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Background: There have been several therapeutic guidelines for onychomycosis in different countries and advances
in its diagnosis and treatment. Optimal treatment decision-making is affected by healthcare systems and cultural
backgrounds of countries.
Objective: The executive committee for onychomycosis guideline of the Korean Society for Medical Mycology aims
to provide up-to-date practical guidelines for onychomycosis management in Koreans.
Methods: The committee thoroughly reviewed relevant literature and previous guidelines. The structured algorithmic
guideline was developed by experts' consensus.
Results: The optimal treatments can be selected alone or in combination based on the nail and patient variables.
Three major classes of treatment are available: standard (topical or oral antifungals), additional (nail removal), and
alternative treatments (laser). Both topical and oral antifungals alone are appropriate for mild onychomycosis, while
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oral antifungals are primarily recommended for moderate-to-severe cases if not contraindicated. Combined topical
and oral antifungals are recommended to increase the efficacy in moderate-to-severe cases. Additional infected
nail removal is also considered for moderate-to-severe onychomycosis, which is unresponsive to standard medical
treatment alone. Laser therapy can be an alternative without significant side effects when standard medical treatments
cannot be applied regardless of onychomycosis severity. After treatment course completion, periodic therapeutic
response monitoring and onychomycosis preventive measures should be rendered to reduce recurrence.
Conclusion: The Korean consensus guideline provides evidence-based recommendations to promote good outcomes
of onychomycosis. The proposed algorithm is simple and easy to comprehend, allowing clinicians to facilitate
optimal treatment decision-making for onychomycosis in clinical practice.
Key Words: Diagnosis, Guideline, Onychomycosis, Treatment

INTRODUCTION

many patients are reluctant in using antifungals to treat
onychomycosis owing to fear of serious side effects. Instead,

Onychomycosis, a fungal nail infection, is caused by mainly

they attempt anecdotal treatment, such as fork remedies,

dermatophytes, yeasts, and non-dermatophyte molds. It is the

without proper medical consultation to physicians. To achieve

most common nail disease that accounts for about 50% of

successful treatment outcomes, clinical practice guidelines

all nail dystrophy causes and affects up to 14% of the popu-

should be established and utilized to assist practitioner and

lation with an increasing prevalence among old individuals .

1,2

patient decisions regarding appropriate healthcare for specific

In Korea, onychomycosis is prevalent, affecting 10% of all der-

clinical circumstances.

3,4

matologic outpatients . According to data from the National

To date, several clinical therapeutic onychomycosis guide-

Health Insurance Service of Korea in 2015, at least 1.2 million

lines have been suggested by working groups in various coun-

patients with onychomycosis are being treated at a medical

tries

institution annually, and the actual number of patients is

guideline/outcomes committee developed guidelines of care

estimated to be much higher. Its prevalence is expected to

for onychomycosis for professionals . In 2003, Roberts et al.

increase owing to the increase in the elderly population,

published onychomycosis treatment guidelines with identifi-

prevalence of systemic diseases, such as diabetes, and immuno-

cation of the strength of evidence on behalf of the British

suppressant use. Onychomycosis can cause nail disfigurement,

Association of Dermatologists. Thereafter, the International

such as discoloration, thickening, and fragility; pain; walking

Consensus Guideline was developed through a workshop

difficulty; and emotional embarrassment; thus, it significantly

involving experts and key opinion leaders to define an algo-

impacts patient's quality of life. It can also transmit infection to

rithm to facilitate treatment decision-making in onychomy-

other nails and body parts and may spread to other individuals.

cosis . In 2014, the British Association of Dermatologists re-

Therefore, although onychomycosis is not life-threatening, it

leased updated guidelines for onychomycosis management,

should be managed to improve not only patient's quality of

in which the evidence level and recommendation strength

life but also public health.

