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Abstract
Background Liposomal amphotericin B (L-AMB), a broad-spectrum antifungicidal drug, is often used to treat fungal infec-
tions. However, clinical evidence of its use in patients with renal dysfunction, especially those receiving renal replacement 
therapy (RRT), is limited. Therefore, we evaluated the usage and occurrence of adverse reactions during L-AMB therapy 
in patients undergoing RRT.
Methods Using claims data and laboratory data, we retrospectively evaluated patients who were administered L-AMB. 
The presence of comorbidities, mortality rate, treatment with L-AMB and other anti-infective agents, and the incidence of 
adverse reactions were compared between patients receiving RRT, including continuous renal replacement therapy (CRRT) 
and maintenance hemodialysis (HD), and those that did not receive RRT.
Results In total, 900 cases met the eligibility criteria: 24, 19, and 842 cases in the maintenance HD, CRRT, and non-RRT 
groups, respectively. Of the patients administered L-AMB, mortality at discharge was higher for those undergoing either 
CRRT (15/19; 79%) or maintenance HD (16/24; 67%) than for those not receiving RRT (353/842; 42%). After propensity 
score matching, the average daily and cumulative dose, treatment duration, and dosing interval for L-AMB were not sig-
nificantly different between patients receiving and not receiving RRT. L-AMB was used as the first-line antifungal agent 
for patients undergoing CRRT in most cases (12/19; 63%). Although the number of subjects was limited, the incidence of 
adverse events did not markedly differ among the groups.
Conclusion L-AMB may be used for patients undergoing maintenance HD or CRRT without any dosing, duration, or interval 
adjustments.

Keywords Liposomal amphotericin B · Maintenance hemodialysis · Continuous renal replacement therapy · Renal 
replacement therapy · Renal dysfunction

Introduction

Invasive fungal infections frequently occur in immunocom-
promised and critically ill patients and are associated with 
high morbidity and mortality [1–5]. Amphotericin B is a 

broad-spectrum antifungicidal drug that is used against most 
clinically relevant yeasts and molds that cause mycoses such 
as aspergillosis, candidiasis, cryptococcosis, and mucor-
mycosis [6]. However, the use of amphotericin B has been 
limited because of its high incidence of toxicities such as 
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nephrotoxicity, liver disorder, hypokalemia, or fever [6, 7]. 
Liposomal amphotericin B (L-AMB), which encapsulates 
amphotericin B within a liposomal membrane, was developed 
to reduce toxicity while maintaining the antifungal activity of 
amphotericin B [8, 9]. The safety and efficacy of L-AMB were 
found to be improved in patients with impaired renal func-
tion [10, 11] or in other high-risk patients [12, 13]. Reduced 
renal dysfunction in patients receiving L-AMB is supported 
by animal studies that reveal the predominant involvement 
of the liver in L-AMB clearance and the limited contribu-
tion of the kidneys [14]. L-AMB accumulates in the liver and 
spleen, rather than in the kidneys; thus, only 4.5% of the drug 
is excreted in urine in an unchanged form [6, 15]. Despite its 
reduced nephrotoxicity, physicians are reluctant to prescribe 
L-AMB, as there is limited clinical evidence to support its use 
in patients with renal dysfunction, especially those receiving 
renal replacement therapy (RRT).

Several studies from single facilities have reported that 
in critically ill patients receiving RRT, adjustment of the 
L-AMB dose is not necessary for those undergoing mainte-
nance hemodialysis (HD) or continuous renal replacement 
therapy (CRRT). This is because RRT may not affect the effi-
cacy and pharmacokinetics of L-AMB [16–20]. Studies con-
ducted in Japan and other regions of the world have revealed 
that L-AMB is equally effective in patients receiving RRT, 
including maintenance HD or CRRT, as it is in those who do 
not receive RRT therapy, despite the limited number of study 
participants [16, 17]. In addition, in patients undergoing CRRT 
treated with L-AMB, no significant differences were observed 
in the L-AMB pharmacokinetic parameters compared with 
other patients in the group [18]. Another case study revealed 
no decline in the serum concentration of amphotericin B dur-
ing L-AMB treatment in patients receiving HD [19, 20]. How-
ever, a large-scale study using multicenter data is needed to 
verify these findings. Therefore, the daily practice of L-AMB 
treatment in patients receiving RRT, especially maintenance 
HD and CRRT, must be examined to ensure that it is appro-
priately administered to patients.

