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ABSTRACT 

Background: Diabetes is a devastating chronic health condition affecting roughly 6% of the 

population would-wide (World Health Organization, 2019). The numerous complications from 

diabetes can initially be insidious, over time becoming debilitating and often deadly. Chronic 

lower extremity ulceration and subsequent complications, including limb amputation, is a 

common consequence of long-term hyperglycemia as in poorly managed diabetes. Annual 

diabetic foot exams, assessing for signs of risk and ulceration, are recommended as a method of 

prevention of this complication (Persaud et al., 2018). Evidence shows an association between 

mycotic toenail infection, onychomycosis, and increased risk of foot ulceration, amputation and 

subsequent 5-year mortality in diabetic patients (Morbach et al., 2012). Screening for and 

aggressive treatment of onychomycosis in diabetic patients is recommended, although this is a 

commonly overlooked and undermanaged comorbidity (Ibrahim et al., 2017). 

Purpose: The purpose of this quality improvement project is to increase provider awareness of 

the risk of onychomycosis in diabetic patients and increase treatment and/or referral of these 

patients to a podiatrist.  

Methods: This project was implemented at Benson Hospital in southeastern Arizona. It involved 

creation of an online provider module on the risk of onychomycosis in diabetic population and 

treatment strategies aligning with resources and values of the community. Evaluation was done 

through pre and post-module surveys utilizing the just-in-time method of training and 

assessment. Recruitment was done via emails sent to Benson Hospital providers. 

Findings: Before the module, surveys indicated a lack of consistency of screening of diabetic 

patients for onychomycosis although providers indicated providing treatment with diagnosis. 
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There was also inconsistency in treatment methods. Post-module results indicated providers had 

been influenced by the module, which provided them with a greater level of awareness of the 

issue. After the module, participants stated they would change their approach to onychomycosis 

in diabetic populations through treatment, referral and patient/provider education. 

Discussion: Although providers indicated the module was successful in achieving objectives, the 

project was limited by the small sample size. Future projects of this nature would benefit from 

in-person recruitment as a method of ensuring provider contact. Additionally, the sample size 

and dissemination of information would be increased through inclusion of the nursing staff. 
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INTRODUCTION 

As of November 2018, the World Health Organization (WHO) estimated there were 

approximately 422 million adults living with diabetes worldwide. Diabetes is a devastating 

chronic disease involving loss of ability for the body to metabolize glucose, resulting in a broad 

array of comorbidities (WHO, 2019). Diabetic patients are at higher risk than the general 

population for complications including heart disease, certain cancers, peripheral neuropathy, 

retinopathy, renal failure, stroke, foot ulcers, amputation of limbs, and death (WHO, 2019). 

According to the Centers for Disease Control and Prevention (2019) an estimated 30.3 million 

people in the United States are living with diabetes, and 84.1 million adults are considered pre-

diabetic. In 2012, it the estimated average annual cost of healthcare per diabetic patient was 

$13,700. In 2015, it was listed as the seventh leading underlying cause of death (CDC, 2019). 

Most diabetic patients have type-2 diabetes, which is driven by a combination of genetic 

predisposition and lifestyle factors of poor diet and limited physical activity (CDC, 2019). The 

combination of poor lifestyle habits, diabetes, and resulting disease processes creates a large 

burden for patients as it is recommended that they adjust diet and activity levels as well as 

monitor glucose levels, and watch for complications (CDC, 2019). Low levels of knowledge 

about diabetes, self-monitoring and comorbid conditions creates a large proportion of patients 

with poorly controlled blood glucose and rampant complications (Phillips, Rahman, & Mattfeldt-

Beman, 2018). Additionally, among the health disparities associated with type-2 diabetes are low 

socioeconomic status and education levels affecting resources and ability to understand and cope 

with controlling blood glucose levels and the many related health concerns (Dupre, Silberberg, 

Willis, & Feinglos, 2014). Consequently, it is the responsibility of healthcare workers to 
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understand the complexities of diabetes and related complications in order to provide patients 

with holistic healthcare and education about the disease, self-monitoring, and care (Phillips et al., 

2018). 

Chronic lower extremity wounds are one of the complications experienced by an 

estimated 20% of diabetic patients worldwide (WHO, 2019). Diabetic patients with chronic 

ulcers are at an increased risk of recurrent ulceration, amputation and subsequently a higher five-

year mortality rate (Morbach et al., 2012). Skrepnek, Mills, and Armstrong (2015) compare this 

five-year mortality rate after amputation to the most aggressive forms of cancer at between 39% 

and 80%. Although adequate diabetic foot screening, care and education have been proven to 

mitigate the problem substantially, there remains a great need for healthcare attention to the 

issue; particularly in rural and impoverished areas (Skrepnek et al., 2015). Recommendations on 

screening for complications involved with diabetic foot include taking a history, looking for 

signs of infection, assessing for structural changes, neuropathy and edema, and palpation of 

pedal pulses (Persaud et al., 2018). It is common for providers to overlook foot screening, in part 

due to lack of knowledge about the topic and signs and symptoms of risk factors (Persaud et al., 

2018). One of the most commonly overlooked and undertreated conditions in diabetic foot 

screening is a fungal foot infection, that places diabetic patients at high risk of ulceration and 

limb complications (Ibrahim et al., 2017).  

Onychomycosis of the nail is associated with an increased risk for diabetic leg ulceration 

and subsequent complications when infecting the toenail of a diabetic patient (Matricciani & 

Jones, 2012). Fungal skin and nail infections in diabetic patients can impair skin integrity, 

allowing entry of secondary infections and further complications (Vanhootenghem, Zepetiuk, 
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Paurobally, & Heureux, 2011). Fungal foot infections such as onychomycosis are common 

universally, but in diabetic patients they are more prevalent and a potentially ominous sign of 

long-term uncontrolled glucose levels and poor foot care (Akkus et al., 2016). Papini, Cicoletti, 

Fabrizi, and Landucci (2013) describe the problem as highly underestimated, with an overall risk 

factor of 2.77 in diabetic patients compared to the general population, and a grave list of 

associated complications. Sub-clinical or developing infections with onychomycosis have also 

been associated with uncontrolled diabetes, illustrating the significance of onset of fungal foot 

infection as a sequela within the progression of a chronic condition (Elbendary, El Tawdy, Zaki, 

Alfishawy, & Rateb, 2015). The Wound, Ostomy and Continence Nurses Society (2017) 

recommends aggressive treatment of fungal infections as a precaution to lower risk of future leg 

ulceration in high-risk patients.  

Background Knowledge 

Diabetic patients are at an increased risk of chronic, slow healing lower extremity 

ulceration for multiple reasons stemming from consistently high blood glucose levels over time 

(Tesfaye & Selvarajah, 2012). These patients often suffer from obesity, preventing proper foot 

inspection, care, cleaning and drying, leading to infection and ulceration (Matricciani, Talbot, & 

Jones, 2011). Retinopathy also contributes to the issue as patients with this complication may 

have poor eyesight, predisposing them to injury and decreasing their ability to visualize the 

beginning of an ulcer (Matricciani et al., 2011). Peripheral neuropathy is one of the major 

complications resulting from high blood glucose over time, affecting up to 50% of diabetic 

patients and potentially causing a decrease in sensation and risk for initially unnoticed injury to 

lower extremities (Tesfaye & Selvarajah, 2012). This is a consequence of microvascular changes 
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occurring due to the altered homeostatic environment (Tesfaye & Selvarajah, 2012). The 

microvascular changes impair blood flow to and from extremities, increasing peripheral 

neuropathy and decreasing healing ability as circulation is impaired (Tesfaye & Selvarajah, 

2012). Reduced circulation alters wound healing at each phase through slow, incomplete and 

uncoordinated immune and remodeling processes; leaving the patient with a poorly healing ulcer 

and risk of infection, gangrene and amputation (Patel, Srivastava, Rawat Singh, & Singh, 2019).  

