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Abstract
Background/Aims: To determine adsorption and trans-
membrane clearances (CLTM) of rezafungin, a novel long-act-
ing echinocandin, in continuous venovenous hemofiltration 
(CVVH). Methods: A validated ex vivo bovine blood CVVH 
model using polysulfone and AN69 hemodiafilters was used 
to evaluate urea and rezafungin CLTM at 3 different ultrafil-
trate flow rates. Rezafungin adsorption to the CRRT appara-
tus was determined for each hemodiafilter. Results: The 
sieving coefficient (SC) from CVVH with 3 different ultrafil-
trate flow rates was 0 for both HF1400 and Multiflow-150 
hemodiafilters, while urea SC was approximately 1 at all flow 
rates. Hemodiafilter type and ultrafiltrate flow rate did not 

influence CLTM. Rezafungin adsorption to the CVVH appara-
tus was not observed for either hemodiafilter. Conclusion: 
Rezafungin is not removed by CVVH by membrane adsorp-
tion or via CLTM. Ultrafiltrate flow rates and hemodiafilter 
types are unlikely to influence rezafungin CLTM. No dosage 
adjustment of rezafungin is likely required for critically ill pa-
tients receiving CVVH. © 2018 The Author(s) 

Published by S. Karger AG, Basel

Introduction

The incidence of acute kidney injury (AKI) in an in-
tensive care setting is between 20 and 50% [1]. Despite 
several technological advances in renal replacement 
therapies (RRT), the mortality rate remains in the range 
50–60% for patients with AKI requiring RRT [2]. Sepsis 
is the most common cause of death in critically ill pa-
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tients with AKI [3]. Systemic fungal infections represent 
a serious clinical complication in patients requiring RRT 
in the intensive care unit setting [4]. Some have sug-
gested that inappropriate antibiotic dosing in these pa-
tients receiving continuous RRT (CRRT) is an impor-
tant contributor to this high mortality rate [5, 6] and, 
similarly, inadequate antifungal dosing may lead to both 
treatment failure and resistance development [7, 8]. 
Echinocandins are considered the first-line antifungal 
therapy for invasive candidiasis, especially in critically 
ill patients [9]. 

Rezafungin is a novel long-acting echinocandin and its 
disposition during CRRT is unknown. Its high plasma 
protein binding (~97–99%) suggests that rezafungin 
would be poorly removed by RRT [10]. However, there is 
a potential for some transmembrane clearance (CLTM) 
with contemporary hemodiafilters due to its relatively 
small volume of distribution (35 L) and molecular weight 
(1,285 Da). CRRT has the ability to remove relatively 
large drugs (MW 1,000–2,000 Da) compared to hemodi-
alysis, as CRRT operates 24-h/day using high-permeabil-
ity hemodiafilters [11, 12]. In addition, studies suggest 
that anidulafungin (with a similar chemical structure to 
rezafungin) binds to CRRT membranes [13]. The pur-
pose of this ex vivo study is to quantify drug removal by 
CLTM and CRRT circuit adsorption. As rezafungin is ad-
ministered once weekly and therapeutic drug monitoring 
is not available, it is essential to understand the CRRT 
influence on rezafungin pharmacokinetics to ensure suf-
ficient rezafungin exposure.

