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Abstract

There is growing clinical evidence showing the impact of sleep disturbance on the development of Alzheimer’s disease (AD). It has
been proposed that intermittent hypoxia and sleep fragmentation, which are hallmarks of obstructive sleep apnoea hypopnoea syndrome
(OSAHS), are physiological changes that may contribute to cognitive impairment. Sleep fragmentation reduces slow-wave sleep
duration affecting the efficiency of the brain clearance system, allowing metabolic proteins to accumulate. These proteins contribute to
neurodegeneration, brain atrophy, and cognitive impairment. Improvements in fluid diffusion which leads to the reduction in the
accumulation of metabolic proteins, have been observed after positive airway pressure (PAP) treatment. Treating OSAHS may be
effective in reducing the risk of neuronal damage and improve cognitive function.

This review outlines the current knowledge associating OSAHS and AD and discusses the effect of PAP treatment on cognitive function,

AD biomarkers, and the brain clearance system.
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Introduction

Peritoneal dialysis (PD) catheter-related infections, including exit site
infections (ESIs) and tunnel infections (TIs), are major risk factors for
peritonitis. Infectious complications are the most common reasons of
hospital admissions, technique failure, switching from peritoneal dialysis
to hemodialysis, and even death. ESI rates range from 0.06-0.42 episodes
per patient-year at risk [7]. The International Society for Peritoneal
Dialysis (ISPD) recommends an ESI rate below 0.40 episodes per patient-
year at risk, achievable through prophylactic antibiotics, lifestyle
adjustments, and daily exit-site care. [8]. The most common organisms
causing exit site infections include diphtheroid (20.5%), staphylococcus
aureus (13.6%), pseudomonas aeruginosa (13.6%) and fungus (9.1%)
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[12]. The ISPD recommends PD catheter removal for ESIs or tunnel
infections progressing to peritonitis or simultaneously occurring with
peritonitis (with the same organism) or ESlIs refractory to antibiotics [8].
Exit-site fungal infections represent a minority of cases, with
candida parapsilosis as the predominant causative organism [13]. Risk
factors include diabetes mellitus, immunosuppressive therapy, and recent
antibiotic use [14].

There are no strong guidelines concerning the treatment options for fungal
exit site infections and whether to remove the PD catheter. The lack of
established guidelines presents a dilemma among clinicians. However, we
report the successful treatment of six peritoneal dialysis patients with exit
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site fungal infection using a combination of oral fluconazole and daily
topical miconazole cream for four weeks, preserving their catheters. To
the best of our knowledge, this approach is rarely reported in the literature

Copy rights@ Abdullah Al-Hwiesh et.al.

and offers a potential alternative to the customary practice of catheter
removal.

Patient Patient 1 Patient 2 patient 3 Patient 4 Patient 5 Patient 6

Age 65 31 35 75 45 61

Sex Male Female Female Female Female Male

DM Yes No No Yes Yes Yes

Immunosuppression No No No No No No

medications

Routine ES care: Gentamicin Mupirocin Mupirocin Mupirocin Mupirocin Mupirocin

mupiroecin or gentamicin

Previous ESI Yes, Pseudomonas | No No No Yes No
aeruginosa Staphylococcus aureus

Tunnel infection No No No No No No

Type of fungal infection Candida Candida Candida Candida Candida parapsilosis Candida albicans
parapsilosis parapsilosis parapsilosis Tropicalis

Duration of therapy 4 weeks 4 weeks 4 weeks 4 weeks 4 weeks 4 weeks

Catheter removal No No No No No No

Duration of APD 24 months 60 months 72 months 44 months 20 months 7 months

Complete recovery Yes Yes Yes Yes Yes Yes

Table I: The Characteristics of the Six Patients with Exit Site Fungal Infection. DM: Diabetic Mellitus, ES: exit site, ESI: exit site infection, APD:

Automated Peritoneal Dialysis

Cases
Case 1:

A 65-year-old Saudi gentleman is a known case of end-stage renal disease
(ESRD) secondary to diabetic nephropathy, hypertension, and coronary
artery disease status post coronary artery bypass graft (CABG) was started
on incremental Automated Peritoneal Dialysis (APD) three times per
week as he had good residual kidney function with routine exit site care
with mupirocin. The patient developed ESI secondary to pseudomonas
aeruginosa. Therefore, he was treated with topical gentamicin ointment
daily and intraperitoneal Ceftazidime for three weeks with complete
recovery of ESI. Six months later, he presented with erythema and
brownish discharge from the exit site. Swab culture from the exit site
revealed Candida Parapsilosis, while the tunnel ultrasound showed no
fluid collection around the catheter or the cuff. He was treated with oral
fluconazole 200 mg daily combined with miconazole cream daily for four
weeks. After two weeks of treatment, the exit site culture became
negative, and the subsequent monthly cultures for six months were also
negative with no signs of infection.

