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Abstract

Background Intra-abdominal candidiasis (IAC) is the predominant type of invasive candidiasis with high mortality

in surgical intensive care patients. The purpose of this study was to investigate the impact of appropriate source

control and antifungal therapy on the outcomes of critically ill surgical patients with IAC.

Methods This was a retrospective single-center cohort study. Adult surgical patients who were admitted to the

intensive care unit and diagnosed with IAC from January 1, 2003, to December 31, 2016, were enrolled. The patients’

data including risk factors of IAC, infection-related information, antifungal treatment and 30-day outcomes were

collected. The primary endpoint was 30-day mortality. A COX proportional hazards model was used to analyze the

association between appropriate treatment and 30-day survival.

Results A total of 82 patients were included in the analysis. Of these, 45 (54.9%) were complicated with septic shock

at IAC diagnosis. Types of IAC included peritonitis (61.0%), intra-abdominal abscesses (23.2%) and biliary tract

infections (15.9%). Of the included patients, 53 (64.6%) received appropriate source control and 44 (53.7%)

appropriate antifungal therapy. Compared with patients with neither of these treatments, appropriate source control

(HR 0.08, 95% CI 0.02–0.30; P\ 0.001), appropriate antifungal therapy (HR 0.14, 95% CI 0.04–0.55; P = 0.005),

and a combination of these treatments (HR 0.02, 95% CI 0.00–0.08; P\ 0.001) were associated with reduced risk of

death within 30 days after IAC diagnosis.

Conclusion For critically ill surgical patients with IAC, both appropriate source control and appropriate antifungal

therapy were associated with reduced risk of 30-day mortality, and the protective effects of the two appropriate

treatments were additive.

Abbreviations

IAC Intra-abdominal candidiasis

ICU Intensive care unit

IC Invasive candidiasis

MIC Minimum inhibitory concentration

APACHE II Acute physiology and chronic health

evaluation II

SOFA Sepsis-related organ failure assessment

COPD Chronic obstructive pulmonary disease

BMI Body mass index

MDRO Multidrug-resistant organism
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Introduction

Intra-abdominal candidiasis (IAC) is the most common

type of deep-seated candidiasis in critically ill surgical

patients, which accounts for 34–59% of invasive candidi-

asis (IC) [1, 2] and 10–20% of intra-abdominal infections

[3]. IAC is a life-threatening complication with high

morbidity and mortality. According to the epidemiological

data over the last decades, the mortality rate of patients

with IAC was about 25–40%; for those combined with

septic shock, the mortality rate was up to 60% [4–6].

Unfortunately, IAC remains poorly understood when

compared with candidemia [7–9]. Previous studies showed

that, for patients with candidemia, early antifungal therapy

and timely source control improve survival [10–13].

However, results regarding the treatment for IAC are

insufficient and conflicting. Some authors reported that

delayed or insensitive initial antifungal therapy was an

independent risk factor of 30-day mortality in patients with

IAC [6, 14], whereas some others did not find an associa-

tion between the antifungal therapy and 30-day mortality

[15]. On the other hand, available evidence supports the

use of early source control in managing IAC [6, 14–16].

In the present study, we focused on IAC in critically ill

surgical patients in whom surgical interventions to reduce

microbiological burden are strongly indicated and the

effect of antifungal therapy is still expected to be deter-

mined. The purpose of this retrospective cohort study was

to explore the effects of appropriate treatments (including

source control and antifungal therapy) on 30-day survival

in critically ill surgical patients with IAC.

Materials and methods

This was a single-center retrospective cohort study. The

study protocol was approved by the Clinical Research

Ethics Committee of Peking University First Hospital

(2017–1303). Because of the retrospective and observa-

tional nature of the study, the local Ethics Committee

agreed to exempt written informed consent.

