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Abstract

Intra-abdominal candidiasis, which includes Candida peritonitis and Candida produced intra-abdominal abscesses, accounts
for 10-30% of all intra-abdominal infections diagnosed in the intensive care units. Intra-abdominal candidiasis is associated
with longer hospital stay, and significantly higher morbidity and mortality. Although the management of invasive candidiasis
has greatly improved in these past years, the optimal management of intra-abdominal candidiasis remains elusive. Questions
concerning the microbiological diagnosis, optimal antifungal drugs doses, diffusion through peritoneal fluid, and the value of
liposomal amphotericin B as first-line treatment, remain unanswered. In this article, three important issues concerning intra-
abdominal candidiasis have been re-viewed: microbiological diagnosis and risk of antifungal resistance emergence, pharma-
cokinetic/pharmacodynamic particularities of antifungals, and clinical management on the daily practice. Only an optimized
multidisciplinary approach combining rapid diagnostics, tailored antifungal therapy, and effective source control will improve
the management and prognosis of patients with intra-abdominal candidiasis.

Keywords: Intra-abdominal candidiasis. Echinocandins. Invasive candidiasis. Liposomal amphotericin B. Invasive fungal
infection.

Resumen

La candidiasis intraabdominal, que incluye la peritonitis y los abscesos intraabdominales producidos por Candida, representa entre
el 10 % y el 30 % de todas las infecciones intraabdominales diagnosticadas en las unidades de cuidados intensivos. La candidiasis
intraabdominal se asocia a una estancia hospitalaria mas prolongada y a una morbilidad y mortalidad significativamente mayores.
Aunque el tratamiento de la candidiasis invasiva ha mejorado considerablemente en los ultimos afios, el tratamiento éptimo de la
candidiasis intraabdominal sigue siendo un reto. Las preguntas relativas al diagnéstico microbiolégico, las dosis 6ptimas de los
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farmacos antifungicos y su difusidn a través del liquido peritoneal, asi como el valor de la anfotericina B liposomal como tratamiento
de primera linea, siguen sin respuesta. En este articulo, se han revisado tres cuestiones importantes relativas a la candidiasis intraab-
dominal: el diagndstico microbioldgico y el riesgo de aparicion de resistencia a los antiflingicos, las particularidades farmacocinéti-
cas/farmacodinamicas de los antifiingicos y el tratamiento clinico en la practica diaria. Solo un enfoque multidisciplinario optimizado
que combine diagndsticos rapidos, terapia antifiingica personalizada y control eficaz del foco mejorara el tratamiento y el pronéstico
de los pacientes con candidiasis intraabdominal.

Palabras clave: Candidiasis intraabdominal. Equinocandinas. Candidiasis invasiva. Anfotericina B liposomal. Infeccion fungica

invasiva.

1. Introduction

Intra-abdominal candidiasis (IAC), which is the most
common type of deep-seated candidiasis, encom-
passes Candida peritonitis and Candida-produced
intra-abdominal abscess [1]. The burden of IAC is
remarkable in developed countries. A recent study,
which assessed the prevalence of Candida peritoni-
tis in 29 countries, reported an overall average inci-
dence of 1.15 cases per 100,000 inhabitants [2].
Remarkably, the average incidence of Candida perito-
nitis in Spain was 1.42 cases per 100,000 inhabitants,
the fourth-highest incidence reported in the above-

being responsible for up to 10-30% of cases [3]. IAC is
also associated with longer hospital stay, and signifi-
cantly higher morbidity and mortality rates [4-6].

The management of invasive candidiasis has been
remarkably improved in the past few years, mainly
due to the launch of new antifungal drugs and the
development of clinical guidelines [7,8]. Moreover,
standardized definitions for candidemia and deep-
seated candidiasis in patients admitted to the ICU
have been recently proposed by a multidisciplinary
panel of experts, which will certainly help optimize
the quality of care and the outcome of patients (cri-

teria for proven and probable deep-seated candidia-
sis infection can be reviewed in Table 1) [9]. Despite
these improvements, several questions concerning

mentioned study [2]. Intra-abdominal infections
accounts for the second most frequently acquired
infections in the intensive care units (ICU), with Candida

Table 1. Proposed definitions for deep-seated candidiasis in non-neutropenic, adult patients admitted to the ICU [9]

Type of deep-seated candidiasis Definition

Identification of Candida spp. in surgical samples or in specimens obtained
through US- or CT-guided puncture from a normally sterile site different

from blood, in a patient without a suspected perforation or a recent
gastrointestinal or urogenital surgery, which could result in contamination of
the body cavity?

Proven deep-seated candidiasis -

Probable deep-seated candidiasis is defined by the presence of at least one

clinical criterion plus at least one mycological criterion

Clinical criteria

- Funduscopic lesions compatible with IC or radiological abnormalities in
deep sites where IC may develop due to direct inoculation or because of
undetected hematogenous spread

Mycological criteria

- Isolation of Candida spp. from a deep site, such as the abdominal cavity,
after discontinuity of the gastrointestinal or the urogenital wall integrity®©

Probable deep-seated candidiasis

CT: computerized tomography; IC: invasive candidiasis; PCR: polymerase chain reaction; US: ultrasound.

3Includes direct microscopy, histology or culture. Identification of Candida spp. through histology defines proven disease
also if changes possibly leading to contamination of the site are present. Moreover, histological evidence of budding cells
consistent with Candida spp. defines proven invasive candidiasis. Nonetheless, PCR or culture is required for species
identification.

bSamples should be retrieved during surgery, puncture, or from a newly inserted drain (< 24 hours after placement).
Includes cases in which the source control was obtained > 24 hours after perforation or in cases of recurrent peritonitis
(e.g., anastomosis leakage).

°Does not apply if Candida spp. was identified in a peritoneal fluid after gastrointestinal or urogenital perforation if the
complete source control is rapidly obtained (within 24 hours from perforation and after the peritoneal fluid collection).
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the diagnosis of IAC remain unanswered: microbio-
logical tools to diagnose the infection, and the optimal
antifungal drugs (and doses) to maximize the drug
concentrations in the peritoneal fluid and increase
the chances for a better outcome [10]. Furthermore,
the specific patient populations at highest risk for IAC
who may benefit from early antifungal treatment have
yet to be identified.

Three relevant topics concerning IAC are here
reviewed: the microbiological diagnosis of the infec-
tion and antifungal resistance detection, PK/PD
particularities of antifungals in this setting, and the
clinical management of IAC.

2. Microbiological diagnosis and
antifungal resistance detection in IAC

2.1. What is the standard method for the
microbiological diagnosis of IAC and their main
limitations?

The diagnosis of IAC might be challenging in the daily
practice due to the non-specific clinical presentation of
the infection and the limitations of the currently avail-
able diagnostic tests (diagnostic tests currently used
in the clinical practice are shown in Table 2) [1,11].

