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Studies on amphotericin B (AmB) nephrotoxicity use diverse definitions of acute kidney injury (AKI). Here, we used the new
Kidney Disease Improving Global Outcome (KDIGO) system to describe the incidence, predictors, and impact of AmB-induced
AKI on hospital mortality in 162 patients treated with AmB (120 with deoxycholate preparation and 42 with liposomal prepara-
tion). KDIGO stage 1 requires an absolute increase of >0.3 mg/dl or >1.5� over baseline serum creatinine (SCr), while stage 2
requires >2�, and stage 3 requires >3�. A binary KDIGO definition (KDIGObin) corresponds to stage >1. For comparison, we
included two definitions of AKI traditionally utilized in nephrotoxicity studies: >0.5 mg/dl (NT0.5) and >2� (NT2�) increase
in baseline SCr. The overall incidence of AmB-induced AKI by KDIGObin was 58.6% (stage 1, 30.9%; stage 2, 18.5%; stage 3,
9.3%). Predictors of AKI by KDIGObin were older age and use of furosemide and angiotensin-converting enzyme inhibitor
(ACE-I). Traditional criteria detected lower incidences of AKI, at 45.1% (NT0.5) and 27.8% (NT2�). Predictors of AKI by tradi-
tional criteria were older age and use of vancomycin (NT0.5) and use of vancomycin and vasopressors (NT2�). KDIGObin de-
tected AKI 2 days earlier than the most sensitive traditional criterion. However, only traditional criteria were associated with
intensive care unit (ICU) admission, mechanical ventilation, and mortality. In conclusion, the increase in sensitivity of KDIGO-
bin is accompanied by a loss of specificity and ability to predict outcomes. Prospective studies are required to weigh the potential
gain from early AKI detection against the potential loss from undue changes in management in patients with subtle elevations
in SCr.

Amphotericin B (AmB) is a powerful antifungal and antipara-
sitic agent that binds to the ergosterol component of micro-

bial membranes, creating pores that result in cation leakage and
cell death (1). AmB is the drug of choice for the treatment of severe
forms of leishmaniasis and remains a lifesaving option for certain
invasive fungal infections. Nevertheless, its use is limited by tox-
icity, including acute kidney injury (AKI).

AmB administration leads to direct renal vasoconstriction and
causes a profound reduction in renal blood flow (2–4). In addi-
tion, AmB alters renal tubular cell membrane permeability (5, 6),
allowing back diffusion of hydrogen ions and thereby impairing
acid excretion. Recent data suggest that sodium entry through
membrane pores activates mitogen-activated protein (MAP) ki-
nases and increases intracellular calcium concentration, culmi-
nating in renal tubular cell injury (7). Therefore, AmB-induced
AKI appears to result from a combination of ischemic and toxic
insults (8). Phenotypically, AmB-induced AKI manifests itself
through elevated serum creatinine (SCr) levels that may be ac-
companied by renal tubular acidosis, characterized by hyperchlo-
remic metabolic acidosis, hypokalemia, and hypomagnesemia.

Mistro and coworkers (9) systematically reviewed the litera-
ture on AmB-induced AKI and assessed whether drug delivery in
a locally prepared lipid emulsion or in liposomes reduced neph-
rotoxicity (9). In their meta-analysis, the authors summarized
nine clinical trials comparing AmB in 5% dextrose with AmB in
lipid emulsion and found an overall incidence of nephrotoxicity
in 30.6% versus 12.2% of cases, respectively. They also summa-
rized five clinical trials comparing AmB in 5% dextrose with lipo-
somal AmB; the incidences of nephrotoxicity were 32.5% versus

