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ABSTRACT The pharmacokinetics and antifungal activity of the echinocandins ani-
dulafungin (AFG), micafungin (MFG), and caspofungin (CAS) were assessed in ascites
fluid and plasma of critically ill adults treated for suspected or proven invasive candi-
diasis. Ascites fluid was obtained from ascites drains or during paracentesis. The anti-
fungal activity of the echinocandins in ascites fluid was assessed by incubation of
Candida albicans and Candida glabrata at concentrations of 0.03 to 16.00mg/ml. In
addition, ascites fluid samples obtained from our study patients were inoculated
with the same isolates and evaluated for fungal growth. These patient samples had
to be spiked with echinocandins to restore the original concentrations because echi-
nocandins had been lost during sterile filtration. In ascites fluid specimens of 29
patients, echinocandin concentrations were below the simultaneous plasma levels.
Serial sampling in 20 patients revealed a slower rise and decline of echinocandin
concentrations in ascites fluid than in plasma. Proliferation of C. albicans in ascites
fluid was slower than in culture medium and growth of C. glabrata was lacking,
even in the absence of antifungals. In CAS-spiked ascites fluid samples, fungal CFU
counts moderately declined, whereas spiking with AFG or MFG had no relevant
effect. In ascites fluid of our study patients, echinocandin concentrations achieved
by therapeutic doses did not result in a consistent eradication of C. albicans or C.
glabrata. Thus, therapeutic doses of AFG, MFG, or CAS may result in ascites fluid con-
centrations preventing relevant proliferation of C. albicans and C. glabrata, but do
not warrant reliable eradication.

KEYWORDS antifungals, invasive candidiasis, fungal peritonitis, target-site
pharmacokinetics, antifungal pharmacodynamics

Candida peritonitis is associated with a high morbidity and a mortality of 20% to
30% (1, 2). It may occur after gastrointestinal perforation, as a complication of

intra-abdominal surgery, in patients on chronic peritoneal dialysis, or in patients with
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liver cirrhosis presenting with ascites, particularly in those with acute on chronic liver
failure (2–14). Controlled clinical studies on the treatment of Candida peritonitis are
lacking. Current guidelines recommend antifungal treatment with an echinocandin
along with drainage and surgical source control (15). The three commercially available
echinocandins anidulafungin (AFG), micafungin (MFG), and caspofungin (CAS) are
amphophilic cyclic hexapeptides displaying a plasma protein binding of more than
90% (16). As information on the penetration of echinocandins into ascites fluid are
sparse, we assessed the pharmacokinetics and antifungal activity of AFG, MFG, and
CAS in ascites fluid of critically ill adult patients treated for suspected or proven inva-
sive candidiasis.

RESULTS
Study population, echinocandin concentrations, and pharmacokinetics. Twenty-

nine patients were enrolled. Eleven patients (3 females, 8 males; median age [range],
63 [34 to 82] years) were treated with AFG, 6 patients (1 female, 5 males; age, 53 [20 to
73] years), received MFG, and 13 (6 females, 7 males; age, 68 [32 to 83] years) were on
CAS treatment. One patient (patient 11) was initially treated with AFG and switched to
MFG after 6 days by the treating physician. Ascites drains had been inserted in 20
patients allowing for the assessment of echinocandin pharmacokinetics in ascites fluid
(Table 1). Serial ascites fluid sampling over the entire dosage interval of 24 h was possi-
ble in 13 patients (Table 2). From another seven patients, serial samples were obtained
over 8, 12, or 18 h (Table 3). In ascites fluid, concentrations of AFG, MFG, and CAS dis-
played a slower rise, a slower decline, and lower fluctuations than in plasma.
Pharmacokinetics of AFG, MFG, and CAS in ascites fluid were highly variable (Tables 2
and 3). From 10 additional patients, 12 single-sample pairs (ascites fluid and plasma)
were drawn during paracentesis at different times from echinocandin infusion.
Echinocandin concentrations and penetration ratios (PRs) are listed in Table 4. In asci-
tes fluid, echinocandin concentrations were significantly lower than the simultaneous
plasma levels (P, 0.05). However, there was no significant difference between the PRs
of the three echinocandins.

