
Article Not peer-reviewed version

Postmortem Study and Attributable

Mortality Due to Candidiasis in Non-

Neutropenic Critical Patients

Jordi Ibañez Nolla * , Felip Garcia , Miquel A. Carrasco , Miquel Nolla-Salas

Posted Date: 7 January 2025

doi: 10.20944/preprints202501.0434.v1

Keywords: Candidiasis; Attributable mortality; Non-neutropenic; ICU; Postmortem study

Preprints.org is a free multidisciplinary platform providing preprint service

that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0

license, which permit the free download, distribution, and reuse, provided that the author

and preprint are cited in any reuse.

https://sciprofiles.com/profile/4140712
https://sciprofiles.com/profile/4140764
https://sciprofiles.com/profile/4140765
https://sciprofiles.com/profile/4140766


 

 

Article 

Postmortem Study and Attributable Mortality Due to 

Candidiasis in Non-Neutropenic Critical Patients 

Jordi Ibañez Nolla 1,*, Felip Garcia 2, Miquel A. Carrasco 3 and Miquel Nolla-Salas 4 

1 Medicine Department, Fundació Hospitalaries Barcelona 

2 Pathology Department, Hospital Quirón Barcelona; 16965fgh@comb.cat 

3 Pathology Department, Hospital General de Catalunya-Quirón, Sant Cugat del Vallés; 

mcarasco@quironsalud.es 

4 Unió Catalana d’Hospital, Barcelona; mnollasalas@gmail.com 

* Correspondence: joibno@gmail.com; Tel.: +34-638004436 

Abstract: A prospective study was made in non-neutropenic ICU patients in whom Candida spp. has 

been detected, defining Invasive Candidiasis (IC) based on Dissemination and Multifocality, 

therapeutic protocol and the methodology of the postmortem study. Attributable mortality is 

distinguished according to statistical, histopathological and clinical criteria. The presence of Candida 

spp. was observed in 145 cases of 3389 ICU discharges (4.3%). There are 120/145 cases (83%) classified 

as IC and 25/145 colonization (17%). ICU mortality is 35% (51/145) and hospital mortality were 46% 

(67/145). The postmortem study has been carried out in 71% of those who died in the ICU (36/51). 

Candida albicans is the most frequently isolated species (87%), followed by Candida glabrata (18%). 

Isolation in bronchial secretions is the most frequent focus (86%), followed by digestive foci (pharynx 

83% and gastric 78%). The attributable mortality has been 25% by statistical methods, 28% the 

postmortem study and 23% clinical data. Abdominal surgery and non-Candida albicans are risk factors 

for attributable mortality, and correct antifungal treatment is a protective factor. In conclusion, 

histopathological attributable mortality is like that defined by both statistics and clinical data, and 

the simplification of the definition of IC allows for faster and more targeted therapeutic action. 
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1. Introduction 

The evaluation of post-mortem cultures has been controversial since the studies of Carpenter et 

al. [1]. Microbial invasion during the period of agony, contamination of tissues during the post-

mortem study and the preservation of the cadaver [2,3] are only some of the factors involved. Leaving 

these issues to one side, we decided to analyze the mortality attributable to Candida spp. in non-

neutropenic critical patients, taking as a starting point the conclusions of Martín Álvarez et al. [4] 

about the establishment of a correct clinical-pathological-microbiological correlation in order to 

obtain valid results with respect to attributable mortality. The objective was to discover whether a 

simple definition of untreated or insufficiently treated multifocal or disseminated candidiasis was 

related to mortality attributable to Candida spp. according to the post-mortem study. Infections caused 

by Candida spp. in non-neutropenic critically ill patients have high prevalence [5] and morbi-mortality 

rates [6–10]. Early diagnosis and treatment of these patients can decrease the severity and incidence 

of these infections. Attributable mortality is defined in the majority of reports as the difference 

between crude mortality and group study mortality [11–13]; in some diseases, specifically infections, 

the analysis of microbiologic and histopathologic data, both pre and postmortem, may be a better 

guide and may be considered as a good method due to the evaluation of diagnosis. There are no 

specific studies on the classification of etiologic process of mortality in critically ill patients with 

candidiasis comparing patients with and without postmortem study. In 1869 Robin Parrot identified 
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the first cases of visceral localization of Candida, but it was not until the antibiotic era when Folly-