Patients

This study screened all the patients who were admitted to

the surgical ICU of Peking University First Hospital

between January 1, 2003, and December 31, 2016. The

inclusion criteria were as follows: (1) age over 18 years;

(2) confirmed intra-abdominal infection after abdominal

surgery or required surgical intervention; (3) IAC diag-

nosed during ICU stay. Patients who met any of the fol-

lowing criteria were excluded: (1) neutropenia (absolute

neutrophil count\ 500 cells/lL); (2) recipient of bone

marrow or solid organ transplantation; (3) chemotherapy in

the last 6 months; (4) receiving immunosuppressants or

systemic steroids (prednisone equivalent C 20 mg/day)

within 7 days prior to ICU admission; (5) acute pancre-

atitis; (6) primary peritonitis; (7) documented invasive

candidiasis within 6 months, or received systemic anti-

fungal therapy within 14 days; or (8) incomplete data.

Diagnosis of intra-abdominal candidiasis

According to the 2013 European consensus [6, 9, 17], an

episode of IAC was diagnosed in one of the following four

conditions: (1) Candida detection by direct microscopy

examination or growth in culture from purulent or necrotic

intra-abdominal specimens obtained during surgery or by

percutaneous aspiration; (2) Candida growth from bile,

intra-biliary ducts devices, and biopsy of intra-abdominal

organs; (3) Candida growth from blood cultures in clinical

setting of secondary and tertiary peritonitis in the absence

of any other pathogen; (4) Candida growth from drainage

tubes only if placed less than 24 h before the cultures.

To ensure the accuracy of IAC diagnosis, two

researchers determined IAC independently. In case of a

difference between the two researchers, final agreement

was achieved by rechecking the records and full discussion

with a senior physician. Documented IAC were identified

by reviewing hospital medical records. The clinical speci-

mens suspected of yeast infection were primarily cultured

in the Sabouraud agar plates, and suspected colonies were

screened for further identification. The identification of

different yeasts to species level was performed by the

CHROMagarTM Candida (BD Difco, Detroit, MI) and the

Vitek 2 Compact automated system (BioMérieux, Marcy

l’Etoile, France) with YST card. The equivocal results

were confirmed by sequencing of the internal transcribed

spacer (ITS) region. Antifungal susceptibility testing was

performed with the ATBTM FUNGUS 3 stripe (BioMér-

ieux, Marcy l’Etoile, France), in which the susceptibility

testing for echinocandin was not included, so the suscep-

tibility results for echinocandin were unavailable. The

results interpretation was made following the NCCLS

document M27-A [18].

Appropriate treatment

Appropriate source control was defined as adequate source

control within 5 days since the positive cultures were

obtained. Adequate abdominal source control was defined

as: (1) adequate drainage of infected fluid collections, (2)

debridement of infected necrotic tissue, and (3) definitive

intervention to correct anatomic derangements resulting in

ongoing microbial contamination and restore optimal
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function [19]. The surgical interventions could be com-

bined with irrigation, but simple irrigation couldn’t be

judged as adequate source control.

Appropriate initial antifungal therapy was considered if

the following conditions were satisfied: (1) early: antifun-

gal treatment started within 5 days since the positive cul-

tures were obtained [14]; (2) active: the infecting organism

was ultimately shown to be susceptible, and the dose of

antifungal agent was adequate [20]. The echinocandins

were assessed as susceptible for all Candida species. The

following antifungal doses were considered adequate: (1)

for fluconazole-susceptible Candida isolates (MIC B 8

mg/L), a minimal daily dose of 400 mg was considered

appropriate. For fluconazole-susceptible dose-dependent

isolates (SDD; MIC 16–32 mg/L), a minimal daily dose of

800 mg was considered adequate. For patients with a cal-

culated creatinine clearance\ 50 mL/min, a daily dose of

fluconazole of 50% of the normal dose was considered

adequate based on standard dosing adjustments made in

renal dysfunction; (2) C0.5 mg/kg of amphotericin B

deoxycholate once daily; C3 mg/kg of amphotericin B

lipid formulations once daily; (3) caspofungin 70 mg

loading dose followed by 50 mg/day (or 35 mg once daily

for patients with significant liver impairment), mica-

fungin C 100 mg/day (formulary echinocandin beginning

in 2008); (4) 6 mg/kg of voriconazole twice daily followed

by C3 mg/kg twice daily [20].

