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Abstract

Objectives: Paranasal sinus fungus ball is a common non-invasive mycosis with excellent long-term surgical treatment
results. The present systematic review and meta-analysis were undertaken to define current treatment concepts and
success rates in paranasal sinus fungus ball treatment.

Methods: Systematic searches were performed in multiple databases with criteria designed to include all studies published
until May 2020 focusing on paranasal sinuses fungus ball treatment in humans. We selected studies including at least 10
patients, specifying treatment modalities, providing a minimum 6-month follow-up, and objectivating treatment success.
After duplicate removal, abstract and full-text selection, and quality assessment, we reviewed eligible articles for treatment
modalities and success rates. Success rates were pooled in a random effect meta-analysis and compared according to the
use of intraoperative sinus lavages and postoperative antibiotics.

Results: Among 740 unique citations, 14 studies were deemed eligible. Most (n=11) were retrospective case series.
All studies relied on endoscopic sinus surgery. Intraoperative lavages were proposed in 10 studies and postoperative
antibiotics in 7 (for all patients in 5 studies and for selected patients in 2). No significant heterogeneity was observed
between results (Cochran’s Q P=.639, I? test=0). Treatment success rate was 98.4% (95% confidence interval 97.4%-
99.3%). Intraoperative sinus toilette and postoperative antibiotics didn’t significantly improve the success rate.
Conclusion: Endoscopic sinus surgery shows excellent results in fungus ball treatment. Further prospective studies might
help further reducing antibiotics prescriptions in these patients and improve their management.

Keywords
endoscopy, computed tomography, maxillary sinus, mycosis, antibiotics

Introduction

According to the widely accepted classification proposed
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(PSFBs) are considered a non-invasive mycosis.’

PSFB has, per definition, a benign behavior with rare
invasive evolution in immunocompromised patients and/or
immune-privileged anatomic sites. PSFB usually affects the
maxillary sinus,’ though it can less commonly involve all
paranasal sinuses and present with multiple lesions.*

PSFB can be completely asymptomatic and be discov-
ered as incidentalomas in a radiological examination per-
formed for other reasons.’ Nevertheless, they most often
present with rhinosinusitis-like symptoms® worsened by
common bacterial superinfections.’

For unclear reasons, PSFB reporting has shown a signifi-
cant increase in incidence over the last decade® while its
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relationship with odontogenic sources of infection remains
debated and not completely explained.’

Endoscopic sinus surgery (ESS) is the treatment of
choice for PSFB and shows excellent treatment success
rates without the need for antifungal treatment.> On the
other hand, the role of adjunctive sinus toilette techniques
and postoperative antibiotic treatment is less consistent
across the scientific literature and no randomized controlled
trials addressed these issues.

The authors aimed, with this study, to systematically
review the pertinent literature to aggregate mean success
rates for PSFB treatment and to assess the influence of
adjunctive sinus toilette techniques and postoperative anti-
biotic treatment on the overall treatment success rates.

Methods
Search Strategy

A systematic review was conducted between May 15 and
October 10, 2020, according to the Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA)
reporting guidelines.!® We conducted systematic electronic
searches for studies in the English, Italian, German, French,
or Spanish language reporting original data obtained from
humans and published until the search date which focused
entirely or partly on PSFB.

On May 15, 2020, we searched the MEDLINE, Embase,
Web of Science, Cochrane Library, and ClinicalTrials.gov
databases with wide search strategies for fungus ball and all
related terms in association with paranasal sinuses, nose,
and related terms. The details of our full search strategies
and the number of unique items retrieved from each data-
base are available in Supplemental Resource 1.

We included any study dealing with the treatment of
paranasal sinuses fungus ball in humans. We included only
articles in which the diagnosis of fungus ball had been
ascertained by the authors on the basis of radiological
appearance, intraoperative findings and/or surgical pathol-
ogy reports. We excluded meta-analyses, systematic and
narrative reviews, and case reports, though references from
review articles were hand-checked for additional poten-
tially relevant studies. A minimum study population of 10
patients was required to minimize heterogeneity and publi-
cation bias.