Warter (1949) gave pathogenic value to said fungus. In humans, Candida spp. is a saprophytic fungus, 

which usual location is the digestive tract. For invasion and dissemination to occur, apart from the 

use of broad-spectrum antibiotics that modify the intestinal ecosystem, significant changes are 

required in the body’s defenses: decrease in the bactericidal function of leukocytes and the immune 

response cellular, generally associated with a breakdown of some mucocutaneous barrier [14]. In the 

ICU, non-neutropenic patients who present with multiple organ failure and who will require 

prolonged ventilation (> 1 week) will be candidates for high risk of invasive or disseminated 

candidiasis, by the existence of an immunodeficiency secondary to multiorgan failure itself [6] 1. The 

diagnosis of this type of infection becomes complex. Frequently candidemia may appear for the first 

time only a few days before death. Candidemia occurs in 10-20% [6–8] and endophthalmitis in 3.7-

25% of patients [15,16]. It is usually very difficult to identify deep-seated candidiasis in these patients. 

Based on previous studies of diagnosis and treatment [14,17–20], we elaborated a diagnostic 

algorithm to classify the cause of mortality due to candidiasis in non-neutropenic critically ill patients, 

in an attempt to establish a standardized method. The study presented was carried out to answer 

these questions related to the postmortem studies: identify the mortality attributable to Candida spp. 

and that this is significantly reduced with antifungal treatment (adequate and early); and verify that 

Multifocal Candidiasis is a good indicator of early diagnosis of Invasive Candidiasis. 

2. Materials and Methods 

Patients: A prospective study was carried out over 7 years in a 10-bed general ICU. Inclusion 

criteria was ICU patients in whom the presence of Candida spp. was detected in any sample 

throughout their treatment or in the postmortem study. Exclusion criteria: Isolation of Candida spp. 

in cultures prior to admission to the ICU; severe neutropenia (< 500/mm3); patients for whom a study 

of the presence of yeast in different foci could not be carried out during their stay in the ICU, once it 

was detected in a sample. Samples were taken from bronchial secretions, urine, throat smear, stool, 

wound, drainage fluids, and fluids from sterile areas (cerebrospinal fluid, pleura, peritoneum, biliary, 

pericardium), hystologic samples, blood cultures and cultures from catheter-tips. Cutaneous tests 

were made to evaluate cellular immunity [21,22] using Multitest IMC® (Rhône Poulenc Pharma SAE, 

Alcorcón, Spain). An ophthalmologic evaluation was made in all patients in order to discard 

endophthalmitis [15]. All clinical, microbiological and demographic data were collected from the 

study group. A postmortem study with microbiological and histological analyses was carried out 

when family consent was given, in line with the hospital Ethics and Mortality Committees guidelines. 

Microbiology: Biopsy samples were obtained using the method of De Jongh modified by Dolan 

[2], and were sent to the microbiology laboratory for fungal and bacterial isolation and identification. 

All pre and postmortem specimens were cultured on the following agar media: Columbia 5% sheep 

blood, chocolate PolyVitex, McConkey, and Sabouraud agar with gentamycin and chloramphenicol 

(bioMèrieux SA, 69280 Mercy-l’Etoile, France) for fungal and bacterial detection. All cultures were 

incubated at 370 C under aerobic and anaerobic conditions and in a CO2-enriched atmosphere. 

Identification of yeasts was made by morphology (germ tube production) and biochemical tests using 

the ID 32C® system (bioMèrieux SA, 69280 Mercy-l’Etoile, France). All microorganisms isolated were 

identified by standard laboratory methods [23]. The congruence or non-congruence of pre and 

postmortem positive cultures was analyzed in order to validate postmortem cultures. Identification 

of the same microorganisms in postmortem cultures as in premortem cultures or negative 

postmortem cultures in a correctly treated patient was considered congruent; identification of 

microorganisms in postmortem cultures not identified premortem was considered non-congruent 

Definition of multifocal candidiasis and disseminated candidiasis: 

a) Multifocal candidiasis: Simultaneous isolation of Candida spp. in 2 or more of the following foci 

[20]: 

• Respiratory focus: Isolation of tracheal aspirate samples 
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• Digestive focus: Simultaneous isolation of gastric aspirate and pharyngeal swab 