The fungal colonization (mycobiome) of an extremity with a chronic ulcer is increasingly 

recognized as being relevant to the healing process (Kalan et al., 2016). As the focus of infection 

has traditionally been on bacteria, patients with infection are treated with antibiotics; increasing 

the mycotic diversity of the patient’s microbiome (Kalan et al., 2016). Kalan et al. (2016) found 

the increase in fungal diversity can be associated with a decrease in perfusion to the ulcer, an 

increase in complications, and reduced rate of healing. Additionally, the role of fungi in the 

formation of biofilms with bacterial co-infection is becoming understood to be a crucial element 

in addressing treatment resistant diabetic ulcers (Kalan & Grice, 2018). Although the process is 

not entirely clear, a link between onychomycosis and risk of ulceration is well established. 

Boyko, Ahroni, Cohen, Nelson, and Heagerty (2006) found onychomycosis to be a significant 

predictor of future foot ulceration, with a substantially increased risk associated with the addition 

of conditions such as tinea pedis, reduced foot sensation and impaired vision. Thus, treating 

diabetic patients for fungal infections of the feet is useful in decreasing the risk of chronic foot 

ulceration.  

Onychomycosis is a notoriously difficult to treat fungal infection of the nails caused by 

dermatophytes, yeast (Candida species), and non-dermatophytes (molds) (Ghannoum, Salem, & 
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Christensen, 2018). The most common cause of onychomycosis in the United States is the 

dermatophyte Trichophyton rubrum, accounting for approximately 90% of cases, although 

multiple other fungi may be responsible and it is possible to find multiple fungi in a given 

infection (Ghannoum et al., 2018). An example of this is in the case of immunocompromised 

individuals where normal flora, such as Candida species, cause difficult to treat secondary 

infections after initial infection by another fungus (Ghannoum et al., 2018). The disease spreads 

from the proximal or distal end of the nail plate, penetrating the keratin and causing changes 

including discoloration, thickening, scaling that may spread to palms or soles, and onycholysis 

(detachment from the nail plate) (Hay, 2018). Integral to the process of disease progression as 

well as length of treatment is the typically slow rate of toenail growth, which is notably more 

sluggish in elderly patients, and in those with peripheral vascular disease and diabetes 

(Ghannoum et al., 2018). Classifications and descriptions include the site of origin (distal, 

proximal, medial, lateral) on the nail, color (white, black, yellow, brown), degree of involvement 

(superficial, dystrophic), and potential paronychia (infection where the nail and skin meet) (Hay, 

2018). Onychomycosis is often contagious and spreads through walking barefoot in public places 

such as spas and fitness centers and it thrives in chronically moist environments as in the inside 

of shoes and in cases of poor foot care and hygiene (Westerberg & Voyack, 2013). Diabetic 

patients are nearly three times more likely to have onychomycosis than the general population 

(Matricciani et al., 2011). 

Given the increased risk for diabetic patients, it is not surprising to find a high percentage 

of patients of a chronic wound care clinic with toenail onychomycosis. This is the case in a rural 

clinic in Cochise County, Arizona, where a significant number of patients with slow healing 
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lower extremity ulcers and cellulitis have diabetes and onychomycosis. The patients have 

thickened, scaly, yellow and for many completely dystrophic nails. Compounding the risk, many 

of them have untrimmed nails that are long and rough and cause additional injury through 

scratching the skin on the opposite leg or adjacent toe and through spreading infection beginning 

as paronychia. It should be noted; thick and dystrophic nails are substantially more difficult to 

trim. This is especially the case in a clinic that is not specifically designed to address the issue. 

The nurse practitioner at the clinic is a certified wound care specialist who treats the 

chronic wounds in a collaborative effort with a variety of specialists in and around the area. In 

general, he does not address toenails or other coexisting conditions; focusing on healing the 

chronic wound. Wound care is time consuming and the schedule allows little time to consider 

problems and diagnoses other than treatment of the chronic ulcer. This is a lengthy and complex 

process; with one patient, he has been treating for over five years. However, upon 

communicating about the issue and the risk involved with fungal infections in these patients he 

expressed interest in the topic and any information on improving more holistic care for these 

chronic wound patients (R. Heaton, personal communication, February , 2019). The main 

concern communicated was this is often a condition needing to be treated with oral medications 

and frequently providers do not order this based on the coexistence of diabetes. This is due to 

potential side effects, and lack of knowledge about the risk of allowing these infections to go 

untreated. 

Local Problem 

The Arizona Department of Health Services (ADHS) (2018) estimates there are 600,000 

people living with diabetes in Arizona; the seventh leading cause of death (Contreras & 
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Sandoval-Rosario, 2018). Significant to the area, the disease prevalence correlates highly with 

low socioeconomic status, decreased level of education, and advancing age (Contreras & 

Sandoval-Rosario, 2018). The total cost of diabetes related treatment in Arizona hospitals, for 

both inpatients and emergency visits, in 2014 was $7.8 billion; the highest rate of any health 

condition (Contreras & Sandoval-Rosario, 2018). Cochise County is in a rural section of 

southeastern Arizona. As of July 1, 2017, the United States Census Bureau (2018) estimated the 

population to be 124,756 people. In 2015, the number of Emergency Department discharges 

from Cochise County relating to diabetes was 5,474 and over 10% of those patients were 

diagnosed with diabetes for the first time in the emergency visit (Contreras & Sandoval-Rosario, 

2018). As of September 2018, the Health Resources and Services Administration (HRSA) 

considered the population medically underserved. 

The topic of this Doctor of Nursing Practice (DNP) project relates to the patients of a 

wound care clinic in Benson, Arizona. There are a variety of patients with chronic wounds in the 

clinic, but consistent themes exist. A large proportion of the population is identified as low 

income, underinsured, and approximately one third of the people are 65 years of age or older 

(Benson Hospital, 2016). Many patients of the rural clinic have diabetes with neuropathy and 

vascular insufficiency and tend to be overweight or obese. These are all expected characteristics 

of chronic wound patients as each of these aspects contributes to a perfect human environment 

for a non-healing leg/foot ulcer. However, it is the high rate of patients with substantial signs of 

onychomycosis standing out as an obvious sign of concurrent pathology caused by often ignored 

microorganisms. Upon investigation, the connection between the infection and risk was not well 

known and there are questions about treatment. 
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Treatment of fungal infections in diabetic patients has been long considered to be a risky 

undertaking due to the potential toxicity of oral antifungal drugs (Matricciani et al., 2011). 

Because these infections are systemic and/or topical solutions do not adequately penetrate the 

nail, topical creams and lacquers have been found to be less effective than oral prescriptions 

(Matricciani et al., 2011). Diabetic patients are complex due to the rate of comorbid conditions, 

causing providers concern about treatment with a drug with potential for serious side effects 

(Matricciani et al., 2011). Although oral terbinafine and itraconazole therapy are both considered 

safe and effective treatments in the general population, there are questions regarding side effects 

and safety in diabetic populations (Matricciani et al., 2011). This gap in knowledge and lack of 

consistency in treatment calls for investigation. 

Purpose 

Aim 1: Bring attention to the importance of fungal foot infections as a risk factor for diabetic 

ulceration and further complications both before and after occurrence of ulceration. 

Aim 2: Bring out useful information regarding the role of fungal infections in chronic diabetic 

ulcers and the importance of treatment or referral to a specialist for treatment. 

