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ABSTRACT

Objective This study aimed to use systematic review
and meta-analysis to establish the influence of antifungal
therapy on pulmonary Candida colonisation of patients
with mechanical ventilation (MV).

Design Systematic review and meta-analysis.

Data sources An extensive search was undertaken on
publications from inception to 25 July 2023, through
PubMed, Web of Science, Medline, Embase, China
National Knowledge Infrastructure, Wanfang Data and VIP
Databases.

Eligibility criteria for selecting studies Randomised
trials, cohort studies and case-control studies comparing
the efficacy of antifungal treatment in immunocompetent
patients with pulmonary Candida colonisation after
invasive ventilation.

Data extraction and synthesis Two reviewers
independently extracted the data and assessed the
quality of studies. Dichotomous outcomes were
expressed as ORs with 95% Cls. Continuous outcomes
were expressed as standardised mean differences (SMD)
with 95% Cls.

Primary and secondary outcome measures The
primary outcomes included intensive care unit (ICU),
hospital, 28-day, and 90-day mortality. The secondary
outcomes included ICU length of stay, MV duration and
ventilator-associated pneumonia (VAP).

Results Nine high-quality studies were included.
According to the data collected from these nine studies,
there is no significant evidence showing a difference
between the therapy group treated with antifungal drugs
and the control group without antifungal drugs in clinical
outcomes, including ICU mortality (OR: 1.37; 95%Cl 0.84
t0 2.22), hospital mortality (OR: 1.17; 95%Cl 0.57 to
2.38), 28-day mortality (OR: 0.71; 95% Cl 0.45 to 1.14),
90-day mortality (OR: 0.76; 95% Cl 0.35 to 1.63), ICU
length of stay (SMD: —0.15; 95% Cl —0.88 to 0.59), MV
duration (SMD: 0.11; 95% CI —0.88 to 1.10) and VAP (OR:
1.54; 95% Cl 0.56 to 4.20). Subgroup analysis of different
treatment types indicates that the combined effect size
is stable and unaffected by different treatment types
including inhalation (OR: 2.32; 95% Cl 0.30 to 18.09) and
intravenous (OR: 0.65; 95% Cl 0.13 to 3.34).

Conclusion The application of antifungal treatment did
not improve clinical outcomes in patients with MV. We do

,"? Shan Su,® Hongzhong Yang,* He-Bin Xie'?

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study included a number of outcome indicators
to assess the effectiveness of antifungal treatment,
with subgroup analyses performed based on the
type of treatment administered.

= Most studies included are retrospective studies,
raising potential concerns regarding their external
validity.

= Some studies described the precise style, name,
dose and administration method of antifungal drugs,
while others did not.

= This study is limited by the number of studies in-
cluded, especially when it comes to single outcomes
such as intensive care unit mortality.

= Most studies included were cohort studies instead
of random control trials, which provide stronger
evidence.

not suggest initiating antifungal treatment in patients with
Candida pulmonary colonisation after invasive ventilation.
Trial registration number International Prospective
Register of Systematic Reviews, CRD42020161138.

INTRODUCTION

Candida frequently exists in the normal oral
cavity, upper respiratory tract, lower intestinal
tract and vagina.' In tracheal aspirates from
patients with mechanical ventilation (MV), 30%
have Candida isolation, and nearly 50% from
patients suspected to have ventilator-associated
pneumonia (VAP).?® When respiratory Candida
colonisation is detected, it is difficult to differ-
entiate between relatively harmless colonisation
and invasive infection, and leads to a thera-
peutic dilemma.* Although few studies reported
limited attributable intensive care unit (ICU)
mortality of VAP, the death rate related to VAP
cannot be denied according to the majority
of previous studies.”® The incidence of VAP
frequently extends hospital stay, elevates the
economic burden and raises the mortality rate.’
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The presence of Candida in respiratory samples is defined as
Candida colonisation instead of infection because the appear-
ance of Candida pneumonia is rare.'”™ For several years,
arguments have arisen about whether Candida colonisation
negatively affects or simply indicates disease severity or immu-
nosuppression in critically ill patients."*> We found that the
outcomes of antifungal treatment for Candida colonisation
in pulmonary tract among different studies were contro-
versial, as some studies found that antifungal treatment was
associated with lower mortality, some found that treatment
made no difference in mortality, while others found that it
prolonged MV duration, ICU length of stay and hospital
length of stay.'’ ' '* 17 Therefore, we performed a systematic
review and meta-analysis to establish the influence of anti-
fungal treatment on pulmonary Candida colonisation.