were implemented . In 2016, a simple algorithm of onycho-

5-10

. In 1996, the American Academy of Dermatology's
5

6

7

8

However, onychomycosis is notoriously difficult to treat. Its

mycosis guideline was proposed by an expert panel for a

general treatment modalities include medical (oral and topical

Canadian treatment strategy, which reflects the current phar-

antifungals) and non-medical treatments or a combination

maceutical options available in Canada . However, there are

of these. Antifungals, the mainstay of onychomycosis therapy,

differences in the disease epidemiology, individual preference

have a high ex-vivo bioavailability, but demonstrate a relatively

to treatment method of physicians or patients, healthcare

lower cure rate, protracted treatment duration, and higher

systems, and cultural backgrounds among countries, which

recurrence when treating onychomycosis than other super-

can affect the treatment decision-making of physicians and

ficial fungal infections. The variable clinical presentations and

patients. In Korea, the Korean Taskforce on Onychomycosis

causative fungal species of onychomycosis and the limitation

Education (K-TOE), comprising convened experts with know-

in antifungal use according to patients' health status also

ledge and clinical experience in medical mycology, released an

hinder successful treatment outcomes. Especially in Korea,

onychomycosis guide book for dermatologists at clinics and

34
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Table 1. Workflow of the consensus guideline development for onychomycosis management
1) Searching and collecting source for guideline, and data analyses (randomized controlled trials, systematic literature reviews,
meta-analyses, previous guidelines)
2) Allocation of sections; and selection of key questions and core issues in sections
3) Assessment of evidence level on the issues; and writing draft guidelines in sections
4) Algorithm development following a full discussion based on draft guidelines
5) Revision of draft guidelines through a detailed discussion among the advisory group
6) Completion of the final guideline and determination of future plan for revision

residents to provide insight into its diagnosis and manage-

Lee) served as a working group and conducted a compre-

ment in 2006. The K-TOE published the second edition, ex-

hensive review of the following: 1) epidemiology; 2) diagnosis

panding their previous work to provide an up-to-date onycho-

and prevention; 3) systemic treatment; 4) topical treatment;

mycosis review in 2009. In the revised edition, they suggested

and 5) non-medical treatment (surgery and laser therapy).

Korean consensus treatment guidelines through a panel dis-

Eight experienced dermatologists (Hyun Chang Ko, Kwang

cussion according to the International Consensus Guideline

Ho Kim, Hyojin Kim, Moo Kyu Suh, Yang Won Lee, Weon Ju

11

in 2005 . In the guideline, treatment options (topical, oral,

Lee, Jee-Bum Lee, and Jong Soo Choi) supervised the collab-

and surgical treatments) can be selected alone or in combi-

orative process as the advisory group. The guideline develop-

nation by the clinical criteria, such as the number of involved

ment process is briefly summarized in Table 1.

nail, known drug interaction, clinical subtype, causative fungal
species, and suboptimal drug penetration. Although it con-

2. Database and literature search

tains detailed information on onychomycosis, including treatment regimens for Koreans based on information from the

In the guideline development, we used the hybrid method

literature and personal knowledge and experience, it is rather

that combined adaptation of previous reliable guidelines and

complex and obscure to make proper treatment decisions in

de novo development. The database and literature search

clinical practice. Since the publication of the previous Korean

sources were MEDLINE, PUBMED, Cochrane Library, EMBASE,

onychomycosis guideline in 2009, there has been a growing

and Google scholar. To reflect the data of the Korean onycho-

need for an update based on new clinical evidence. Indeed,

mycosis, the KoreaMed, KMbase, National Assembly Library

there have been several advances in onychomycosis manage-

of Korea, and RISS were also used. The following key words

ment, new diagnostics, and therapies.

were used: onychomycosis (onychomycosis, fungal infection,

The executive committee for onychomycosis guideline of

nail, dermatophyte, diagnosis, treatment, antifungal agent,

the Korean Society for Medical Mycology (KSMM) aims to

laser, and surgery) and guidelines (guideline, consensus, and

provide up-to-date evidence- and experience-based practical

recommendation). The languages were limited to English and

guidelines on onychomycosis management for Koreans.

Korean. Although the publication date was not restricted,
only those published before 2000 were included when they

MATERIALS AND METHODS

contained crucial information related to onychomycosis. When
there were recent related systematic literature reviews and
meta-analyses, those with lower evidence levels and case

1. Expert panel
For the development of the Korean onychomycosis guideline,

reports were excluded.