Blood cultures are still the gold standard for the diag-
nosis of invasive candidiasis. IAC is commonly a
consequence of Candida access into the abdominal
cavity following gastrointestinal tract disruption; of
note, only 5 to 20% of cases will develop secondary
candidemia [12]. In a prospective, multicenter study

performed in 101 French ICUs, which included a total
of 271 eligible adult patients with proven invasive
candidiasis, candidemia was found in 184 patients
(67.9%), whereas the remaining 87 (32.1%) patients
had invasive candidiasis without candidemia [13].
Interestingly, in 70 patients without candidemia, the
positive culture was obtained from abdominal speci-
mens at the moment of surgery [13]. In addition to the
high frequency of negative blood cultures, the time
required for the detection and identification of Can-
dida frequently exceeds 72 hours, significantly delay-
ing the initiation of appropriate antifungal treatment
[14]. Accordingly, a study conducted by Nunes et al.
pointed out at a time to positivity as the only indepen-
dent predictor of increased mortality [15]. Similarly,
other studies also highlighted that delaying empiric
treatment of invasive candidiasis is associated to a
higher mortality, especially in patients admitted to the
ICU[16,17].

Matrix-assisted laser desorption/ionization time-
of-flight mass spectrometry (MALDI-TOF MS) and
multiplex polymerase chain reaction (PCR) are new
microbiological tools which reduce the time from
blood culture detection to final identification of Can-
dida spp. [18]. MALDI-TOF MS requires only 10 to 15
min to identify the Candida spp. and might also be
used for antifungal susceptibility tests [18]. PCR per-
formed on blood samples have the highest sensitiv-
ity and specificity (90-95% and 90-92%, respectively),
reduces the time to diagnosis, and allows Candida
spp. identification in many species [18]. Unfortunately,
these procedures are only useful once the blood

Table 2. Microbiological diagnostics tests available for the diagnosis of IAC

Conventional culture obtained from blood, sterile intra-abdominal samples, etc...

BDG*®

Anti-mycelium antibodies (CAGTA test)
Mannan-Ab and Mannan-Ag¢

PCR

MALDI-TOF

T2Candida®

BDG: (1—3)-B-D glucan; CAGTA: Candida albicans germ tube antibody; IC: invasive candidiasis; MALDI-TOF: Matrix-
assisted laser desorption ionization time of flight; Mannan-Ab: anti-mannan antibodies; Mannan-Ag: mannan antigen;

PCR: polymerase chain reaction.

aThe sensitivity and specificity of BDG span from 75% to 80% and 60% to 80%, respectively.
bBDG displays a high negative predictive value, but false positive results have been described in patients receiving

intravenous immunoglobulin and albumin.

¢Combined mannan-Ab and mannan-Ag have a sensitivity and specificity of 89% and 63%, respectively. Shows a low
positive predictive value, which could lead to antifungal drugs overuse.
dAllows for early results, can detect IC in patients with false negative cultures due to antifungal prescription. Limited to

5 Candida spp.
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culture has turned positive. New microbiological
diagnostic tests are needed to increase the sensitivity
of blood cultures, allow faster species identification,
optimize the use of antifungal drugs, and help moni-
tor the response to treatment. Despite these interest-
ing results, this tool is no longer available.

2.2. What is the value of non-culture-based
diagnostic methods, such as p-D-glucan or
Candida PCR, for the diagnosis of IAC? What are
their predictive values?

Several meta-analyses have addressed the value
of (1—3)-B-D glucan (BDG) for the diagnosis of
invasive fungal infection (IFI) [19-21]. For example, a
meta-analysis that included a total of 2,979 patients
(594 with proven or probable IFls according to the
European Organization for Research and Treatment
of Cancer/Mycoses Study Group criteria, and addi-
tional 2,385 patients without IFls) from 16 eligible
studies, reported that BDG had a pooled sensitivity
of 76.8% (95% confidence interval [Cl], 67.1%-84.3%),
and a specificity of 85.3% (95% Cl, 79.6%-89.7%) [19],
with an area under the summary receiver operating
characteristic (ROC) curve of 0.89 for the diagnosis
of IFI. Nevertheless, the sensitivity of BDG testing to
specifically detect proven or probable IC lowered to
75%. A different meta-analysis, which performed a
subgroup analysis on the diagnostic accuracy of BDG
in patients diagnosed with invasive candidiasis, and
included 19 studies, described a sensitivity of 81%
(95% Cl, 77%-85%), a specificity of 81% (95% Cl, 80%-
83%), and a ROC curve of 0.90 (95% Cl, 0.85-0.95)
[20]. However, these data were obtained from patients
mainly diagnosed with candidemia. Additionally, BDG
concerns stem mainly from false positive results
commonly observed due to different reasons such
as fungi colonization, some bacteria, certain B-lac-
tams, enteral nutrition, and others. Recent studies
have evaluated the role of BDG specifically in patients
with IAC [22]. Dupont et al. conducted a prospective,
single-center study evaluating serum and peritoneal
BDG among patients admitted to the ICU with com-
plicated intra-abdominal infections, and positive or
negative fungal cultures [23]. Although there was a
trend for higher BDG levels in patients with positive
fungal cultures, results were not significant, and the
authors concluded that BDG was not useful in the
diagnosis or follow-up of these patients. However,
many patients had received antifungals prior to BDG
processing potentially causing a false negative result
of the culture, leading to the misclassification of the
positive BDG as a false positive. On the other hand,
a French study recently evaluated the role of BDG in
serum and peritoneal samples in 199 patients admit-
ted to the ICU after abdominal surgery for abdomi-
nal sepsis, with 87/199 (44%) patients suffering

IAC. In this study, both serum and peritoneal BDG
were significantly associated with IAC diagnosis,
and combining a peritonitis score <3, a serum BDG
<3.3 pg/mL, and a peritoneal BDG <45 pg/mL (both
using the Wako® test), resulted into 100% negative
predictive values (NPV) [24]. In order to increase the
BDG testing performance, several authors have pro-
posed the combined use of different tests. A study
that included 434 patients admitted in the ICU with
abdominal surgery or acute pancreatitis concluded
that BDG antigenemia was superior to Candida score
and colonization. Additionally, BDG values decreased
when responding to treatment and increased in non-
response [25]. A BDG value above 259 pg/mL along-
side a positive test for Candida albicans germ tube
antibody (CAGTA) accurately differentiated Can-
dida colonization from invasive candidiasis in 176
critically ill patients diagnosed with a severe intra-
abdominal condition, with a sensitivity of 90.3% [26].
Moreover, the combined use of the tests showed a
NPV of 93.9% as long as BDG value was below 259
pg/mL and the CAGTA resulted negative [26]. Other
studies have confirmed previous findings, reporting
a sensitivity and a NPV superior to 90% when BDG
and CAGTA were used in combination [12,27]. This
could help clinicians detect patients who might ben-
efit from starting empirical treatment or those who
will not [27]. In another study, Xie et al. evaluated
the use of a Candida PCR targeting the ITS region in
peritoneal fluid samples from ICU surgical patients
at high risk of IAC [28]. The assay showed sensitiv-
ity, specificity, PPV, and NPV values of 64.7%, 89.4%,
90.8%, and 61.1%, respectively. Combining Candida
PCR with BDG increased PPV but decreased sensitiv-
ity. Importantly, DNA amplification and culture results
were concordant in all but one case of mixed Candida
infection.