METHOD

Information sources and search strategy

This study followed the Preferred Reporting Items
for Systematic Review and Meta-Analysis criteria for
systematic reviews and Ineta—analyses.18 An exten-
sive search was undertaken on publications from
inception to 25 July 2023, through PubMed, Web of
Science, Medline, Embase, China National Knowl-
edge Infrastructure, Wanfang Data and VIP Data-
bases. The searching syntax included the following
Medical Subject Headings and text words, which are
varied individually according to different databases:
VAP, Candida. We used the following search strategies
in all of the databases above: (ventilator-associated
pneumonia OR VAP OR pneumonia, ventilator-
associated OR ventilator-associated pneumonia OR
ventilator-acquired pneumonia OR mechanical venti-
lation) AND (Candida OR Candida spp OR Candida
colonization OR Candida airway colonization). There
were no language restrictions on studies searching.
The listed references of relevant studies were also
evaluated to enlarge the search scope and ensure a
complete search. Full search strategy of PubMed data-
base is provided in the online supplemental material.
Selection process of the article was performed by two
researchers (LL and SS) independently. The titles
and abstracts of the entries identified in the search
were screened. Full-text version of all articles that
potentially met the eligibility criteria was reviewed to
make a decision. Disagreements, if any, were resolved
through discussion with a third researcher (H-BX).

Inclusion criteria

Randomised trials, cohort studies and case-control
studies were included while selecting. In the included
studies, the patients were adults (=18 years old) who
were diagnosed with pulmonary Candida colonisation
after invasive ventilation. Pulmonary Candida colonisa-
tion was defined as the presence of Candida in bron-
choalveolar lavage samples, endotracheal aspiration

samples, protected brush specimens or any positive
airway secretion specimens.

Exclusion criteria

We excluded case reports and studies on pregnant,
immunocompromised patients or those who received
antifungal treatment for reasons other than Candida
colonisation. Patients with candidemia or invasive candi-
diasis were also excluded, and the diagnostic criteria
were positive results of direct detection, in which blood
or tissue specimens were cultured, or indirect detec-
tion, 11;1 which surrogate markers and PCR assays were
used.

Data collection

We screened titles and abstracts, reviewed the full text
and extracted data using an Excel sheet (Microsoft
Corporation). We primarily collected the character-
istics of title, author, journal, year, type, participants,
inclusion or exclusion criteria, interventions and
clinical outcomes. Clinical outcomes included 28-day
mortality, 90-day mortality, ICU mortality, hospital
mortality, ICU length of stay, MV duration and VAP.
Disagreements were resolved by discussion with a
third reviewer if necessary.

Quality assessment

We used the Cochrane risk assessment tool to measure
the risk of randomised-controlled trials, and the
Newcastle-Ottawa scale to measure the quality of cohort
and case-control studies.?’ Studies that scored at least
six points were regarded as high quality and included
in the analysis.

Patient and public involvement

Patients and/or the public were not involved in the
design, conduct, reporting or dissemination plans of this
research.