• Urinary focus: Positive urine cultures 

• Drains: Positive culture of samples obtained from different drains 

b) Disseminated candidiasis: Presence of endophthalmitis due to Candida spp. or isolation from 

biopsies, usually sterile organic fluids or blood culture with a negative catheter tip 

c) Invasive candidiasis: Patients who present both multifocal and disseminated candidiasis are 

included in this group 

d) Colonization by Candida spp.: When the isolation has occurred in a single focus not suggestive 

of dissemination or at the skin level, feces or vaginal smear 

Antifungal treatment: Antifungal treatment was performed in patients classified as having 

multifocal or disseminated candidiasis (IC). No antifungal treatments were performed in cases 

considered colonization. The initial treatment indicated was fluconazole at a dose of 200 mg/24 h. As 

a second choice, in cases of poor clinical evolution with persistence of Candida spp. in the cultures, or 

in case of identification of Candida glabrata or Candida krusei, amphotericin-B was used at a dose of 50 

mg/24 h. In cases of invasive candidiasis, if the treatment has not lasted more than 5 days or has not 

been carried out, it has been considered insufficient. Thus, correct treatment is defined when it is 

indicated and has been maintained for a minimum of 5 days, and incorrect treatment if it is indicated 

and has not been carried out or if 5 days have not been completed 

Postmortem study: Informed consent has been requested from family members to perform the 

autopsy on all those who died in the ICU. All autopsies carried out with this consent were performed 

according to the M. Lefulle technique [24], assessing the causes of death and secondary injuries. 

Histological study to search for microorganisms in the autopsy: The usual stains (hematoxylin-eosin, 

periodic acid-schiff (PAS), gomori silver-methamine) were systematically performed. With this, the 

presence of yeast infection was diagnosed when filamentous forms (pseudohyphae) and spores 

associated with inflammatory infiltrates were found, considering their anatomical location [25,26]. 

Postmortem microbiological study: In all autopsies, a microbiological study of different organs (lung, 

spleen) and other locations (peritoneal fluid, pleural fluid, cerebrospinal fluid, abscesses, purulent 

urine, etc...) was carried out according to the patient’s previous data and the macroscopic findings of 

the autopsy. The microbiological study of the samples was carried out according to the traditional 

method [2–4,27]. In some cases, the De Jongh method modified by Dolan [2] has also been used. The 

results of the cultures are reported, stating the type of microorganism and its location. Assessment of 

yeasts according to the affected organs: the findings of the postmortem study, both by histology and 

cultures, have been interpreted according to the organ of origin of the sample [26–29]. Histologies 

and culture samples have been considered significant in the following cases: 

1. Heart, liver, spleen and brain: Presence of yeast in histology associated with polymorphonuclear 

inflammatory foci in different areas of the parenchyma studied. 

2. Blood and spleen: Cultures obtained by puncture of cardiac cavities or splenic parenchyma with 

a sterile needle and prior cauterization of the puncture point 

3. Intestine: Presence in histology of pseudohyphae or spores that extend to the muscle and/or serosa, 

together with the presence of an important polymorphonuclear infiltrate. The culture is assessed 

from samples obtained from the peritoneal cavity or bile fluid 

4. Lung: Histology is evaluated if pseudohyphae and spores are found in the parenchyma, alveoli 

and vessels, along with polymorphonuclear infiltrates. The culture has been obtained from areas 

of the parenchyma distant from the main bronchi and trachea 

5. Kidneys: Presence of yeast with a polymorphonuclear inflammatory component in the kidney 

parenchyma. The culture is obtained from areas of the parenchyma and not from the urinary 

tract 

Positive results were not considered significant when they were obtained only in any of the 

following samples: Trachea, culture of the tracheal region and main bronchi in case of purulent 

mucus. It is collected with a swab, and urinary tract, culture of urinary bladder contents obtained by 
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aspiration with a sterile syringe, in case of cloudy urine and with macroscopic inflammation of the 

lower urinary tract. 

Interpretation of postmortem results in relation to the patient’s cause of death: 

• Negative histology and postmortem cultures in significant organs positive for yeast without 

identification of other microorganisms: These cultures have been considered significant in 

relating yeast to the cause of death 

• Negative histology and postmortem cultures in significant organs positive for yeast with 

identification of other microorganisms: Yeast has not been considered as a cause of death 

• Negative cultures and positive histology in a patient who has received correct antifungal 

treatment: Death is attributed to yeast 

• Negative cultures and positive histology in more than one organ, in a patient who has received 

incorrect antifungal treatment: Death is attributed to yeast 

• Negative cultures and positive histology in a single organ, in a patient who has received 

incorrect antifungal treatment: Yeasts have not been considered as the cause of death 

• Cultures and histology positive for yeast: These have been considered the cause of death 

Definition of attributable mortality: 

1. Statistical definition of attributable mortality [11,13,30]: It is the difference between the mortality 

of the group studied and overall mortality. 