Among all molecular methods, T2Candida (T2 Bio-
systems, Lexington, Massachusetts) stands out. It
is an innovative nanodiagnostic panel that uses T2
magnetic resonance (T2MR) combined with PCR
amplification to detect Candida directly in whole
blood samples [29]. The panel is able to detect up to
5 Candida species (C. albicans, C glabrata, C. parapsi-
losis, C. tropicalis, and C. krusei) and does not require
the yeasts to be viable for culture. Some studies
have shown good sensitivity values around 90% [29],
and faster mean time to detection compared to blood
culture and species identification [30]. Moreover, the
mean time to receiving targeted antimicrobial ther-
apy and to empirical therapy de-escalation were
significantly faster with T2MR. Likewise, the mean
length of ICU admission and the mean length of hos-
pital stay was shorter with T2MR. However, T2MR
was not superior to blood culture in terms of allo-
cating patients at the highest risk of mortality [30].
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Altogether, available data suggest that T2MR might
eventually improve diagnostic accuracy and be
used in combination with other microbiological
techniques, thus limiting the use of inappropriate
treatment and the risk of resistance emergence to
antifungal drugs [31]. Nevertheless, some limitations
are worthy mentioned, such as the incapability to
detect concomitant bacteremia, the limited number
of Candida species detected, the impossibility to
provide antifungal susceptibility data, its high cost,
and limited data from patients with IAC [31]. A recent
study compared the use of T2Candida and BDG for
the diagnosis of IAC in 134 patients admitted to the
ICU or high-dependency unit due to gastrointesti-
nal or necrotizing pancreatitis [32]. Thirteen (10%)
patients were diagnosed with IAC with only two of
them (15%) presenting concurrent candidemia.
T2Candida had lower sensitivity than BDG (36% vs.
82%) but showed excellent specificity and negative
predictive value (97% and 94%, respectively). A sim-
ilar study evaluated T2Candida in 48 high-risk ICU
patients with proven IAC in 18 (37.5%) of them [33],
with only 2 patients having also candidemia. T2Can-
dida sensitivity/specificity and positive/negative
predictive values were 33%/93% and 71%/74%,
respectively. Interestingly, IAC was present in 100%
of cases with concordant positive T2Candida/BDG
and absent in 90% of concordant negative results.

2.3 What are the causative species most
frequently implicated in IAC? Are Candida
polyfungal infections common?

Several recent studies have assessed the trend of Can-
dida spp. isolated in patients diagnosed with invasive
candidiasis. A Spanish tertiary care center studied 166
incident yeast isolates causing fungemia in patients
admitted from January 2020 to December 2022,
and compared the epidemiology with the one found
in two previous periods (2007-2013 and 2014-2019,
respectively) [34]. C. albicans was the most frequent
isolated specie, although the proportion of isolates
started to recede in favor of C. tropicalis and C. para-
psilosis. Only in 3 patients (1.8%), two Candida spp.
were concomitantly isolated. Antifungal resistance
remained low, showing a stable fluconazole resis-
tance rate, an extremely low echinocandin resistance
rate, and no resistance to L-AmB [34]. Another pro-
spective study assessed Candida spp. isolates from
the bloodstream and the intra-abdominal cavity from
patients admitted to 16 Spanish hospitals located
in Madrid, Spain, between 2019 and 2021 [35]. Over-
all, 2,107 Candida isolates from 1,895 patients were
analyzed, including blood cultures (n = 1089 [51.7%))
and intra-abdominal samples (n = 1018, [48.3%]).
C. albicans was the most frequent species in both sam-
ple types. While C. parapsilosis was the second most

common cause of fungemia, C. glabrata complex was
the second most frequent species in intra-abdominal
samples, accounting for nearly a quarter of positive
cases [35]. Interestingly, 130 patients (6.9%) yielded >
2 different species simultaneously isolated from sam-
ples collected in the intra-abdominal cavity (n = 104
[5.5%]) or the bloodstream (n = 26 [1.4%)]) [35].

2.4 Which is the incidence of infections caused
by azole- and/or echinocandin-resistant
isolates? Could IAC be a hidden reservoir of
strains resistant to antifungals?

Due to the increasing numbers of infections caused
by fluconazole-resistant and echinocandin-resistant
Candida isolates, the interest on identifying unrecog-
nized niches that could favour resistance to antifun-
gal drugs has grown. For example, in the previously
mentioned study [35], fluconazole resistance in
C. glabrata isolates was observed in 5.4% of fungemia
cases, whereas this percentage nearly doubled to
9.8% in intra-abdominal isolates. Notably, no resis-
tance to L-AmB was reported. Another retrospec-
tive study, which included 1,103 samples from 507
patients, described the antifungal resistance profile
according to different anatomical compartments:
bloodstream (n = 152), normally sterile sites, such as
the abdominal cavity, deep organs and deep-seated
soft tissues (n = 288), and nonsterile sites, such as
the skin and mucosa, the lower respiratory tract and
the urine (n = 663) [36]. C. albicans was the most
frequent isolate, regardless of the anatomical com-
partment (63%), while C. glabrata (26.9%) was the
second most frequently isolated species in the sam-
ples retrieved from the abdominal cavity. A total of
18 patients (3.6%) were diagnosed with fluconazole-
resistant (2.2%) or echinocandin-resistant (1.8%) iso-
lates. No resistance to L-AmB was detected. Most
patients with fluconazole-resistant and echinocandin-
resistant isolates had been previously treated with
azoles (63%) and echinocandins (89%), respectively.
Fluconazole and echinocandin resistance rates were
more frequent in samples collected from the abdomi-
nal cavity than from the other studied compartments
(3.2% and 3.2%, respectively) [36]. Moreover, the iso-
lates of C. glabrata collected from the abdominal cav-
ity also tended to show a higher rate of fluconazole
resistance (11.9% vs 3.2%) and echinocandin resis-
tance (7.1% vs 3.2%) than the isolates of C. glabrata
retrieved from the blood cultures. Compartmentaliza-
tion of antifungal resistance was detected in 6 of 15
patients diagnosed with invasive candidiasis. Except
from one patient, the remaining five had susceptible
isolates in blood cultures, whereas the resistant iso-
lates originated mostly from the abdominal cavity.
The authors concluded that antifungal resistance
was mainly associated with Candida glabrata isolates
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collected from the abdominal cavity, that resistant
isolates were most frequently detected in patients
with prior antifungal treatment, that some patients
exhibited resistance compartmentalization, and that
resistance could be overlooked if testing was per-
formed solely on bloodstream isolates. [36]. A more
recent study, which included 308 intra-abdominal iso-
lates from 112 patients treated at 7 hospitals located
in Madrid from 2019 to 2022, tested for antifungal
drug resistance in the initial and sequential isolates
from the same species [37]. Overall, fluconazole
resistance was detected in 15 of 112 patients (13.4%)
and echinocandin resistance in 10 of 112 (8.9%)
patients, respectively. No resistance to L-AmB was
observed. Resistance would have been overlooked
in 11 of 18 patients (61.1%) if only incident isolates
had been studied, and it was mainly associated with
echinocandin-resistant Candida glabrata. Approxi-
mately, 26.7% and 80% of patients with fluconazole or
echinocandin-resistant isolates had received or were
receiving fluconazole or echinocandins, respectively.
The authors concluded that the abdominal cavity
could be a reservoir of antifungal resistance, espe-
cially echinocandin-resistant C. glabrata, and sug-
gested that testing only incident isolates could have
led to underestimating echinocandin resistance in a
significant number of patients [37]. In line with this,
an earlier study by Shields et al. found echinocandin
failure in 13 of 25 (52%) patients with intraabdomi-
nal candidiasis [38]. Notably, 24% (6/25) of patients
were infected with FKS mutant Candida, a finding that
was significantly more frequent in those with echino-
candin breakthrough infections (45% vs 6%, p=0.03),
reinforcing the concept of a hidden reservoir for resis-
tance development.