Abstracts and full texts were reviewed in duplicate by
different authors (C. R. and F. M. for abstracts and F. A.
and G. F. for full texts). To maximize the rate of inclusiv-
ity in the early stages of the review, at the abstract stage,
we included all studies deemed eligible by at least 1 rater.
Then, at the full-text review stage, disagreements were
resolved by consensus between raters. We included only
studies that specified treatment modalities, provided a
follow-up of at least 6 months and required an endoscopic,

computed tomography, or magnetic resonance imaging
evaluation to define therapeutic success.

PICO Criteria

The PICO criteria for the present review were as follows:

e Patients: Patients with PSFB.

e Intervention: PSFB treatment.

e Comparison: Use of intraoperative lavages; use of
postoperative antibiotic treatment.

e Outcome: Treatment success (defined as no evidence
of sinus pathology at endoscopic or radiological fol-
low up).

Data Extraction and Quality Assessment

For each included article, we recorded the number of PSFB
patients, the male to female ratio, patients’ age, sinus loca-
tion of PSFB (maxillary, ethmoidal, frontal, or sphenoidal),
the presence of single or multiple PSFB in each patient, the
main treatment of choice, the use of intraoperative sinus
lavages or other intraoperative sinus toilette specific tech-
niques, the use of postoperative antibiotics or antifungals,
postoperative follow-up duration, choice of treatment suc-
cess definition, and treatment success rate. Furthermore, we
reported information on surgical pathology analysis and
microbial cultures where available.

Selected studies were assessed for both quality and
methodological bias according to the Preferred Reporting
Items for Systematic Reviews and Meta-analyses
(PRISMA).!! Articles were rated in duplicate by 2 authors
(A. M. S. and F. A.) and disagreements were resolved by
consensus. Items were rated as good if they fulfilled at least
80% of the items required by the NHI-SQAT, fair if they
fulfilled between 50% and 80% of the items, and poor if
they fulfilled <50% of the items, respectively.

Also, the level of evidence was scored according to the
Oxford Centre for Evidence-based Medicine (OCEBM)
level of evidence guide.?

Articles with fair or good quality were used for meta-
analysis. The pooled frequency of treatment success with
95% confidence intervals (CI) was assessed using the ran-
dom effect model. Treatment success rates were compared
also according to the use of intraoperative lavages and post-
operative antibiotics administration. The between-study
heterogeneity was assessed by Cochran’s Q and 7 statistics.
Publication bias was assessed graphically via the funnel
plot method.

All search results, abstract and article selection, and data
extraction was performed with the Google Sheets web
application (Google LLC, Mountain View, CA, US). The
meta-analysis was performed with the freeware software
Openmeta[Analyst] (Built 12/3/2013, Brown University,
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Table I. Characteristics of the Included Studies.

OCEBM  NHI-SQAT

Treated Male to female

Study Study type rating rating patients (n) ratio (n) Patients’ age (years)

Castelnuovo et al'®  Case series 4 F 34 N/A N/A

Costa et al’ Case series 4 G 48 15:33 Avg 53.6, SD 11.9 (range 29-79)

Costa et al'? Case series 4 F 13 N/A Avg 56 (range 45-76)

Eloy et al'® Case series 4 F 25 8:17 Avg 62 (range 24-83)

Fadda et al® Case series 4 F 40 11:29 Avg 52.8 (range|4-84)

Karci et al'® Case series 4 F 10 3.7 Avg 43 (range 27-66)

Karkas et al?® Case series 4 F 28 10:18 Avg 64 (range 34-83)

Lai et al?' Case series 4 F 90 21:69 Avg 61.1 (range 9-90)

Ledderose et al?® Prospective 2 G 40 15:25 Avg 56 (range 22-91)
cohort study

Lee? Case series 4 G 85 30:55 Avg 52 (range 22-74)

Nicolai et al* Case series 4 F 160 42:118 Avg 52.7 (range 19-85)

Pagella et al?* Case series 4 F 56 15:46 Avg 62 (range 31-91)

Sawatsubashi et al”’  Retrospective 3 G 28 5:23 Avg 60 (range 26-82)
cohort study

Suresh et al*® Prospective 2 F 14 N/A N/A

cohort study

Abbreviations: avg, average; F, fair; G, good; NI-SQAT, national heart, lung, and blood institute study quality assessment tools; OCEBM, oxford centre

for evidence-based medicine; SD, standard deviation.