2. Definition of attributable mortality based on the postmortem study: It refers to patients who die 

because of a certain factor that is being analyzed. In a certain way, the “gold standard” for the 

diagnosis of invasive candidiasis will be biopsy [31] or the postmortem study [26]. In this study, 

the factor to be analyzed was candidiasis acquired in the ICU in non-neutropenic patients, as the 

main cause or factor that could influence the patient’s death. Following this work methodology, 

a classification algorithm for high probability of death attributable to yeast is defined (Figure 1). 

3. Definition of attributable mortality based on the clinical study: The cases in which the 

postmortem study was not performed have been used as a reference group. The group of patients 

with a moderate probability of death attributable to yeast is defined based on the clinical cause 

of death, the existence of a multifocality of yeast isolations and the performance of incorrect 

antifungal therapy before death. 

4. Definition of global attributable mortality: Global mortality attributable to yeast has been 

considered the sum of cases that have been defined as attributable mortality based on the 

postmortem study and those defined as attributable mortality based on the clinical study, in 

relation to the total of the deceased population 

Statistical analyses: Categorical variables were compared between two groups with Chi-square 

or Fisher exact test as appropiate. Continous variables were analyzed with Student’s t test or Mann-

Whitney U test when the distribution departed from normality, and described as mean (standard 

deviation) or as median (range of values), respectively. To estimate the odds ratio of attributable 

mortality for variables of interest, we used a logistic regression model adjusted for potentially 

confounding variables [12]. The statistical significance was established at p value < 0.05. Data were 

analyzed using the SPSS statistical program. 

3. Results 

3.1. Demographics 

During the 7-year period, 3389 patients were treated in the ICU, with an average stay of 5.8 days 

(1-112) and a mortality of 9.6% (324). Of the total number of deaths, the postmortem study was carried 

out in 42% of cases (136). During the study period, there were 149 patients (4.4%) in whom yeasts 

were isolated throughout their stay in the ICU. Following the exclusion criteria set forth, 8 cases were 
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rejected. Two of them for having isolated Candida spp. in cultures prior to admission to the ICU, 

both died. The other 6 were excluded because they did not perform the multifocality study. Candida 

spp. was identified in the urine culture prior to the patient’s discharge from the ICU. All of them 

survived without carrying out any antifungal treatment. Data from 141 patients were collected, 

observing that there were 4 patients (3%) who were subsequently readmitted, and that yeast was 

detected again during readmission. In total, it has been considered that there have been 145 cases 

meeting the inclusion criteria in the study. ICU mortality was 35% (51/145) and hospital mortality 

was 46% (67/145). The postmortem study was performed in 36 of the 51 cases who died before 

hospital discharge (71%). 

3.1.1. Characteristics of the Population Studied 

The population is made up of 77% men (111/145), with an average age of 53 (22) years. The 

average stay in the ICU is 28 days (2-93). The reason for admission was medical in 63% (91) and 

surgical in 37% (54). APACHE III score is 76 (18-138). Comorbidity has been found to be 70% (102). 

In 34% (49) of them, the presence of more than 2 associated pathological processes was confirmed. 

The most frequent processes were: Chronic obstructive pulmonary disease in 23% (34), diabetes 

mellitus in 22% (32), arterial hypertension in 22% (32), solid neoplasia in 13% (19), malignant 

hematological disease in 5%. (7), leukopenia less than 3000/mm3 upon admission to the ICU without 

criteria for neutropenia (> 500 neutrophils/mm3) in 4% (6) and acquired immunodeficiency syndrome 

in 3% (4). Risk factors for fungal infection were detected in 94% (139) of the patients upon admission 

to the ICU and in 100% at the time of the first yeast isolation (Table 1). In 58% (84) of the cases there 

were a minimum of 10 associated risk factors when the first yeast isolation was obtained. 

3.1.2. Characteristics of Fungal Infection 

1. Positive samples: The samples that were most frequently positive, both in the first positive 

culture and in screening, were the bronchial secretion cultures (66% and 86% respectively) (Table 

2). 

2. Blood cultures: The percentage of patients with candidemia, in relation to the number of patients 

treated during said period, has been 0.5% (18/3389). In total there were 24 positive blood cultures 

in 18 patients. In 4 of them the isolation was in the first sample, in 14 in the screening and in 6 in 

the follow-up blood cultures. 27 catheters with colonized tips were detected. Four in the first 

sample, 16 in the screening and 7 in the follow-up cultures. In 8 patients the association of a 

positive catheter with a positive blood culture was verified (44% of patients with a positive blood 

culture). 