Echinocandin pharmacodynamics in ascites fluid. Proliferation of C. albicans and C.
glabrata in ascites fluid was slower than that in RPMI culture medium (see Fig. 1 and 2).
Incubation of C. albicans or C. glabrata in ascites fluid spiked with AFG or MFG at concen-
trations of 0.03 to 16.00mg/ml did not result in a consistent decline in CFU. In CAS-spiked
ascites fluid, a slight decrease of CFU of C. albicans was observed at concentrations
of$2.00mg/ml, whereas the CFU counts of C. glabrata decreased at concentrations
of$0.25mg/ml (Fig. 1). In culture medium, AFG concentrations of$0.125mg/ml, MFG lev-
els of$0.03mg/ml, and CAS concentrations of$1.00mg/ml resulted in a decrease of CFU
of both Candida species (Fig. 1). In ascites fluid of selected study patients, the clinically
achieved AFG concentrations had no effect on the growth of C. albicans or C. glabrata. An
MFG concentration of 1.23mg/ml was associated with a slight reduction of CFU of both
Candida species in ascites fluid of patient 15, whereas no effect of MFG was observed in as-
cites fluid of patient 11 (Cmax = 0.11mg/ml) and patient 12 (Cmax = 1.94mg/ml). At CAS con-
centrations of 1.46 to 3.46mg/ml (patient 25), however, CFU counts of C. glabrata declined,
but CFU counts of C. albicans remained unchanged. CAS exposure was associated with a
decrease of CFU counts of C. glabrata in ascites fluid of two of four patients (patients 21
and 25). In ascites fluid of patients 19 and 22, CAS peak concentrations of 0.97 and
0.52mg/ml, respectively, were ineffective against C. glabrata. In all the tested patient asci-
tes fluid samples, C. albicans displayed largely unchanged CFU counts (Fig. 2). No relevant
proliferation of C. albicans or C. glabrata in ascites fluid was observed at echinocandin con-
centrations achieved in our study population.

DISCUSSION

Echinocandin plasma pharmacokinetics in our study population were comparable
with previously published data (17–22). In ascites fluid, AFG kinetics were similar to
those reported from 24 critically ill patients with peritonitis and to those we previously
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determined in a smaller group of critically ill patients (22, 23). During peritonitis, MFG
had achieved peritoneal fluid concentrations comparable with our findings (24).
Concentrations of CAS in ascites fluid have not been reported so far.

The ratio of the area under the echinocandin concentration-time curve over 24 hours
to the MIC of the pathogen (AUC0–24/MIC) has been shown to correlate with the antifun-
gal efficacy of echinocandin treatment. In a murine model, a fungistatic effect of AFG on
C. albicans and C. glabrata was reached by AUC0–24/MIC ratios of 2,782 and 1,366, respec-
tively. For MFG, the respective ratios were 5,299 and 1,542, and the AUC0–24/MIC ratios of
CAS amounted to 748 and 96 for C. albicans and C. glabrata, respectively (25). MICs of
AFG of 0.008 to 0.25mg/ml were reported for C. albicans and 0.015 to 1.0mg/ml for

TABLE 1 Study population information

Patient
Body
wt (kg) Main diagnosisa

Cumulative
dose (mg) Drug

Sampling of
ascites fluidb

1 40 Candida peritonitis, larynx carcinoma, liver cirrhosis, chronic
hepatitis C, HIV infection

200 AFG Ascites drain

2 74 Septic shock, pneumonia, methotrexate-induced acute liver
failure, cholangitis

1,000 AFG Ascites drain

3 90 Acute on chronic liver failure, liver cirrhosis, hemochromatosis 200 AFG Ascites drain
4 39 Decompensated liver cirrhosis, renal failure, opioid addiction 500 AFG Ascites drain
5 70 Acute on chronic liver failure, alcoholic liver disease 700 AFG Ascites drain
6 59 Gastric cancer 300 AFG Ascites drain
7 80 Septic shock, Candida dubliniensis, Enterococcus faecium

peritonitis, pulmonary aspergillosis, st. p. LTX
300 AFG Paracentesis

8 61 Peritonitis (E. faecium), st. p. LTX, hypersplenism 200 AFG Paracentesis
9 90 Incisional hernia, idiopathic thrombocytopenic purpura 800 AFG Paracentesis
10 66 Bile duct adenoma 300 AFG Paracentesis
11c 85 Cystectomy, prostatectomy, ileal conduit, urothelial carcinoma,

pneumonia, CHD
200 AFG Ascites drain

11c 85 100 MFG Ascites drain
12 76 MVR, papillary muscle rupture after MI, septic shock, VAP

