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Factors related to the
increase in fungal infection

More complex
therapeutic interventions

for
metaoolically and imrmunologically
more compromised patients

ICU, intensive care unit

1. Vincent JL, et al. Int Care Med 1998;24:206-6; 2. Eggimann P, et al. Ann Intensive Care 2011;1:37; 3. Sganga G, Drugs
2009;69(Suppl 1):29-32.
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Table 1. Risk Factors for Invasive Candidiasis.*

Critical illness, with particular risk among patients with long-term ICU stay
Abdominal surgery, with particular risk among patients who have anastomotic leakage or have had repeat laparotomies
Acute necrotizing pancreatitis

Hematologic malignant disease

Solid-organ transplantation

Solid-organ tumors

Neonates, particularly those with low birth weight, and preterm infants
Use of broad-spectrum antibiotics

Presence of central vascular catheter, total parenteral nutrition
Hemodialysis

Glucocorticoid use or chemotherapy for cancer

Candida colonization, particularly if multifocal (colonization index >0.5 or corrected colonization index >0.4)

* |CU denotes intensive care unit. For further information see Cleveland et al.,? Arendrup et al.,® and Lortholary et al.’

N ENGL ) MED 373;15 NEJM.ORG OCTOBER 8, 2015




Fungal infections in surgical patients

Preoperative Intraoperative Postoperative

Risk factors Contamination SIRS

Colonisation Duration ICU complication
Blood loss

Foreign bodies

Fungal infection

' COMPLICATION

ICU, intensive care unit; SIRS, systemic inflammatory response syndrome



Microbiology of peritonitis

Primary Secondary Tertiary Dialysis
peritonitis peritonitis peritonitis associated
Enterobacteriaceae Enterobacteriaceae Enterobacteriaceae Staphylococci
S. aureus Anaerobic bacteria Anaerobic bacteria Anaerobic bacteria
Enterococci Viridans streptococci Enterococci Enterobacteriaceae
Candida spp Candida spp Candida spp

Non-fermentative
Gram-negative rods

Weigelt J. Clev Clin ) Med. 2007;74(Suppl 4):529-37; Eckmann C, et al. Eur J Med Res 2011;16:115-26.




Intra-abdominal candidiasis: Multicentre,
multinational study

Table 3 Characteristics of patients admitted to ICU (N = 129) compared with patients admitted to non-ICU (N = 344)

Non-ICU (N = 344) ICU (N = 129) P value
Age, years 63 (51-75) 68 (57-75) 0.139
Male 197 (56.5) 79 (59.5) 0.536
Previous abdominal surgery
Total
Type of abdominal candidiasis
1 = secondary peritonitis 138 (39.5) 51 (38.6) 0.822
2 = tertiary peritonitis 23 (6.6) 11 (8.3)
3 = abdominal abs 104 (29.8) 34 (25.8)
4 = pancreatitis 34 (9.7) 12 (9.1)
5 = biliary tract infection 40 (11.5) 17 (12.9)
6 = other 5.4 4 (3)
CvC 213 (61.2) 128 (97) <(0.001
Parenteral nutrition 164 (47.5) 101 (77.7) <0.001
Septic shock 102 (29.3) 93 (70.5) <(0.001
APACHE score II at the time of diagnosis 13 (8—18) 18 (14—24) <0.001
Duration of hospital admission at the time of diagnosis 11 (3-20) 13 (6-30) 0.007
Previous abdominal surgery 235 (67.3) 103 (78) 0.025
ESRD 29 (8.4) 15 (11.4) 0.376
COPD 36 (10.3) 19 (14.4) 0.261
Heart disease 52 (15.1) 36 (27.3) 0.004
Dialysis 15 (4.3) 15 (11.4) 0.01
002 2 {113 0001
Candidemia 39 (11.6) 29 (22.7) 0.005|
andida species
C. albicans 225 (64.5) 83 (62.9) 0.64
C. glabrata 55 (15.8) 21 (15.9)
C. rropicalis 22 (6.3) 12 (9.1)
C. parapsilosis 33 (9.5) 11 (8.3)
Initial antifungal agent
Echinocandin 148 (44.4) 61 (51.3) 0.012
Azole/triazole 66 (19.8) 34 (28.6)
Amphotericin B 10 (3) 3 (2.5
None 109 (32.7) 21 (17.7)
Adequate antifungal treatment 193 (56.1) 89 (70.1) 0.006
Adequate source control 215 (62.7) 75 (58.1) 0.397
30-day mortality T8 (22.4) 51 (38.9) <(0.001