3. PK/PD particularities of the antifungal
treatment when treating patients
diagnosed with IAC

Pharmacokinetics (PK) refers to the processes that
affect a drug administered to a patient and encom-
passes four phases: absorption of a drug from the
site of administration, distribution throughout the
body, metabolism, and excretion. In turn influence its
concentration at the targeted site of action. These
processes ultimately condition both the therapeu-
tic and the adverse effects observed in the patient
[39]. In contrast, pharmacodynamics (PD) refers to
the interaction between the antifungal agent and the
fungal organisms, and that interaction dictates the in
vitro profile of activity of the drug in question. In the
clinical scenario, the interaction among the patient,
the drug and the microorganism can be studied by
means of the PK/PD interaction and such relation-
ship can be affected when changes on PK, PD, or both

occur. Differences in patient-specific factors (e.g.
age, severity of the disease, and interaction between
drugs), or loss of antifungal susceptibility in isolates
causing infections can lead to unpredictable changes
in PK/PD parameters, and account for much of the
interindividual discrepancies in drug response. Criti-
cal ill patients usually show expanded cardiac output,
leaky capillaries, altered protein binding, and renal
and hepatic dysfunction, which affects the clearance
and the volume of distribution [40]. As such, critically
ill patients usually show significant changes on the
drug’s PK/PD parameters that can greatly affect opti-
mal pharmacotherapy and, ultimately, the patient’s
outcome [39,40]. The characteristics of the most
common antifungal drugs used in the clinical practice
are shown in Table 3.

In summary, three main factors contribute to the
high risk of suboptimal antifungal concentrations
in patients with 1AC. First, hydrophilic antifungals,
such as echinocandins, are significantly affected by
increased volume of distribution (Vd) and enhanced
renal clearance, both situations commonly occurring
in post-surgical and ICU patients. Second, molecu-
lar weight and protein binding further influence drug
concentrations and the likelihood of achieving thera-
peutic targets. Finally, many antifungals exhibit poor
penetration into intra-abdominal sites, limiting their
effectiveness in deep-seated infections, and posing
a risk for potential development of antifungal resis-
tance. A prospective, multinational study performed
in 68 ICUs across Europe, which included critically
ill patients treated with fluconazole (n = 15), anidu-
lafungin (n = 9), and caspofungin (n = 7), assessed
the PK/PD indexes of these drugs at 3 different time
points: 30 minutes after completing the intravenous
infusion, halfway through the dosing interval, and
at the end of the dosing interval [41]. ICU-admitted
patients showed greater interindividual variability and
lower drug exposures for all three antifungals com-
pared to non-critically ill patients and healthy volun-
teers. Notably, 33% of patients receiving fluconazole
failed to attain the PK/PD target required for optimal
outcome [41]. A study conducted in Belgium, in which
L-AmB exposure and PK parameters were assessed
and compared in two cohorts of critically ill patients
(n=31) and non-critically ill patients (including hema-
tological disease patients and healthy volunteers),
described a considerable intra- and intersubject vari-
ability in L-AmB [42]. No covariates explaining this
variability were identified, including patient-related
characteristics [42].

The body weight and the body mass index can influ-
ence the PK/PD parameters of antifungal drugs.
Interestingly, an analysis of population-based stud-
ies concluded that, by 2025, approximately 1 out of 5
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Table 3. Characteristics of the most common antifungal drugs used for invasive candidiasis

Route
Daily PO, IV
Twice daily PO, IV

Antifungal Dose
Fluconazole

Voriconazole

Adverse events

Hepatoxicity, drug-drug interactions

Hepatoxicity, significant drug-drug interactions, visual and auditory

hallucinations photosensitivity, and mental confusion

Anidulafungin Daily 1%
Caspofungin Daily v
Micafungin Daily 1%
Rezafungin Weekly v
L-AmB Daily v

Infusion reaction
Infusion reaction
Infusion reaction

Infusion reaction

Infusion reactions, nephrotoxicity, hypokalaemia

IV: intravenous; L-AmB: Liposomal amphotericin B; PO: per os.

individuals will be obese and 1 out of 15 will be diag-
nosed with severe obesity [43]. An observational PK
study conducted at an Australian tertiary referral ICU,
which included adult non-obese (n=11), obese (n = 6)
and morbidly obese patients (n = 4), receiving fluco-
nazole either as prophylaxis or targeted treatment for
Candida spp. infections, concluded that the standard
fluconazole dose (200 mg daily) was insufficient to
treat susceptible C. albicans and C. tropicalis isolates
in all three groups of patients [44]. The authors sug-
gested that a weight-based loading dose of 12 mg/kg
followed by a daily maintenance dose of 6 mg/kg,
adjusted by renal function, was a better approach
to optimize treatment with fluconazole in obese and
morbidly obese patients [44]. A PK study conducted in
11 morbidly obese critically ill adult patients, 10 non-
obese critically ill patients, and 10 obese non-critically
ill patients who received micafungin for invasive candi-
diasis (IC) reported inadequate micafungin exposure
with the standard 100 mg/24 hours dose, regardless
of the Candida species or the patient’s weight. [45].
The authors recommended increasing the dose of
micafungin to 150 mg/24 hours to treat C. albicans
infections in patients weighing up to 115 kg and 200
mg/24 hours for those surpassing this weight. In the
case of infections produced by C. glabrata, a dose
of 200 mg/24 hours was recommended for patients
weighing up to 115 kg [45]. A different study that
determined the PK parameters of anidulafungin in 12
normal-weight subjects and 8 obese subjects con-
cluded that body weight influenced both the clearance
and the volume of distribution of the drug, and that
a 25% increase in both the loading and maintenance
doses could be considered in patients weighing more
than 140 kg [46]. Similar findings were also described
in the case of caspofungin, suggesting that doses
higher than 70 mg/24 hours could be needed to reach