(Stenotrophomonas maltophilia)
900 MFG Ascites drain

13 98 Peritonitis, st. p. distal pancreatectomy, pneumonia 100 MFG Ascites drain
14 51 Peritonitis, post-ERCP pancreatitis, Peutz-Jeghers syndrome 300 MFG Ascites drain
15 75 Cholestatic graft failure, st. p. LTX, candidemia (C. dubliniensis),

MOF, pulmonary Rhizopus oryzaemycosis (diagnosed at
autopsy)

1,000 MFG Paracentesis

16 30 Cystic fibrosis, st. p. LTX, graft dysfunction 1,000 MFG Paracentesis
17 85 Peritonitis, st. p. cholecystectomy complicated by bile duct and

hepatic artery laceration, st. p. hemihepatectomy
370 CAS Ascites drain

18 75 Peritonitis, gastric carcinoma, st. p. gastric perforation,
hemorrhagic shock

170 CAS Ascites drain

19 90 Septic shock, cholecystitis, peritonitis (C. glabrata, E. faecium),
gastric cancer

220 CAS Ascites drain

20 75 LTX (acute liver failure), septic shock, MOF 170 CAS Ascites drain
21 70 Perforated gastric ulcer, peritonitis, alcoholic liver disease 470 CAS Ascites drain
22 65 Small intestine perforation, peritonitis, incarcerated umbilical

hernia, liver cirrhosis
170 CAS Ascites drain

23 75 Liver cirrhosis, hemothorax after multiple rib fractures 170 CAS Ascites drain
24 81 Peritonitis from sigmoid colon perforation 220 CAS Ascites drain
25 50 Peritonitis, small bowel anastomotic leak, uterine

leiomyosarcoma, pelvic abscess
220 CAS Ascites drain

26 85 Bile duct perforation after laparoscopic cholecystectomy,
peritonitis

170 CAS Paracentesis

27 65 Septic shock, diffuse large B-cell lymphoma, liver cirrhosis 470 CAS Paracentesis
28 73 Lithogenic pancreatitis, hemorrhagic shock 400 CAS Paracentesis
29 98 Lymphohistiocytic syndrome 350 CAS Paracentesis
aHIV, human immunodeficiency virus; st. p., status post; LTX, liver transplantation; CHD, coronary heart disease; MVR, mitral valve replacement; MI, myocardial infarction;
VAP, ventilator-associated pneumonia; ERCP, endoscopic retrograde cholangiopancreatography; MOF, multiorgan failure; AFG, anidulafungin; MFG, micafungin; CAS,
caspofungin.

bWhen ascites fluid was sampled via drainage, the collection bags were changed before (0 h) as well as 1, 4, 8, 12, 18, and 24 h after the start of the echinocandin infusion
and kept for echinocandin measurement. During paracentesis, single-sample pairs (ascites fluid and plasma) were taken at different times from echinocandin infusion.
cPatient 11 was initially treated with AFG and switched to MFG after 6 days by the treating physician.
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C. glabrata. MICs of MFG and CAS were 0.008 to 1.0mg/ml, respectively, for C. albicans
and #0.008 to 1.0mg/ml and #0.008 to 0.25mg/ml, respectively, for C. glabrata (26).
Based on these data, in our study population, only CAS would have reached fungistatic
ascites fluid concentrations for C. albicans with MIC values of #0.06 to 0.1mg/ml and for
C. glabrata with MICs of#0.008 to 0.5mg/ml.