Materials and Methods

This study assessed drug adsorption and CLTM using a con-
tinuous venovenous hemofiltration (CVVH) configuration. This 
validated ex vivo CVVH model [14–17] utilized 1 L of pH regu-
lated, citrate-anti-coagulated bovine blood (Animal Technologies, 
Tyler, TX, USA). Using a Braun DiapactTM CRRT system (Braun, 
Bethlehem, PA, USA), 2 different hemodiafilters were tested. 
HF1400 (Polyarylethersulfone, Baxter Healthcare, Deerfield, IL, 
USA; surface area 1.4 m2) and the Multiflow-150 (AN69, Baxter 
Healthcare, Deerfield, IL, USA; surface area 1.5 m2) hemodiafilters 
were evaluated. New bovine blood, new hemodiafilters, and new 
CRRT tubing sets were used in each experiment. The blood was 
continuously stirred and heated to 37  ° C in a water bath during all 
experiments. Reconstituted rezafungin (Lot number AMU252277; 
Cidara Therapeutics, San Diego, CA, USA) was added to blood 
to  achieve the final concentration of ~30 mg/L (approximating 
the  plasma peak concentration following multiple once-weekly 
400 mg doses [10]). Urea (Lot number 30K0221; Sigma, St. Louis, 
MO, USA) was used as a control and added to the blood to produce 
a blood urea nitrogen concentration of ~75 mg/dL.

Adsorption and Degradation
The purpose of the 1-h adsorption study was to determine if the 

drug adsorbs to the hemodiafilter or CRRT apparatus. Blood flow 
rates of 200 mL/min with an ultrafiltration rate (Quf) of 33 mL/min 
were used. This allowed rezafungin to have maximal contact with the 
membrane, both on the blood side and via convection through the 
hemodiafilter membrane. A closed system was developed to main-
tain a constant volume in the extracorporeal system. Ultrafiltrate was 
used as the replacement fluid that was returned to the blood as a post-
filter replacement fluid to maintain a constant blood volume. The 
CRRT machine was primed with normal saline before the operation; 
consequently, the urea and rezafungin dilution caused by the resid-
ual priming solution was accounted for. Blood samples were col-
lected from the pre-filter port at 0 (baseline), 5 (at which time mixing 
was complete), 10, 20, 30, and 60 min to assess adsorption over time. 
Previous studies have shown that membrane adsorption happens 
rapidly and is nearly complete in the first hour [18]. Each experiment 
was repeated 6 times with new hemodiafilters and tubing sets.

Degradation experiments (n = 6) were performed to ensure 
that the solutes were stable while placed in the 37  ° C blood for the 
1-h experiments. One liter of bovine blood was prepared identi-
cally as stated above. Urea was also added in this experiment acting 
as a control because it is known to be stable at 37  ° C for an hour 
and does not bind to hemodiafilters and to the CRRT apparatus 
[19]. Blood samples were collected from the flask at 0 (baseline), 5, 
10, 20, 30, and 60 min to detect degradation. Equations that were 
used to calculate dilution factor and adsorption are as follows:
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where [Ureat0] = urea concentration in the pre-filter at time 0 
[Ureatx] = urea concentration in the pre-filter at time x
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where [C5] = concentration of pre-filter rezafungin at 5 min
[C60] = concentration of pre-filter rezafungin at 60 min.

Continuous Hemofiltration
The procedures for the CVVH study were similar to those de-

scribed in our previous ex vivo studies [14, 15]. The CLTM of urea 
and rezafungin were evaluated with different blood flow rates, Quf 
and hemodiafilters (Table 1). In a closed-loop system, the formed 
ultrafiltrate was returned to the blood as a post-filter replacement 
fluid downstream from the post-hemodiafilter blood sampling 
port. Figure 1 shows the schematic of the ex vivo post-filter re-
placement CVVH system. Pre- and post-hemodiafilter blood sam-
ples and ultrafiltrate samples were always collected concurrently. 
Samples were collected after 12 min when ultrafiltration rate was 
operated at 1 L/h. Then, ultrafiltration rate was changed to 2 L/h. 
Samples from these 3 ports were collected after 6 min when ultra-
filtration rate was operated at 2 L/h. Lastly, ultrafiltration rate was 
changed to 3 L/h and samples were collected after 4 min. These 
sampling times were chosen to allow sufficient time for the ultra-
filtrate to reflect the rezafungin concentrations arising from each 
of the different ultrafiltrate rates. Six experiments were conducted 
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for each hemodiafilter, and new hemodiafilters and CRRT appa-
ratus were used for each experiment. Sieving coefficient (SC) and 
CLTM for post-filter replacement were calculated as follows [15]:

(3)
uf

C
a v

CS   
(C C ) / 2

=
+

 

where Cuf = concentration in the ultrafiltrate
Ca = concentration of solute in the pre-filter 
Cv = concentration of solute in the post-filter 

CLTM = (SC × Quf)  (4)

where SC = observed sieving coefficient
Quf = ultrafiltration rate.