Providence, RI, US)."* The exception was the publication
bias assessment, which was performed via the funnel plot
method with the Statistical Process Control tool publicly
distributed by the Information Services Division of Public
Health Scotland'* and through Egger’s and Begg’s test per-
formed with the freeware software Prometa (Version 3.0,
IDoStatistics, Italy).'?

Results

Search Results

Among the 729 unique research items initially identified, a
total of 99 articles were selected for full-text evaluation,
amongst which 14 relevant studies published between 1999
and 2019 were retained for further analysis (see Supplemental
Resource 2). Most articles were retrospective case series
(n=11),%%1624 2 were prospective cohort studies*>?® and 1
was a retrospective cohort study.?’” Concerning the level of
evidence, 2 studies were rated as level 2 studies according to
the OCEBM scale, 1 study was rated as level 3 study, and the
remaining 11 studies were rated as level 4 studies. According
to the NHI-SQAT, 4 articles were rated as good-, 10 articles
were rated as fair- and no article was rated as poor-quality
studies, respectively.

Most articles lacked ample information to support the
comparability of patients. Table 1 reports the characteristics
and demographics of the included studies.

The 14 included studies had 671 participants with single
or multiple PSFB. All patients were treated with ESS. In

selected cases, other accesses were coupled with ESS (tro-
car insertion through the canine fossa or access to MS ante-
rior wall via a bony window). Female patients were the
majority in all papers. Patients were on average in their Sth
or 6th decade in 12 out of 14 studies (age range 9-90 years).
Ten papers reported using sinus lavages during the surgical
procedure and in 1 a gauze was used to clean the MS intra-
operatively. Five papers reported postoperative antibiotic
administration for all patients and 2 reported antibiotic
administration in case of bacterial superinfection. The
average follow-up was extremely heterogeneous, ranging
from 6 to 341 months. A single article [6], which was co-
authored by 1 of the authors of the present study, was
implemented with missing follow-up data. Seven studies
defined treatment success as endoscopic absence of PSFB
recurrence and/or sinus infection, while a single study used
only computed tomography (CT) scans. Another 3 studies
used endoscopy coupled with CT scans and the last 3 used
endoscopy coupled with CT scan in case of suspected
recurrence. The overall treatment success rate in the
reviewed articles was high, ranging from 92% to 100%.
Detailed surgical, therapeutic, and follow-up data for each
study are reported in Table 2. Most authors requested surgi-
cal pathology analysis of the specimens and performed
fungal cultures, while only 2 papers reported data on bacte-
rial cultures (see Table 3 for complete details on microbio-
logical and surgical pathology analyses). No antibiogram
results were reported, despite the antibiogram being indeed
performed in a single study.® The success rate after revision
procedures was 100% in all studies reporting recurrences,
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Studies Estimate (95% C.I.) Ev/Trt
Castelnuovo et al, 2000 0.912 (0.816, 1.000) 31/34 -
Costa et al, 2008 0.958 (0.902, 1.000) 46/48 -
Costa et al, 2019 0.964 (0.867, 1.000) 13/13 ]
Eloy et al, 2013 0.920 (0.814, 1.000) 23/25 -
Fadda et al, 2019 0.988 (0.954, 1.000) 40/40 -
Karci et al, 1999 0.955 (0.831, 1.000) 10/10 -
Karkas et al, 2013 0.929 (0.833, 1.000) 26/28 -
Lai et al, 2011 0.967 (0.930, 1.000) 87/90 =
Ledderose et al, 2012 0.988 (0.954, 1.000) 40/40 —_—
Lee, 2007 0.994 (0.978, 1.000) 85/85 ——
Nicolai et al, 2009 0.988 (0.970, 1.000) 158/160 —'—
Pagella et al, 2011 0.964 (0.916, 1.000) 54/56 L
Sawatsubashi et al, 2015 0.929 (0.833, 1.000) 26/28 .
Suresh et al, 2016 0.967 (0.876, 1.000) 14/14 =
Overall (1*2=0% , P=0.630) 0.984 (0.974, 0.993) 653/671 <>
I T T ‘ 1
0.85 0.9 0.95 1
Proportion

Figure |. The pooled success rate in patients undergoing treatment for paranasal sinus fungus ball. Effects and summaries were
calculated using a random effect model weighted by the study population.

and no failure to complete the intended follow-up was
reported in studies.