3. Consensus process

the executive committee for onychomycosis guideline of the
KSMM comprised convened onychomycosis experts nation-

The collected literature was thoroughly reviewed and

wide. The entire development period was 1 year (February

selected on the basis of the key questions and core issues

2017 to February 2018). Five board-certified dermatologists

through consensus of the working members. After the review

(Jae-Hui Nam, Je-Ho Mun, Joonsoo Park, Jin Park, and Ji Hyun

process of the eligible literature, the evidence level for the key
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RESULTS

Following a full discussion based on the draft, the algorithm

The guideline delineates diagnosis (methods and diagnostic

guideline was developed through consensus among the

criteria), treatment (methods, drug priority, and single or

working members. Although the evidence of issue was weak,

combination use), and monitoring and prevention (follow-up

if it was clinically meaningful and consistent among all working

period, cure criteria, and preventive measures). The proposed

members, it was included in the guideline. In contrast, the

algorithm for diagnosis and treatment of onychomycosis is

contents that are still on debate or far from the Korean medical

illustrated with a footnote in Fig. 1.

situation were excluded in this guideline. The drafted algorithm guideline was revised through a detailed discussion and

1. Diagnosis

voting process of the advisory group. For the external review,
the revised guideline was presented at the KSMM workshop

In Korea, many patients with onychomycosis tend to visit a

involving experts, and the final version was completed through

pharmacist or treat themselves without the appropriate

a feedback process.

diagnosis and treatment by physicians. Even some physicians

36
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Fig. 1. Proposed algorithm for the diagnosis and treatment of onychomycosis by the Korean Society for Medical Mycology.
KOH, potassium hydroxide; DLSO, distal and lateral subungual onychomycosis; SWO, superficial white onychomycosis; PSO,
proximal subungual onychomycosis; TDO, total dystrophic onychomycosis

instituted to treat onychomycosis based on clinical diagnosis

dystrophy of non-fungal causes. Several laboratory tests are

alone. However, before starting antifungal treatment, onycho-

available for confirming onychomycosis, including potassium

mycosis should be confirmed to avoid unnecessary treatment.

hydroxide (KOH) examination, histologic examination with

Onychomycosis typically presents as yellow or white discol-

nail clipping, fungal culture, and molecular diagnostic test.

orations of the nail plates, nail thickening, fragile nails, and

Among them, the simplest KOH examination, which is avail-

onycholysis, which is highly suggestive of onychomycosis.

able in almost all dermatology clinics, is recommended as a

The presence of these clinical signs can be considered as

basic diagnostic technique for confirming onychomycosis.

clinical criteria of onychomycosis. Simple and noninvasive

Fungal culture, histological examination with nail clipping,

dermoscopy can enhance clinicians' diagnostic accuracy of

and molecular tests can additionally be used to increase the

onychomycosis and allow determination of the best site for

diagnostic accuracy or identify causative fungal species if

12-14

adequate mycological sampling

. However, its clinical signs

1,16-18

available

. The modern molecular technique, such as poly-

are often difficult to distinguish from those of other nail dis-

merase chain reaction, can provide a faster, more sensitive,

orders of non-fungal causes, which may lead to misdiagnosis .

15

and more accurate assessment than the traditional culture in

Therefore, mycological examination should be used to confirm

identifying pathogenic fungi, although it is only currently availa

clinical suspicion of onychomycosis and rule out other nail

ble in specialized hospital settings

www.e-jmi.org
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test result is negative for several times, other nail disorders

ination in this guideline. This classification system allows prac-

should be considered.

titioners to have a quick judgement of onychomycosis grading.

2. Treatment

ungual onychomycosis (DLSO), superficial white onychomy-

Clinical patterns were classified into distal and lateral subcosis (SWO), proximal subungual onychomycosis (PSO), and
For optimal treatment according to patients' status, nail

total dystrophic onychomycosis (TDO) according to Baran's

and patient variables that may influence treatment choice

classification in 1997 , except for the rare endonyx subtype.

should be identified through history taking and physical ex-

SWO with restricted superficial nail plate invasion is associated

amination, and laboratory examination in selected patients

with better therapeutic responses; it is regarded as mild.

after confirming onychomycosis.

