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Abstract: Objectives: To understand the clinical characteristics, risk factors, diagnosis, treatment,
and outcomes of urinary tract obstruction caused by fungal balls. Materials and Methods: A
comprehensive search was conducted across PubMed, Embase, and Medline following the PRISMA
guidelines, including case reports and case series. Study quality and risk of bias were assessed
using the Oxford Centre for Evidence-Based Medicine (CEBM) document. The systematic review
process was aimed at gathering and synthesising all available research evidence on the topic. Results:
We included 54 articles reporting on 57 patients, primarily males (61.4%) with a median age of
56 years. The most common presenting symptoms were flank pain (71.9%) and fevers (59.6%). All
diagnoses were made on the presence of yeast in urine or intra-operative tissue cultures and the
presence of obstruction on imaging. The most common pathogen isolated were those of the Candida
species (61.5%) followed by Aspergillus (33.3%). Multimodal management was the mainstay approach
with the use of systemic and local antifungal therapy in combination with surgical drainage of the
obstruction. The mortality rate was around 12.3%. Conclusions: Management of renal or ureteral
obstruction caused by fungal balls requires a multimodal and multidisciplinary approach, comprising
systemic antifungal therapy, drainage procedures, and in some instances, surgical intervention. The
growing prevalence of antifungal resistance and the high mortality potential of fungal uropathy
necessitates ongoing research into the optimal diagnostic and treatment modalities for this condition.
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1. Introduction

Fungal uropathies, characterized by a spectrum of conditions affecting the urinary
tract due to fungal infections, represent an area of growing clinical concern in urology.
While urinary tract infections (UTIs) are conventionally associated with bacterial pathogens,
an increasing prevalence of fungal UTlIs, particularly in immunocompromised patients and
those with urinary catheters or indwelling devices, has been noted over recent years [1].
Among these, the formation of fungal balls causing ureteral and renal obstruction has
emerged as a significant challenge to urological care.

Fungal bezoars, or mycetomas, are conglomerates of fungal hyphae, host cell debris,
and urinary sediment that can obstruct the urinary tract, often complicating the clinical
course of fungal UTISs [2]. The most common pathogen implicated is the Candida species,
although Aspergillus and other rare fungal species have also been reported [3]. While fungal
balls in the urinary tract are well documented in literature, most cases pertain to bladder
or urethral obstructions. Comparatively, there is a dearth of studies on ureteral and renal
obstructions caused by fungal balls, leading to diagnostic and therapeutic uncertainty.

Obstructive uropathy secondary to fungal balls can have significant implications, with
the potential for severe hydronephrosis, renal damage, and progression to life-threatening
sepsis. As urologists, the need for a clearer understanding of this condition is essential.
The potential impact on patient outcomes, clinical resources, and therapeutic intervention
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necessitates a thorough investigation into fungal uropathies, particularly their predisposing
factors, diagnostic hallmarks, and treatment strategies.

The difficulty in diagnosis is further compounded by the fact that patients may often
present with non-specific symptoms, overlapping with bacterial UTIs or other urological
conditions [4]. The majority of fungal UTIs are acquired via the ascending route with a
small minority of patients with candiduria acquired via the hematogenous route. The pres-
ence of candiduria can signal diverse pathological states, ranging from benign colonisation
of indwelling catheters to fungal balls [5]. This leads to a wide spectrum of clinical disease
with the majority of patients presenting with asymptomatic candiduria [6]. Furthermore,
standard urine cultures may not always yield a fungal pathogen, thus delaying or misdi-
recting treatment [7]. Hence, the necessity of maintaining a high index of suspicion and the
need for definitive diagnostic criteria becomes evident.

Treatment for fungal balls causing ureteral and renal obstruction is complex and often
necessitates a multimodal approach involving systemic antifungal therapy, drainage proce-
dures, and in some cases, surgical intervention [7]. With the rise of antifungal resistance
and potential complications of invasive procedures, optimal management strategies have
yet to be defined.

This systematic review aims to fill a crucial knowledge gap in this domain by synthe-
sising available evidence on renal tract obstruction secondary to fungal bezoars. The goal is
to enhance our understanding, thereby guiding evidence-based decision-making in clinical
practice. By illuminating this often overlooked cause of obstructive uropathy, we aim to
both improve the recognition of fungal obstruction and analyse the optimal management
of this condition, to ultimately improve patient care and outcomes.

