the recommended course of treatment they
should be reassessed for mycological cure. Tables 1 and 2
summarize the drug therapies recommended in this guide-
line. Full details of the evidence have been provided in the
main text.
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