In this study, we employed claims data to investigate the 
clinical usage of L-AMB in patients with renal dysfunc-
tion undergoing maintenance HD and CRRT in Japan. We 
also evaluated the comorbidities, mortality, treatment with 
L-AMB and other anti-infective (antifungal and antimicro-
bial) agents, and the incidence of adverse events for these 
patients.

Materials and methods

Data source

This retrospective, multicenter, observational study was 
based on the data retrieved between April 2008 and January 

2018 from an electronic medical information database (Med-
ical Data Vision Co., Ltd.). This database contains diagno-
sis procedure combination (DPC) hospital data, medical fee 
reimbursement claims, and clinical laboratory test data from 
345 facilities in Japan. Baseline patient information included 
age, sex, diagnosis, and comorbidities at admission, coded 
using the International Classification of Diseases, 10th Revi-
sion (ICD-10) codes. The database also contained all drug 
dosages and administration dates during hospitalization. All 
interventional procedures were decoded from the original 
Japanese codes. All subjects in this study were admitted to 
public, private, or government hospitals, but not university 
hospitals, and all hospitals had 200 or more beds.

Study design

Patients administered L-AMB during hospitalization were 
included in the study. Patients with an L-AMB administra-
tion interval of ≥ 8 days were categorized as multiple cases. 
To identify study subjects, patients aged < 18 years on the 
first day of the month of L-AMB administration and those 
administered average daily L-AMB doses of > 6 mg/kg body 
weight were excluded. Patients were also excluded when 
body weight was not available to calculate the administered 
dose of L-AMB. RRT was defined as a procedure for arti-
ficial kidneys, CRRT, plasma exchange, hemoadsorption, 
cytapheresis, peritoneal dialysis, and regional perfusion and 
was performed on the day of and within 3 days before the 
initiation of L-AMB administration. RRT was classified into 
maintenance HD and CRRT. Maintenance HD was defined 
as a procedure for artificial kidneys [Japanese Procedure 
Code: J0381, J0382, and J0383] or a procedure involving 
the use of a dialyzer/hollow fiber/HD filter on the day of 
and within 7 days before the initiation of L-AMB admin-
istration. Procedures defined by J0382 were not identified 
in the study. Patients must have been treated within three 
consecutive days at an interval of ≤ 2 days to be assigned to 
the maintenance HD group. CRRT was defined as the proce-
dure performed for CRRT (Japanese Procedure Code: J038-
2) only on the day of L-AMB treatment initiation. Patients 
undergoing simultaneous procedures for plasma exchange/
hemoadsorption/hollow fiber/HD filters were included in the 
CRRT group. Patients who did not fit into any of the two 
categories and those who underwent both procedures were 
not evaluated in this study. A non-RRT patient was defined 
as a subject that did not receive RRT.