Sample Analysis
All blood samples were centrifuged at 3,000 rpm for 10 min. 

The plasma and ultrafiltrate samples were transferred to cryovials 
in duplicate. These samples were stored at –80  ° C until analysis. 

Blood urea nitrogen concentrations were analyzed with Advia 
1800 (Siemens Healthcare Diagnostic Inc., Tarrytown, NY, USA) 
with lower limit of quantification of 5 mg/dL. Rezafungin concen-
trations were measured by a Shimadzu HPLC coupled to an AB 
Sciex 5500 triple quadrupole mass spectrometer operating in se-
lected reaction monitoring mode. The method employed triplicate 
standard calibrators prepared in ultrafiltrate using d9- rezafungin 
as internal standard and quantitation by analyte/internal standard 
area ratio versus concentration. For the degradation/adsorption 
samples, the calibration range was 1.00–50.0 µg/mL and the accu-
racy, as measured by the percent of nominal, was 84.3–141%, and 
precision, as measured by percent coefficient of variation (%CV), 
was 1.88–12.8%. The analyses was quantified by a fit-for-purpose 
LC-MS/MS method aimed at determining if there was significant 
degradation or adsorption. The accuracy of 141% occurred at the 
lowest limit of quantitation, 1 µg/mL, and was deemed acceptable 
for this degradation/adsorption sample analysis, since most 
 samples quantified well above this concentration (average 25 µg/
mL). For the CVVH samples, the calibration range encompassed 
0.500–50.0 µg/mL and the accuracy was 70.8–118% with %CV of 
 4.37–8.65%. 

Data Analysis
A power analysis calculation indicated that 6 experiments 

were required to detect a 25% of difference in the extent of 
 rezafungin adsorption. Similarly, 6 CVVH experiments with 
each hemodiafilter were required to detect a 25% difference in 
rezafungin CLTM between hemodiafilters (http://powerandsam-
plesize.com/Calculators/Compare-2-Means/2-Sample-Equali-
ty). Assumptions used in these calculations included a power of 
90% and a standard deviation of 10% with a significance level 
of p < 0.05. Two-tailed, unpaired t test was used to compare dif-
ferences between the 2 hemodiafilters, and analysis of vari-
ance was used to compare different Quf within each hemodiafil-
ter type. 

Results

No rezafungin degradation was observed after 1 h in 
blood at 37  ° C. The mean ± SD of rezafungin concen-
trations (μg/mL) were 28.4 ± 10 (at 5 min), 30.1 ± 7 (at 
10 min), 32.6 ± 3 (at 20 min), 32.9 ± 3 (at 30 min), and 
34.5 ± 2 (at 60 min). Neither rezafungin nor urea ad-

Table 1. Qb, Quf, and types of hemodiafilters that were used for CVVH ex vivo study

Hemodiafilter: HF1400 (n = 6) Hemodiafilter: multiflow-150 (n = 6)

Qb, mL/min Quf, mL/min sampling time, min Qb, mL/min Quf, mL/min sampling time, min

200 16.7 12 200 16.7 12
200 33.3 6 200 33.3 6
400 50.0 4 400 50.0 4

Qb, blood flow rate; Quf, ultrafiltration rate.