14.5%, respectively. Nevertheless, a closer look at individual clin-
ical trials included in the meta-analysis uncovers several issues.
Most studies were small (only four had �100 patients), the pop-
ulations were quite different, and the incidences of AmB-induced
AKI varied widely, ranging from 1.3% (10) to 100% (11) for AmB
in 5% dextrose, 1.2% (10) to 33.3% (12) for AmB in lipid emul-
sion, and 0% (13) and 18.7% for liposomal AmB (14). Most im-
portantly, the definition of nephrotoxicity across trials was in-
consistent. Several different nephrotoxicity criteria were used,
but the most common were a �0.5-mg/dl increase in baseline
SCr or �50% decrease in estimated glomerular filtration rate
(NT0.5 criterion) (15) and a doubling of baseline SCr (NT2�
criterion) (13, 14, 16, 17). Since the trials included in the meta-
analysis by Mistro et al. (9) were published �13 years ago (all
between 1992 and 2002), none of them used currently accepted
consensus definitions of AKI (18–20).
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The first consensus criterion for AKI was published in 2004
and called RIFLE (risk, injury, failure, loss, and end stage) (18). In
2007, the RIFLE criterion was modified to create the Acute Kidney
Injury Network (AKIN) criteria (19). Finally, in 2012, character-
istics of the RIFLE and AKIN criteria were merged to create the
Kidney Disease Improving Global Outcome (KDIGO) criteria
(20). Minejima et al. (21) demonstrated that the AKIN criteria
facilitated the early detection of vancomycin-induced nephrotox-
icity compared to that with the traditional NT0.5 criterion. To our
knowledge, there are no studies comparing the performance of
newer versus traditional diagnostic criteria on AmB-induced AKI.

The main objective of this study was to identify the incidence
and predictors of AmB-induced AKI according to currently ac-
cepted staging systems. In addition, we aimed to describe the dy-
namics of AmB-induced AKI and assess its impact on hospital
length of stay (LOS) and mortality.

MATERIALS AND METHODS
Site. The study was conducted at Hospital Universitário Professor Edgard
Santos, a tertiary care facility affiliated with the Medical School of the
Federal University of Bahia, located in Salvador, Bahia, Brazil.

Design and population. This was a retrospective cohort study of in-
patients treated with AmB between 2006 and 2012. The year 2006 was
chosen because it was the first year after the introduction of electronic
medical records (EMRs) for laboratory data at our institution (August
2005); the year 2012 was the date of the initial draft of this project. Ac-
cording to our inpatient pharmacy, there were 734 treatments with AmB
during that period of time. Exclusion criteria were retreatment (in these
cases, only data from the first treatment were analyzed), use of fewer than
three doses of AmB, age �18 years old, AKI or hemodialysis at the time of
AmB initiation, intermittent use of AmB, such as weekly use in “day hos-
pital” setting, use of nonintravenous forms of AmB, and missing critical
data.

Variables collected. We reviewed paper charts and electronic medical
records for demographic variables, patient location (floor versus intensive
care unit [ICU]), reason for AmB use, type of AmB used, AmB regimen,
total AmB dose, renal protection strategy used, comorbidities (Charlson
comorbidity index), concomitant nephrotoxic medications, use and dose
of vasoactive drugs, serial laboratory data (blood urea nitrogen [BUN],
SCr, potassium, magnesium, and bicarbonate levels), days on a ventilator
(if applicable), days in the ICU (if applicable), days in the hospital, and
in-hospital mortality.

Definitions. AKI was defined and staged according to RIFLE (18),
AKIN (19), and KDIGO (20) criteria. For comparison, we also defined
AKI using two traditional nephrotoxicity (NT) criteria (21). Since we did
not have access to urinary output data, AKI diagnoses were based solely on
the magnitude of the increases in SCr levels (Fig. 1).

Due to the 48-h requirement, which practically entails having daily
SCr measurements (or at least every other day), the AKIN criteria could
not be applied to some patients. Since the newest KDIGO system com-
bines characteristics of the RIFLE and AKIN criteria, we chose this system
to stratify AKI in stages. In addition, we used binary definitions for RIFLE,
AKIN, and KDIGO (RIFLEbin, AKINbin, and KDIGObin, respectively).
In these binary definitions, any patient that fulfilled criteria for the initial
stage (which in practice means a stage R or greater for RIFLE, stage I or
greater for AKIN, or stage �1 for KDIGO) was classified as having AKI.

The baseline SCr level was defined as the value obtained on the morn-
ing of day zero, which was the day of the first AmB dose. If an SCr value
was not available for that day, we used the value nearest to day zero or the
admission SCr level.

Hypocalcemia and hypomagnesemia were diagnosed when at least
one of three conditions was satisfied: (i) the presence of documented K�

or Mg2� levels below the laboratory’s limit of normal during AmB treat-
ment, (ii) a history of replacement of these cations, or (iii) when these
electrolyte disorders were listed as problems in the patient’s chart.

Ethical approval. The study was approved by the institutional review
board of Hospital Universitário Professor Edgard Santos on 11 March
2013 (protocol no. 11123413.1.0000.0049). Given the retrospective na-
ture of the study, we were granted a waiver of informed consent.