Question of Interest 

In the diabetic patients of a rural wound care clinic in Benson, Arizona, what evidence-

based interventions will assist providers in promoting the safe treatment of onychomycosis in 

comparison to current practices of not treating comorbid fungal infections? 

Theoretical Framework 

The question of interest for this project is an issue of translation of knowledge into 

clinical practice. Promoting Action on Research Implementation in Health Services (PARIHS) is 
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an appropriate framework for use in the planning of the project as it focuses on evidence as well 

as the unique situation in bringing science to the clinical setting (Rycroft-Malone, 2004). The 

three core elements of the PARIHS model are evidence, context, and facilitation (Rycroft-

Malone, 2004). The focus on evidence seeks to ensure quality and reliability of the information 

to be implemented through a clinically relevant lens; not simply applicable in untested or 

unevaluated research (Rycroft-Malone, 2004). Thus, the evidence should be reliable and deemed 

valuable as determined through clinical and patient experience and data (Rycroft-Malone, 2004). 

Context refers to the relationship of the clinical knowledge to the values, beliefs, and resources 

of a local setting (Rycroft-Malone, 2004). If there is not a receptive environment, with willing 

and able providers, interested patients, and fitting organizational goals and means, effective 

knowledge translation cannot occur (Rycroft-Malone, 2004). The element of facilitation 

concerns the catalysts involved with the creation of meaningful change (Rycroft-Malone, 2004). 

This refers to the process of implementation through empowering and utilization of motivators 

relating to intrinsic values (Rycroft-Malone, 2004). If behavioral change is expected to occur in a 

clinical setting, where there is always the ingrained aspect of routine, it must be facilitated 

through a sense of valued purpose (Rycroft-Malone, 2004). The three components of the 

PARIHS framework may be easily applied to this project, encouraging implementation of 

research-based evidence into clinical practice.  

Concepts 

Evidence 

The evidence in this project comes from multiple reliable sources. The International 

Diabetes Federation (IDF) includes onychomycosis as a factor, which combined with loss of 
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protective sensation, elevates a diabetic patient to the status of being high risk for diabetic 

ulceration (Ibrahim et al., 2017). Onychomycosis treatment is included as a priority within the 

IDF Clinical Practice Recommendations on the Diabetic Foot, for reducing the risk of 

ulceration, secondary ulceration and infection, and amputation (Ibrahim et al., 2017). This is 

valuable evidence-based knowledge for the clinical setting in Cochise County, Arizona, as the 

patients are already at the highest risk of future complications due to having chronic ulceration 

(Ibrahim et al., 2017). Further synthesis of information will identify the level of evidence and the 

most appropriate recommendations for the patients of this rural, medically underserved clinic.  

Context 

The wound clinic providers have expressed interest in the purpose of this project as it 

relates to more holistic patient care and wound healing, illustrating an alignment of values in 

element of context. However, remaining is the need to approach an intervention through a 

practical lens. The knowledge and evidence will only be as relevant to the setting as the plan is 

applicable to the patients, providers, community and organizational setting (Rycroft-Malone, 

2004).  

The wound care clinic at the center of this project is run by Benson Hospital, which 

serves the San Pedro Valley Hospital District (SPVHD); a rural 25 square mile area with 

approximately 18,000 people (Benson Hospital, 2016). It is a tight knit community, where 

collaboration of care between facilities is common. The wound care clinic serves as a specialty 

hub, sharing patients with a few family practice clinics in the area. 

There are 13 providers offering primary care services in the area, and the wound care 

clinic consults and collaborates with these providers regarding care for mutual patients. The 
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providers at the wound care clinic also provide community healthcare in a nearby urgent care 

clinic. They see patients who cannot get in to see their primary care providers; a common 

occurrence due to the shortage of local providers. A needs assessment including data from the 

Benson area primary care providers listed diabetes as one of the top two reasons for seeking 

medical attention (Benson Hospital, 2016). Considering the local context of the wound care 

clinic at Benson Hospital, a central facility, sharing patient care with outside providers, it is 

necessary to broaden the scope of the project to include local family practices in project 

implementation. Each facility is a component of a larger system serving the people in the 

SPVHD area, and each provider plays a role in treatment and education of those who are, or 

potentially will be, patients at the clinic with chronic diabetic ulcers.  

Facilitation 

The final element of facilitation will address components relating to enabling the 

successful implementation of an intervention promoting treatment of onychomycosis in local 

diabetic patients. This is addressed through a focus on the needs and barriers to the project goals; 

allowing for prior attention and planning while remaining fluid to rising needs as implementation 

progresses (Harvey et al., 2002). While this is a separate element, it is intertwined throughout the 

core components of knowledge and context. It emphasizes analysis of available tools, leadership, 

culture, motivation and ability for the plan to fit into the system of the existing layers of structure 

(Kitson & Harvey, 2016).  

Facilitation also pertains to the inclusion of appropriate clinical leaders, increasing their 

motivation and receptivity, the convenience and applicability of the intervention and consistent 

evaluation; allowing the project to adapt to the community. This is arguably the most important 
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part of the PARIHS framework as it involves recognizing elements of the project and setting, 

ideally allowing for a more seamless intervention. Well-informed project design, convenient 

setting, reasonable time commitment, and clear communication with clinical leaders will all be 

valuable facilitators. 

Framework Summary 

The PARIHS framework will assist in development of an intervention, and measurement 

of outcomes of interest relevant to the patients of the wound care clinic through a project design 

focusing on implementing an evidence-based intervention into multiple healthcare facilities. This 

will be a practical application of the intervention as it considers the dynamic local system of 

which the clinic is a smaller part. Evidence must be valid and pertinent to the patients, 

considering factors of socioeconomic status and resources, health status, and outside assistance. 

Throughout the planning and implementation there will be an emphasis on identification of 

appropriate leadership and elements providing intrinsic motivation; allowing for a more 

harmonious adoption of change.  

Synthesis of Evidence 

While there is ample literature documenting the increased rate of onychomycosis in 

diabetic patients and the resulting higher risk of ulceration and devastating complications, there 

remains a question about evidence-based treatment practices. In an assessment of the available 

evidence on safe and effective treatment of onychomycosis, a search was done of literature in the 

English language within the past five years utilizing the PubMed, Cochrane and CINHAL 

databases. Search terms included onychomycosis, treatment, safety, oral, lacquer, and 

debridement. Given the specific environment, lack of resources, low socioeconomic status of 
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many of the patients and desire to identify the most effective immediate treatment, many of the 

studies were omitted. While there are numerous promising future treatments including novel 

drugs and new devices, there are currently a limited number of available options. The United 

States Food and Drug Administration (FDA) has approved five mainstay pharmaceutical 

treatments for onychomycosis including oral terbinafine and itraconazole, and topical ciclopirox, 

efinaconazole and tavaborole (Zane, Chanda, & Coronado, 2016). Research studies and trials 

including these treatments were identified for review of current, safe, and effective practices. 

Ultimately, 76 articles remained of which 14 were relevant and included in the synthesis. 

Strengths 

The strengths of the literature search lie in the long history of literature on the treatment 

of onychomycosis. Because treatment tends to be a long process and recurrence is common, 

there is ample research on the topic and numerous studies observing the effect of combined 

therapies and reduced systemic medication through administering doses in weeklong “pulses” 

each month (Wang, Canavan, & Elewski, 2018). Topical ciclopirox and oral terbinafine and 

itraconazole are long-standing, affordable therapies with ample evidence describing efficacy and 

safety (Zane et al., 2016).  