Pre-filter
sampling port

Post-filter
sampling port

Hemodiafilter

Post-filter
replacement
therapy

Ultrafiltrate
sampling port

1 L bovine blood

Fig. 1. Schematic representation of the ex vivo post-filter replace-
ment CVVH system.
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sorption was observed with either hemodiafilter  type 
(Fig. 2). Hemodiafilter types (HF1400 p = 0.5; Multi-
flow-150 p = 0.2) and ultrafiltration rates did not 
 influence the adsorption of rezafungin. As illustrated 
in  Table 2, urea SC consistently approximated 1 and 
urea  CLTM was dependent on ultrafiltrate production 
rate. Rezafungin SC values were zero with 3 different 
Quf in both hemodiafilter types (Table 2). This ex 
vivo study indicates rezafungin is not cleared by CVVH 
either by CLTM (Fig. 3) or by adsorption. The change in 
Quf and  types of hemodiafilter did not influence the 
CLTM (p > 0.05). 

Discussion

No dosage adjustment for CRRT is necessary for 
 currently marketed echinocandins (caspofungin, mica-
fungin, anidulafungin) due to high protein binding 

and   predominant non-renal clearance. For instance, 
 caspofungin’s CLTM by CVVH has been reported to be 
 approximately 8 mL/h (1.8% of total clearance) and 
5.9 mL/h (2.5% of total clearance) in continuous veno-
venous hemodialysis (CVVHD) [20]. A more recent 
study of caspofungin clearance by CVVH and continu-
ous venovenous hemodiafiltration (CVVHDF) found a 
similarly negligible clearance by these therapies (48 
and 42 mL/h, respectively) [21]. Likewise, micafungin 
 CVVHDF clearance using the same AN69 membrane 
employed in our study was negligible in a clinical study 
of 10 patients [22]. In contrast, anidulafungin has con-
flicting data regarding adsorption. One report states that 
the influence of CRRT on anidulafungin elimination is 
negligible, since there was no anidulafungin adsorption 
to synthetic surfaces, and ultradiafiltrate concentrations 
were below the assay limit of detection [23]. However, 
probable anidulafungin binding to CRRT membranes 
was observed in a clinical trial (n = 10) when pre- and 
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Fig. 2. Rezafungin concentration at different sampling times dur-
ing the adsorption study (mean ± SD).
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Fig. 3. Rezafungin transmembrane clearance during continuous 
hemofiltration (mean ± SD).

Table 2. Sieving coefficients of rezafungin and urea during CVVH experiments

Ultrafiltration 
rate, mL/min

HF1400 (n = 6, mean ± SD) Multiflow-150 (n = 6, mean ± SD)

rezafungin urea rezafungin urea

16.67 0 1.0±0.1 0 1.0±0.1
33.33 0 1.0±0.1 0 1.0±0.1
50 0 1.0±0.1 0 1.0±0.1

Both hemodiafilter types and 3 ultrafiltration rates did not influence the rezafungin clearance during CVVH 
experiments.
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post-filter anidulafungin concentrations were com-
pared, even though no drug was detected in the ultrafil-
trate [13]. Our study findings did not detect rezafungin 
hemodiafilter binding, and found no measurable drug 
CLTM. 

Limitations of this study include the fact that we 
used bovine blood as the study matrix. Although bo-
vine albumin occurs in approximately the same con-
centrations (~3 g/dL) as human serum albumin in 
 critically ill patients receiving CRRT, bovine albumin 
is different than human albumin and protein binding 
may differ. However, comparisons of previous ex vivo 
studies using the same methods to in vivo CRRT trials 
of the same drug [16, 17] have shown good agree-
ment  in clearance estimates. Our findings of an SC 
not different from zero in the ex vivo model are very 
consistent with what is known about the extensive 
(97–99%) protein binding in humans receiving reza-
fungin [10].

Conclusion

Rezafungin is a novel, long-acting echinocandin, 
which is likely to be used in critically ill patients receiving 
CRRT. Based on the SC observed in this ex vivo study, 
rezafungin is unlikely to be adsorbed nor cleared by any 
form of CRRT. Rezafungin is administered once weekly 
and dosage adjustment is not likely to be required for crit-
ically ill patients receiving CRRT.
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