Conversely, PSO and TDO involving the nail matrix of the

23

proximal portion or entire nail, respectively, are categorized

1) Nail variables

as severe because they are associated with poor therapeutic
responses. DLSO, the most common form of onychomycosis,

There is no clear standard classification system in terms of

was split into the mild and moderate-to-severe types de-

onychomycosis severity that may have a significant effect on

pending on the extent of nail involvement (<50% or ≥50%).

treatment choice. Although a few authors have suggested a

Additionally, the other clinical variants associated with poor

21,22

,

treatment outcomes, such as dermatophytoma, spike, and

it is rather complex and impractical in clinical settings. For

subungual hyperkeratosis (≥2 mm), were classified as severe

these reasons, we classified onychomycosis severity into mild

regardless of the extent of nail involvement. In sum, the current

and moderate to severe according to simple morphological

onychomycosis guideline suggests a treatment algorithm for

parameters (clinical subtypes, extent of nail involvement, and

mild onychomycosis versus moderate-to-severe onychomycosis

nail thickness), which can be discernible by naked eye exam-

(Fig. 2).

numeric scoring system to assess onychomycosis severity

Fig. 2. Classification of severity of onychomycosis, mild onychomycosis and moderate-to-severe onychomycosis based on simple
morphological parameters (clinical subtypes, extent of nail involvement, and nail thickness). DLSO, distal and lateral subungual
onychomycosis; SWO, superficial white onychomycosis; PSO, proximal subungual onychomycosis; TDO, total dystrophic onychomycosis
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Conversely, the nail growth rate, number of affected nails,

26-31

matophyte onychomycosis

. Itraconazole is also effective

and accompanying fungal infection of other body parts are

in treating onychomycosis, but has a lower cure rate and

also excluded as the major variables as these do not seem to

higher risk of drug interactions than terbinafine; thus, it is

be a necessity determinant in selecting treatment modalities

regarded as the second alternative

under the agreement of the working members.

itraconazole demonstrates better treatment outcomes in

26-28,32-34

. Nevertheless,

onychomycosis caused by yeast (candida species) and some

2) Patient variables

non-dermatophyte molds and is considered as the drug of
32,33

choice in these cases

. Fluconazole is recommended as

Patients' health status and drug-to-drug interactions can

the third option for patients who cannot tolerate or fail to

affect the treatment choice, especially standard systemic anti-

respond to terbinafine or itraconazole owing to its lowest

fungals. Oral antifungal agents should be avoided or admin-

efficacy and longer treatment period

istered with caution in patients with known hypersensitivity

children may receive the same therapy with oral antifungals as

to the drugs, pregnancy, lactation, and medical illness such

adults do; however, the dosage should be adjusted according

as severe hepatic or renal disease, congestive heart failure. In

to body weight and age

addition, co-administration of variety of drugs is contraindi1,2,24,25

cated to oral antifungals, especially in azoles

(Table 2).

Patients' characteristics, such as age, sex, adherence to drugs,

26-28,35

. As a general rule,

1,2,36

.

Generally, topical agents have fewer side effects and drug
interactions than systemic agents; thus, they have their own
37-39

clinical value despite their low efficacy

. Newer topical

and geographical and socioeconomic status, were excluded

agents enhance nail penetration, adherence, and clinical and

as patient variables of this guideline because they do not seem

mycological cure

to be essential factors in determining treatment modalities.

istered as the first-line treatment for patients with mild or

40,41

. Topical antifungals alone can be admin-

moderate-to-severe onychomycosis who have contraindi-

3) Choice of treatment methods

cations to oral antifungals. Additionally, topical antifungals
in combination with oral antifungals can enhance the efficacy

There are three major classes of onychomycosis treatment:

42,43

and shorten the treatment period

. Amorolfine 5% nail

(1) standard (topical or oral antifungals), (2) additional (adju-

lacquer, ciclopirox 8% solution, and efinaconazole 10% solu-

vant; nail removal), and (3) alternative treatments (laser or

tion are currently available in Korea. Although high-quality

photodynamic therapy). The optimal onychomycosis treat-

head-to-head comparative studies are lacking, systematic litera-

ment can be selected alone or in combination based on the

ture reviews and meta-analyses indicated that efinaconazole

nail and patient variables. This guideline covers only drugs,

yielded the highest clinical and mycological cure rates and is

interventions, and surgeries, which are currently performed

considered the first-line topical agent, followed by amorolfine

or approved in Korea, and describes a priority rating of drugs

and ciclopirox

for practical guidance for clinicians. The priority of antifungals

and ointment, which are approved for skin fungal infection

was determined in the order of the highest efficacy based on

treatment, are generally not recommended for onychomycosis

the evidence from the available literature review results. The

owing to the insufficient nail penetration and lack of efficacy.