Assessments

The duration of L-AMB therapy was defined as the time 
from treatment initiation to treatment discontinuation (drug 
interval: ≥ 8 days). To calculate the dosing interval, patients 
who received single L-AMB administration were excluded; 
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one interval signified continuous administration. The first-
line use of L-AMB was defined as no treatment with anti-
fungal agents on the day of and within 7 days before the 
initiation of L-AMB administration. The antibacterial and 
antifungal drugs administered prior to L-AMB therapy were 
identified on the day of and within 7 days before the initia-
tion of L-AMB administration. Concomitant antibacterial 
and antifungal drugs were identified from the day after the 
initiation of L-AMB administration to the day before the 
end of treatment. Patients who were administered L-AMB 
for 1 or 2 days were excluded from the denominator. The 
antibacterial and antifungal drugs administered following 
L-AMB therapy were identified between the final day of 
L-AMB treatment and 7 days after treatment termination. 
Comorbidities were identified from the month of L-AMB 
therapy initiation to the final month of therapy. Com-
mon Terminology Criteria for Adverse Events (CTCAE) 
grade ≥ 3 standards except for death were used to define 
adverse drug reactions according to clinical laboratory tests, 
which were performed between the day following L-AMB 
treatment initiation and 7 days after treatment termination. 
Patients within the range of the CTCAE standard on the day 
of and within 7 days before L-AMB treatment initiation were 
subjected to analysis. Rhabdomyolysis was defined using 
the ICD10 classification code M6289, and anaphylaxis was 
defined using the ICD10 codes T780 and T782 from the 
month of L-AMB therapy initiation to the final month of 
therapy. Countershock was defined using the Japanese Pro-
cedure Code J0471/J0472, and internal cardiac massage was 
defined using the Japanese Procedure Code K545 between 
the day following L-AMB treatment initiation and 7 days 
after treatment termination.

Statistical analysis

Propensity scores were calculated using a logistic regression 
model and the following covariates: age; sex; the presence of 
comorbidities: septic shock and disseminated intravascular 
coagulation; and catecholamine treatment between the day 
before the initiation of L-AMB treatment and 7 days after 
treatment termination. Using these propensity scores, main-
tenance HD and CRRT cases were individually matched 
with non-RRT cases at a 1-to-1 ratio using the nearest 
matching method within 0.1 caliper distance. If multiple 
cases with the same propensity score were matched, a case 
with the nearest start date of L-AMB treatment was selected. 
After matching, a paired student’s t test was performed to 
compare the average of daily and cumulative dose, dura-
tion, and dosing interval of L-AMB treatment. To evaluate 
the differences between patients undergoing either mainte-
nance HD or CRRT and patients not receiving RRT, Welch’s 
t test was performed to compare the average age, and the 
Fisher’s exact test was performed to compare the categorical 

variables. Because all analyses were performed in an explor-
atory manner, no adjustment for multiplicity was performed.

Results

Study population and patient characteristics

A total of 900 cases met the eligibility criteria and were 
included in the study (Fig. 1). Twenty-four cases in the main-
tenance HD group, 19 cases in the CRRT group, and 842 in 
the non-RRT group were analyzed, whereas 15 other RRT 
cases were not evaluated. The characteristics of patients 
are presented in Table 1. The proportion of male patients 
was higher in the CRRT group than in the non-RRT group; 
however, the average age was similar among the groups. 
Mortality at hospital discharge was significantly higher in 
the maintenance HD (16/24; 67%) and CRRT (15/19; 79%) 
groups than in the non-RRT group (353/842; 42%). Overall, 
81% (13/16) of patients in the maintenance HD group died 
within 7 days after the completion of L-AMB treatment. 
Additionally, 73% (11/15) of patients in the CRRT group 
died within the day following L-AMB treatment completion, 
and 10 of the deceased patients received short-term L-AMB 
treatment within 3 days. A significantly higher incidence of 
septic shock was observed in the deceased patients in the 
maintenance HD group (5/16; 31%) and the CRRT group 
(9/15; 60%) than those in the non-RRT group (29/353; 8%). 
The incidence of disseminated intravascular coagulation was 
significantly higher in the CRRT group (12/15; 80%) than 
in the non-RRT group (90/353; 25%). At the start date of 
L-AMB treatment, most patients undergoing maintenance 
HD were treated in the Hematology, Internal, and Neph-
rology departments, whereas those undergoing CRRT were 
treated in the Hematology, Internal, and Surgery depart-
ments. The majority of patients in the non-RRT group 
(522/842; 62%) were treated in the Hematology department.