However, the relevance of in vitro MIC of echinocandins is not yet known for ascites
fluid. Therefore, we assessed the antifungal activity of AFG, MFG, and CAS in ascites
fluid by in vitro simulations in echinocandin-spiked ascites fluid and by ex vivo

TABLE 2 Echinocandin pharmacokinetics in ascites fluid obtained from ascites drains and in plasma with 24-h sampling perioda

Patient Sample Drug
Day of
therapy Dose (mg/kg/d) Cmax (mg/ml) Cmin (mg/ml) Tmax (h)

AUC0–24

(mg× h/ml) t1/2 (h) PR
1 Ascites fluid AFG 2 2.50 0.37 0.18 8 7.2 0.20

Plasma 2.72 0.11 1.5 36.4 14.6
2 Ascites fluid AFG 9 1.35 1.01 0.51 8 21.3 0.26

Plasma 5.32 2.40 1.5 80.9 23.8
3 Ascites fluid AFG 1 1.11 0.17 0.01 18 3.1 0.05

Plasma 4.86 1.81 3 62.8 14.6
4 Ascites fluid AFG 4 2.56 0.57 0.33 4 10.7 0.10

Plasma 6.50 3.02 1.5 103.8 27.2
5 Ascites fluid AFG 7 1.43 0.51 0.20 12 8.1 0.12

Plasma 5.07 1.83 1.5 66.7 23.7
11 Ascites fluid AFG 1 1.18 0.63 0.09 8 10.8 0.17

Plasma 6.72 1.70 1 61.6 24.9
13 Ascites fluid MFG 1 1.02 0.48 0.14 4 3.6 0.15

Plasma 3.15 0.68 1 23.6 9.3
14 Ascites fluid MFG 3 1.96 0.26 0.02 24 4.2 0.10

Plasma 5.22 0.64 1 42.4 8.5
17 Ascites fluid CAS 7 0.59 2.80 0.59 8 49.6 0.58

Plasma 7.09 2.11 1 85.8 18.9
18 Ascites fluid CAS 3 0.67 0.53 0.04 18 8.9 0.10

Plasma 6.74 1.84 1 85.7 39.2
21 Ascites fluid CAS 9 0.71 0.48 0.16 24 8.4 0.08

Plasma 6.03 1.59 8 106.0 14.6
22 Ascites fluid CAS 3 0.77 0.52 0.23 18 11.0 0.04

Plasma 27.40 6.21 1 271.3 19.8
23 Ascites fluid CAS 3 0.67 1.13 0.56 24 22.8 0.26

Plasma 6.92 1.86 1 88.5 18.9
aCmax, echinocandin peak concentration; Cmin, echinocandin trough concentration; Tmax, time to Cmax; AUC0–24, area under the echinocandin concentration-time curve over
24 h; t1/2, echinocandin plasma half-life; PR, penetration ratio (AUC0–24 ascites fluid/AUC0–24 plasma); AFG, anidulafungin; MFG, micafungin; CAS, caspofungin.

TABLE 3 Echinocandin pharmacokinetics in ascites fluid obtained from ascites drains and in plasma with,24-h sampling perioda

Patient Sample Drug
Day of
therapy

Dose
(mg/kg/d) Cmax (mg/ml) Cmin (mg/ml) Tmax (h)

AUC0–n

(mg× h/ml) Tsampling (h) PR
6 Ascites fluid AFG 2 1.69 0.38 0.26 4 5.7 18 0.13

Plasma 3.07 1.60 1 44.9 18
11 Ascites fluid MFG 1 1.18 0.11 0.04 4 0.6 8 0.02

Plasma 5.15 1.36 1 28.1 8
12 Ascites fluid MFG 5 2.63 2.38 1.75 0 24.3 12 0.31

Plasma 9.71 5.39 1 78.5 12
19 Ascites fluid CAS 4 0.56 0.97 0.31 1.5 10.8 18 0.08

Plasma 10.67 3.84 1.5 127.4 18
20 Ascites fluid CAS 3 0.67 1.54 0.31 8 13.2 12 0.46

Plasma 5.71 0.85 1 28.7 12
24 Ascites fluid CAS 4 0.62 1.37 1.10 0 9.2 8 0.14

Plasma 10.40 3.82 1 63.9 8
25 Ascites fluid CAS 5 1.00 3.46 1.46 18b 40.7 18 0.30

Plasma 11.30 3.38 1 137.7 18
aCmax, echinocandin peak concentration; Cmin, echinocandin trough concentration; Tmax, time to Cmax; AUC0–n, area under the time-concentration curve from start of
echinocandin infusion to the last sampling; PR, penetration ratio (AUC0–n ascites fluid/AUC0–n plasma); AFG, anidulafungin; MFG, micafungin; CAS, caspofungin; Tsampling, sampling
interval, when,24 h.

bThe CAS concentration increased over the entire sampling interval of 18 h.