2. Materials and Methods

A comprehensive search was conducted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA) guidelines using the following
databases: PubMed, Embase, and Medline. We searched these databases from inception
until December 2023. The reference lists of the included studies and relevant reviews were
manually checked to identify additional potential studies.

The search strategy combined key terms related to fungal balls and ureteral /renal
obstruction with terms chosen with the assistance of our local health district librarian. The
terms used were “fungal balls” OR “fungal bezoars” OR “Candida” OR “Aspergillus” OR
“trichosporon” OR “saccharomyces” AND “ureteral obstruction” OR “renal obstruction”
NOT “neonates” OR “infants”. An English language restriction was imposed.

2.1. Eligibility Criteria
Studies were eligible for inclusion if they met the following criteria:

1. Original articles reporting on patients diagnosed with upper urinary tract obstruction
from fungal balls/bezoars.

2. Studies providing data on at least one of the following outcomes: patient demographics,
clinical presentation, mode of diagnosis, treatment modalities, and patient outcomes.

3. Case reports, case series, observational studies (cohort- and case-control), and clinical
trials were included.

Articles were excluded if they met the following criteria:

1.  Reviews, commentaries, editorials, letters, conference abstracts, and expert opinions.
2. Studies not providing specific data on outcomes for patients.
3.  Studies on paediatric or neonatal patients (aged < 18 years).

2.2. Data Extraction and Quality Assessment

Data were extracted using a pre-specified data extraction form. The following informa-
tion was obtained from each study: first author’s name, year of publication, study design,
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patients’ baseline characteristics, clinical findings, diagnostic methods, treatment methods,
and outcomes.

The methodological quality of the included studies was assessed by two independent
authors (K.C. and M.K.). Any disagreements between reviewers were resolved through
discussion or consultation with a third reviewer if necessary.

2.3. Data Synthesis and Analysis

Given the nature of the included studies being primarily case reports and case series,
a meta-analysis was not feasible. Instead, data were synthesised qualitatively. Patient
characteristics, such as age, gender, and presenting symptoms, were described. In addition,
details about diagnostic procedures, pathologic findings, treatments, and outcomes were
collated. Descriptive statistics were used to summarise the data.

2.4. Risk of Bias across Studies

The risk of bias in case reports and case series was evaluated using the Oxford Centre
for Evidence-Based Medicine: Levels of Evidence (CEBM) document. All articles were of
level 4 evidence.

Given that case reports and case series are inherently high in bias and low in evidence
level, the overall evidence generated by this review should be interpreted with caution.

2.5. Ethics Approval and Consent to Participate

As this study was a systematic review, it did not involve direct contact with patients
or alteration to patient care and thus did not require ethics committee approval.

2.6. Availability of Data and Material

All data generated or analysed during this study are included in this published article
or are available from the corresponding author upon request.

3. Results
3.1. Study Selection and Characteristics

The initial search yielded a total of 197 studies which were screened for eligibility. Of
these, 144 were excluded due to various reasons such as irrelevant topics, not reporting
specific data on patients, or not being original articles. A total of 53 articles, all case
reports and case series, met our inclusion criteria and were included in the final qualitative
synthesis [2,7-58]. The PRISMA flow diagram of the study selection process is shown in
Figure 1.

3.2. Patient Characteristics and Clinical Presentation

The 53 articles included a total of 56 patients with fungal balls causing ureteral or renal
obstruction, with ages ranging from 26 to 80 (median age: 55 years). Of these, 34 (60.7%)
were males and 22 (39.3%) were females. The most common presenting complaint was
flank pain (n = 41, 73.2%), followed by fevers (n = 34, 60.7%) and haematuria (n = 10,
17.9%). Importantly, 44 (78.6%) of the patients were immunosuppressed due to pre-existing
conditions or medications.

3.3. Diagnostic Procedures and Pathologic Findings

All patients were diagnosed based on the presence of yeast in urine culture or intra-
operative tissue culture, and the presence of obstruction on imaging. The most common
imaging modality was renal tract ultrasound (n = 30, 53.6%) and computed tomography
(n =29, 51.8%), followed by magnetic resonance imaging or intravenous pyelography.

Of the 56 patients included, 47 patients (83.9%) were diagnosed with an acute kidney
injury with a median creatinine of 324 umol/L, and 35 patients (62.5%) had a leucocytosis.