L‑AMB and anti‑infective agent treatment

In all groups, antibiotic agents were administered prior, con-
comitantly, and after L-AMB administration. There was no 
significant difference in the frequency of concomitant antibi-
otic agent use (Table 2). Carbapenem and anti-MRSA drugs 
were commonly used among the groups (Table 2).

To balance the severity of illness and patient character-
istics, propensity score matching was performed according 
to a multiple logistic regression model. Following propen-
sity score matching, there was no significant difference 
in the average daily and cumulative administered dose of 
L-AMB between the maintenance HD (2.50 ± 0.77 mg/kg/
day and 45.27 ± 43.81 mg/kg) and the non-RRT groups 
(2.58 ± 0.80 mg/kg/day and 29.30 ± 24.47 mg/kg) or between 
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the CRRT (2.56 ± 0.64 mg/kg/day and 18.70 ± 20.41 mg/
kg) and the non-RRT groups (2.37 ± 0.96 mg/kg/day and 
18.81 ± 13.49 mg/kg) (Table 3). In addition, the duration 
of L-AMB therapy in the maintenance HD or CRRT group 
was not significantly different from that in the non-RRT 
group (Table 3). Patients in the maintenance HD, CRRT, 
and non-RRT groups received continuous L-AMB treatment 
(Table 3).

L-AMB was significantly more frequently used as the 
first-line treatment in the CRRT (12/19; 63%) than in the 
non-RRT groups (235/842; 28%) (P = 0.002), whereas a sim-
ilar frequency was observed between the maintenance HD 
(7/24; 29%) and the non-RRT groups (Table 4). For patients 
administered L-AMB as the second and/or later-line treat-
ment, micafungin, caspofungin, and fluconazole were com-
monly administered prior to L-AMB treatment in all groups 
(Table 4). Following the completion of L-AMB treatment, 
although over half of the patients in the non-RRT group 
(486/842; 58%) received antifungal agents, except L-AMB, 
this frequency was lower in the maintenance HD (7/24; 29%) 
and the CRRT groups (3/19; 16%) (Table 4).

Incidence of adverse drug reactions in patients 
receiving L‑AMB

The incidence of adverse drug reactions such as hyperbili-
rubinemia, hypokalemia, thrombocytopenia, leukopenia, 
hepatic disorder, rhabdomyolysis, anaphylaxis, and cardiac 

arrest during L-AMB therapy was identified between the 
day after treatment initiation and 7 days after treatment 
completion. No significant difference was observed among 
the groups, albeit the limited number of subjects assessed 
(Table 5).

Discussion

Although the dose of renal excretory antibiotics such as 
carbapenem and azole antifungal agents must be adjusted 
before they are administered to patients receiving RRT [21, 
22], several studies from single facilities have reported that 
the same dose of L-AMB could be administered to patients 
who either received or did not receive RRT. This is because 
RRT such as maintenance HD and CRRT does not affect the 
efficacy and pharmacokinetics of L-AMB [16–20]. However, 
large-scale clinical evidence from multiple facilities on the 
use of L-AMB in patients receiving RRT is needed to ensure 
that patients are appropriately administered this agent. Based 
on the claims data for patients administered L-AMB, we 
compared the clinical usage of L-AMB in patients undergo-
ing maintenance HD or CRRT to those who did not receive 
RRT. Consistent with previous reports [16–20], daily and 
cumulative dose, treatment duration, and dosing interval for 
L-AMB were not significantly different between patients 
receiving maintenance HD or CRRT and those that did not 
receive RRT. Except for three maintenance HD and one 

Fig. 1  Study population. 
L-AMB Liposomal ampho-
tericin B, RRT  renal replace-
ment therapy, HD hemodialysis, 
CRRT  continuous renal replace-
ment therapy
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CRRT cases, none of the maintenance HD and CRRT cases 
required adjustment of the L-AMB dose of ≥ 0.5 mg/kg/day. 
Additionally, we did not observe any evident difference in 
the incidence of adverse drug reactions, although the number 
of included subjects was limited. According to these find-
ings, L-AMB may be used for patients undergoing mainte-
nance HD or CRRT without any adjustments of its dosing, 
duration, or interval from treatment initiation.