Bassetti M et al. Intensive Care Med 2015;41:1601-10



Medically important bacterial—fungal
interactions

Anton Y. Peleg**S, Deborah A. Hogan'' and Eleftherios Mylonakis *$

340 | MAY 2010 | VOLUME 8 www.nature.com/reviews/micro

Box 2 | Survival curves for polymicrobial infections
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Candida infections:
Risk factors in adults

* Neutropenia

* Central venous catheters

* Candida colonisation

* Broad-spectrum antibiotics
* Length of ICU stay
 Mechanical ventilation
 Haemodyalisis

ICU, intensive care unit; APGAR, appearance, pulse, grimace,

activity, respiration
Vincent JL, et al. Int Care Med 1998;24:206—16.

Multiple blood transfusions
Diabetes

Corticosteroids
Immunosuppressive agents
Parenteral nutrition
Urinary catheters

For neonates and children:
o Prematurity

o Low birth weight

o Low APGAR score

o Congenital malformation




Surgical interventions as risk factors for
intra-abdominal candidiasis

* Recurrent gastrointestinal perforations'2
* Anastomotic leakages!?

» Surgery for acute pancreatitis?

* Splenectomy?

 Transplantation?

LMortaIity rate: 23.7%-52.9%* ]

1. Eggimann P, et al. Ann Intensive Care 2011;1:37; 2. Calandra T, et al. Lancet 1989;2:1437-40; 3. Martino R and Subira M. Ann
Hematol 2002;81:233-43.



Risk factors for intra-abdominal
Candida infection

Candida spp are the most frequent isolates

Specific: 1 Non-specific:1-2
Recurrent abdominal surgery Central venous catheter (+ eventual TPN)
Gl perforations ICU stay
Gl anastomoses leakage Diabetes (and immunosuppression)
Multifocal colonisation by Candida spp Prolonged broad-spectrum antibiotics
Appendicular® <5%
Colorectal* 12%
Small bowel? 35%
Upper Gl tract? 41%

Gl, gastrointestinal; ICU, intensive care unit; TPN, total parenteral nutrition
1. Bassetti M, et al. Intensive Care Med 2013;39:2092-106; 2. Eggimann P, et al. Ann Intensive Care 2011;1:37;3. Sandven P, et al.
Crit Care Med 2002;30:541; 4. de Ruiter, et al. J Infection 2009;37:522.




Significance of Candida recovered from intra-operative
specimens in patients with intra-abdominal perforations

110 patients prospectively enrolled

Fungal Recovery Rate

appendicitis 1/28 pts (3.5%)

non appendicitis 32/81 pts (39.5%)

VARIABLES ASSOCIATED with DEATH
PERIOPERATIVE YEAST OR 11.5 2.3-58.6

Sandven et al, Crit Care Med, 2002



Fungal infections:
How the surgeon could help

* Getting the best source control and
preventing complications

* Early diagnosis

* Early tratment



Management of the patient with fungal infections

DIAGNOSIS as soon as possible

\

Source
Control

ANTIFUNGALS as soon as diagnosis is suspected




Source control

* It is defined as any single procedure or series of procedures that eliminate

infectious foci, control factors that promote ongoing infection, and correct

or control anatomic derangements to restore normal physiologic function

* In other words...... encompasses all the measures that eradicate the focus
of infection, prevent continuing contamination, and restore functional

anatomic relationships

“SOILING INTO THE ABDOMEN SHOULD BE STOPPED IN ANY WAY”

«SURGERY: ALWAYS BEFORE DAWN, NEVER AFTER SUNSET»