Welte et al. Antimicrobial Agents and Chemotherapy

July 2021 Volume 65 Issue 7 e02565-20 aac.asm.org 4

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/a

ac
 o

n 
02

 A
ug

us
t 2

02
1 

by
 1

93
.1

71
.7

7.
1.

https://aac.asm.org


simulations in ascites fluid samples of some of our study patients. In ascites fluid, the
proliferation of C. albicans was slow and the growth of C. glabrata was lacking, even in
the absence of antifungals. This finding might be ascribed to the variable availability of
nutrients or to the presence of constituents with antimicrobial activity in ascites fluid.
Peritoneal immunity has been shown to be influenced by numerous conditions, such
as underlying disease and genetic polymorphisms (27, 28). Notably, we had removed
any cells from ascites fluid by sterile filtration before inoculation with Candida.

In vitro, we observed a moderate decline in fungal CFU counts in ascites fluid spiked
with CAS, whereas spiking with AFG or MFG had no relevant effect on fungal growth.
In ascites fluid of our study patients, echinocandin concentrations achieved by thera-
peutic doses did not result in a consistent eradication of C. albicans or C. glabrata.
Thus, AFG and MFG were largely ineffective, and the antifungal activity of CAS was vari-
able in this compartment, probably depending on the susceptibility of the pathogen
and on the individual properties of the ascites fluid, e.g., the pH value. The stability of
AFG has been reported to decline at pH of.8 (29).

TABLE 4 Echinocandin concentrations in single samples obtained during paracentesisa

Patient Drug
Day of
therapy

Dose
(mg/kg/d)

Conc. in ascites
fluid (mg/ml)

Conc. in
plasma (mg/ml)

Time from
infusion (h) PR

7 AFG 2 1.25 0.28 2.72 4 0.10
7 4 1.25 0.42 1.92 14 0.22
8 AFG 1 3.28 0.04 6.28 1.5 0.01
8 4 1.64 1.18 3.68 4 0.32
9 AFG 8 1.11 0.99 2.87 0 0.34
10 AFG 3 1.52 0.20 2.11 1 0.09
15 MFG 9 1.33 1.23 6.01 8 0.20
16 MFG 16 1.67 1.32 n.a. 24 n.a.
16 MFG 20 1.67 1.03 n.a. 1 n.a.
26 CAS 3 0.59 0.70 7.31 12 0.10
26 3 0.59 1.37 5.37 24 0.26
27 CAS 9 0.77 0.98 8.42 4 0.12
27 14 0.77 2.16 7.02 8 0.31
27 16 0.77 2.59 7.14 9 0.36
28 CAS 7 0.68 1.66 13.90 1.5 0.12
29 CAS 5 0.71 1.31 2.06 4 0.64
aAFG, anidulafungin; MFG, micafungin; CAS, caspofungin; Conc., echinocandin concentration; Time from infusion, time from start of echinocandin infusion; PR, penetration
ratio (Cascites fluid/Cplasma); n.a., not available (plasma sampling was missed).

FIG 1 In vitro simulation of growth of C. glabrata (left panel) and C. albicans (right panel) in ascites fluid and in RPMI media treated with
anidulafungin (AFG), micafungin (MFG), and caspofungin (CAS). Samples were incubated for 24 h.
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Echinocandins inhibit the synthesis of 1,3-b-D-glucans, which are essential constitu-
ents of fungal cell walls required during cellular proliferation. Consequently, echinocan-
din exposure caused lysis of exponentially growing C. albicans cells but not of stationary
cells (30). Accordingly, we observed moderate or even a lack of antifungal activity of
echinocandins in ascites fluid, where fungal proliferation was slower than in culture me-
dium or was even absent. In plasma, protein binding of AFG and MFG exceeds that of
CAS, resulting in lower free AFG and MFG plasma levels. Protein binding of echinocan-
dins in ascites fluid is unknown. Notably, a positive correlation between serum albumin
concentrations and the probability of pharmacokinetic/pharmacodynamic target attain-
ment has been reported for MFG (24). Observational clinical studies revealed a favorable
outcome of 57% to 77% of patients suffering from Candida peritonitis treated with CAS
(31, 32) and of 79% of peritonitis patients on AFG therapy (33). Thirteen of our 29
patients suffered from peritonitis. Echinocandin penetration into ascites fluid of patients
with and without peritonitis was similar throughout our study population (PR of 0.17 ver-
sus 0.22; P=0.374). Similar AFG and MFG concentrations in the ascites fluid of patients
with peritonitis have been reported previously (22, 24). Therefore, peritonitis probably
does not promote the intraperitoneal penetration of echinocandins.