Statistical analysis

Statistical analysis was performed by Stata software
(V.16.0). Dichotomous outcomes, such as VAP, ICU
mortality, hospital mortality, 28-day mortality and
90-day mortality, were expressed as ORs with 95% Cls.
Continuous outcomes (ICU length of stay and MV dura-
tion) were expressed as standardised mean differences
(SMD) with 95% CIs. We analysed the data using the
inverse-variance method with the fixed-effect model
if there was no obvious heterogeneity (p>0.1), or else
random-effect model if the heterogeneity was signifi-
cant (p<0.1). Moreover, heterogeneity was quantified
using the I® test. The interpretation of I* was guided
by the Cochrane Handbook for Systematic Reviews
of Interventions (V.5.2.0, updated June 2017). Sensi-
tivity analyses were conducted by excluding one study
at a time from the analysis to assess the stability of the
results. Subgroup analyses were performed on the
effect of antifungal therapy. Publication bias was not
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Figure 1 Flowchart of studies identified, excluded and
included.

assessed since there were fewer than 10 studies in this
meta-analysis.

RESULTS

Study selection

In total, 2947 records were identified. With 1246 dupli-
cates removed and 1670 irrelevant records excluded, we
assessed 31 studies for eligibility, of which 9 were included.
22 studies were excluded because of the lack of antifungal
treatment, lack of supporting experimental data, lack of
detection of pulmonary secretion and occurrence in a
special population (figure 1). All patients received MV,
had at least one positive culture of Candida in the pulmo-
nary tract and received different antifungal treatments.

Study characteristics and quality assessment

Of the nine articles included in the study, seven were
retrospective cohort studies, one case-control study and
one randomised clinical trial. Two studies were conducted
in North America, five in Europe and two in Asia, giving
the studies a wide geographical coverage. Other char-
acteristics of the included studies are summarised in
online supplemental table 1, including years of accuracy,
location, study design, population, number of patients,
outcomes, Candida colonisation and antifungal treat-
ment. The columns of the quality assessment list and
their corresponding points are listed in online supple-
mental table 2. All included studies were assessed to be
of high quality.

Effect of antifungal therapy on pulmonary Candida
colonisation patients’ mortality

Three studies, including Ioannou,2 Ong21 and Nseir,?
reported ICU mortality. We found no significant differ-
ence between the therapy and control groups (OR: 1.37;
95% CI 0.84 to 2.22). Six studies, including Du,4 Toannou,
Zhang,23 Grifﬁn,24 Lindau® and Albert,26 reported
hospital mortality. The pooled results showed no signif-
icant difference between the therapy and control groups
(OR: 1.17; 95% CI 0.57 to 2.38). Four studies, including
Du, Zhang, van der Geest”” and Albert, reported 28-day
mortality. The results showed no significant difference
between the therapy and control groups (OR: 0.71;
95% CI 0.45 to 1.14). Three studies, Du, van der Geest
and Albert, reported 90-day mortality. The results showed
no significant difference between the therapy and control
groups (OR: 0.76; 95%CI 0.35 to 1.63). No indicator
showed statistical significance with respect to mortality
(figure 2).

2

Effect of antifungal therapy on pulmonary Candida
colonisation patients’ ICU length of stay

Four studies, including Zhang, Griffin, Ong and Nseir,
reported ICU length of stay. The results indicated non-
significant differences for ICU length of stay among
patients receiving antifungal treatment (SMD: -0.15;
95% CI -0.88 to 0.59), as shown in figure 3.

Effect of antifungal therapy on pulmonary Candida
colonisation patients’ MV duration

Three studies, including Zhang, Griffin and Nseir,
reported the duration of MV. We did not identify a signif-
icant difference between the therapy and control groups
regarding MV duration (SMD: 0.11; 95% CI -0.88 to
1.10), as shown in figure 4.

Effect of antifungal therapy on VAP

Six studies, including Du, Zhang, Griffin, Lindau, van der
Geest and Ong, reported VAP. No significant difference
was found between therapy and control groups (OR:
1.54; 95% CI 0.56 to 4.20), as shown in figure 5.

Subgroup analysis

We conducted a subgroup analysis based on the effect
of antifungal therapy on VAP of the included studies.
The result of the subgroup analysis indicates that
the combined effect size is stable and unaffected by
different treatment types, as shown in online supple-
mental figure 1.