3. Identified yeast species: The most frequently isolated yeast has been Candida albicans, both in 

the first positive culture and in the screening (80% and 87% respectively), followed by Candida 

glabrata, also in both cases (11% and 18% respectively) (Table 3). 

4. Classification according to location of the yeasts: The patients were grouped into multifocal 

candidiasis in 89 cases (61%), disseminated candidiasis 31 cases (22%) and colonization by 

Candida sp in 25 cases (17%). In total, 120 invasive candidiasis have been detected, representing 

3.5% of the population treated during the period studied (120/3389): 

a) Multifocal candidiasis: The respiratory focus was identified in 96% (85), the digestive focus 

in 93% (83), the urinary focus in 42% (37) and the drainage in 2% (2). In 67% (60) 2 

simultaneous foci were demonstrated, in 33% (29) 3 foci and there were no cases with 4 foci. 

b) Disseminated candidiasis: They were classified as such because they demonstrated the 

presence of endophthalmitis in 3 cases (one of them with a positive blood culture). In 7 

cases the evidence was positive blood cultures and negative catheter tip. There were 12 

cases in which the yeast was identified in samples obtained from puncture of abscesses, in 
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2 cases from cerebrospinal fluid and in another 2 from tissue biopsies. In 5 cases evidence 

of dissemination was demonstrated in the postmortem study. 

c) Colonization: Yeasts were identified in bronchial secretions 15 cases, pharynx 15 cases, stool 

culture 10 cases, gastric aspirate 8 cases, urine culture 5 cases, vagina 2 cases, wounds 2 

cases, catheters 2 cases, catheter together with positive blood culture 1 case, skin 1 case and 

nasal 1 case 

3.1.3. Antifungal Treatment 

Antifungal treatment was carried out in 109 cases (75%). In 95 of them, azole derivatives were 

used for 10 days (1-30) and in 42 amphotericin B was used for 15 days (4-39). In 4 cases, the 

administration of amphotericin-B had to be stopped due to nephrotoxicity. Antifungal treatment 

could be performed in 15 of the 18 cases that had a positive blood culture (83%). In 26 cases, the 

antifungal was changed due to poor clinical or microbiological response (isolation of Candida 

glabrata or Candida krusei). 

3.1.4. Mortality 

Mortality in cases of disseminated candidiasis was 48% (15/31), in the case of multifocal 

candidiasis 46% (46/89) and in colonization 24% (6/25). The mortality of cases with positive blood 

culture was 39% (7/18). 5 of the 15 patients (33%) in whom antifungal treatment was started and 2 of 

the 3 (67%) in whom such treatment was not carried out died. In the group of deceased, 54% (36/67) 

of the patients received correct treatment, a postmortem study was carried out in 50% of cases (18/36), 

and the treatment was not correct in 46% of cases (31 /67), with the postmortem study being carried 

out in 58% of them (18/31). 

3.1.5. Postmortem Study 

Of the 38 postmortem studies carried out, 2 cases have been excluded because the autopsy study 

was not carried out following the described protocol. In total, 36 autopsies have been considered 

valid (71% of those who died in the ICU). The cause of death according to the autopsy study was 

septic shock/multiple organ failure in 18 cases (50%), respiratory failure in 8 cases (22%), brain death 

in 4 cases (11%), shock nonseptic in 3 cases (8%), hepatocellular failure in 3 cases (8%). The 

postmortem microbiological study has demonstrated the presence of yeast in 16/36 autopsies. In 8 of 

them only positive cultures for yeast were obtained, in 4 cases the presence of yeast was only 

demonstrated in histology and in another 4 yeasts were present in both the cultures and in the 

histology (Figures 3 and 4). The organs affected according to the culture, histology or both 

simultaneously are detailed in Table 4. The species isolated in the postmortem cultures were Candida 

albicans in 9 cases, Candida glabrata in 2 cases and Candida tropicalis in 1 case. There were 3 patients 

in whom the result of the postmortem study did not coincide with the premortem study. In two cases 

it was because the diagnosis was made postmortem and in the other case because the species isolated 

in the postmortem study was different from that identified in the patient in life. In the remaining 9, 

the species identified in the postmortem study coincided with the identification in the live follow-up. 

3.1.6. Attributable Mortality 

1. Attributable mortaity according to statistical analysis, if the ICU mortality of the studied 

population was 35% and that of the population treated in the ICU during the study carried out 

was 9.6%, the attributable mortality according to statistical analysis is 25%. 