Ciclopirox is the topical medication for the treatment of onychomycosis with the longest 

standing FDA approval (FDA, 2019). Topical treatments are generally not as effective as oral, 

systemic medications because it is challenging to penetrate the nail plate (Gupta, Daigle, & 

Foley, 2014). However, ciclopirox has been found effective in providing treatment for mild to 

moderate onychomycosis when used over a long period of time (Gupta et al., 2014). The 

recommended length of treatment for ciclopirox is 48 weeks (Gupta et al., 2014). Referenced in a 
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more recent article, a 2009 study by Baran et al. (2009) found a form of ciclopirox with greater 

affinity for the keratin of the nail yielding a cure rate 66% higher than the commonly available 

form (Baran et al., 2009). Although this is not available in pharmacies, it illustrates potential for 

medication that adequately penetrates the nail plate. Another study resulted in a 76.74% mycotic 

cure rate when 8% ciclopirox was applied daily to debrided nails with a median follow-up time 

of 10.5 months (Malay, Yi, Borowski, Downey, & Mlodzienski, 2009). This demonstrates the 

ability of topical ciclopirox to treat onychomycosis at a substantially improved rate through 

better delivery to the tissue after removal of portions of the mycotic nail by a podiatrist (Malay et 

al., 2009). Without insurance, the local Safeway pharmacy lists a bottle of ciclopirox lacquer at 

around $23, which is within a more affordable range for the patients. Of note, Malay et al. (2009) 

also stress the importance of debridement as a necessary component in arriving at a mycological 

cure. 

Approved systemic, oral therapies are terbinafine and itraconazole. Throughout the 

search of recent literature on studies including terbinafine and itraconazole, several studies were 

distinct in the use of adaptation and combination of approved therapies. Pajaziti and Vasili 

(2015) compared the cure rate of several treatments including fluconazole (not FDA approved 

for onychomycosis), daily itraconazole, itraconazole delivered in week long pulses every four 

weeks, daily terbinafine, and daily terbinafine plus ciclopirox 8% lacquer. There was no 

statistical difference in treatments at the end of the study, all proving significant efficacy in cure 

rate, but the combination of terbinafine and ciclopirox treatment showed significantly better 

results at 12 weeks (Pajaziti & Vasili, 2015). Authors noted a potential clinical advantage in 

reduced length of treatment and cost efficiency in combination therapy (Pajaziti & Vasili, 2015). 
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A study evaluating the efficacy and safety of high dose itraconazole and terbinafine pulse 

therapies found no significant difference between the cure rates at 12 months, however there was 

a significant rate of recurrence of onychomycotic infection in the itraconazole group over the 

terbinafine group (Ranawaka, Nagahawatte, Ganasekara, Weerakoon, & De Silva, 2016). 

Shemer et al. (2016) found drilling holes in the infected nails at the border between healthy nail 

and infection yielded similar rates of efficacy between oral and topical terbinafine with low to 

moderate baseline infection, while terbinafine spray alone was significantly less effective. As 

with the debridement and ciclopirox therapy, this highlights the importance of delivery of topical 

medication past the surface of the nail. Another study looked at topical treatments after oral 

terbinafine and itraconazole therapy and found several medications to be effective in preventing 

recurrence including ciclopirox 8% solution, which yielded a 33-fold reduction in recurrence rate 

(Shemer et al., 2017). Finally, Zhang et al. (2018) found no difference in efficacy between low 

and high-dose, long-term itraconazole pulse therapy; indicating weeklong pulses of 400 mg daily 

do not necessarily provide better results than pulses of 200 mg daily over six months. This could 

prove to be an important concept when considering the desire to minimize the dosage of oral 

antifungal medication in a patient with multiple comorbidities. 

Of the two oral treatments for onychomycosis, itraconazole has been around the longest; 

utilized for fungal infections since the 1980s (Kreijkamp-Kaspers et al., 2017). It is a member of 

the azole class of drugs, which works by inhibiting synthesis of ergosterol in the fungal cell wall 

(Kreijkamp-Kaspers et al., 2017). Terbinafine, the most commonly prescribed oral treatment for 

onychomycosis, became available in the 1990s (Kreijkamp-Kaspers et al., 2017). It is a broad-

spectrum fungicidal drug; working by directly killing fungi (Kreijkamp-Kaspers et al., 2017). A 
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2017 Cochrane review of oral drug efficacy and safety found a high level of evidence in the 

many studies since the 1980s and 90s that both oral drugs are significantly effective in both 

clinical and mycological cure over placebo (Kreijkamp-Kaspers et al., 2017). A moderate level 

of evidence showed terbinafine to be more effective than itraconazole at complete and 

mycological cure of onychomycosis, but there was no significant difference in adverse effects 

reported (Zane et al., 2016). Adverse events most common with Itraconazole include nausea, 

headache, viral infection, gastrointestinal discomfort, diarrhea, constipation, dizziness, rash and 

elevated liver enzymes (Kreijkamp-Kaspers et al., 2017). However, this is not significantly 

different from the placebo groups according to a moderate level of evidence (Kreijkamp-Kaspers 

et al., 2017). Oral terbinafine had commonly reported adverse events across studies including 

headache, gastrointestinal complaints and infection, but this was also not significantly different 

from the placebo groups; as informed by a moderate level of evidence (Kreijkamp-Kaspers et al., 

2017).  

There are important safety recommendations for both oral itraconazole and terbinafine 

due to adverse effects reported to the drug manufacturers (Zane et al., 2016). Liver function 

monitoring is recommended in patients taking itraconazole with existing hepatic impairment 

(Zane et al., 2016). Additionally, itraconazole is considered a potent inhibitor of Cytochrome 

P450 3A4 (CP3A4), necessitating an assessment of patient medications to prevent potentially 

severe drug-drug interactions (Zane et al., 2016). Complete blood counts for patients known or 

suspected to be immunodeficient should be monitored with oral terbinafine (Zane et al., 2016). 

Liver enzyme measurements should also be assessed before patients begin the medication (Zane 

et al., 2016). Terbinafine is also a potent competitive inhibitor of Cytochrome P450 2D6 
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(CYP2D6), causing potential for serious drug interaction with medications including certain beta 

blockers, some selective serotonin reuptake inhibitors (SSRIs), tricyclic antidepressants and 

codeine (Zane et al., 2016). Finally, there is some support for the use of Vicks VapoRub in the 

treatment of onychomycosis (Derby, Rohal, Jackson, Beutler, & Olsen, 2011). While the article 

by Derby et al. (2011) outlines a clinical case series, a low level of evidence, the therapy found a 

positive treatment effect in 83% of participants without risk of significant side effects. This 

addresses the element of complementary and/or alternative therapy, an important component in 

the provision of holistic patient care. 

Weaknesses 

One of the limitations in the search for evidence on the treatment of onychomycosis is the 

measurement of improvement versus clinical cure and mycological cure (Shemer et al., 2014). It 

is difficult to have consistency in measurement when there is not a complete elimination of 

fungal signs or evidence of remaining disease as shown through microscopy or culture. 

Additionally, there is variability in inclusion criteria, degree of disease and nail involvement, 

comorbidities and environment; causing a great deal of inconsistency between study results and 

how they are interpreted (Shemer et al., 2014). It is common for articles to report primary 

outcomes of interest as Shemer et al. (2014) define complete cure (through microscopy and 

culture confirmation of no fungal presence) and complete clinical cure (no clinical signs of nail 

disease with visualization). Alternately, there are more subjective criteria and “soft criteria” 

involving percentage of nail improvement (Shemer et al., 2014). This creates a dilemma in 

interpretation of improvement in what is often a long-term process, limited by altering length of 

studies (Shemer et al., 2014). It should also be noted, onychomycosis is often described as a 
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recalcitrant or intractable disease, and no treatment has been found to have a level of efficacy 

that might be expected for a drug developed to treat a typical microbial infection. Even after 

successful treatment there is a high rate of recurrence, leading to questions about what end is 

actually a permanent cure. 