Systematic Review and Meta-Analysis

All articles of fair or good quality according to the NHI-
SQAT rating were included as no significant methodologi-
cal bias emerged. Neither the visual analysis via funnel plot
(see Supplemental Resource 3) or Egger’s and Begg’s
(respectively P=.11 and .78) suggested the presence of a
publication bias. A meta-analysis was therefore performed
across all 14 reviewed studies.

The mean treatment success rate in patients with PSFB
was 98.4% (95% confidence interval [CI] 97.4%-99.3%)
(see Figure 1). No significant heterogeneity was observed
between studies (Cochran’s Q P=.63, I test=0). The esti-
mated rate of treatment success in patients with PSFB. The
use of sinus toilette techniques improved the success rate
(98.4%, [CI 97.4%-99.4%] against 97.9% [CI 94.9%-
100%]) (see Figure 2). Use of postoperative antibiotics
improved the success rate (98.8% [CI 97.7%-99.9%]
against 95.3% [CI 92.6%-98%]). This difference was analo-
gous, but with wider confidence intervals, if antibiotics
were used only in specific patients subgroups (ie, with posi-
tive bacterial cultures and following antibiogram or when
purulence was recorded) (success rate 98.8% [CI 96.4%-
100%]) (see Figure 3). Both for sinus toilette techniques
and antibiotics use, the reported moderate improvement in
success rate was nevertheless not statistically significant, as
confidence intervals for success rates are largely overlap-
ping between all subgroups. Last, the lack of complete

information on antibiotic regimens and antibiograms deter-
mined a too heterogeneous scenario to be further analyzed
in a meta-analysis.

Discussion

This is the first meta-analytic study to address the treatment
of PSFB and it confirms ESS as the only current treatment
for the condition, with an excellent overall treatment suc-
cess rate, higher than success rates for chronic rhinosinus-
itis surgery,® which employs similar techniques. It has to be
noted that we chose to include only articles objectively
demonstrating fungus ball treatment success as we felt that
patients’ satisfaction or symptoms resolution was not a reli-
able index in such a commonly asymptomatic disease. Our
hypothesis was that basing success rates on less objective
parameters could have led to a biased greater success rate
for all studies.

This systematic review included a total of 14 studies
involving 671 patients diagnosed with PSFB, allowing for a
comprehensive evaluation of the pertinent literature. Most
of the included studies were of good or fair methodological
quality, albeit marred by a lack of prospectively collected
data and the absence of randomized controlled trials.

In the context of such outstanding treatment rates, it is
understandable that nuances in the management of these
patients have not been addressed systematically to date.
Specifically, our meta-analytic work shows that the use of
more thorough sinus toilette techniques (lavage with either
saline or oxygen peroxide) and selective use of postoperative
antibiotics do not significantly improve the success rate in
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Studies

Castelnuovo et al, 2000
Costa et al, 2019

Costa et al, 2008

Fadda et al, 2019
Karkas et al, 2013

Lai et al, 2011

Lee, 2007

Nicolai et al, 2009
Pagella et al, 2011
Sawatsubashi et al, 2015
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Figure 2. The pooled success rate in patients undergoing treatment for paranasal sinus fungus ball. Results are separately evaluated
and pooled for patients in which a sinus toilette technique was used intraoperatively (subgroup “sinus toilette”) and for patients in
which it wasn’t (subgroup “no sinus toilette”). Effects and summaries were calculated using a random effect model weighted by the

study population.
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Figure 3. The pooled success rate in patients undergoing treatment for paranasal sinus fungus ball. Results are separately evaluated
and pooled according to the postoperative antibiotic treatment: no postoperative antibiotic treatment (“No ABx treatment” group),
postoperative antibiotic treatment to all patients (“ABx in all patients” group), or postoperative antibiotic treatment in a selected
group of patients (“ABx in selected patients” group). Effects and summaries were calculated using a random effect model weighted by

the study population.