28,38

. Meanwhile, topical antifungal lotion, cream,

priorities may be readjusted by additional studies and introduction of new antifungals.

(1) Standard treatment

(2) Additional treatment
Additional (adjunctive) treatment involves partial or total
removal of the infected nail (avulsion or debridement). Mech-

The standard treatment of onychomycosis is topical and

anical or chemical nail removal by surgery, ablative laser, or

systemic antifungals, which are the only method of eradi-

urea cream is not proven to eradicate nail fungi. Therefore,

cating causative fungi. Unless it is contraindicated (Table 2),

nail removal alone is not recommended as a standard onycho-

oral antifungals are considered the gold standard option for

mycosis treatment. However, when it was used in combi-

treating onychomycosis because of the highest cure rates and

nation with conventional antifungals, nail removal increased

shorter treatment period regardless of onychomycosis severity.

the cure rate and patient satisfaction compared with anti-

In Korea, the currently available oral antifungals include terbi-

fungal treatment alone. Therefore, it can be a useful additional

nafine, itraconazole, and fluconazole. Among these, terbi-

treatment option in selected cases, such as TDO, dermato-

nafine is the first-line drug owing to its fungicidal action and

phytoma, spikes, and subungual hyperkeratosis

highest clinical and mycological cure rates, especially in der-

infected nail removal before standard medical treatment can

www.e-jmi.org
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Table 2. Contraindications, cautions and drug-to-drug interactions of systemic antifungals
Oral antifungals
Terbinafine

Contraindications and cautions

•Hypersensitivity to terbinafine
•Lactation
•Severe hepatic or renal disease

Itraconazole

•Hypersensitivity to itraconazole
•Pregnancy or lactation
•Congestive heart failure
•Drugs metabolized by CYP3A4
- HMG CoA reductase inhibitors (simvastatin and lovastatin)
- Hypnotic-sedative drug (midazolam, triazolam, and pimozide)
- Gastroprokinetic agent (cisapride)
- Antiarrhythmic drug (disopyramide, quinidine, and dofetilide)
- Calcium channel blocker (bepridil, felodipine, and lercanidipine)
- Antihistamine (astemizole and terfenadine)

Fluconazole

•Hypersensitivity to fluconazole
•Pregnancy or lactation
•Drugs metabolized by CYP3A4
- Hypnotic-sedative drug (midazolam, triazolam, and pimozide)
- Gastroprokinetic agent (cisapride)
- Antiarrhythmic drug (disopyramide, quinidine, and dofetilide)
- Antihistamine (astemizole and terfenadine)

be a more efficient strategy in patients with thickened nail

1,064-nm Nd:YAG laser with a millisecond pulse duration

based on personal experience; however, there is a lack of

and 405- and 635-nm combined laser have been approved

evidence on the issue.

as a safe and effective method for improving clinical nail
presentation in patients with onychomycosis who cannot take

(3) Alternative treatment

oral antifungals based on the New Health Technology Assessment findings at the time the report was prepared. Although