L-AMB is retained in circulation for a prolonged period 
due to its lower volume of distribution and reduced renal 
and biliary clearances [6, 15]. AMB, which is released from 
L-AMB, is highly bound to plasma proteins such as albumin 

and α1-acid glycoprotein, enabling the retention of biologi-
cally active unbound AMB at a low level in plasma [23]. 
Therefore, although L-AMB, which has a particle diameter 
of approximately 100 nm, may remain in systemic circula-
tion without removal by the dialysis membrane, biologically 
active AMB in plasma might not be significantly affected.

Here, a nearly twofold higher mortality was observed in 
the CRRT group than in the non-RRT group. Furthermore, 
higher incidences of septic shock and disseminated intra-
vascular coagulation were identified in patients undergo-
ing CRRT. Patients undergoing CRRT were assumed to be 
critically ill, because the proportion of patients treated with 

Table 1  Characteristics of patients undergoing maintenance HD and CRRT and patients who did not receive RRT 

Bold values indicate statistically significant  P values (P < 0.05)
N represents the number of cases. Welch’s t test for continuous variables or the Fisher’s exact test for categorical variables was performed to 
compare the maintenance HD group or the CRRT group to the non-RRT group. Other fungal infections included coccidioidomycosis, blastomy-
cosis, maduramycosis, and unclassified or unspecified mycosis. Bold font indicates P < 0.05
L-AMB Liposomal amphotericin B, RRT  renal replacement therapy, HD hemodialysis, CRRT  continuous renal replacement therapy

Patient characteristics Maintenance HD (N = 24) CRRT (N = 19) Non-RRT (N = 842)

Sex, male (%) 18 (75%, P = 0.511) 17 (89%, P = 0.046) 557 (66%)
Age (mean ± standard deviation) 65.1 ± 12.3 (P = 0.648) 65.5 ± 14.0 (P = 0.636) 63.9 ± 16.1
≧ 65 years 14 (58%, P = 1.000) 11 (58%, P = 1.000) 479 (57%)
Mortality (%) 16 (67%, P = 0.020) 15 (79%, P = 0.002) 353 (42%)
 Pattern of mortality (N = 16) (N = 15) (N = 353)
  Within 7 days after the termination of L-AMB treatment 13 (81%, P = 0.037) 12 (80%, P = 0.061) 186 (53%)
  Within the following day after termination of L-AMB treatment 7 (44%, P = 0.610) 11 (73%, P = 0.012) 133 (38%)
  Of above, cases with L-AMB treatment for 3 days or shorter 0 (0%, P = 0.382) 10 (67%, P < 0.001) 35 (10%)
  After 8 days or later after the termination of L-AMB treatment 3 (19%, P = 0.037) 3 (20%, P = 0.061) 167 (47%)

 Comorbidities in mortality cases (N = 16) (N = 15) (N = 353)
  Septic shock 5 (31%, P = 0.010) 9 (60%, P < 0.001) 29 (8%)
  Disseminated intravascular coagulation 5 (31%, P = 0.569) 12 (80%, P < 0.001) 90 (25%)

Treatment department (%)
 Hematology 6 (25%, P < 0.001) 4 (21%, P < 0.001) 522 (62%)
 Internal 6 (25%, P = 0.424) 4 (21%, P = 0.765) 155 (18%)
 Hematologic Oncology 0 (0%, P = 0.622) 0 (0%, P = 1.000) 40 (5%)
 Rehabilitation 2 (8%, P = 0.305) 0 (0%, P = 1.000) 38 (5%)
 Surgical 1 (4%, P = 1.000) 3 (16%, P = 0.041) 33 (4%)
 Nephrology 5 (21%, P < 0.001) 0 (0%, P = 1.000) 8 (1%)