2. Attributable mortality according to postmortem study, of the 16 patients in whom yeast was 

identified in the postmortem study, there were 6 who died from respiratory failure, 5 from septic 

shock or MODS, 2 from non-septic shock, 2 from brain death and 1 case from hepatocellular 
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insufficiency. According to the criteria based on the postmortem study, death was attributed to 

yeast in 10 cases (28%) (Table 5). 

3. Attributable death based on the clinical study, of the 31 cases in which no postmortem study 

was performed, 7 cases (23%) were considered to meet the criteria for death attributable to yeast 

(Table 6). 

4. Overall attributable mortality, assessing the data on attributable death according to the 

postmortem study together with that based on the clinical study, it can be considered that there 

were 17 cases out of 67 (25%) in which death could be attributed to yeast. This number of patients 

represents a mortality related to Candida spp. of 12% in the 145 patients studied. 

The Predictive factors of overall mortality attributable to yeasts are shown in Table 7: age, 

previous disease, APACHE III, abdominal surgery as a risk factor, culture positive urine test at 

follow-up and identification of Candida glabrata and Candida tropicalis at screening. The multivariate 

analysis has selected 3 variables with statistical significance: abdominal surgery, Candida glabrata at 

screening and correct antifungal treatment as a protective factor (Table 8). 

3.2. Figures and Tables 

 

Figure 1. Diagnostic-therapeutic algorythmn applied DC (Disseminated candidiasis), IC (Invasive candidiasis). 

Foci: Respiratory (bronchial secretions), Digestive (gastric secretions and throat smear), Urinary (urine) and 

Drainages. Changes in the therapeutic plan related on the results of the application of the algorithm defined in 

1988, which included Multifocal Candidiasis within the concept of Invasive Candidiasis. 
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Table 1. Presence of risk factors for candidiasis in the study group. 

Risk factors for candidiasis Number of cases (%) 

Antibiotics 144 (99) 

Central venous catheter 143 (99) 

Urinary catheter 140 (97) 

Antacid therapy 141 (97) 

Naso-orogastric catheter 131 (90) 

Arterial catheter 125 (86) 

Oro-nasotracheal tube and / or tracheostomy 124 (85) 

Surgical procedures 85 (59) 

Vasoactive drugs 72 (50) 

Total parenteral nutrition 68 (47) 

Drainages 65 (45) 

Blood derivatives 62 (43) 

Corticoids 56 (39) 

Hemodyalisis 8 (5) 

Splenectomy 5 (3) 

Table 2. Causes of death in the study group. 

CAUSES OF DEATH Number of cases (%) 

Septic shock – Multiorganic dysfunction syndrome 18 (50) 

Respiratory failure (hypoxemia) 8 (22) 

Brain death 4 (11) 

Non-septic shock 3 (8) 

Hepatic failure 3 (8) 

Table 3. Causes of admission of the study group. 

CAUSES OF ADMISSION Number of cases (%) 

Respiratory failure 17 (12) 

Cardiovascular 23 (16) 

Sepsis 9 (6) 

Respiratory infection 19 (13) 

Multiple trauma 52 (36) 

Neurologic (non-cranioencephalic trauma) 9 (6) 

Digestive and others 16 (11) 
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Figure 2. Pseudohyphae and budding yeasts in a rechannelled pulmonary arteria trombus (HE 100x). 

 

Figure 3. Inflammatory infiltrate with budding yeasts in a Vater ampulla. (HE 400x). 

Table 4. Postmortem evidence of yeasts of the study group. 

Location 
Positive 

cultures only 

Positive histology 

only 

Positive cultures 

and histology 

All positive 

cultures (n=24) (%) 

All positive 

histology (n=36) 

(%) 

      

Lung 5 3 3 8 (33) 6 (17) 

Trachea 4   4 (17)  

Bowel 2 1 1 3 (12) 2 (6) 

Heart 1 2  1 (4) 2 (6) 
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Kidney 1 2  1 (4) 2 (6) 

Urinary 

tract 
3   3 (12)  

Liver 2   2 (8)  

Spleen 2   2 (8)  

CNS  1   1 (3) 

Positive 

samples  
20 9 4 24 13 

CNS: Central nervous system. 

Table 5. Attributable mortality due to yeasts from patients with postmortem study. 