PK/PD targets in morbidly obese patients admitted
to the ICU [47]. Finally, a prospective PK study in 16
healthy adults with a BMI > 40 kg/m? who received
L-AmB, concluded that a body weight-derived dosing
could be associated with an increased risk of toxic-
ity in these patients, since L-AmB clearance was not
affected by the body weight [48]. The authors recom-
mend using the licensed 3 or 5 mg/kg dose and limit
the dose to a maximum weight of 100 kg, resulting in
a 300- or 500-mg fixed dose, respectively [48].

Many critically ill patients, while in the ICU, require
renal replacement therapy (RRT), which can influence
the overall PK/PD parameters of many antifungal
drugs. A Japanese study evaluated the PK properties
of fluconazole in 4 patients being treated by contin-
uous hemodiafiltration [49]. Different doses of flu-
conazole (200 mg, 400 mg and 800 mg/24 hours)
and different dosing regimens (400 mg/12 h or 800
mg/24 hours) were assessed. The authors reported
that the calculated half-life of the elimination phase
was significantly lower while on continuous hemodi-
afiltration, which demonstrated that fluconazole was
efficiently removed from the circulation. The authors
also reported that a dose of fluconazole below 400
mg/24 hours did not reach the trough concentration
target and that there was no significant difference in
the PK parameters between the dosing regimen of
400 mg/12 hours and 800 mg/24 hours. As such, the
authors advocated a dose of fluconazole at 500-600
mg/12 hours in critically ill patients during continuous
hemodiafiltration [49]. Two studies, which included 10
and 12 critically ill patients diagnosed with suspected
or proven IC, who were treated with anidulafungin for
at least 3 days while undergoing continuous veno-
venous hemofiltration (CVVH) and continuous veno-
venous hemodiafiltration (CVVHD), respectively. The
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studies concluded that anidulafungin was not elim-
inated from the circulation by hemofiltration, and
thus, the conventional dose (loading dose of 200
mg/24 hours on the first day and 100 mg/24 hours on
consecutive days) was recommended in these
patients [50,51]. Studies which also assessed the
impact of CVVH or CVVHD on micafungin and caspo-
fungin concentrations similarly concluded that these
antifungal drugs were not removed from circulation
and that dose adjustment was not needed [52,53].
Finally, a Japanese retrospective, multicenter, obser-
vational study evaluated the use of liposomal ampho-
tericin B (L-AmB) in patients undergoing maintenance
hemodialysis (n = 24) and continuous RRT (n = 19),
and compared them with patients not receiving these
therapies (n = 842). The study reported that the daily
and cumulative doses, treatment duration, dosing
interval, and incidence of adverse effects were not
significantly different between groups. [54]. The
authors concluded that no adjustment was neces-
sary in the case of L-AmB.

Extracorporeal oxygenation membrane (ECMO) can
interfere with the PK/PD parameters of antifungal
drugs. A study concluded that protein-bound drugs
appear to be more significantly sequestered in ex
vivo ECMO circuits [55]. Blood levels of voriconazole,
caspofungin and L-AmB were assessed in a 31-year-
old critically ill woman who was treated for an Asper-
gillus tracheobronchitis while on ECMO [56]. The
blood concentrations of voriconazole and caspo-
fungin were reported as low or undetectable, whereas
the levels of L-AmB were within the therapeutic range.
The authors recommended monitoring the levels of
voriconazole and caspofungin in blood to assure ade-
quate concentrations and opting for the use of L-AmB
in patients that require ECMO and are diagnosed with
an IFI [56]. However, more studies in such patients are
warranted.

Recently, there is a rising concern that the abdominal
cavity could be a potential source of Candida resis-
tance to antifungal drugs. A prospective PK study
included 23 critically ill patients with suspected
IAC admitted to the Anesthesiology and Surgical
Critical Care Department of a Spanish tertiary care
centre [57]. Serum and peritoneal concentrations of
caspofungin (n = 8), micafungin (n = 4) and anidulafungin
(n=11) were measured after 4 days of therapy (steady
state) at baseline and at 1, 6, 12 and 24 hours post-
administration. Echinocandins exhibited mild to
moderate penetration into the peritoneal fluid, with
peritoneal fluid-to-serum ratios ranging from a max-
imum of 27% for anidulafungin to a minimum of
13.1% for caspofungin. Median peritoneal fluid con-
centrations varied as follows: 0.66-1.82 mg/mL for

anidulafungin, 0.68-0.88 mg/mL for micafungin, and
0.21-0.46 mg/mL for caspofungin. The authors con-
cluded that these concentrations might be sufficient
to achieve optimal PK/PD targets for C. albicans in
IAC cases but could be inadequate for other species
such as C. glabrata, C. parapsilosis, C. krusei, and
C. tropicalis. Furthermore, these levels were below
the threshold for selecting resistant mutants, partic-
ularly for C. parapsilosis and C. glabrata, potentially
posing a niche for resistance development in patients
with prolonged echinocandin therapy and subopti-
mal control of abdominal source [57]. Interestingly, a
report on the plasma, ascites and bile concentrations
of fluconazole in 3 liver transplant recipients who
had been diagnosed with IAC determined that the
ratio of the area under the concentration-time curve
to the MIC (AUC/MIC) was well above the therapeu-
tic ratio suggested by the British Society for Medi-
cal Mycology (>600 vs >100, respectively) [58]. IAC
was resolved in all patients, and no recurrence was
diagnosed in the following month [58]. Also, a retro-
spective, observational study evaluated the steady-
state plasma and peritoneal levels of L-AmB in six
liver transplant recipients. L-AmB was administered
as prophylaxis in three patients and as treatment for
Candida albicans IAC in three patients. The study
reported that although L-AmB levels in the peritoneum
were significantly lower than in plasma (P < 0.01), all
concentrations remained within the target therapeu-
tic range. [59]. Nonetheless, more clinical studies
are required to better evaluate the PK properties of
L-AmB in the plasma and the peritoneal fluid [59].
Finally, two new antifungals will soon be available
for the treatment of IAC. Rezafungin, a novel echino-
candin, has an extended half-life and improved tissue
penetration compared to other echinocandins [60].
Due to its front-loaded exposure and higher tissue
penetration, rezafungin may be associated with a
lower risk of resistance emergence compared to the
other echinocandins. Ibrexafungerp, a member of
the new terpenoid family of antifungals, inhibits the
production of BDG through non-competitive inhibi-
tion of the 1.3-betaglucan synthase complex, similar
to echinocandins. Ibrexafungerp has demonstrated
excellent tissue penetration in the liver, lung, kidney,
spleen, skin and bone, and a murine model confirmed
its strong penetration into fungal abscesses in the
liver, with prolonged therapeutic exposure [61]. How-
ever, clinical experience with both agents is currently
lacking, and further evidence is needed to confirm
their efficacy and safety.
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4. Clinical management of patients with
IAC