Diagnosis (%)
 Aspergillosis 3 (13%, P = 0.108) 1 (5%, P = 0.034) 236 (28%)
 Candidiasis 1 (4%, P = 1.000) 0 (0%, P = 0.632) 58 (7%)
 Cryptococcosis 0 (0%, P = 1.000) 0 (0%, P = 1.000) 15 (2%)
 Zygomycosis 0 (0%, P = 1.000) 0 (0%, P = 1.000) 11 (1%)
 Aspergillosis and candidiasis 0 (0%, P = 1.000) 0 (0%, P = 1.000) 2 (0.2%)
 Aspergillosis and cryptococcosis 0 (0%, P = 1.000) 0 (0%, P = 1.000) 1 (0.1%)
 Aspergillosis, candidiasis, and cryptococcosis 0 (0%, P = 1.000) 0 (0%, P = 1.000) 1 (0.1%)
 Other fungal infections 9 (38%, P = 0.511) 3 (16%, P = 0.210) 264 (31%)
 Unknown 11 (46%, P = 0.116) 15 (79%, P < 0.001) 254 (30%)
  Unknown except neutropenia 11 (46%, P = 0.010) 14 (74%, P < 0.001) 181 (21%)
  Neutropenia 0 (0%, P = 0.253) 1 (5%, P = 1.000) 73 (9%)
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catecholamine was higher for patients undergoing CRRT 
(17/19, 89%) than those that did not receive RRT (136/842, 
16%) between the day before L-AMB treatment initiation 
and 7 days after treatment termination (P < 0.001). L-AMB 
was used as the first-line antifungal agent in most patients 
undergoing CRRT (12/19, 63%). In 19 CRRT patients, all 
seven patients who did not receive L-AMB as the first-line 
drug died; however, four patients treated with L-AMB as the 
first-line antifungal agent were discharged, in part, owing to 
improvements in their conditions. Of the 4 patients, two had 
transitioned to maintenance HD and two had discontinued 
RRT. Of the 8 deceased patients who were administered 
L-AMB as the first-line drug, five died within the day fol-
lowing the completion of L-AMB administration. Therefore, 

L-AMB might be empirically used in critically ill patients 
undergoing CRRT owing to its broad-spectrum fungicidal 
effect.

This study has several limitations. First, the generaliz-
ability of these findings should be carefully considered. 
The database employed herein did not contain data from 
university hospitals that may employ infectious disease 
experts or facilities with fewer than 200 beds. Further-
more, tracking transfers from or to other hospitals could 
not be conducted. Therefore, the results might not repre-
sent the daily practice of L-AMB treatment in Japan. Sec-
ond, severity was not fully evaluated as data for APACHE 
II could not be obtained. Finally, the number of patients, 

Table 2  Antibiotic treatment in patients undergoing maintenance HD and CRRT and patients who did not receive RRT 

N represents the number of cases. Fisher’s exact test was performed to compare the maintenance HD group or the CRRT group with the non-
RRT group
L-AMB Liposomal amphotericin B, RRT  renal replacement therapy, HD hemodialysis, CRRT  continuous renal replacement therapy, MRSA 
methicillin-resistant Staphylococcus aureus

Treatment Maintenance HD (N = 24) CRRT (N = 19) Non-RRT (N = 842)

Antibiotic treatment (%)
 Prior to L-AMB treatment 23 (96%, P = 1.000) 19 (100%, P = 0.389) 779 (93%)
 Concomitant treatment 23 (100%, N = 23, P = 0.248) 11 (100%, N = 11, P = 0.613) 708 (91%, N = 774)
 Following L-AMB treatment 21 (88%, P = 0.783) 19 (100%, P = 0.056) 703 (83%)