Marshall JC, Crit Care Med 2004,;32 Suppl 11:5513; De Waele, JJ Langenbecks Arch Surg 2010;395:489 Hartl,W Zentralbl Chir 2011;136:11



Langenbecks Arch Surg (2014) 399:11-22
DOL 10.1007/500423-013-1132-2

Diagnostics, therapy and outcome prediction in abdominal
sepsis: current standards and future perspectives

A. Hecker « F. Uhle - T. Schwandner - W. Padberg +

M. A. Weigand

Drainage Laparotomy Re-Laparotomy
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Aspetti di imaging particolari nelle
infezioni fungine?
e CT, US, RM
M Spesso aspetto aspecifico
W Multipli e piccoli?

® DD metastasi, linfoma,
asc. da piogeni, TBC

= Micetoma

o Comglomerato di miceti,
batteri ,cellule inflammatorie, g
materiale necrotico

o Aspetto «particolare»
o DD con litiasi e coaguli




Guida al drenaggio

e US “rapid look”

e US “continous control”
e Radioscopia

o US+Radioscopia

e TC

e RM




Percutaneous drainage

US




Seldinger’ Technique
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Contra-indications
= Infected pancreatic necrosis

Fungi

ARCH SURG/VOL 137, JULY 2002
‘

Determinants for Successful Percutaneous
Image-Guided Drainage of Intra-abdominal Abscess

Marianne E. Cinat, MD; Samuel E. Wilson, MD; Adnan M. Din, MD

Table 7. Predictors of Outcome for Percutaneous
Catheter Drainage

Confidence P
Variable Odds Ratio* Interval Value
Postoperative abscess 115 1.001-1.31 04
Yeast 0.65 0.52-0.81 <001

Pancreatic origin 0.72 0.58-0.80 02




Contra-indications

Multiple abscesses

———ARCH SURG/VOL 137, JULY 2002

Determinants for Successful Percutaneous
Image-Guided Drainage of Intra-abdominal Abscess

Marianne E. Cinat, MD; Samuel E. Wilson, MD; Adnan M. Din, MD
Table 4. Cumulative Success Rates for Multiple Attempts

With Percutaneous Catheter Drainage

_______________________________________________________________________________|
No. of Attempts No. Successiul Cumulative Success Rale, %

1 67 70
2 12 82
3 1 83
4
5

‘/.l

1 84
0 84
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World J. Surg. 27, 379-384, 2003
DOL: 10.1007/500268-002-6705-x
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Factors Affecting Mortality in Generalized Postoperative Peritonitis: Multivariate
Analysis in 96 Patients

Stefaan Mulier, M.D.,"* Freddy Penninckx, M.D., Ph.D.,' Charles Verwaest, M.D..? Ludo Filez, M.D., Ph.D..!
Raymond Aerts, M.D.," Steffen Fieuws, M.Sc.,* Peter Lauwers, M.D., Ph.D.?

'Department of Abdominal Surgery, University Clinic Gasthuisberg, Herestraat 49, B-3000 Leuven, Belgium
*Depa nt of Intensive Care Med iversity Clinic Gasthuisberg, Herestraat 49, B-3000 Leuven, Belgium

*Biostatistical Center, University Clinic Gasthuisberg, Herestraat 49, B-3000 Leuven, Belgium
s

Department of General and Digestive Surgery, University Clinic Mont-Godinne, Avenue du Dr. Thérasse 1, B-5530 Yvoir, Belgium

Table 2. Factors related to mortality in multivariate analysis.

(Odds ratio 05% C1

p-Value

Failed clearance of abdome 76,923 10.417—4=
(including failed control o
septic source)”

Age 1.125" 1.057-1.213
Unconsciousness 11,765 1.527-142.857

< 0.0001

< 0.0001
0.013

SEPSI

CHIRURGIA



“Candida score” [(1-3)-8-D-Glucan

1699 ICU patients

Predictors of proven candidal infection:

g‘ij odds ratio
2.71
o

Multifocal c 3.04

eral Nutrition 2.48

Severe sepsis 7.68

Cristobal L et Al: Crit Care Med, 34(3): 730-737, 2006



ROC AUC curves of BG, CS, and colonisation
index for proven IC cases
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AUC, area under curve; BG, (1-3)-B-D-glucan; CS, Candida score; IC, invasive candidiasis; ROC, receiver operating characteristic
Posteraro B, et al. Crit Care 2011;15:R249