The most common pathogen isolated were those of Candida species (n = 34, 60.7%),
followed by Aspergillus (n = 19, 33.9%).
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3.4. Treatment and Outcomes

While there was variation in the approach to management across case reports, an-
tifungal therapy was a mainstay of therapy in the majority of patients (n = 52, 92.9%).
The most common agents utilised were Amphotericin B (n = 24, 46.2%), followed by Flu-
conazole (n =19, 26.5%), either in isolation or in combination with other antifungal or
antibacterial agents.

[ Identification of studies via databases PUBMED, MEDLINE and EMBASE ]
'.§ Records identified Records identified Records identified
from PUBMED from MEDLINE from EMBASE
! n=118) (n=38) (n=41)
v
Aricles collated after search > Duplicate records excluded
(n=197) n=43)
Y
Ates srsened ased on i At exciude based o
inclusion and exclusion criteria " m;:lugmn a_nd exclusion
(n = 154) criteria {n = 101)
Articles included after inclusion
and exclusion criteria applied
(n=53)
Full text articles assessed for
eligibility
(n=53)
Articles included in final review
(n=53)

Figure 1. PRISMA flow diagram for systematic review of fungal balls causing renal or ureteral obstruction.
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Additionally, there were differences in the route of antifungal therapy, with oral,
intravenous, and local (i.e., nephrostomy tube or intravesical irrigation) administration
methods used. The majority of cases utilised a combination of these routes (1 = 33, 58.9%).

From a procedural standpoint, percutaneous nephrostomy tubes (n = 27, 48.2%) and
ureteric stents/catheters (n = 26, 46.4%) were the most common interventions utilised
(n =27, 48.2%). In nine cases (16.1%), both percutaneous nephrostomy tubes and ureteric
stents were employed. In a smaller subset of patients, more invasive urological interven-
tions were required, ranging from percutaneous nephrolithotomy (PCNL) (n = 3, 5.3%) and
pyelotomy /pyelostomy (n = 7, 12.3%) to nephrectomy (1 = 5, 8.8%).

Most patients responded well to a combination of antifungal therapy and surgical manage-
ment (n = 50, 89.3%), with resolution of obstruction and improvement in clinical parameters.

Treatment was unsuccessful in seven patients (12.5%), who died despite intervention.
However, in these patients, mortality was secondary to other complications during the
hospital admission (e.g., pulmonary embolism, circulatory failure, small bowel infarction,
pneumonia) rather than a pure sequela of their fungal infection.

3.5. Quality of Included Studies

As per the Centre for Evidence-Based Medicine (CEBM) Critical Appraisal Tools, the
quality of the included studies was varied. Many case reports and series lacked details about
patient demographics, specific interventions, or precise clinical outcomes, contributing to
the risk of bias. It is important to interpret the results keeping this limitation in mind.

4. Discussion

The results of this systematic review illustrate the need for a heightened clinical
awareness of fungal balls as a cause of ureteral and renal obstructions, particularly in
immunocompromised patients. This need is further underscored by the rising prevalence
of UTIs, especially resistant strains. Equally, the potential for fungal balls to complicate
the clinical course of these infections through avenues such as severe renal damage or
life-threatening sepsis necessitates that they are targeted carefully and effectively. This
compilation of available evidence points to an increased awareness of this pathology, par-
ticularly in immunocompromised patients, a demographic that appears more susceptible
to this complication.

The study population consisted of a slightly higher proportion of males and spanned
a wide age range (26-82 years), suggesting a broad patient profile for this condition. Most
patients presented with symptoms such as flank pain and fevers, and in a minority of cases,
haematuria. This non-specific symptomology, has significant overlap with those patients
presenting with ascending bacterial urinary tract infections which adds to the diagnostic
complexity of fungal balls causing ureteric obstruction. With 78.6% of individuals in
this review identified as immunocompromised (most commonly due to diabetes), this
highlights the need for heightened suspicion of fungal balls in patients that present with
these symptoms and with evidence of obstruction with no clear cause.

The diagnosis was made with the finding of an obstruction on imaging in conjunc-
tion with urinary culture or intra-operative findings of fungus. Although the presence of
obstruction was easily identified on either computed tomography or ultrasound, impor-
tantly, urine cultures demonstrating funguria were crucial in making the diagnosis and
commencing timely management with the use of antifungals in conjunction with relieving
obstruction. It is important to note that pre-operative imaging can often be misleading,
as all patients in the review were diagnosed with obstruction on imaging, but none were
diagnosed with obstruction due to fungal balls purely based on imaging. In addition,
pre-operative imaging can often be misleading and mimic other reasons for obstructions
such as ureteric or renal clots, radiolucent calculi, or obstruction of unknown cause.