Little data are available on ascites fluid penetration of antifungals. High concentra-
tions approaching the simultaneous plasma levels are achieved by 5-flucytosine and
by fluconazole (34, 35). Ascites fluid concentrations of amphotericin B were below
0.5mg/ml after administration of conventional or lipid-formulated amphotericin B (34,
36). The antifungal activity of these drugs in human ascites fluid is not yet known.

The limited size and the heterogeneity of our study population are clear limitations.
Medical and surgical patients presenting with ascites caused by different underlying
diseases were enrolled. However, there was no patient on peritoneal dialysis in our
study population although this group of patients is at high risk of Candida peritonitis.
Furthermore, we did not separately determine free and protein-bound echinocandin
levels in ascites fluid or in plasma. The antifungal activity of AFG, MFG, and CAS in asci-
tes fluid at concentrations achieved by therapeutic doses was assessed only for C. albi-
cans and C. glabrata isolates because these species are the most frequent pathogens
associated with fungal peritonitis (31–33). Other Candida species might present differ-
ent growth and echinocandin susceptibility in human ascites fluid. Furthermore, the

FIG 2 Ex vivo simulation of growth of C. glabrata (left panel) and C. albicans (right panel) in ascites fluid of patients treated with standard
doses of anidulafungin (AFG), micafungin (MFG), and caspofungin (CAS). Ascites drains had been inserted in patients 4, 5, 11, 12, 19, 21 22,
and 25. The collections bags were changed before (0 h) as well as 1, 4, 8, 12, 18, and 24 h after the start of infusion and kept for
echinocandin measurement and for ex vivo simulation when the sample volume was sufficient. For ex vivo simulation, seven samples were
obtained from patients 4, 5, 21, and 22; six samples from patients 19 and 25; four samples from patient 11; and two samples from patient
12. For sake of clarity of the figure, the growth curves are displayed for Cmax values only. From patient 15, a single sample was taken during
paracentesis 8 h after MFG administration.
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use of a standard EUCAST MIC test was not applicable for ascites fluid in our simulation
experiments. Further methodological studies (e.g., on sample preparation) will be
required for establishing this approach. Ex vivo simulation in patient ascites fluid sam-
ples was hampered by the loss of echinocandins during sterile filtration that necessi-
tated spiking of the samples for restoring of the original echinocandin concentrations.
Thus, ex vivo simulations were similar with in vitro simulations but allowed for the eval-
uation of individual ascites fluid samples taken during echinocandin treatment.
Nevertheless, we observed a considerable interpatient and interisolate variability of
Candida growth and echinocandin activity in ascites fluid. This variability will limit the
predictability of fungal eradication from ascites fluid by echinocandins. Along with
antifungal treatment, patient-specific factors might be crucial for fungal eradication
during Candida peritonitis. These factors, however, are hardly predictable for the indi-
vidual patient. Timely and effective treatment is therefore mandatory in this life-threat-
ening condition, although the optimal antifungal regimen remains to be established.

In conclusion, echinocandin concentrations in ascites fluid were lower than the si-
multaneous plasma levels, and Candida proliferation in ascites fluid was slower than
that in culture medium. The echinocandin susceptibility of Candida in ascites fluid is
variable but lower than that in culture medium. Treatment with standard doses of
AFG, MFG, or CAS which is based on candidemia studies will result in ascites fluid con-
centrations preventing relevant proliferation of C. albicans and C. glabrata but does
not warrant reliable eradication. Further studies on the clinical efficiency of antifungals
against fungal peritonitis are required.