Alternative treatment includes laser or light therapy, which

uncontrolled and nonrandomized laser studies show prelim-

can be conducted without significant complications in patients

inary evidence of variable clinical improvements, they do not

who are difficult or reluctant to be treated with standard anti-

appear to have mycological cure that equates to standard

fungals regardless of onychomycosis severity. This method

medical treatment

may be particularly useful in older patients, immunocompro-

optimal regimens (number of treatments, treatment schedule,

mised individuals, and patients with hepatic impairment. Lasers

wavelength, and pulse duration) are yet to be defined. Further

are currently approved by the FDA to promote clear nails

well-designed randomized controlled trials are necessary to

temporarily and do not address the antifungal requirements

consolidate the role of laser therapy for onychomycosis treat-

of an effective onychomycosis treatment. Among the various

ment. Photodynamic therapy is generally not recommended

lasers, long-pulsed 1,064-nm Nd:YAG laser or diode laser is the

owing to its low cure rates, enduring pretreatment process,

47-49

most widely used type in treating onychomycosis

40

. In Korea,

47,48

. Additionally, the action mechanism and

49-51

and treatment length compared with laser systems

. Folk
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Table 3. Recommended preventive measures for onychomycosis
1) Maintain clean, dry hands and feet
2) Change shoes regularly and keep drying the inside of shoes
3) Do not share nail clippers and nail care products
4) Be careful not to hurt oneself when clipping nails
5) Use private shoes and socks, if possible, in a public place
6) Do not share foot towels, slippers, and bath mats
7) When tinea pedis or manus is suspected, go to the hospital and treat it as early as possible

medicine popularly used in Korea, including chemical products

outcomes. To date, there is no definite criterion of the proper

or cosmetics containing glacial acetic acid, pyroligneous liquid,

follow-up period and cure of onychomycosis . Considering

and tea tree oil, should not be used for onychomycosis treat-

that the fingernail and toenail take 4~6 months and 12~18

ment because of the lack of efficacy and high risk of side or

months to replace a diseased nail plate, respectively, it is

even adverse effects.

recommended to perform periodic follow-up monitoring with

52

physical and mycological examinations to evaluate the treatSome examples of optimal treatment strategy for indi-

ment response after 3, 6, 12, and 18 months (endpoint: 6

vidual patient conditions are as follows. For patients with mild

months for the fingernails, 18 months for the toenails). Com-

onychomycosis (DLSO <50%, SWO), topical or oral antifungals

plete cure is rigorously defined as 100% clear nail plus myco-

alone are recommended as the first-line treatment. Either

logic cure (negative mycological examination result). However,

topical or systemic antifungals can be selected depending on

permanent nail deformities may persist as a sequela of long-

the patients' preferences, number of involved nails, medi-

standing nail infection after elimination of the fungal patho-

cation cost, and treatment duration, unless oral antifungals

gen despite infection resolution. Therefore, effective cure is

are contraindicated. If there is a contraindication to such,

usually accepted as <10% of nail involvement without der-

topical antifungals are administered. For moderate-to-severe

matophytoma, spikes, and subungual hyperkeratosis with

onychomycosis (DLSO ≥50%, PSO, TDO, dermatophytoma,

mycologic cure in the clinical setting. If successful treatment

spikes, and subungual hyperkeratosis ≥2 mm), oral antifun-

outcomes are not achieved (uncured), the diagnosis should

gals are considered as the first-line treatment. In recalcitrant

be reconfirmed, and combination/booster treatment may be

variants of onychomycosis, topical antifungals or nail removal

considered (53).

can be additionally used in combination with oral antifungals.
However, even those with moderate-to-severe onychomycosis

2) Prevention

who are contraindicated for oral antifungals owing to underlying medical conditions or drug-to-drug interactions could

Onychomycosis may recur in some patients after therapy
54,55

be primarily treated with topical antifungals combined with

discontinuation, with the reported rate ranging 20~50%

nail removal. Regardless of onychomycosis severity, alternative

Therefore, even if the treatment is successful, it is necessary

.

laser therapy can be performed if patients are unable or

to identify the high risk factors of onychomycosis (family

unwilling to take medications for several reasons.

history of onychomycosis, diabetes, peripheral vascular disease,
immunocompromised state, and accompanying tinea manus

3. Therapeutic monitoring and prevention

and pedis) and educate patients regarding preventive measures to reduce recurrence (Table 3).

1) Treatment
Many patients discontinue their medical treatment before
they are cured, and therapy withdrawal is a major cause of

GUIDELINE CONSIDERATIONS,
LIMITATIONS, AND RENEWALS

treatment failure. Therefore, periodic follow-up and treatment
response evaluation should be performed to achieve successful

www.e-jmi.org
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and adherence to these recommendations will not ensure
successful treatment in every situation. The ultimate treatment decision should be made by physicians based on their
knowledge and experience in view of all situations presented
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by patients with onychomycosis. Additionally, the recommendations of this guideline are not absolute criteria for onychomycosis treatment. Therefore, this guideline should not be
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