Cases 2 to 6:

Cases (2, 3, and 5) represent female patients aged 31, 35, and 45 on APD
who developed exit site fungal infections (ESFIs) with the same
organism. They were treated with a similar regimen (oral fluconazole and
topical miconazole cream) with complete recovery. The fourth patient
was a 75-year-old male who developed ESRD secondary to diabetic
nephropathy and had ESFI three years after starting APD. The exit site
culture was consistent with Candida Tropicalis and was treated similarly
to the previous cases. The last patient developed ESFI four months after
commencing APD, and the exit-site infection culture revealed Candida
Albicans. He was also treated with the same regimen (daily oral
fluconazole 200 mg and topical miconazole cream). All our patients had
tunnel ultrasound, which did not detect any signs of tunnel infection, and
none of our patients had exit -site bacterial infections after the local
application of miconazole cream.

Discussion:
Peritoneal dialysis (PD) is a vital treatment option for patients with end-
stage kidney disease (ESKD) worldwide. PD constitutes about 10% of the
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dialysis population in the Kingdom of Saudi Arabia [1]. However,
catheter-related infections, particularly exit-site infections (ESIs) and
peritonitis present significant challenges that can lead to treatment failure
and the necessity to switch to hemodialysis (HD) (2-3). Infections caused

by staphylococcus aureus and gram-negative organisms are usually
difficult to eradicate and often need prolonged antibiotic therapy, frequent
hospitalization, and catheter removal. Prophylactic antifungal
medications in all patients with bacterial peritonitis significantly
decreases the frequency of subsequent fungal infection [19]. ESI is
usually defined as the presence of purulent discharge with or without skin
erythema, while tunnel infection involves erythema, induration, or
tenderness over the subcutaneous tract, which may be difficult to detect
clinically and require ultrasound confirmation [5]. Exit-site infections
caused by staphylococcus aureus or pseudomonas aeruginosa frequently
coexist with tunnel infections (6).

As per the ISPD recommendations in 2017, each center needs to report
exit site and tunnel infection regularly as part of continuous quality
improvement. Further, the ISPD committee suggested reporting catheter-
related infections as the number of episodes per patient per year. The
overall incidence of ESI varies from 0.06 to 0.42 episodes per patient year
[7]. The latest ISPD guideline in 2023 suggested that the ESI rate should
not exceed 0.4 episodes per patient-years at risk, and PD catheter
insertion-related catheter infection should be less than 5% within 30 days
of catheter insertion [7-8]. At our center, the prevalence of exit site
infection is 0.008% episode per year at risk, which is considered very low
compared to other reported centers.

Bernardini et al. has shown that using gentamicin ointment increases the
risk of developing exit site fungal infections (ESFI)by 20% in comparison
to mupirocin cream, though the use of gentamicin ointment significantly
reduces the ESI for both gram-positive and gram-negative bacteria [16].
Notably, only one patient in our series used gentamicin. Overall, the
incidence of exit site fungal infections varies from 1%-6.5% [13-15].
Fungal exit site and tunnel infections in Automated Peritoneal Dialysis
(APD) are rarely being reported in the literature. Data regarding treatment
course, duration, and time of catheter removal and reinsertion is scarce.
ESFI can progress to fungal peritonitis, leading to devastating
complications such as frequent hospitalizations, catheter loss, technique
failure and much more mortality in comparison to bacterial peritonitis [9-
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10,18]. Consequently, many clinicians opt for catheter removal as a
preventive measure [11-12]

Candida parapsilosis is a common skin colonizer, particularly in
subangular areas, and can thrive in glucose-containing solutions and
adhere to synthetic foreign body materials [17]. However, it is highly
susceptible to most antifungal agents [13]. According to the Infectious
Diseases Society of America, the core treatment for mucocutaneous
candidiasis rests fundamentally on antifungal therapy with topical or
systemic azole [12,13]. Our results of treating ESFI align with a
retrospective observational study by Sofia Coelho et al., who treated 30
ESFI episodes in 26 CAPD patients (caused by candida parapsilosis). The
patients were treated with fluconazole or itraconazole for 64.4 (£33.9)
days with a success rate of 80%, and only six episodes required catheter
removal [13]. Similarly, four of our patients with ESFI had candida
parapsilosis, and we successfully used only a four-week regimen
combining topical and systemic azoles.

Multiple Candida species, including albicans, glabrata, krusei,
parapsilosis, and tropicalis, can cause infections [14]. Common risk
factors for fungal infections include diabetes mellitus, prolonged
antibiotic use or previous use of antibiotics, recurrent peritonitis,
malnutrition, and immunocompromised patients [14]. While clear
guidelines for exit-site care and antibiotic use in PD are lacking, our
center and many others employ daily mupirocin cream or gentamicin
ointment for gram-negative ESIs. However, prolonged antibiotic use
might contribute to fungal ESIs at our center. We believe that the high
success rate in our case series is primarily due to a reduced frequency of
antibiotics and the intensified use of local antifungal with miconazole
cream combined with oral fluconazole for at least four weeks.

Conclusion:

In conclusion, while most ESFI cases had shown favorable clinical
response with medical treatment, catheter removal or exchange remains
an option for those unresponsive to extended antifungal therapy. Further
research is required to establish optimal treatment protocols, including
duration, and to guide decisions regarding catheter removal and
reinsertion.

Limitations:

This is a retrospective, observational study with limited number of
patients and absence of comparable control group.
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