Data collection

Patients’ data were screened through the electronic medical

record system of the hospital, and eligible patients were

identified according to the inclusion/exclusion criteria.

For included patients, detailed information was col-

lected. The baseline data included demographic parame-

ters, surgical diagnosis, comorbidities, classical risk factors

for IAC, as well as the assessment of disease severity. The

acute physiology and chronic health evaluation (APACHE)

II score and the sepsis-related organ failure assessment

(SOFA) score were calculated for each patient within 24 h

prior to the collection of cultures indicating IAC. Organ

failure was diagnosed when the SOFA score of this organ

was greater than 2 [21]. Septic shock was diagnosed

according to the third international consensus definitions

[22]. The characteristics of IAC included surgical condi-

tions, type of IAC, Candida species, concomitant can-

didemia, and bacterial co-infection. IAC-related treatments

included source control (surgical intervention, percuta-

neous drainage, and the appropriateness of source control)

and initial antifungal therapy (type of antifungal medica-

tion and the appropriateness of antifungal therapy).

The primary outcome was 30-day survival after the

diagnosis of IAC, including all-cause 30-day mortality and

the time to death or loss to follow-up within 30 days. The

secondary outcome was mortality during hospitalization.

Statistical analysis

Patients were divided into four treatment groups according

to the combination of appropriate source control and anti-

fungal therapy. Data were tested for normality using the

Kolmogorov–Smirnov test. Continuous variables with

normal distribution were compared with one-way ANVOA

and post hoc student t test; continuous variables with non-

normal distribution or ranked data were compared with

Kruskai–Wallis H test and post hoc Mann–Whitney

U analysis. Categorical variables were compared with

Fisher’s exact test and post hoc Chi-squared test or Fisher

exact test. Survival data were analyzed with the Kaplan–

Meier estimator, with differences between groups assessed

by the log-rank test. Factors in association with 30-day

survival were identified using a Cox proportional hazards

model; variables with a P value of \0.10 in univariate

analyses were included in a multivariate model (backward).

Two-sided P values of\0.05 were regarded as statistically

significant. For multiple comparisons among the four

groups, P values of \0.05/6 = 0.0083 were considered

statistically significant (Bonferroni correction). Statistical

analyses were performed with SPSS statistical package

version 25.0 (IBM SPSS Inc, Chicago, IL, USA).

Results

Patients

From January 1, 2003, to December 31, 2016, 12,127

patients were admitted to the surgical ICU. Of these, 94

(7.8%) were diagnosed with IAC, 82 met the inclusion/

exclusion criteria and were included in final analysis

(Fig. 1). Of the included patients, the median age was

70.1 years, 44 (53.7%) were male, the mean APACHE II

score was 17.7 ± 6.9, 45 (54.9%) presented with septic

shock at the time of the diagnosis, and 59 (72.0%) had at

least one organ failure during hospital stay. The baseline

characteristics and the risk factors for IAC are summarized

in Table 1.

In our patients with IAC, 50 (61.0%) had secondary or

tertiary peritonitis, 19 had (23.2%) abdominal abscesses,

and 13 (15.9%) had hepatobiliary system infections. A total

of 84 Candida strains were isolated from 82 patients. Two

(2.4%) patients suffered from polyfungal IAC. Of the

isolated Candida strains, 83 had antifungal susceptibility

testing results; 3 (3.6%) of C. glabrata and 1 (1.2%) of C.

albicans were resistant to fluconazole; the others were

susceptible to azoles. Bacterial co-infections and
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candidemia occurred in 70.7% and 20.7% of patients,

respectively (Table 2).