Another substantial limitation in the currently available medications for the treatment of 

onychomycosis is the high cost of newer topical treatments (Mikailov, Cohen, Joyce, & 

Mostaghimi, 2016). For example, the cost of treatment of one toe with efinaconazole 10% 

solution is estimated to be about $2,307 (Mikailov et al., 2016). As this drug is not covered by 

most insurance providers, this is not a practical choice for patients in a low socioeconomic 

bracket. Efinaconazole has shown efficacy in the treatment of patients with diabetes and other 

comorbidities, providing a significantly greater complete cure rate than placebo with few side 

effects (Vlahovic & Joseph, 2014). However, at this point it is unrealistic for the treatment of the 

patients of the wound care clinic who present with onychomycosis. Tavaborole is another new 

topical treatment showing significant efficacy in large clinical trials with a higher cure rate over 

placebo and few, localized side effects (Elewski et al., 2015). This would be a consideration 

when systemic therapy is contraindicated, except the cost of a 10 ml bottle of 5% Tavaborole is 

approximately $1,500 (GoodRx, 2019). 

Summary of the Synthesis of Evidence 

There is ample literature on the various treatments for onychomycosis, including many 

therapies having yet to gain FDA approval. Among approved pharmacological agents, ciclopirox 

has been around for the longest period, making it a more affordable topical option than newer 

lacquers. Ciclopirox has been found to be more effective than placebo in the treatment of mild to 
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moderate onychomycosis (Gupta et al., 2014). Additionally, in combination with podiatrist 

performed nail debridement, it has been found to have a greater success rate (Malay et al., 2009). 

Terbinafine and itraconazole are the two available FDA approved oral treatments for 

onychomycosis. A 2017 Cochrane review recognized oral terbinafine as being slightly more 

effective and safer than itraconazole, although both therapies have been found to be effective in 

the treatment of moderate to severe onychomycosis (Kreijkamp-Kaspers et al., 2017). Pulse 

therapy has been found to be comparable to continuous therapy; opening the possibility of 

treating moderate to severe cases of onychomycosis with less medication over time (Ranawaka 

et al., 2016). Also, combination oral/topical therapy with terbinafine and ciclopirox has shown a 

significant degree of improvement at 12 weeks over treatment with a single agent; which might 

encourage compliance in patients after seeing noticeable improvement in a relatively short span 

of time (Pajaziti & Vasili, 2015). Ciclopirox use after treatment with oral therapy is also 

associated with a significant decrease in recurrence of onychomycosis, over no preventative 

therapy (Shemer et al., 2017).  

METHODS 

Project Design 

The project design was a quality improvement study geared towards attention to and 

treatment of onychomycosis in diabetic patients. The focus on aspects of patient quality and 

safety acknowledges the expansive body of evolving evidence on best practices, and the limited 

ability to be consistently informed about all aspects of care. Through receptivity to growth and 

change, healthcare systems are better able to serve the people of their community and this is 

facilitated through transition of research into clinical practice. 
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The intervention, utilizing the PARIHS framework, was tailored to the providers working 

through Benson Hospital considering the community and patient population, convenience and 

time, and appropriate level of education and knowledge. After the intervention, there was a 

follow up assessment and analysis of results. Borrowing an element from the widely used Plan-

Do-Study-Act (PDSA) model for improvement, initiatives are more effective when there is an 

evaluation of results; allowing for a more sustainable, forward thinking cycle of growth (Institute 

for Healthcare Improvement [IHI], 2019). 

Setting and Participants 

The target participants for the study were the providers at the wound care clinic along 

with the other providers working through Benson Hospital, a total of 13 nurse practitioners and 

physicians. In this way, patients who have not yet developed diabetic ulcers could also be 

addressed through preventative care. Additionally, the Chief Medical Officer at Benson Hospital 

expressed interest in presenting the opportunity to the providers at Benson Hospital (R. Heaton, 

personal communication, May 2019). Participants were recruited via email request providing the 

intervention details, followed by an email with a link to the online module and directions for 

those expressing interest (Appendices A-C). 

Tools for Data Collection 

Pre- and post-intervention online surveys created through a process of peer review were 

utilized through Qualtrics to collect data at baseline and after the intervention (Appendices D & 

E for pre- and post-survey questions). In creating the survey, it is important to consider the goals, 

target population, timing, mode, and the development of useful questions (University of 

Wisconsin, 2010). The goals of the pre-intervention survey were to assess the knowledge and 
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practices of providers caring for patients with diabetes and onychomycosis with and without 

concurrent ulceration. The post-intervention survey focused on the degree of effectiveness of the 

intervention. The small target population of providers allowed for ease of contact for initial and 

follow-up response (University of Wisconsin, 2010). As this was administered online, the 

providers were able to participate at their convenience. All of the area providers utilize 

computer-based health information systems and email, making the online mode appropriate for 

the target population.  

Intervention and Data Collection 

The intervention consisted of an online training module created for providers on risks, 

prevention and treatment of onychomycosis in diabetic patients (Appendix C). This was created 

through wix.com, a free website hosting platform (WIX, 2019). Participants were given the link 

to the online module, which began with the pre-module survey and ended with the post-module 

survey. Online training has become prevalent in healthcare and has advantages including 

asynchronous delivery, distributed location, independent learning pace, low cost, standardized 

material and unlimited access to material (Ruggeri, Farrington, & Brayne, 2013). This gave 

providers the option to review the material at their convenience and pace, allowing them to 

return to the module when interrupted as well as to investigate the material further through 

external links. In creation of an effective module, it was necessary to remain focused on the 

purpose of the project, clear learning objectives, the participants and their scope of knowledge 

and interest, and limiting the complexity as well as time it takes to finish the module (Ruggeri et 

al., 2013). If the module were outside of these elements, providers would be less inclined to 

follow through to completion. Additionally, in keeping with the PARIHS framework, the module 
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was designed utilizing the evidence as well as a practical focus based on the local patient 

resources and characteristics. 

The framework helped in overcoming barriers to intervention success, through addressing 

potential resistance to the idea of treating onychomycosis. Because treatment is a lengthy 

process, requiring consistent efforts on the part of the patient and provider, the training module 

included elements relating to the practical components of treatment and cost. It also presented 

some of the reasons fungal infection should be considered when assessing patient risk for 

diabetic foot complications. Ultimately, the intervention would be deemed successful if more 

diabetic patients were treated for onychomycosis, if it brought more attention to proper foot care, 

if it was included in patient education, or if the information would be passed on to other 

healthcare providers. All of these elements have the potential to contribute to improved diabetic 

foot care and prevention of serious complications. 

Data Analysis 

Data collected from the surveys were both quantitative and qualitative in nature. 

Descriptive statistics were used to analyze and summarize the data. Most of the questions were 

simple and clear, with two option responses or Likert scales, which were easily analyzed to 

assess the difference between pre and post intervention.  

Ethical Considerations 

Respect for Persons 

Respect for persons, or human dignity, refers to the right of participants to self-

determination without coercion and with full protection and disclosure of any potential risk (Polit 

& Tatano Beck, 2017). Participation by local healthcare providers was voluntary and full 
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disclosure was provided. Disease information, risk and treatment guidelines were presented 

through a training module, clearly stating treatment should be designed based on the individual 

patient; also affording respect for the patients. 