From a therapeutic standpoint, there is a lack of uniform guidelines regarding optimal
management. The majority of patients underwent multimodal therapy, combining systemic
antifungal therapy—the local administration of antifungals with surgical drainage. The
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most common systemic antifungal agents used were Amphotericin B and Fluconazole.
In the majority of cases that underwent local irrigation with antifungals, Amphotericin
B was the most commonly used agent. The administration of Amphotericin B requires
a specific dosing and exerts a concentration-dependent fungicidal activity and requires
daily monitoring [59]. The administration, dosing, and monitoring should be guided by
the clinician’s local guidelines and early consultation with their local infectious diseases
team should be undertaken.

In terms of surgical interventions, percutaneous nephrostomy tubes and ureteric
stents were mainstay approaches. In contrast, more invasive surgical procedures like
percutaneous nephrolithotomy, pyelotomy/pyelostomy, and partial/total nephrectomies
were relatively less frequently reported. This disparity could reflect an informal therapeutic
hierarchy, where less invasive interventions are the first-line solutions, with more aggressive
surgical measures reserved for refractory or severe cases.

The combination of antifungal therapy and surgical management was generally suc-
cessful, as evidenced by a high success rate (87.5%). However, the substantial mortality rate
(12.5%) despite treatment highlights the severe clinical implications of this condition. Even
though the causes of death were often secondary to other complications, it is plausible that
the fungal infection and associated interventions might have contributed to the overall
burden of illness.

While not explicitly addressed in these case reports and series, it is prudent to re-
view and potentially adjust diabetic medications, particularly those in the sodium-glucose
cotransporter-2 (SGLT2) inhibitor class. These medications have been linked to an increased
risk of urinary tract infections, and consideration should be given to their discontinua-
tion [60]. Such decisions should be made in consultation with your local endocrinol-
ogy team.

A significant limitation of this review is the inherent low level of evidence and high
risk of bias in the included studies, primarily case reports and case series. Moreover, the
variable quality of the studies, as per the Centre for Evidence-Based Medicine (CEBM)
Critical Appraisal Tools, further restricts the conclusiveness of the findings. Due to the
nature of the included studies, the evidence generated should be interpreted with caution.

This systematic review highlights the critical need for vigilance in suspecting fun-
gal balls in patients with obstructive uropathy, especially in those with compromised
immune systems. The treatment process requires a multifaceted approach, but effective
management can markedly enhance patient outcomes. Currently, a multidisciplinary and
phased therapeutic strategy is considered the most effective, emphasizing the early use of
antifungals, decompression of the urinary collecting system, and engagement with local
infectious diseases teams. We propose this treatment algorithm for addressing fungal
balls that cause obstruction, with the understanding that any intervention for this complex
condition should involve collaboration among the local infectious diseases team, urology
team, and pharmacists (Figure 2).
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Management of fungal ball urinary obstruction

Ureteric/renal obstruction with no obvious cause/fungal
balls identified on imaging + Immunocompromised

|
Septic

Yes \

Resuscitation according Cystoscopy +/- ureteropyeloscopy

to local sepsis protocols

l

l

Fungal balls identified endoscopically

Achieve decompression via l
endoscopicinterventionor
percutaneous nephrostomy Endoscopic removal of fungus to obtain

|

cultures + insertion of ureteric stent +
indwelling catheter

No/minimal improvement. l

Obtain fungal cultures

Commence empiric antifungals

l

Repeat imaging shows resolution of
obstruction

Yes No
Identify fungal organism and Placement of percutaneous hephrostomy
rationalize anti-fungal therapy tube + commencement of anti-fungal

irrigation via nephrostomy tube *#

Figure 2. Proposed treatment algorithm for fungal ball obstruction of the upper urinary tract. * In
the absence of standardized protocols, we propose a local approach that involves administering
amphotericin B deoxycholate, at a concentration of 50 mg per 1000 mL of sterile water, delivered
at a rate of 40 mL per hour over a 24 h period. Follow-up imaging is recommended one week post
administration to evaluate the therapeutic response. It is important to emphasise that the selection,
administration, and duration of antifungal irrigation should be determined based on radiological
findings and in consultation with the local infectious diseases team. # This algorithm is intended to
assist clinicians in managing fungal ball obstruction of the urinary tract. It should not replace clinical
judgment, local guidelines, or established local protocols.
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