Patients Cause of death CD Risk Histology Cultures 
Antifungal 

treatment 

JGB Non-septic shock Multifocality > 1 S.O. Negative Not given* 

ACG Septic shock Multifocality S.O. S.S. Given 

JLS Respiratory failure Multifocality Non-S.O. S.S. Given 

MTN Respiratory failure Multifocality S.O. S.S. Not given 

APS Septic shock Multifocality S.O. S.S. Not given 

JFC Respiratory failure Multifocality S.O. S.S. Given 

VLG Septic shock Multifocality > 1 S.O. Negative Not given * 

AMG Respiratory failure Multifocality S.O. Negative Given * 

BCP Septic shock Multifocality S.O. Negative Given * 

AMM Septic shock Multifocality S.O. S.S. Not given 

S.O.: Significant organs for histopathology; S.S.: Significant samples for microbiology; * Definitive as attributable 

mortality. 

Table 6. Attributable mortality due to yeasts from patients without postmortem study. 

Patients Cause of death CD Risk Candida spp. 
Antifungal 

treatment 
FUC 

JMS Septic shock Multifocality C. glabrata Incorrect Not made 

ECA Septic shock Multifocality 
C. glabrata 

C. albicans 
Incorrect Positive 

FVP Respiratory failure Multifocality 

C. glabrata 

C. albicans 

C. tropicalis 

Incorrect Positive 

BGB MODS Multifocality C. albicans Correct Positive 

TLC Septic shock Multifocality 

C. glabrata 

C. albicans 

C. krusei 

Incorrect Not made 

GMM MODS Multifocality C. albicans Incorrect Positive 

JG MODS Multifocality 

C. glabrata 

C. albicans 

C. tropicalis 

Incorrect Not made 

FUC: Follow-up cultures. MODS: Multiorganic dysfunction syndrome. 

Table 7. Characteristics of patients by attributable mortality. 

VARIABLES NAM AM P 

Age 51 (22) 69 (14) 0.001* 

Previous diseases 2 (0-4) 3 (1-4) 0.009† 

Apache III 72 (24-136) 90 (58-183) 0.040† 
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Abdominal surgery on admission 24/128 (19) 9/17 (53) 0.001‡ 

More than one foci (risk classification) 100/128 (78) 17/17 (100) 0.043§ 

Candida glabrata at screening 20/128 (16) 6/15 (40) 0.020‡ 

Candida tropicalis at screening 6/128 (5) 3/15 (20) 0.036§ 

Urine cultures at FUC  20/128 (16) 13/75 (75) <0.001§ 

* Student’s T test. Mean (SD); † U Man-Whitney test. Median (range of values); ‡ Chi-square test. Number of 

positive cases / total (%); § Fisher Exact test. Number of positive cases / total (%); NAM: Non-attributable 

mortality. AM: Attributable mortality. FUC: follow-up cultures. 

Table 8. Adjusted Odds Ratio of attributable mortality for variables of interest. 

VARIABLES 
ATTRIBUTABLE MORTALITY  

Odds Ratio 95% Confidence Interval P 

Abdominal surgery 9.17 1.77-47.39 0.008 

Antifungal treatment <0.01 <0.01-0.10 <0.001 

Candida glabrata at screening 7.38 1.24-43.98 0.028 

Previous diseases 1.82 0.98-3.37 0.055 

4. Discussion 

It is now accepted that Candida spp. infection is due to endogenous colonization and is facilitated 

using broad-spectrum antibiotics. Despite everything, we must not forget the possibility of an 

exogenously transmitted nosocomial infection that may occasionally occur [12,32–34]. Like other 

authors [6,10,35,36], this study confirms that Candida albicans is the most frequently isolated yeast in 

our environment, followed by Candida glabrata. When the study presented was designed, it was 

decided to define multifocality without incorporating the concept of colonization density or the 

colonization index by Candida spp. proposed by Pittet et al. [32], among other things because their 

results had not yet been published. However, our previous works [14], which coincide with those of 

other authors [37–41], had shown that the number of locations involved in colonization, together with 

the alterations in host defenses, characteristics of non-neutropenic critically ill patients treated in the 

ICU, they are key factors in the development of fungal infection. One piece of information that reveals 

an uncontrolled spread of mucosal colonization is the isolation of Candida spp. simultaneously in 

samples of tracheal aspirate, pharyngeal swab and gastric aspirate. This concurrence, in the context 

of a patient under broad-spectrum antibiotic therapy and with a defense deficit secondary to his 

critical condition maintained for more than 10 days, leads to the assumption of a very high risk of 

translocation and consequently the development of a Candida spp. infection. In the study presented, 

more than 90% of the patients considered to have invasive candidiasis had positive cultures 

simultaneously in bronchial secretions, pharyngeal swab, and gastric aspirate. Based on the pre-

established definitions in the work methodology, it can be observed that the incidence of invasive 

candidiasis in ICU patients is 3.5%, very similar to that observed by other authors (3.6 and 4.7%) 

[42,43]. However, it is striking: a high incidence of candidemia in ICU patients (0.5%) compared to 

other published studies (0.2%) [37]. The incidence of endophthalmitis in patients with Candida spp. 