(1-3)-B-D-Glucan
Identification of the context of false-positive
test results

* Concurrent bacteraemia
* Use of renal replacement therapy
*  Treatment with fungus-derived antibiotics

* Intravenously administered immunoglobulins or albumin

* Exposure to gauze

Levesque E, J Clinical Microb 2015;53:771-776



Identikit of patient at risk for candida infection
personal point of view

= A critically ill post-surgical patient with fever on adequate
antibiotic therapy

+ Additional risk factors:
o Candida colonization
o Relaparotomy/relaparotomies

 Open abdomen tecniques (abdominal compartimental syndrome, VAC
therapy)

o Peritonectomy and hyperthermic intraoperative chemotherapy for
peritoneal carcinomatosis*

 Bowel perforation
o Anastomotic leaks

e Previous antibiotic therapy

VAC, vacuum-assisted closure

* Capone A. Et al J Surgical Oncology, 2007
Falcone M et al J Antimicrobial Chemotherapy, 2010



Recommended drugs for invasive candidiasis
according to different guidelines

Guidelines Recommendation
IDSA 20161 Fluconazole/echinocandins”
ESCMID 20122 Echinocandins/liposomal amphotericin B/voriconazole™

SITI/ISC 20133 Echinocandins/lipid amphotericin B/azoles’

ITALIC 20134 Echinocandins

*Recommendations for candidaemia in non-neutropenic patients in patients with moderately severe to severe illness (echinochandins) or less severe illness (fluconazole)
**Echinocandins have A-l recommendation. Liposomal amphotericin B and voriconazole have B-I recommendation

tEchinocandins/lipid amphotericin B can be used in critically ill patients or for patients with previous azole exposure. Azoles can be used in non-critically ill patients with intra-
abdominal candidiasis due to susceptible strains

ESCMID, European Society of Clinical Microbiology and Infectious Diseases; IDSA, Infectious Disease Society of America; ISC, International Society of Chemotherapy; ITALIC,
Italian consensus for invasive candidiasis mangement; SITI, Italian Society of Intensive Care

1. Pappas PG, et al. Clin Infect Dis 2016;62:409-417; 2. Cornely OA, et al. Clin Microbiol Infect 2012;18(Suppl 7):19-37; 3. Bassetti M, et al. Intensive Care Med
2013;39:2092-2106; 4. Scudeller L, et al. Infection 2014;42:263-279



Management of intra-abdominal candidiasis

Prophylaxis in high risk patients:

Fluconazole in patients with recent abdominal surgery and recurrent
gastrointestinal perforation or anastomotic leakage*

Therapy of documented cases:?

Echinocandins should be used in critically ill, non-neutropenic, or
neutropenic patients

Fluconazole is an acceptable alternative for patients who have had
no recent azole exposure and are not colonized with
azole-resistant Candida spp.

1. Cornely OA, et al. Clin Microbiol Infect 2012;18(Suppl 7):19-37; 2. Pappas PG, et al. Clin Infect Dis 2016;
62:409-417.



Key challenges

*  Why echinocandins?13
Broad spectrum?!3
Resistance is rare
Fungicidal — biofilm activity*
Preserve organ function (safety profile)*
Few drug-drug interactions*

*  Which echinocandin?

Consider:
Dose adjustments
Drug interactions
Pharmacokinetics
Critically ill patients, e.g., neutropenia

1. Ecalta® (anidulafungin) Summary of Product Characteristics, Sept 2014; 2. Mycamine® (micafungin) Summary of Product Characteristics, 2014; 3. Cancidas®(caspofungin)
Summary of Product Characteristics, 2014; 4. Scudeller L, et al. Infection 2014;42:263-279; 5. Kofla G, Ruhnke M. Eur J Med Res 2011;16:159-166;



Abdominal candidiasis is a hidden reservoir of
echinocandin resistance

Types of invasive candidasis among patients at UPMC (2010-2011)

@ candidemia
B IAC+candidemia
O 1AC no candidemia

[0 other sites

Shields et al Antimicrob. Agents Chemother 2014 early on line



Abdominal candidiasis is a hidden reservoir of
echinocandin resistance

25 pts with abdominal candidiasis received an echinocandin
for >3 days (median 42 days, range 4 — 438).