MATERIALS ANDMETHODS
Patient enrollment. The protocol of this open-label pharmacokinetic study was approved by the

local ethics committees (EudraCT no. 2013-005065-38), and the study was performed in accordance with
the Declaration of Helsinki and with Austrian law. Written informed consent was granted by competent
patients. Post hoc consent was obtained from patients who were incompetent at the time of enrollment.
We enrolled consecutive critically ill adults treated with AFG, MFG, or CAS for proven or suspected inva-
sive fungal infections who had an indication for peritoneal drainage or paracentesis. AFG (Ecalta; Pfizer,
Sandwich, Kent, UK), MFG (Mycamine; Astellas, Leiderdorp, the Netherlands), and CAS (Cancidas; Merck
Sharp and Dohme, Hertfordshire, UK) were administered at the discretion of the treating physician.
Ascites fluid was obtained from ascites drains or during paracentesis. When an ascites drain had been
inserted, the collection bags were changed before (0 h) as well as 1, 4, 8, 12, 18, and 24 h after the start
of infusion and kept for echinocandin measurement. Paracentesis was scheduled according to clinical
requirements. Two-milliliter blood samples were drawn into heparinized vials (Sarstedt, Nümbrecht,
Germany) simultaneously with paracentesis or with the changes of the collection bags and were centri-
fuged at 350� g for 10 min. Plasma and ascites fluid samples were stored at 280°C.

Echinocandin quantification. AFG and MFG in ascites fluid and in plasma were quantified with
high-performance liquid chromatography and UV detection (HPLC-UV) as described previously (37).

CAS concentrations were measured by liquid chromatography-tandem mass spectrometry (LC-MS/
MS). Aliquots of 25ml of the samples were mixed with 25ml of an internal standard solution (caspofun-
gin [C52H84D4N10O15]; 1.0mg/ml; Toronto Research Chemicals, North York, Canada). Subsequently, 100ml
of 0.1% formic acid in acetonitrile was added for protein precipitation. After 5 minutes of ultrasonication,
samples were centrifuged for 5 minutes at 1,900� g, and 160ml of the supernatant was mixed with
150ml of 0.1% formic acid in acetonitrile.

The LC-MS/MS system comprised a 1100 series HPLC pump (Agilent, Waldbronn, Germany), a CTC-
PAL autosampler (CTC Analytics AG, Zwingen, Switzerland), and a QTrap 4000 mass spectrometer (Sciex,
Framingham, MA, USA). Separation was performed on a Zorbax SB-C18 column (2.1 by 150mm, 5mm)
protected by an SB-C18 guard column (4.6 by 12.5mm, 5mm; both Agilent Technologies, Vienna, Austria).
Separation was accomplished with a linear gradient of 5% to 100% acetonitrile in aqueous 0.5% acetic
acid solution within 10 minutes. The flow rate was set to 300ml/min, and the column temperature and
the injection volume amounted to 50°C and 10ml, respectively. Mass spectrometry detection was per-
formed with electrospray ionization in positive ion mode. Multiple reaction monitoring was carried out
using the precursor-to-product ion transitions m/z 547.5 to 131.1 (quantifier) and 547.5 to 137.1 (quali-
fier) for CAS as well as 549.5 to 131.1 for caspofungin-D4.

For calibration, matrix-matched standards were used (range, 0.05 to 10.0mg/liter), with a lower limit
of quantitation (LLOQ) of 0.1mg/liter. The fitness of the method was confirmed by validation experi-
ments. Bias and relative standard deviations were ,15%. The process efficiencies were 70% to 80%.
Plasma samples of patients 17 to 20 and 23 and 27 were quantified with a previously described LC-MS/
MS method (38).

Pharmacokinetic and statistical calculations. When serial samples had been obtained from an as-
cites drainage, the penetration ratio (PR) was defined as the ratio between the area under the echino-
candin concentration-time curve over the sampling period (AUC0–n) in ascites fluid and the AUC0–n in
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plasma (AUC0–n ascites fluid/AUC0–n plasma; with sampling periods of 8 h, 12 h, 18 h, or 24 h). When single
samples had been drawn during paracentesis, the PR was the ratio between the echinocandin concen-
tration in ascites fluid and in the simultaneously taken plasma sample (Cascites fluid/Cplasma).