4.1 What are the classic risk factors for the
development of IAC? What are the new risk
factors?

IAC is a severe infectious disease, with a mortality
rate as high as 60%. A prospective, observational
study performed in an Indian Hospital, conducted
from 2016 to 2018, assessed the incidence of Can-
dida spp. in the peritoneal fluid of patients diagnosed
with perforation peritonitis, as well as the outcome of
the patients [62]. A total of 70 patients were included,
with Candida spp. being isolated in the peritoneal
fluid in 18 patients (25.7%). Patients with Candida
peritonitis had a higher APACHE Il score (11.00 vs
8.94, P < 0.0409), and required a longer ICU stay
(6.28 days vs 1.37 days, P = 0.0019) and hospital
stay (24.6 days vs 10.6 days, P = 0.0002). The overall
mortality rate was 17.1%. Noteworthy, patients with
an intra-abdominal positive fungal culture had a mor-
tality rate significantly higher than patients without
a positive culture (7/18 [38.9%] vs 5/52 [9.60%], P <
0.001) [62]. The poorer prognosis in patients with IAC
could be explained by the aggressiveness of Candida
and its ability to invade the parenchymal organs. For
example, a study performed in mice, reported that
4 hours after the intraperitoneal infection, both yeast
and pseudohyphal morphology cells were perceived
as adhering to the liver, the pancreas and the spleen
tissue [63]. Approximately, 8 to 24 hours after the
infection, a significant invasion of all tissues from
the intraperitoneal cavity had taken place without an
inflammatory response [63].

To diminish the mortality associated with IAC, it is
important to identify the risk factors for the develop-
ment of IC. Patients with such factors would benefit
from the prescription of a prompt antifungal treat-
ment. Classic risk factors include barrier disruption
(e.g., gastrointestinal surgery, chemotherapy-induced
mucositis or extensive burns), dysbiosis (following
the prescription of broad-spectrum antibiotics), and
immunosuppression (e.g., stem cell or solid organ
transplantation, and profound/prolonged neutrope-
nia) [64-66]. Candida colonization, total parenteral
nutrition, ICU stay, use of indwelling central venous
catheters, hemodialysis or peritoneal dialysis, dia-
betes, blood transfusion and genetic susceptibility
to invasive candidiasis (e.g.,, TAGAP-deficiency) are
other risk factors identified in systematic reviews
and meta-analysis studies [64-68]. Finally, patients
admitted to the ICU after emergency gastrointestinal
surgery who showed a higher disease severity (indi-
cated by a higher APACHE Il score and lower initial
blood pressure) had an increased risk of developing

IC during their hospital stay and could benefit from an
earlier antifungal treatment [69]. Table 4 summarizes
the known risk factors for IC.

Different studies have also specifically addressed
the risk factors for developing IAC. A retrospective
case-control study, performed in 26 European ICUs
from 2015 to 2016, included adult patients diagnosed
with a microbiologically documented IAC (cases) and
patients who had not developed IAC (controls) [3].
A total of 101 cases and 101 controls were included.
C. albicans was the most common isolated species
(58.4%), followed by C. glabrata (15.8%). Interest-
ingly, concomitant blood cultures were only positive
in 7 patients, and 16.8% of patients had, at least,
2 different Candida species identified. A multivariate
analysis identified recurrent gastrointestinal perfo-
ration, anastomotic leakage, abdominal drain and
prior prescription of antifungals or antibiotics drugs
for 7 or more days as risk factors for IAC [3]. A dif-
ferent single-centre, retrospective case-control study
which included 250 adult patients diagnosed with an
intra-abdominal infection (125 cases and 125 con-
trols), also reported that, besides upper gastrointesti-
nal surgery, exposure to corticosteroids (prednisone
> 20 mg equivalent for > 2 weeks), and mechanical
ventilation were independent risk factors for devel-
oping IAC [70].

Based on these identified risk factors, several pre-
dictive scoring systems for IAC have been pro-
posed. Dupont et al. built a scoring system based
on 4 parameters: length of stay before surgery for >
48 hours, peri-operative cardiovascular failure, gen-
eralized peritonitis and upper gastrointestinal tract
perforation [71]. This score had a high NPV and was
especially useful for discarding the need for empir-
ical antifungal treatment. Significantly, patients
diagnosed with IAC based on a yeast-positive peri-
toneal fluid culture had higher severity scores and a
threefold increase in mortality risk [71]. Finally, Li et
al. suggested a scoring system based on C-reactive
protein-to-albumin ratio, neutrophil-to-lymphocyte
ratio, BDG positivity, and some clinical factors (sep-
sis, total parenteral nutrition, broad-spectrum antibi-
otic and SOFA score) [72]. This score was principally
aimed at identifying patients with high risk of devel-
oping IC, and that could benefit from early empirical
antifungal treatment.

4.2. How does empirical treatment impact on
mortality or the development of antifungal
resistance?

As previously mentioned, IAC is a severe disease
associated with prolonged ICU and hospital stays,
as well as an increased risk of mortality. Therefore,
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Table 4. Risk factors for IC in critically ill patients

Besides Candida spp. colonization, the following risk factors have been related to IC and IAC:

Dlsruptlon of the mucosal integrity
+ Gastrointestinal perforation
+ Gastrointestinal surgery
* Necrotizing pancreatitis
+ Chemotherapy-induced mucosities
+ Urinary tract instrumentation

Dlsruptlon of the skin integrity
+ Extensive burns
+ Indwelling intravascular catheters
+ Hemodialysis or peritoneal dialysis
+ Total parenteral nutrition
+ Intravenous drug use