« All pts had underlying Gl diseases, and 92% (23/25)
underwent Gl surgery within 30 days preceding the onset of
abdominal candidiasis (44% SOT recipients)

* C. glabrata (n=17) was most common, followed by C. albicans
(n=7), C. tropicalis (n=2) and C.krusei (n=1). Two patients had
mixed Candida infections

No source control!!

Shields et al Antimicrob. Agents Chemother 2014 Dec;58(12):7601-5



Plasma and biliary excretion of anidulafungin in Liver
transplantation

Material and Methods

* Open, non controlled, non randomized, pivotal
study, single center

« So far 8 patients were enrolled. The main

Indication was Deep Tissue Candidiasis (mostly C.

albicans) with or without candidemia all with
negative “fundus oculi”

* Dosage of anidulafungin: 200 mg i.v. loading dose,
followed by 100 mg/daily



Material and Methods

S —
. M ‘A

* The biliary samples have been obtained through ( {13 X

the Kehr T-tube, placed in the biliary tract, every Sp&
hours

* The samples have been collected before and for all the
anidulafungin therapy duration (range 5-21 days)

* At the same time blood samples have been collected.
Samples have been maintained at -80°C until assayed.
High-performance liquid chromatography with ultraviolet
detector (HPLC/UV) analytical method has been used for
the determination of anidulafungin concentrations



Anidulafungin 100 mg multiple dose

Penetration into bile fluid in 8 patients
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Sganga G, Novelli A, data on file 2016



Therapeutic management of peritonitis: a comprehensive guide for intensivists

P. Montravers, S. Blot, G. Dimopoulos, C. Eckmann, P. Eggimann, X. Guirao, J. A. Paiva, G. Sganga & J. De Waele
Intensive Care Medicine, 2016 Aug;42(8):1234-47

i A
Critically ill surgical patients at risk of invasive candidiasis
Risk factors: Recurrent gastrointestinal tract perforation, anastomotic leakage
ICU stay of more than 3 days after abdominal surgery with at least one site colonized by Candida spp.
Septic shock Candida score _
SOFA score 2 8 - g assessed every 48 h
Echinocandin High risk (23 points) < | * Lowrisk (<3 points) [ §
| ! i
B-D-glucan measured on Day 1 and 3 B-D-glucan assessed every 48 h
>80 pg/mL <J—> <80 pg/mL <80 pg/mL ._l_. 2 measurements >80 pg/mL
| | 3
L ) 2
w
No Empirical No
treatment treatment treatment
Clinical assessment ) 8
2
| SOFAscore 28 o
SOFA score < 8 Septic shock .§
B
L J v l l E
Continue Stop Fluconazole Echinocandin =
treatment treatment 4
Fig. 1 Suggested approach to guide antifungal therapy in patients with peritonitis, adapted from [67]
\

[67] Pagani JL, Revelly JP, Que YA, Eggimann P (2015) The role of biomarkers for starting antifungals in the intensive care unit. Clin Pulm Med 22:286-293.



Conclusions

If the initial multi-bacterial infection is left uncontrolled, often this can
result in invasive candidiasis

* DIAGNOSIS, adequate, as soon as possible=>CT scan

 ANTIFUNGALS, adequate, as soon as possible—=> adequate
antimicrobial treatment even before formal diagnosis

* SURGERY, adequate, as soon as possible—> laparoscopy
should be considered in experienced hands

* RE-LAPAROTOMY, adequate, as soon as necessary—>a la
demand re-laparotomy appears more rational than planned
re-laparotomy. Consider open abdomen and VAC.

QUICK and
ADEQUATE