Beneficence 

Beneficence refers to the responsibility to maximize benefit while minimizing harm to 

participants (Polit & Tatano Beck, 2017). This quality improvement project was designed to 

improve patient care through use of existing knowledge and guidelines. There was no risk 

inherent in this process, which was intended to increase awareness about the risks involved with 

patients who have both diabetes and onychomycosis and potential treatment options. Benefits 

were maximized through encouragement of interprofessional collaboration, meant to find 

individualized solutions for patients with complex situations. 

Justice 

The principle of justice refers to fair treatment of participants, with protection of their 

privacy (Polit & Tatano Beck, 2017). This project was designed to protect participant identity 

through use of anonymous surveys. Recruitment targeted the healthcare providers who care for 

the population benefiting from the project. The providers care for everyone who chooses to 

frequent their office for care, without prejudice. Thus, there was no question of unfairly targeting 

or excluding a population. 

RESULTS  

Participant Demographics 

The project timeline ran over the course of three weeks after which results were analyzed 

to assess project success. Recruitment emails were sent on the first day and again on day ten 
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followed by emails with instructions for those who volunteered to participate. Out of the thirteen 

providers five expressed interest in participation, but only three actually responded to the 

surveys. The three participating providers each had a significant amount of experience, having 

27, 15 and 20 years spent working in their fields respectively. Participants were both nurse 

practitioners and medical doctors and varied between inpatient and outpatient settings; working 

in both family practice and in the role of hospitalist (Table 1). Providers worked through Benson 

Hospital serving residents of the SPVHD region of southeastern Arizona. 

TABLE 1. Demographics. 
Participants Number 

Specialty 

 Family Practice 2 

 Hospitalist 1 

Title 

 Nurse Practitioner 2 

 Medical Doctor 1 

Setting 

 Outpatient 1 

 Inpatient 2 
 

TOTAL 3 

Pre-Module Responses 

Pre-module responses reflected an awareness of onychomycosis as being more than a 

cosmetic concern, acknowledging the importance of treating the infection as well as the fact that 

it is not too risky to treat diabetic patients. Providers indicated that they regularly screen diabetic 

patients for risk factors for foot ulcers, although screening for onychomycosis was inconsistent 

between providers (Figure 1). When diagnosed, providers regularly treated diabetic patients or 

referred them to a podiatrist for mycotic toenails, although 33% of respondents were either 

unaware of the safest systemic treatment or did not see debridement as an important component 
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to treatment before the module (Table 2). One hundred percent of participants recognized 

ciclopirox as the topical treatment approved by the FDA in the treatment of onychomycosis. 

TABLE 2. Pre-module responses. 
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FIGURE 1. Onychomycosis screening in diabetic patients. 

Post-Module Responses 

Responses in the post-module survey indicated a 33% increase in awareness regarding 

the acceptance of oral terbinafine as the safest and most effective systemic treatment (See Table 

3). Additionally, 100% of participating providers indicated an increase in awareness of 

onychomycosis as a risk factor for lower extremity ulceration and other complications in diabetic 

patients. All providers concluded that the module influenced their approach to diabetic patients 

with onychomycosis in the future through any combination of alteration/increase in treatment, 

increased referrals to podiatry, patient education and provider education (See Figure 2). 
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TABLE 3. Post-module responses. 
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FIGURE 2. Distribution of changes in approach to patient care after module. 

DISCUSSION 

Relationship of Results to Project Aims and Framework 

The project had two specific and simple aims. First, to promote awareness of the 

importance of onychomycosis as a risk factor for lower extremity ulceration and further 

complication in diabetic patients. The results of the project reflect success in accomplishing this 

aim as 100% of participants indicated the online module changed their thinking and/or approach 

to onychomycosis in their diabetic patients. Provider results reflected a positive influence on 

provider thinking on the issue as well as suggesting patient care would be impacted in multiple 

ways. The second aim involved addressing the role of fungal infection in chronic diabetic ulcers 

as well as highlighting the importance of treatment of onychomycosis and/or referral of these 

patients to a specialist. Similar to the first aim, 100% of participants indicated an influence on 
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treatment and/or referral of these patients. Additionally, 67% of participating providers said the 

module would increase their patient education as well as prompting them to pass the information 

on to other providers. 

The PARIHS framework was chosen to guide this project as it addressed the three 

relevant factors of evidence, context and facilitation (Rycroft-Malone, 2004). Evidence and 

context informed the creation of the module and surveys in a manner consistent with current 

research and guidelines as well as the lack of resources of the local community. Positive 

feedback given in the post-module survey reflects success in the design of the project based on 

these concepts. Facilitation of the project is found in the project results showing a positive 

response by providers, each with over 15 years of experience, stating their approach to 

onychomycosis in diabetic patients has been influenced and they plan to educate others in the 

community.  

Impact of Results on Clinical Practice 

The results of the project translate directly to care of diabetic patients seen through 

Benson Hospital. Although participating providers had prior knowledge about the topic, results 

reflect a change in knowledge and attitudes on the subject of onychomycosis in the diabetic 

patient. This will increase attention to these patients and onychomycosis, which survey results 

show has not consistently been addressed in the past. The impact will be improved patient care 

and dissemination of information to patients, family members, the Benson community and other 

area providers. 
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Project Strengths, Limitations and Implications for Future Practice 

There were several strengths in the implementation of this project. It was designed based 

on a solid foundation of evidence on the risk of onychomycosis toenail infection in diabetic 

patients. The online module was convenient and user friendly, allowing providers to participate 

as they were able and at an individual pace. It addressed the aims of the project through an 

organized, systematic presentation. 

The major limitations of the project were the sample size and method of recruitment. 

Only 23% of providers responded through participation in the project. By recruiting participation 

via email there was no way to ensure providers received requests. Additionally, the lack of in-

person communication offered no extra motivation to providers who are already extremely busy 

with patients. Future projects of this nature would benefit from in-person recruitment. 

Additionally, the facilitation aspect of the PARIHS framework could have been expanded to 

inclusion of the nursing staff as they often spend more time in direct patient care and make 

recommendations on healthcare needs to providers. This would have potentially increased the 

sample size as well as the number of participants disseminating information about the risk of 

onychomycosis in diabetic patients. 

Project Dissemination 

Project dissemination will be done through the creation of a 20-30-minute PowerPoint 

presentation for the Benson Hospital staff to be presented at a monthly meeting. This will allow 

the staff to see more information about the project as well as the results. 
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Relationship of Project to Doctor of Nursing Practice (DNP) Essentials 

This quality improvement project aligns with DNP Essentials I, II, and IV. Essential I, 

Scientific Underpinnings for Practice, involves the foundations of doctoral nursing practice. This 

includes the core principles governing life and function, human interaction with environment, 

and nursing process and interaction; bringing positive outcomes to patients (American 

Association of Colleges of Nursing [AACN], 2006). This recognizes that people are in constant 

interaction with their environment and requires a holistic view on patient care, with consideration 

of components of natural and social sciences (AACN, 2006). Natural sciences inform this 

project, recognizing the increased rate of onychomycosis in diabetic patients and subsequent risk 

and utilizing this knowledge to improve patient care. Essential II, Organizational and Systems 

Leadership for Quality Improvement and Systems Thinking, utilizes knowledge of systems and 

population health to implement change aligning with needs resources and values of a given 

group (AACN, 2006). Through use of the PARIHS framework this project was organized around 

existing evidence and utilizing the local context and facilitators for a project designed for the 

unique Benson Hospital setting. Essential VI, Interprofessional Collaboration for Improving 

Patient and Population Health Outcomes, acknowledges the complexity of healthcare and the 

benefit of interprofessional collaboration in improving patient care and wellbeing (AACN, 

2006). This project highlights the importance of collaborative care with podiatry to treat patients 

in the safest, most effective possible approach. 