Sensitivity analysis and publication bias

A sensitivity analysis was performed by sequentially
excluding one study at a time. This exclusion did not
significantly impact the results, with the pooled OR
ranging from 1.00 (0.51-1.96) to 2.07 (0.74-5.78) (online
supplemental figure 2). Because only nine related studies
were included in this report, approaches for detecting
publication bias would have exhibited limited efficacy.
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(A)
Study %
D OR (95% CI) Weight
loannou 2021 1.50(0.55,4.12) 23.18
0Ong 2013 —_— 0.83 (0.40, 1.75) 42.89
Nseir 2007 —.—o—) 239(1.04,5552) 3394
Overall (I-squared = 42.7%, p = 0.175) <O 1.37(0.84,2.22) 100.00
T T
181 1 552
©
Study %
D OR (95% Cl) Weight
Du 2021 —_— 048(0.19,120)  26.06
Zhang 2017 —_— 0.95(0.41,2.19) 31.67
van der Geest 2014 _— 055(023,133) 2876
Albert 2014 140(039,5.03) 1351
Overall (I-squared = 0.0%, p = 0.463) 071(045,1.14)  100.00

(B)

Study %

ID OR(95% CI) Weight
Du 2021 P — 0.22 (0.08, 0.66) 15.25
loannou 2021 E ——— 3.94(1.55,10.00) 16.78
Zhang 2017 —_— 1.01(0.44,2.28) 17.94
Griffin 2016 T 0.90(0.29,2.74) 14.94
Lindau 2015 | —— 2.05(1.27,3.30) 21.26
Albert 2014 —_— 1.12(0.33,3.83) 13.83
Overall (I-squared = 74.4%, p = 0.002) <> 1.17 (057, 2.38) 100.00
NOTE: Weights are from random effects analysis

T T
0757 1 132
(D)

Study %

ID OR(95%Cl ) Weight
Du 2021 —0_'— 0.40(0.18,0.91) 36.20
van der Geest 2014 —0—— 0.77(0.36,1.64) 3846
Albert 2014 - 1.83(057,590) 2534
Overall (I-squared = 54.8%, p =0.110) C> 0.76 (0.35, 1.63) 100.00

NOTE: Weights are from random effects analysis

Figure 2

mortality. (D) Forest plot for 90-day mortality.
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(A) Forest plot for intensive care unit mortality. (B) Forest plot for hospital mortality. (C) Forest plot for 28-day
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Figure 3 Forest plot for intensive care unit length of stay. SMD, standardised mean difference.
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Study %

ID SMD (95% Cl) Weight
Zhang 2017 _— ; -0.81(-1.22,-0.40) 33.62
Griffin 2016 i 0.34(-0.14,082)  32.87
Nseir 2007 i —.H 0.81(0.39,1.23) 33.50
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NOTE: Weights are from random effects analysis

> 0.11(-088,1.10) 100,00

T
-1.23
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Figure 4 Forest plot for MV duration. MV, mechanical ventilation; SMD, standardised mean difference.

Consequently, the evaluation of publication bias was not
conducted.

DISCUSSION

In this study, we observed that antifungal therapy admin-
istered to mechanically ventilated patients with Candida
colonisation did not show a significant impact on patient
outcomes, which were measured by indicators, including

mortality, hospital length of stay, ICU length of stay, MV
duration and incidence of VAP, and the result is stable
when taking different treatment types into consideration.
Astudy by Du declared that antifungal treatment was asso-
ciated with a reduced risk of VAP, while an autopsy study
involving 232 samples showed that, although Candida is
a common pathogen, the incidence of Candida pneu-
monia in ICU patients is extremely low." "' Inconsistent