Treatment and outcomes

Of the included patients, 53 (64.6%) received appropriate

source control and 44 (53.7%) received appropriate anti-

fungal therapy. The overall 30-day mortality was 30.5%

(25/82). One patient died of cerebrovascular event and the

rest died of infection-related multiple organ failure. Com-

parison among groups showed that the 30-day mortality

rate in patients with both appropriate source control and

appropriate antifungal therapy was significantly lower than

in those with neither appropriate treatment (P\ 0.001) and

those with only appropriate antifungal therapy (P = 0.003)

(Table 3 and Fig. 2).

Association between appropriate treatment and 30-

day survival

Univariable analyses identified 7 factors that might be

associated with 30-day survival (P\ 0.10), including

age[ 65 years, SOFA score, septic shock, the year of IAC

diagnosis, colonization by Candida species, appropriate

source control, and appropriate antifungal therapy. Of

these, SOFA score was excluded because of collinearity

with septic shock; other 6 factors were included in the

multivariable Cox proportional hazards model. The results

showed that both appropriate source control (HR 0.09, 95%

CI 0.03–0.26; P\ 0.001) and appropriate antifungal ther-

apy (HR 0.18, 95% CI 0.07–0.47; P = 0.001) were the

independent protective factors of 30-day survival in

patients with IAC. We also analyzed the combined effect

of appropriate treatment, and the results showed that the

protective effects of appropriate source control and

appropriate antifungal therapy were additive. When com-

pared with patients with neither appropriate treatment,

those with only appropriate antifungal therapy (HR 0.14,

95% CI 0.04–0.55; P = 0.005), only appropriate source

control (HR 0.08, 95% CI 0.02–0.30; P\ 0.001), and both

(HR 0.02, 95% CI 0.00–0.08; P\ 0.001) had significantly

improved 30-day survival (Table 4).

82 pa�ents included in the final analysis

12127 pa�ents admi�ed to ICU from Jan 1, 
2003 to Dec 31, 2016 

12 pa�ents excluded
4 had invasive candidiasis within 6 months
2 had chemotherapy within 6 months
2 immunosuppressant/glucocor�coid therapy
1 received solid organ transplanta�on
1 neutropenia
1 acute pancrea��s
1 missing data

25 pa�ents died within 30 days

82 pa�ents met the inclusion/exclusion criteria

345 pa�ents obtained posi�ve Candida cultures

94 pa�ents had documented IAC

Fig. 1 Flow diagram of the

study
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Discussion

Results of our study showed that the overall 30-day mor-

tality was 30.5% in critically ill surgical patients with IAC;

whereas appropriate source control and appropriate anti-

fungal therapy were associated with improved 30-day

survival, and the protective effects of the two appropriate

treatments were additive. To our knowledge, this is the first

study investigating the additive impact of appropriate

treatments on the outcome of IAC patients.

In the present study, the target population was patients

in a surgical ICU with documented IAC. These patients had

high average APACHE II score, high proportion of septic

shock and organ failure, and were at high risk of IAC-

related death [9, 17]. Therefore, it is of high clinical sig-

nificance to investigate the impact of appropriate treat-

ments on the outcome in these patients.

There were three types of intra-abdominal infections

leading to IAC in our patients, i.e., peritonitis (61.0%),

abdominal abscesses (23.2%) and biliary tract infection

(15.9%). This study did not include patients with acute

necrotizing pancreatitis, because it was difficult to obtain

standard pathogenic specimens and there was no uniform

criterion for adequate source control in those patients

complicated with abdominal infections. As in other studies,

C. albicans was the main pathogen of IAC in this study

[1, 3]; Candida glabrata (13.4%) and Candida tropicalis

(11.0%) were common in non-albicans Candida species.