Concomitant antibiotics (%) (N = 23) (N = 11) (N = 708)
 Penicillin 6 (26%, P = 1.000) 2 (18%, P = 0.736) 198 (28%)
 Cephem 7 (30%, P = 0.636) 2 (18%, P = 0.737) 186 (26%)
 Carbapenem 9 (39%, P = 0.133) 8 (73%, P = 0.367) 402 (57%)
 Aminoglycoside 2 (9%, P = 0.757) 4 (36%, P = 0.057) 98 (14%)
 Quinolone 10 (43%, P = 0.251) 2 (18%, P = 0.518) 217 (31%)
 Trimethoprim 8 (35%, P = 1.000) 2 (18%, P = 0.228) 264 (37%)
 Anti-MRSA drug 9 (39%, P = 0.665) 5 (45%, P = 0.531) 249 (35%)
 Other antibiotics 9 (39%, P = 0.359) 3 (27%, P = 1.000) 211 (30%)

Table 3  L-AMB administration in patients undergoing maintenance HD and CRRT and patients who did not receive RRT after propensity score 
matching

Bold values indicate statistically significant  P values (P < 0.05)
N represents the number of cases. Data are expressed as mean ± standard deviation. A paired student’s t test was performed to compare the main-
tenance HD group or the CRRT group to the non-RRT group
L-AMB Liposomal amphotericin B, RRT  renal replacement therapy, HD hemodialysis, CRRT  continuous renal replacement therapy

L-AMB administration Maintenance HD Non-RRT for maintenance 
HD

CRRT Non-RRT for CRRT 

Average daily dose (mg/kg/
day)

2.50 ± 0.77 (N = 22, 
P = 0.739)

2.58 ± 0.80 (N = 22) 2.56 ± 0.64 (N = 14, 
P = 0.559)

2.37 ± 0.96 (N = 14)

Cumulative dose (mg/kg) 45.27 ± 43.81 (N = 22, 
P = 0.155)

29.30 ± 24.47 (N = 22) 18.70 ± 20.41 (N = 14, 
P = 0.985)

18.81 ± 13.49 (N = 14)

Duration (day) 18.5 ± 17.9 (N = 22, 
P = 0.118)

11.1 ± 8.8 (N = 22) 8.4 ± 13.0 (N = 14, 
P = 0.891)

8.9 ± 6.1 (N = 14)

Dosing interval (day) 1.0 ± 0.0 (N = 20, P = 0.190) 1.0 ± 0.1 (N = 20) 1.0 ± 0.0 (N = 12, P = 0.178) 1.1 ± 0.2 (N = 12)
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especially those requiring evaluation of their incidence 
of adverse drug reactions, was low. Further studies with 
a larger number of cases from real-world databases and 
prospective studies are warranted to verify the results 
obtained in this study.

Conclusion

In this study, we revealed that daily and cumulative dose, 
treatment duration, and dosing interval of L-AMB were 
not significantly different between patients undergoing 

Table 4  Antifungal treatment 
in patients undergoing 
maintenance HD and CRRT 
and patients who did not receive 
RRT 

Bold values indicate statistically significant  P values (P < 0.05)
N represents the number of cases. Fisher’s exact test was performed to compare the maintenance HD group 
or the CRRT group with the non-RRT group. Bold font indicates P < 0.05
L-AMB Liposomal amphotericin B, RRT  renal replacement therapy, HD hemodialysis, CRRT  continuous 
renal replacement therapy

Treatment Maintenance HD (N = 24) CRRT (N = 19) Non-RRT (N = 842)

Antifungal drugs
 L-AMB as the first-line drug 7 (29%, P = 0.822) 12 (63%, P = 0.002) 235 (28%)