Conclusion 

A quality improvement project highlighting the risk of onychomycosis in diabetic 

patients was implemented at Benson Hospital in southeastern Arizona. The project consisted of 
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an online module with pre and post- module surveys designed for providers at the Hospital 

working with diabetic patients. The PARIHS framework was utilized as a model for 

implementation based on evidence, context and facilitation to accomplish two goals. First, the 

project aimed to increase provider awareness of the risk of lower extremity ulceration and further 

complications associated with onychomycosis and diabetic patients. Second, the project worked 

to bring provider attention to the role of fungal infection in chronic diabetic ulcers, stressing the 

importance of treatment or referral to a specialist. Providers were recruited via email to 

participated in an online module and surveys taking under 15 minutes to complete. Throughout 

the implementation over three weeks, three providers participated in the project. All participants 

indicated an increased in knowledge and change in approach to the issue including increased 

treatment and/or referral of the patients. Providers also indicated they would provide increased 

patient education on the topic as well as some stating they would inform other providers about 

the issue. Although results of the project indicated the module was successful in meeting the 

objectives, small sample size was a limitation yielding a less meaningful outcome. Future efforts 

should take into consideration alternate forms of recruitment and inclusion of the nursing staff as 

facilitators. 
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APPENDIX A: 

RECRUITMENT EMAIL 
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Hello, 

 

My name is Kara Gilliland and I am a Nurse Practitioner Student at the University of Arizona. 

As part of my final project to fulfill the requirements of my Doctor of Nursing Practice degree in 

Family Practice, I am doing a project on onychomycosis risk in diabetic patients. 

 

I am looking for Providers of Benson Hospital to take part in a brief online module and short 

pre/post surveys. The module and surveys should take no more than 10-15 minutes to complete. 

The link to participate will be emailed to you in a subsequent email if you are interested. 

 

I have attached a disclosure statement about the project, which is completely anonymous. Please 

feel free to contact me with any questions or concerns. 

 

Thank you very much in advance for your participation! 

 

Best Regards, 

  

Kara Gilliland, MS-RN, DNP Candidate 
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APPENDIX B: 

LINK AND INSTRUCTIONS EMAIL 
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Hello, 

 

I really appreciate your participation! This is the link to the module with pre and post surveys: 

 

https://kgillila.wixsite.com/onychomycosis  

 

The surveys will ask you to make up a random identifier that I can use to link your pre and post 

answers while keeping your answers anonymous. Please remember what you enter in the pre-

module survey, so it can also be entered on the post-module survey.  

 

Feel free to contact me with any questions.  

 

Thanks again! 

 

Best Regards,  

 

Kara Gilliland MS-RN, DNP Candidate 

 

https://kgillila.wixsite.com/onychomycosis
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APPENDIX C: 

DISCLOSURE STATEMENT 
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Provider Knowledge and Practices Regarding Onychomycosis Treatment in Diabetic 

Patients, Before and AFTER an Online Module 

Kara Gilliland 

 

The purpose of this project is to increase awareness of the risks of onychomycosis in diabetic 

patients and to highlight treatment methods for Providers at Benson Hospital. 

 

If you choose to take part in this project, you will be asked to complete an online module with 

short before and after surveys. It will take approximately 10 minutes to complete this survey. 

There are no foreseeable risks associated with participating in this project and you will receive 

no immediate benefit from your participation. Survey responses are anonymous.  

 

If you choose to participate in the project, participation is voluntary, refusal to participate will 

involve no penalty or loss of benefits to which you are otherwise entitled. You may withdraw at 

any time from the project. In addition, you may skip any question that you choose not to answer. 

By participating, you do not give up any personal legal rights you may have as a participant in 

this project.  

 

For questions, concerns, or complaints about the project, you may call Kara Gilliland, MS-RN, 

DNP Candidate at (XXX)XXX-XXXX or email at kgillila@email.arizona.edu. 
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APPENDIX D: 

PRE-MODULE QUESTIONNAIRE 
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Pre-Module Questionnaire 

This is anonymous and meant to assess current provider practices and opinions regarding the 

treatment of onychomycosis in diabetic patients.  

1. What is your current specialty? (For example: Family Practice, Hospitalist, Podiatry, 

Emergency) ________________________  

2. What is your professional title? (For example: NP, MD) __________________ 

3. How many years have you been in practice? _______ 

4. What setting are you in? (For example: outpatient, inpatient, urgent care) ____________ 

5. Do you currently screen diabetic patients for risk factors for diabetic foot complications? 

(Always/Almost always/Rarely/Never) 

6. Do you screen diabetic patients for onychomycosis? (Always/Almost 

always/Rarely/Never) 

7. Do you treat (or refer to podiatry) diabetic patients for onychomycosis? (Always/Almost 

always/Rarely/Never) 

8. Onychomycosis is mostly a cosmetic issue (true/false). 

9. Onychomycosis is too complicated or risky to treat in diabetic patients (true/false). 

10.  Debridement is an important component in the treatment of onychomycosis (true/false). 

11. Which of the following oral medications is considered the safest and most effective in the 

treatment of onychomycosis: a) fluconazole b) itraconazole c) terbinafine d) griseofulvin 

12. Which of the following is a topical medication approved for the treatment of 

onychomycosis: a) Lotramin b) Ciclopirox c) Miconozole d) Kerasal 
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APPENDIX E: 

POST-MODULE QUESTIONNAIRE 
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Post-Module Questionnaire 

This is anonymous and meant to assess the effectiveness of the module in achieving the primary 

objectives. 

1. What is the code given to you at the end of the pre-module questionnaire? _______ 

2. This module increased my awareness about onychomycosis as a risk factor for lower 

extremity complications in diabetic patients (true/false). 

3. This module provided information that will affect my approach to diabetic patients with 

onychomycosis (true/false). 

4. The information in this module will change my approach to diabetics with onychomycosis 

in which of the following ways (Check all that apply): 

___different or increased treatment  

___increased referrals to podiatry 

___patient education  

___spreading information to other providers 

___ other (if other, how? ___________) 

5. Onychomycosis is mostly a cosmetic issue (true/false). 

6. Onychomycosis is too complicated or risky to treat in diabetic patients (true/false). 

7.  Debridement is an important component in the treatment of onychomycosis (true/false). 

8. Which of the following oral medications is considered the safest and most effective in the 

treatment of onychomycosis: a) fluconazole b) itraconazole c) terbinafine d) griseofulvin 

9. Which of the following is a topical medication approved for the treatment of 

onychomycosis: a) Lotramin b) Ciclopirox c) Miconozole d) Kerasal 
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APPENDIX F: 

ONYCHOMYCOSIS AND DIABETES PROVIDER MODULE 
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Onychomycosis and Diabetes Provider Module 

https://kgillila.wixsite.com/onychomycosis 

 

Slide 1. Objectives: 

1. Increase awareness of the risks of onychomycosis in diabetic patients.  

2. Outline practical treatment options & considerations 

 

Slide 2. Onychomycosis of the toenail and diabetes 

Onychomycosis Basics 

 Onychomycosis is a common fungal infection of the nail, plate and periungual tissue 

(Hay, 2018). 

 The most common pathogen responsible for onychomycosis is a dermatophyte mold 

(Trichophyton rubrum), which is thought to cause 90% of cases (Ghannoum et al., 2018). 

 

 There are 4 classifications: Distal Subungual (DSO), White Superficial (WSO), Proximal 

Subungual (PSO) and Candidal onychomycosis (Hay, 2018). 

 Onychomycosis is often left untreated, as it is considered difficult to treat and/or a 

cosmetic issue 

 Onychomycosis is a common fungal infection of the nail, plate and periungual tissue 

(Hay, 2018). 