For patients with IAC, the clinical signs and symptoms

are usually not specific, and the definitive culture results

are difficult to obtain. Therefore, the diagnosis of IAC and

treatment initiation is often delayed, which might explain

the reasons of poor outcome in these patient populations. In

the present study, 30.5% of IAC patients died within

30 days, which was in line with the previously reported

results [6, 24]. The role of antifungal agents in the treat-

ment of IAC remains somewhat controversial. For exam-

ple, in a multicenter retrospective cohort study, Bassetti

et al. [6] found that inadequate antifungal therapy (ade-

quate therapy was define as susceptible and sufficient dose

antifungal agents administered within 24 h from positive

culture) was associated with 30-day mortality in IAC

patients. In the study of Vergidis et al. [14], antifungal

therapy was defined early when administered within 5 days

of collecting culture-positive sample. Their results showed

that early antifungal therapy was associated with better

survival only for IAC stemming from gastrointestinal tract

sources [14]. On the other hand, Lagunes et al. [15]

reported that inadequate source control, but not inadequate

antifungal therapy, was a risk factor for 30-day mortality in

both ICU and non-ICU patients with IAC. It should be

noted that, in the above studies, the effect of combined

appropriate treatments (source control and antifungal

therapy) had not been analyzed, and the effect of appro-

priate antifungal therapy need to be clarified further in

surgical ICU patients.

In the present study, we defined interventions as early

according to the same criteria of Vergidis et al. [14], i.e.,

those that were administered within 5 days of culture-

positive sample collection. Our results showed that patients

with higher APACHE II score, higher SOFA score and

mechanical ventilation were more likely to receive appro-

priate antifungal therapy; similar phenomenon was also

reported by others [14, 15, 24]. Despite of these, appro-

priate antifungal therapy remained as a protective factor of

30-day survival after correcting confounding factors in our

patients. Furthermore, our results showed an additive effect

of combined appropriate source control and appropriate

antifungal therapy, i.e., those with both appropriate treat-

ments had an even lower 30-day mortality. Therefore,

combined appropriate treatments should begin as early as

possible for surgical patients with IAC in the ICU.

Except the retrospective nature, there were some other

limitations in our study. Firstly, the 2016 guideline rec-

ommends echinocandin susceptibility testing for patients

who had prior echinocandin exposure or were infected with

C. glabrata or C. parapsilosis [20], whereas such suscep-

tibility testing was not routinely performed for isolated

Candida species in our hospital. However, resistance to

echinocandin-class drugs remains relatively low, i.e., less

than 3% of Candida albicans and most Candida species

[25]. The multicenter study of Bassetti et al. [6] revealed

that only 2% of Candida strains are resistant to

echinocandin. Furthermore, our study excluded patients

Fig. 2 The 30-day survival curve of patients with four combina-

tions of appropriate treatments. Patients with both appropriate

source control and appropriate antifungal therapy had significantly

higher survival than those with neither appropriate treatment

(P\ 0.001) and those with only appropriate antifungal therapy

(P = 0.003). P\ 0.05/6 = 0.0083 were considered statistically

significant (Bonferroni correction)
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who received systemic antifungal therapy within 14 days.

Therefore, the rate of echinocandin resistance might be

very low in our patients. Secondly, because of the low

incidence of IAC, we collected data over a 13-year period.

The changes of routine practice during this long period

might have confounded patients’ outcomes. However,

inclusion of the year of IAC diagnosis in the multivariate

model did not change our results. Finally, because of the

rarity of IAC cases, the sample size and the number of

cases with positive events (25 deaths within 30 days) were

relatively small in the present study, leaving a risk of

estimation bias. However, with a backward elimination

procedure, the factors remained significant in the multi-

variate model were no more than three; thus the ‘‘ten events

per variable’’ rule was observed. This further confirmed the

clinical significance of our results.

Conclusion

Our results showed that, in critically ill surgical patients

with IAC, both appropriate source control and appropriate

antifungal therapy were associated with reduced risk of

mortality within 30 days, and the protective effects of two

appropriate treatments were additive. Prospective trials are

needed to verify these findings.
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