Study %
ID OR (95% Cl) Weight
Du 2021 —0——5— 0.63 (0.21, 1.90) 16.17
Zhang 2017 —_— i 0.26 (0.07,1.05) 14.52
Griffin 2016 ——05— 1.40 (0.52, 3.76) 16.84
Lindau 2015 —é—*— 2.33(1.22,4.48) 18.55
van der Geest 2014 —*—E 0.92 (0.43, 2.00) 17.99
Ong 2013 ———=——2301(730,7253)  15.94
Overall (I-squared = 85.0%, p = 0.000) <j> 1.54 (0.56, 4.20) 100.00
NOTE: Weights are from random effects analysis i

.01I38 1 | 72I.5

Figure 5 Forest plot for ventilator-associated pneumonia.
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with the results of the previous studies, a meta-analysis
found that Candida pulmonary colonisation probably had
poorer clinical outcomes, owing to longer MV duration,
higher 28-day mortality, higher ICU mortality and longer
ICU length of stay.”® Furthermore, a study by Ioannou
found that about half of the patients with Candida spp.
isolation from their respiratory secretions were treated
with antifungals. Considering the factor that patients
under more critical condition could be treated with anti-
fungals more often, a multivariate regression analysis was
conducted identifying antifungal use as an independent
factor associated with total hospital mortality.”> Without
listing the specific articles for verification, the guideline
strongly recommends that Candida colonisation rarely
requires treatment with antifungal therapy.” Our study
may help to provide more information on this problem:
whether Candida pulmonary colonisation simply symbo-
lises the severity of diseases or actually has an influence
on outcomes.” !

Candida colonisation in the respiratory tract is related
to higher inflammation and may accelerate the disease
process.”” *® A few studies used inhalation of antifungal
drugs as therapy, which did not show a significant influ-
ence on patients’ outcomes. This may lead to direct inhi-
bition or damage of the alveolar-capillary membrane,
resulting in an influx of surfactantinactivating plasma
proteins.”' ¥ After Candida colonisation, current increases
in antifungal drug resistance in Candida spp. and clinical
treatment failures are of concern.”* Previous history of
antifungal prescription influences Candida species distri-
bution and susceptibility profile to antifungal agents.”
Inadequate dose and treatment failure may contribute to
high mortality.*

Considering the various conditions, we thought that
various factors cause poor clinical outcomes: antifungal
treatment may have more harm than benefit in clinically
ill patients. Different antifungal drugs can have varying
sensitivities or resistances as well as potential toxicity or
adverse effects. Inadequate dosing of antifungal drugs
may also be a contributing factor. Although the analysis
of this study showed that antifungal treatment did not
improve patients’ clinical outcomes, the sample size of
included studies was limited and the 95% CIs were wide.
Further studies should be conducted to verify their influ-
ence. Considering retrospective and current studies can
only provide hypotheses to support the existence of a
correlation, a prospective randomised controlled trial
might be a more appropriate solution to explore the
effect of antifungal treatment on patients with respiratory
Candida colonisation in combination with MV.

Based on the findings of this meta-analysis, the use of
antifungal medication on mechanical-ventilated patients
with respiratory Candida colonisation does not appear to
improve patients’ clinical outcomes. No significant differ-
ences were observed in ICU mortality, hospital mortality,
28-day mortality, 90-day mortality, ICU length of stay, MV
duration and VAP associated with different treatment regi-
mens. Further analysis of subgroups based on different

treatment types confirmed these conclusions. Therefore,
the use of antifungal medication is not recommended for
the decolonisation of mechanical-ventilated patients with
respiratory Candida colonisation.

The strength of this study is that it included a number
of outcome indicators to assess the effectiveness of anti-
fungal treatment, with subgroup analyses performed
based on the type of treatment administered. However,
it encountered several limitations. Most studies included
are retrospective studies, raising potential concerns
regarding their external validity. Additionally, some
studies described the precise style, name, dose and
administration method of antifungal drugs, while others
did not. Furthermore, this study is limited by the number
of studies included, especially when it comes to single
outcomes, such as ICU mortality. Moreover, most studies
included were cohort studies instead of random control
trials, which provide stronger evidence.
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