Other antifungal drugs
 Prior to L-AMB treatment 17 (71%, P = 0.822) 7 (37%, P = 0.002) 607 (72%)
 Concomitant treatment 1 (4%, N = 23, P = 0.004) 1 (9%, N = 11, P = 0.187) 241 (31%, N = 774)

Following L-AMB treatment 7 (29%, P = 0.006) 3 (16%, P < 0.001) 486 (58%)
Antifungal drugs administered 

prior to L-AMB
(N = 17) (N = 7) (N = 607)

 Azoles
  Fluconazole 2 (12%, P = 0.388) 3 (43%, P = 0.192) 135 (22%)
  Itraconazole 1 (6%, P = 0.709) 0 (0%, P = 1.000) 68 (11%)
  Voriconazole 2 (12%, P = 0.545) 0 (0%, P = 0.355) 124 (20%)

 Echinocandins
  Micafungin 11 (65%, P = 0.139) 4 (57%, P = 0.707) 274 (45%)
  Caspofungin 2 (12%, P = 0.385) 2 (29%, P = 0.665) 140 (23%)

 5-Fluoropyrimidine
  Flucytosine 0 (0%, P = 1.000) 0 (0%, P = 1.000) 13 (2%)

Table 5  Incidence of adverse drug reactions in patients undergoing maintenance HD and CRRT and patients who did not receive RRT 

N represents the number of cases. The number of subjects against each disease is shown in the denominator. Fisher’s exact test was performed to 
compare the maintenance HD group or the CRRT group to the non-RRT group
L-AMB Liposomal amphotericin B, RRT  renal replacement therapy, HD hemodialysis, CRRT  continuous renal replacement therapy, ICD10 
International Classification of Diseases 10th Revision, AST aspartate aminotransferase, ALT alanine transaminase, CK creatine kinase

Disease Definition Maintenance HD (N = 24) CRRT (N = 19) Non-RRT (N = 842)

Hyperbilirubinemia/jaundice Total bilirubin (> 4.5 mg/dL) 2/14 (14%, P = 0.092) 0/5 (0%, P = 1.000) 17/496 (3%)
Hypokalemia Potassium (< 3 mEq/L) 1/12 (8%, P = 0.194) 1/12 (8%, P = 0.194) 144/510 (28%)
Thrombocytopenia Thrombocyte (< 50,000/dL) 1/7 (14%, P = 0.570) 0/1 (0%, P = 1.000) 15/137 (11%)
Leukopenia Leukocyte (< 2,000/dL) 0/10 (0%, P = 0.122) 0/1 (0%, P = 1.000) 47/201 (23%)
Hepatic disorder AST (> 150 U/L) 1/12 (8%, P = 0.504) 0/4 (0%, P = 1.000) 18/328 (5%)

ALT (male: > 210 U/L, female: > 115 
U/L)

0/14 (0%, P = 0.613) 0/6 (0%, P = 1.000) 27/396 (7%)

Rhabdomyolysis CK (male: > 1240 IU/L, 
female: > 765 IU/L)

0/6 (0%, P = 1.000) 0/5 (0%, P = 1.000) 2/54 (4%)

CK abnormality + ICD10 code: M6289 0/6 (0%, P = 1.000) 0/5 (0%, P = 1.000) 0/54 (0%)
Anaphylaxis ICD10 code: T780/T782 0/24 (0%, P = 1.000) 0/19 (0%, P = 1.000) 3/842 (0.4%)
Cardiac arrest Counter-shock (ICD10 code: J0471/

J0472) or open cardiac massage (ICD10 
code: K545)

0/24 (0%, P = 1.000) 1/19 (5%, P = 0.106) 4/842 (0.5%)
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maintenance HD or CRRT and those who did not receive 
RRT. Although the number of subjects was limited, there 
was no evident difference in the incidence of adverse drug 
reactions. Therefore, L-AMB may be used to treat patients 
undergoing maintenance HD or CRRT without any adjust-
ments of its dosing, duration, or interval.
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