these patients. In both cases the better pooled success rates
despite being modestly higher, have largely overlapping CI. It
has to be noted though that the lack of prospective randomized
studies focused on these ancillary treatments and procedures

doesn’t allow a direct comparison of results or performing a
nested analysis. Therefore the modest shift in the pooled aver-
age treatment success rate observed in our meta-analysis defi-
nitely requires further studies to be confirmed.
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For what specifically concerns postoperative antibiotic
treatment, we have to take into account that the reviewed
articles either propose a first-line antibiotic therapy
(Amoxicillin clavulanate), do not specify antibiotic treat-
ment, or follow the antibiogram results, making their results
too heterogeneous to compare. Therefore, despite the over-
all good general results following postoperative PSFB anti-
biotic treatment, it is not possible to conclude this aspect. It
is nevertheless important to recall also that, based on cur-
rent evidence, indiscriminate use of antibiotic therapy fol-
lowing PSFB remains questionable.® It has to be noted that
articles not employing lavages and/or antibiotics didn’t
explicitly state so, so the allocation to the meta-analysis
subgroups was an inference agreed upon during data extrac-
tion, extrapolated from careful analysis of the papers. While
this doesn’t alter the overall quality of the results, this is a
significant inherent limitation that deserves mention.

It is interesting to observe that all authors agree on selec-
tively treating with ESS only the paranasal sinuses directly
affected by PSFB, except for Karci et al.!? In their paper,
notably the eldest in our selection, they coupled antrostomy
with ethmoidectomy even in cases with isolated maxillary
involvement. Regarding the use of extended accesses to the
diseased sinus, inferior antrotomy was shown to be the most
frequent and appears to have a shared indication for specific
fungus ball locations (eg, lateral or anterior maxillary wall
for inferior antrotomy). Though shared, the indications for
these accesses have not been explored methodically in the
reviewed articles. Furthermore, only 2 articles separately
reported results for ESS-only patients and extended-access
patients.”?” This makes a direct comparison of standard
ESS and endoscopic approaches impossibile in the context
of our meta-analysis and this represents a limitation of our
work. Specific indications for these accessory approaches
and discussion of their advantages over “conventional” ESS
techniques fall therefore outside the scope of this paper and
are a matter of debate in contemporary literature.”’ The
comparison between different endoscopic approaches for
PSFB definitely represents a research area for future pro-
spective studies.

In the context of this meta-analysis, we strived to mini-
mize bias in selecting articles and extracting data. With this
in mind, we didn’t choose time limits for our searches and
included all treatment modalities. Nevertheless, eligible
included articles were all published in the endoscopic era
(no later than 1999) and ESS emerged as the only current
treatment for PSFB. Choosing to include only articles pro-
posing imaging or endoscopy for treatment success defini-
tion may appear as a considerable bias in selecting articles.
Nevertheless, we chose to include articles that objectivated
the treatment success over a sufficient follow-up to avoid
misclassifying asymptomatic recurrences as successes. It’s
been recently indeed demonstrated in prospective studies
that a significant rate of patients undergoing surgery for

PSFB show signs of mucostasis, which can negatively
affect the long term results.*°

It remains still open to debate whether or not PSFB
should be surgically treated also in asymptomatic patients,’!
since the excellent treatment success rate should be always
adequately balanced with the anesthesiological risk and the
overall benefit for the patients. Further studies are neverthe-
less required to explore this important question.

Conclusion

Our findings, therefore, confirm ESS as the treatment of
choice for PSFB, with excellent success rates. Despite
improving these rates would be extremely difficult, further
prospective, and hopefully randomized, study of the ancil-
lary procedures and treatments that we discussed which
might lead to the reduction of unnecessary further antibiotic
treatments and revision surgeries and a better management
of PSFB patients.
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