Dysbiosis
+ Broad-spectrum antibiotics

Immunosuppression
+ Profound and prolonged neutropenia

+ Hematopoietic stem cell and solid organ transplantation

+ Use of corticosteroids
+ Genetic susceptibility to IC

Others
+ Long-term stay in the ICU
+ Mechanical ventilation

IAC: intra-abdominal candidiasis; ICU: intensive care unit; IC:

optimizing treatment is crucial to improving out-
comes for patients diagnosed with IAC. A retrospec-
tive, multicentre, multinational study, conducted
across 13 hospitals in 4 countries over a three-year
period (2011-2013), addressed the risk factors
associated with mortality in patients with IAC [5].
Adult patients admitted in surgical wards, ICUs and
medical wards, such as internal medicine, hematol-
ogy, or oncology were included. IAC was diagnosed
according to the following criteria: Candida detection
or growth from purulent or necrotic intra-abdominal
specimens (including surgical, percutaneous aspira-
tion and biliary samples, and/or biopsies obtained
from intra-abdominal samples), Candida isolated
from blood cultures in patients with secondary and
tertiary peritonitis, and Candida growth from drainage
tubes if placed less than 24 hours before the cultures
were obtained. A total of 481 patients were included
in the study. Overall, 252 (52.4%) and 131 (27.2%)
patients were hospitalized in the surgical ward and
the ICU, respectively. C. albicans (64%) and C. gla-
brata (16%) were the most commonly isolated yeasts.
Echinocandins were the most frequently prescribed
initial antifungal agent (63.8%). The 30-day mortality

invasive candidiasis

rate was 26.8%. In the multivariate analysis, sev-
eral factors were independently associated with an
increased risk of mortality, including age (OR 1.05),
APACHE Il score at diagnosis (OR 1.05), secondary
peritonitis (OR 1.72), septic shock (OR 3.29), lack of
source control (OR 3.35), and inadequate antifungal
therapy (OR 1.81) [5]. Similar results were observed
in a single-centre, retrospective study conducted in
Pittsburgh, USA, which analysed 163 cases of IAC
over two years [73]. The most common types of IAC
were intra-abdominal abscesses (55%, 89/163) and
secondary peritonitis (33%, 53/163). The 30-day mor-
tality rate was 20% (32/163). Among all patients with
IAC, younger age, the presence of an abscess and
early source control were independently associated
with survival. However, when focusing specifically
on cases of secondary peritonitis or abscesses origi-
nating from gastrointestinal tract sources, early anti-
fungal therapy was independently associated with
survival (OR 0.3 for mortality).

Echinocandin resistance is an emerging clinical prob-
lem and is especially challenging in the cases of
C. glabrata [74]. As previously reviewed, the abdominal
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cavity has been identified as a potential source of
C. glabrata drug-resistant isolates, and the emergence
of resistance was mostly associated with insufficient
antifungal exposure [36]. Additionally, a gastrointes-
tinal colonization and systemic dissemination model
for C. glabrata performed in mice demonstrated that
treatment with echinocandins could lead to the devel-
opment of resistant mutants within the gastrointesti-
nal tract [75]. These mutant clones could afterwards
disseminate. As such, antifungal stewardship and
optimization of therapy, including empirical treat-
ment, is mandatory.

Several studies have assessed the use of BDG for
guiding antifungal treatment. A randomized, multi-
centre, controlled clinical trial conducted between
2016 and 2019 across 18 ICUs investigated the
value of BDG in guiding early antifungal treatment
in septic patients at high risk for IC [76]. Patients in
the control group (n = 167) received targeted antifun-
gal therapy driven by culture results, whereas those
in the BDG group (n = 172) received antifungals if
at least one of two consecutive BDG samples taken
during the first two study days was = 80 pg/mL.
Although antifungal use was significantly higher in
the BDG group compared to the control group (48.8%
vs 12.0%), there were no differences in hospital or
ICU length of stay, nor in 28-day mortality between
the two groups. The authors concluded that this
strategy could lead to unnecessary treatments and
increased cost per patient, at least with the reported
incidence of IC (14%) [76]. Nevertheless, other stud-
ies have shown that BDG may be useful for safely
discontinuing empirical antifungal treatment [77].
An open-label clinical trial randomly assigned sep-
tic patients receiving empirical antifungal treatment
for presumed Candida infection into two groups: one
in which antifungal treatment was stopped if BDG
was negative (cases) and another in which therapy
continued based on clinical criteria (controls) [77]. A
total of 53 patients were included in the BDG group,
while 55 were in the control group. The number of
complications during follow-up and the 30-day mor-
tality rate were similar between both groups (28.3%
[BDG group] vs 27.3% [control group], P = 0.92). How-
ever, patients in the BDG group had a significantly
shorter duration of antifungal treatment (median
[IQR]: 2 days [1-3] days vs 10 [6-13] days, P < 0.001).
Additionally, there was also a notable decrease in
antifungal treatment costs with echinocandins (708€
[185.6-1071.5] vs 1320€ [618.5-30,149.5], P = 0.07).
The authors concluded that BDG could serve as a
reliable antifungal stewardship tool in critically ill
septic patients at risk of IC by reducing the duration
of the empirical antifungal therapy [77]. Nonetheless,
further studies are warranted.

4.3. What are the guideline recommendations
on this entity? What is missing from these
guidelines?

Most guidelines recommend echinocandins for the
empirical treatment of Candida infections [78], while
L-AmB should be prescribed if there is intolerance or
resistance to echinocandins and azoles [7,79]. Specif-
ical choice of antifungal therapy for IAC is commonly
in line with recommendations for candidemia [80].
However, evidence comparing the different antifun-
gals in IAC is missing, and there are concerns regard-
ing echinocandin efficacy in this setting. Azoles,
for susceptible Candida spp., and L-AmB, for azole-
resistant species, might be adequate alternatives.

Unfortunately, as previously reviewed, several unan-
swered questions remain concerning the optimiza-
tion of the diagnosis and management of IC in the
ICU, such as the identification of patients at risk, drug
dosing and monitoring of treatment response [65].
The EPICO.4 was a Spanish high-level consensus
document based on the Delphi methodology, involv-
ing 60 specialists from different hospitals. A series
of recommendations were issued regarding the opti-
mization of the management of non-neutropenic
critically ill patients at risk of developing invasive can-
didiasis. Moreover, an easy-to-follow algorithm (the
MAGICS algorithm) for the diagnosis and treatment
of IC in critically ill patients was also established [81].
The EPICO.3 specifically addressed the diagnosis and
management of post-surgical patients with compli-
cated intra-abdominal infection and surgical patients
with prolonged ICU stays. An easy-to-follow algorithm
was also established for these patients [82].