Echinocandin pharmacokinetics in ascites fluid and in plasma were calculated by a noncompartmental
model using Kinetica 2000 (InnaPhase Corp., Champs-sur-Marne, France). The AUC0–n was calculated using
the log-linear method whenever the concentration in a trapezoid decreased or with the trapezoidal method
when the concentration increased. The significance of the difference between the echinocandin concentra-
tions in ascites fluid and in plasma was assessed by the Wilcoxon signed-rank test. Differences between the
PR of the echinocandins were assessed with the Mann-Whitney U test and done with Bonferroni correction.
Statistical calculations were performed with SPSS Statistics 24.0 (IBM Corporation, New York, USA).

Pharmacodynamic assessment by in vitro and ex vivo simulation. Clinical isolates of C. albicans
and C. glabrata, stored at 280°C, were thawed and grown on Sabouraud (SAB) agar plates (Difco,
Vienna, Austria) for 24 h at 376 1°C. Ascites fluid was filtered twice (Filtropur S; 0.2- and 0.45-mm pore
size; Sarstedt, Nümbrecht, Germany) in order to avoid bacterial or fungal contamination and subse-
quently inoculated with 2� 104 Candida cells per ml. Controls were grown in RPMI 1640 culture medium
(Sigma-Aldrich, St. Louis, USA). Samples were incubated at 376 1°C and gently shaken at 170 rpm. After
24 and 48 h, aliquots were drawn and diluted 10-fold or 100-fold in double-distilled water. Aliquots of
50ml of these dilutions were plated in duplicate onto SAB agar plates with an automatic spiral plater
(model WASP 2; Don Whitley Scientific, Shipley, UK). The plates were incubated at 376 1°C for 24 h, and
the number of fungal CFUs was counted. In vitro simulation was also tried using standard EUCAST MIC
tests. By applying this approach, however, numerous ascites fluid samples were unevaluable because of
the highly variable color and turbidity of ascites fluid.

In vitro simulations were performed in filtered ascites fluid obtained from patients not on antifungal
treatment. Ascites fluid was spiked with AFG, MFG, or CAS at final concentrations of 0.03, 0.06, 0.125,
0.25, 0.50, 1.00, 2.00, 4.00, 8.00, and 16.00mg/ml. For this purpose, we used stock solutions comprising
1mg/ml of AFG, MFG, or CAS dissolved in 90% methanol (vol/vol in water). Echinocandin-spiked samples
were inoculated with 2� 104 cells of C. albicans or C. glabrata per ml and incubated for 24 h at 376 1°C.
The sample volume amounted to 3ml during incubation. Subsequently, aliquots were drawn and plated
in duplicity undiluted or diluted 10-fold or 100-fold. After 24 h of incubation at 376 1°C, the number of
CFUs was assessed, considering the dilution.

Ex vivo simulation was performed in ascites fluid samples of selected study patients taken for mea-
surement of echinocandin concentrations via ascites drains before (0 h), as well as 4, 8, 12, 18, and 24 h
after, the start of the echinocandin infusion or during paracentesis scheduled at different times after
infusion according to clinical requirements. Ascites fluid samples of patients 4, 5, 19, 21, 22, and 25 were
inoculated with C. albicans or C. glabrata and exposed to the echinocandin concentrations measured in
these samples. AFG, MFG, and CAS were not detectable in the ascites fluid samples after sterile filtration,
probably because of absorption by the filter. Therefore, the samples were spiked with echinocandins at
the previously measured concentrations and subsequently inoculated with 2� 104 cells of C. glabrata or
C. albicans per ml using the respective stock solutions mentioned above. Ex vivo simulations were per-
formed with a final sample volume of 1.5ml of ascites fluid and RPMI, respectively. Samples were incu-
bated for 24 h at 376 1°C. After 8 and 24 hours, respectively, 100ml of each sample was plated in dupli-
cate onto SAB agar plates with an automatic spiral plater. Plates were incubated at 376 1°C for
24 hours, and then CFUs were counted as described above.
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