(2%) is lower than the prevalence of this clinical manifestation. According to the studies consulted, it 

ranges between 3 and 30% [7,8,15,16,37,44,45]. The methodology applied for the early detection of 

yeasts in a risk population in the ICU has surely played an important role in obtaining positive blood 

cultures and in carrying out early antifungal therapy. It is likely that this treatment has significantly 

reduced ocular septic metastases and mortality in cases of candidemia (39% in this study compared 

to 58-80% in other reports) [37,47–57]. This study shows that the mortality related to invasive 

candidiasis, in a population considered high risk due to having detected mucosal colonization, was 

12% and the mortality not related to said infection was 34%. The bibliographic review carried out 

shows that the mortality related to Candida spp. infection ranges between 8% according to Guiot et al. 

[58] and 70% according to Merz et al. [59]. The attributable mortality according to the statistical 
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analysis (25%) has been very similar to the mortality based on the postmortem study (28%) and that 

based on clinical data (23%). These results on attributable mortality based on the postmortem study 

have been compared with those of other studies in which a postmortem study was performed on 

more than 50% of the deceased population. In these works [10,36,58,59] the attributable mortality 

ranges between 26 and 57%. A comparison of attributable mortality has also been carried out with 

studies in which clinical criteria were considered along with histopathological criteria [7–9,60,61]. In 

this group of articles, none have been found with several postmortem studies greater than 50% of the 

deceased. It is striking that in the works consulted the attributable mortality ranges between 47 and 

75%. Other reports have been examined separately [11,37,62–66] in which there is no record of the 

number of postmortem studies carried out. These authors propose an attributable mortality that 

ranges between 38 and 52%. All these data indicate that there is no uniformity of criteria when 

evaluating and interpreting the results obtained in the event of a fungal infection. However, the 

methodology used in this study allows us to ensure that attributable mortality according to a simple 

statistical analysis is superimposable both with attributable mortality based on postmortem data and 

clinical data. At the same time, the results obtained allow us to agree with other authors [6,25,26,66–

68] on the relevance of the lung in invasive candidiasis. It is confirmed that the lung is the most 

frequent location of Candida spp., both in living patients (in bronchial secretions) and in deceased 

patients (in lung tissue). When the univariate statistical analysis has been carried out, it has been seen 

that chronic diseases, age, APACHE III [69] and abdominal surgery are risk factors in relation to 

attributable mortality. The existence of more than one focus and a positive urine culture for yeast in 

the follow-up study are also risk factors in relation to attributable mortality. The multivariate analysis 

shows that abdominal surgery is a risk factor for attributable mortalit, isolation of non-albicans 

Candida (Candida glabrata) is another risk factor for attributable mortality and correct antifungal 

treatment is a protective factor on attributable mortality. It can be concluded that the study presented 

confirms that the stated definition of untreated or insufficiently treated invasive candidiasis is related 

to a death attributable to Candida spp. both according to the postmortem study and through clinical 

data. We believe this shows the importance of microbiological postmortem cultures as a 

complementary and sometimes principal method of diagnosing attributable mortality, taking into 

account the possibility of false-negative histology. Our study of candidiasis using multifocal 

classification combined with early diagnosis and antifungal treatment [18,20], has resulted in a 

reduction in the attributable mortality rate. The method described may be a good way of 

standardizing attributable mortality, not only when postmortem study is performed but also when 

autopsies are not carried out 

5. Conclusions 

The need for a correct classification of invasive candidiasis in non-neutropenic critical ICU 

patients is demonstrated. This classification will require adequate therapeutic action, without having 

to propose prophylaxis concepts that may lead to insufficient treatments or the selection of resistant 

flora. A late start of treatment or inadequate treatment, when there is data of invasive candidiasis 

according to the proposed proposal, has a direct relationship with the mortality attributable to 

Candida spp. according to the data obtained from the postmortem study. The mortality attributable 

from postmortem studies is very similar to that deduced from statistical criteria and from clinical 

data. Antifungal therapeutic alternatives, when solid foundations have been established for an early 

diagnosis of invasive candidiasis, allow the minimization of mortality attributable to Candida spp. in 

this population. 
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