4.4. Could the treatment be individualized?

IAC remain a challenging infection to manage in
critically ill patients, with several areas of uncer-
tainty. While guidelines have helped to standard-
ize treatment approaches, they often lack specific
recommendations for critically ill patients. Conse-
quently, many experts now advocate for individu-
alized treatment strategies based on the severity
of infection, the site of infection, and the isolated
pathogenic microorganism, with the goal of opti-
mizing the antifungal drug exposure at the site of
the infection [10,83]. L-AmB exhibits strong activity
against Candida spp., has a very low risk of induc-
ing antifungal resistance, and is effective against
biofilm formation [10]. Given these advantages and
the therapeutic challenges posed by IAC, it is reason-
able to consider a potential role for L-AmB in specific
clinical scenarios (Figure 1), including: i) Patients
with deep-seated candidiasis or infections in sites
where antifungal penetration and diffusion is limited
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Due to the challenges posed by intra-abdominal candidiasis,
and the specific advantages of L-AmB, we speculated that
L-AmB could play a pivotal role in...

Deep-seated candidiasis or in sites that hinder antifungal
penetration and diffusion (e.g., CNS, endocarditis,
endophthalmitis, peritonitis), moreover if caused by
echinocandin- or azole-resistant Candida

Catheter-associated candidiasis (intravenous or peritoneal)
where catheter removal is challenging (e.g., ECMO) or with
intra-abdominal abscesses that cannot be surgically or
percutaneously drained

Patients previously treated
with echinocandins or fluconazole

Patients with mixed fungal infections
(e.g., yeast and filamentous fungi)

Worsening B-D glucan results despite empirical or targeted antifungal
treatment, and with apparently adequate source control

L-AmB could be considered as a front-line treatment for intra-abdominal candidiasis,
with subsequent de-escalation based on clinical response and microbiological findings

Figure 1. Potential role for L-AmB in specific clinical scenarios

(e.g., central nervous system, endocarditis, endoph-
thalmitis, peritonitis), particularly when caused
by echinocandin- or azole-resistant species such
as C. krusei, C. glabrata, C. auris, or C. parapsilosis;
ii) Patients with catheter-associated candidiasis
(intravenous or peritoneal) where catheter removal
is challenging (e.g., ECMO) or with intra-abdomi-
nal abscesses that cannot be surgically or percu-
taneously drained; iii) Patients with mixed fungal
infections (e.g., yeast and filamentous fungi) [83];
iv) Patients previously treated with echinocandins or
fluconazole; v) Patients showing worsening BDG lev-
els despite empirical or targeted antifungal treatment
and apparently adequate source control.

In fact, since early antifungal therapy is crucial to
preventing biofilm formation and improving patient
outcomes, some authors have suggested that L-AmB
should be considered a front-line treatment for 1AC,
with subsequent de-escalation based on clinical
response and microbiological findings [10]. Recently,
a prospective, interventional phase 2 Italian study
assessed the safety of pulsed high-dose L-AmB
(5 mg/kg/day) in patients with suspected IAC man-
aged with a BDG-guided strategy [84]. A total of 40
patients were enrolled. Following the microbiologi-
cal tests at baseline (blood cultures, Gram stain and
culture of intra-abdominal samples, and serum BDG
determination), a loading dose of 5 mg/kg L-AmB
was administered on day 1. On day 3, the decision to
continue antifungal treatment dosage (standard dose
3 mg/kg/day) was based on the baseline BDG result.
In the case of a negative baseline BDG result (< 80

pg/mL), antifungal therapy was discontinued. If the
baseline BDG result was significantly positive (> 200
pg/mL) or IAC was confirmed by a culture result, the
patient continued antifungal treatment for 7-14 days,
as per the decision of the attending physician. In the
case of a borderline positive BDG result (80-200 pg/
mL), antifungal treatment was continued at the stan-
dard dose and was subsequently driven by BDG results
on days 5, 7 and 14. Patients were followed up to 30
days after drug discontinuation. None of the patients
with a negative baseline BDG result developed an IFI,
whereas empirical antifungal therapy was stopped
promptly. The authors concluded that a single high
dose of L-AmB in critically ill patients with severe intra-
abdominal disease was safe, and that when coupled
with a BDG-guided strategy to rule out IC and/or IAC, it
could lead to a reduction in antifungal exposure [84].
Based on these findings, a recent Italian consensus
document promoted by the Multidisciplinary and
Intersociety Italian Council for the Optimization of
Antimicrobial Use, now recommends a pulse dose
of L-AmB (5 mg/kg/day) as preemptive treatment in
patients at high risk for IAC while BDG results are still
pending [85].

5. Conclusions

IAC remains a significant challenge in critically ill
patients, with high morbidity and mortality rates.
Despite advancements in antifungal therapy and
diagnostic methods, timely identification and appro-
priate treatment remain critical for improving patient
outcomes. Standard microbiological diagnostics,

30



Rev Esp Quimioter 2025; 38(6): 19-35

including blood cultures, often lack sensitivity, lead-
ing to delays in treatment. Non-culture-based meth-
ods, such as B-D-glucan (BDG) and PCR, have shown
promising in aiding early diagnosis and guiding
antifungal therapy. However, their predictive value
remains variable, necessitating further validation.
The abdominal cavity has been identified as a hidden
reservoir for antifungal resistance, particularly for
echinocandins. Sequential collection of isolates for
antifungal susceptibility testing seems essential.

Critically ill ICU patients exhibit significant intra-
and inter-individual variability in antifungal PK/PD.
Obese and morbidly obese patients may require
higher antifungal doses, except for L-AmB, whose
clearance is unaffected by body weight. While flu-
conazole may need dose adjustments in patients
undergoing RRT, echinocandins and L-AmB are not
significantly impacted. ECMO can reduce blood lev-
els of voriconazole and caspofungin but has minimal
effect on L-AmB, which remains within the therapeu-
tic range. These factors highlight the need for individ-
ualized dosing strategies in ICU patients. Empirical
antifungal therapy is crucial for reducing mortality,
particularly in patients with septic shock and high-
risk features. However, unnecessary antifungal use
can drive resistance and increase healthcare costs.
Studies suggest that BDG-guided antifungal stew-
ardship can safely reduce treatment duration without
compromising outcomes.

Echinocandins remain as the first-line antifungal
agents for IAC, but their penetration into the perito-
neal cavity is suboptimal, and resistance—especially
in C. glabrata—is an emerging concern. L-AmB offers
broad-spectrum activity, low resistance potential,
and biofilm inhibition, making it a viable alternative
in specific clinical settings. New antifungals, such as
rezafungin and ibrexafungerp, offer improved phar-
macokinetics and tissue penetration, but clinical
experience remains limited. Future research should
focus on optimizing antifungal selection, refining
diagnostic algorithms, and enhancing treatment indi-
vidualization based on patient-specific factors. Ulti-
mately, a multidisciplinary approach combining rapid
diagnostics, tailored antifungal therapy, and effective
source control is essential for improving the man-
agement and prognosis of patients with IAC. Due
to all these particularities, we suggest that specific
guidelines focusing only on IAC are needed.
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