 The most common pathogen responsible for onychomycosis is a dermatophyte mold 

(Trichophyton rubrum), which is thought to cause 90% of cases (Ghannoum et al., 2018). 

 

 There are 4 classifications: Distal Subungual (DSO), White Superficial (WSO), Proximal 

Subungual (PSO) and Candidal onychomycosis (Hay, 2018). 

 Onychomycosis is often left untreated, as it is considered difficult to treat and/or a 

cosmetic issue 

 

Onychomycosis & Diabetes 

 Diabetic patients have a risk factor for development of onychomycosis of almost 3 times 

that of the general population (Papini et al., 2013). 

 Diabetic patients with onychomycosis are at a higher risk for developing lower extremity 

ulcers, secondary bacterial infections and subsequent complications including, 

osteomyelitis, gangrene and amputation (Ibrahim et al., 2017).  

 The international Diabetes Federation describes onychomycosis as one of the most 

commonly overlooked and undertreated conditions in diabetic foot screening (Ibrahim et 

al., 2017).  

 Onychomycosis is an infection with potentially serious consequences in diabetic patients; 

deserving much more attention than a cosmetic issue. 

 

Slide 3. Onychomycosis & Ulceration Risk 

Onychomycosis is thought to increase risk of ulceration through:  

 Impairing skin integrity of tissue of and around the toes 

 Direct injury of tissue with thick, dystrophic nails 

https://kgillila.wixsite.com/onychomycosis
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 Paronychia infection of the tissue surrounding the nail 

 Causing difficult to treat secondary bacterial and fungal infections (with species such as 

Candida) (Ghannoum et al., 2018). 

 

Slide 4. Mycobiome 

Additional Notes on the Mycobiome of the skin and nails: 

 Much attention is given to normal bacterial flora and bacterial infections, but there has 

not been the same consideration given to the role of fungal species. 

 Patients on antibiotics have an associated transient increase in fungal diversity (Kalan et 

al., 2016).  

 Increase in fungal diversity can be associated with a decrease in perfusion to an ulcer, an 

increase in complications, and reduced rate of healing (Kalan et al., 2016). 

 Fungi are increasingly becoming recognized as playing a role in the formation of biofilms 

through co-infection with bacteria (Kalan & Grice, 2018). 

 Tinea pedis skin infection is often a comorbid infection in diabetic patients with 

onychomycosis, and the combination creates a higher risk of complications than 

onychomycosis alone (Boyko et al., 2006).  

 

Slide 5. Treatment Considerations 

 Diagnosis can be confirmed (especially in mild cases) through: 

o KOH slides/microscopy 

o Fungal Culture 

o PCR (Westerberg & Voyack, 2013) 

 Treatment is guided by the degree of infection/nail involvement, other medications, and 

comorbidities such as liver dysfunction and CHF (Westerberg & Voyack, 2013). 

 Debridement has been found to significantly improve cure rate for topical and systemic 

therapies, making referral to podiatry an essential component of treatment (Westerberg & 

Voyack, 2013). 

 When concurrent infection with Tinea pedis exists, the recommendation is to treat it as 

well (Matricciani et al., 2012). 

 Although there are two new topical therapies (Efinaconazole and Tavaborole), approved 

in 2014, they are expensive and often not covered by insurance companies (Mikailov et 

al., 2016). 

 Although there have been extensive studies on treatments such as laser therapies, they are 

not officially approved medical treatments and available options are only for cosmetic 

purposes (Westerberg & Voyack, 2013). Thus, they are not covered by insurance and a 

costly consideration. 

 

Slide 6. Topical Treatment 

Mild to Moderate Onychomycosis & for Patients with Certain Comorbidities 

 

Ciclopirox 8% lacquer  

 Apply daily covering nail and underneath nail for up to 48 weeksRemove with alcohol 

once per week (This is an important step for delivery of medication to the nailbed. 
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 Concurrent debridement by podiatry significantly raises cure rates (Westerberg & 

Voyack, 2013). 

 Link to FDA fact sheet 

 

Efinaconazole 10% topical  

 Apply daily to affected nails, covering nail completely (including under and around) for 

up to 48 weeks 

 Link to FDA fact sheet 

 

Tavaborole 5% topical 

 Apply daily to affected nails, covering nail completely (including under and around) for 

up to 48 weeks 

 Link to FDA fact sheet 

 

Slide 7. Oral Treatment 

Moderate to Severe Onychomycosis 

Without Contraindicated Comorbidities 

Terbinafine  

 250 mg once daily for 12 weeks 

 Considered the more effective and safer systemic option over itraconazole (Kreijkamp-

Kaspers et al., 2017). 

 Combination therapy with Ciclopirox lacquer has shown a significantly higher cure rate 

than alone (Pajaziti & Vasili, 2015).  

 Debridement with oral terbinafine has shown a significantly higher cure rate than 

terbinafine alone (Westerberg & Voyack, 2013). 

 CBC and Liver panel should be performed before and periodically during treatment  

 Potential for serious drug interactions with certain beta blockers, some selective serotonin 

reuptake inhibitors (SSRIs), tricyclic antidepressants and codeine (Zane et al., 2016). See 

the FDA information. 

 Contraindicated in patients with chronic or active liver disease (IBM Micromedex, 2019). 

 Link to FDA Fact Sheet 

 

Itraconazole 

 200 mg once daily for 12 weeks 

 "Pulse" therapy has been approved for fingernails, which consists of one week of therapy 

followed by three weeks off before another week of therapy (IBM Micromedex, 2019). 

Pulse therapy has also been shown effective with terbinafine, although this is not an 

approved dosing schedule (Ranawaka et al., 2016). 

 Itraconazole has been shown to have higher rate of onychomycosis recurrence after cure 

than terbinafine (Ranawaka et al., 2016). 

 Liver function should be monitored before and during therapy (IBM Micromedex, 2019). 

 Significant warning for congestive heart failure, cardiac effects and drug interactions 

(Zane et al., 2016). 

 Link to FDA Fact Sheet 

https://www.accessdata.fda.gov/drugsatfda_docs/label/2003/21022slr003_penlac_lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2014/203567s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2014/204427s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2012/020539s021lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2012/020083s048s049s050lbl.pdf
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Slide 8. Summary 

 Onychomycosis is an often-overlooked infection that increases the risk of diabetic 

ulceration, infection, gangrene and amputation.  

 Early recognition and treatment is ideal because it is substantially more difficult to treat 

moderate to severe infections.  

 Although treatment is a lengthy endeavor, guidelines recommend management as a 

method of reducing risk of serious complications in diabetic patients.  

 There are multiple methods of treatment, which may be individualized to the patient 

situation.  

 Debridement is considered important in reducing the fungal load and enabling more 

effective treatment. 

 Topical Ciclopirox is inexpensive and useful in the treatment of mild to moderate 

infections, as well as in combination therapy and in the treatment of recurrent infection. 

 Oral terbinafine is considered the most effective and safest systemic therapy for treatment 

of moderate to severe infection. Monitoring should be done of liver function and CBC. 

See drug info for potential drug interactions. 

 

Slide 9. Alternative Therapy 

 Consideration of complementary and alternative therapies can be considered as a part of 

holistic patient care.  

 Vicks VapoRub is a treatment found to have a positive treatment effect in a clinical case 

series (Derby et al., 2011). 

 While there is a low level of evidence supporting this therapy, it carries a low risk of side 

effects and is supported by providers anecdotally.  

 

Slide 10. Module Complete 

 Thank you for participating!  

 Please click on the link below to complete a brief questionnaire 
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APPENDIX G: 

THE UNIVERSITY OF ARIZONA INSTITUTIONAL REVIEW BOARD APPROVAL 

LETTER 
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