FIG 1 Summary of SCr-based AKI definitions. SCr, serum creatinine; AKI,
acute kidney injury; NT, nephrotoxicity; RIFLE, risk, injury, failure, loss, and
end stage; AKIN, Acute Kidney Injury Network; KDIGO, Kidney Diseases
Improving Global Outcomes.

FIG 2 Flow chart demonstrating the process of selection of the sample of 162
patients treated with amphotericin B at our institution between 2006 and 2012.
AKI, acute kidney injury; HD, hemodialysis.

Rocha et al.

4760 aac.asm.org August 2015 Volume 59 Number 8Antimicrobial Agents and Chemotherapy

http://aac.asm.org


Statistical analyses. The shape of the distribution of continuous data
was analyzed using histograms and normality tests (Shapiro-Wilk). Nor-
mal-shaped data were summarized using means and standard deviations,
and comparisons among groups were made with the Student t test; non-
Gaussian data were summarized using median and interquartile range
(IQR), and comparisons among groups were made with the Mann-Whit-
ney U test. A comparison of hospital LOS across four groups (patients
without AKI and AKI stages 1, 2, and 3 by KDIGO) was made using the
Kruskal-Wallis test. Categorical data were summarized using absolute and
relative frequencies, and comparisons among groups were made with the
chi-square or Fisher’s exact test, where appropriate. Time to AKI was
analyzed in one of two different ways: (i) by summarizing the mean and
median time to AKI only in those who developed AKI or (ii) by the Ka-
plan-Meier method. For those patients whose lengths of follow-up was
�1 month, the survival time was censored at 30 days. The Kaplan-Meier
data were summarized in one minus cumulative survival graphs and sur-
vival curves compared using the log rank test. Univariate logistic and Cox

regression analyses were conducted to identify potential predictors of
AKI. Variables with a P value of �0.20 on univariate analyses were in-
cluded in multivariate, backward, logistic, and Cox regression models to
identify independent predictors of AKI. A similar strategy was utilized to
identify independent predictors of death. However, since AKI was our
main independent variable in the time to mortality analyses, it was allo-
cated to the second block of the regression and forced into the final model.
A P value of �0.05 on final analyses was considered statistically signifi-
cant. Multivariate logistic regression models were evaluated using the
Hosmer-Lemeshow goodness-of-fit test, Nagelkerke’s R2, and percent
correct classification. The proportional hazards assumption was assessed
by graphical methods (Kaplan-Meier curves and log-log plots). Statistical
analyses were conducted using the software packages Stata version 12.1
and IBM SPSS Statistics version 20.0.

Sample size. A priori sample size calculation was conducted using
OpenEpi. Assuming an overall nephrotoxicity rate of 30% and a precision
of 5%, a sample size of 122 would provide a confidence level of approxi-

TABLE 1 Demographic, clinical, and laboratory characteristics of 162 hospitalized adults treated with intravenous AmB at a university hospitala

Baseline variables All (n � 162)

Type of AmB preparation

P valueDeoxycholate (n � 120) Liposomal (n � 42)

Age (n � 161) (median [IQR]) (yr) 35 (25–51) 36 (24–51) 33 (28–50) 0.903
Age quartiles (no. [%]) (yr)

�25 43 (26.7) 35 (29.4) 8 (19.0) 0.122
26–35 40 (24.8) 24 (20.2) 16 (38.1)
36–50 38 (23.6) 30 (25.2) 8 (19.0)
�50 40 (24.8) 30 (25.2) 10 (23.8)

Gender (no. [%]) 0.187
Male 92 (56.8) 64 (53.3) 28 (66.7)
Female 70 (43.2) 56 (46.7) 14 (33.3)

Residence (n � 160) (no. [%]) 0.002
Rural areas 95 (59.4) 61 (51.7) 34 (81.0)
Capital 65 (40.6) 57 (48.3) 8 (19.0)

AmB indication (no. [%]) 0.000
Teg. leishmaniasis 33 (20.4) 11 (9.2) 22 (52.4)
Visc. leishmaniasis 12 (7.4) 5 (4.2) 7 (16.7)
Suspected IFE 26 (16.0) 22 (18.3) 4 (9.5)
Confirmed IFE 40 (24.8) 34 (28.3) 6 (14.3)
FUO 36 (22.2) 34 (28.3) 2 (4.8)
Other 15 (9.3) 14 (11.7) 1 (2.4)

Charlson index (no. [%]) 0.006
0–1 65 (40.1) 40 (33.3) 25 (59.5)
2–3 59 (36.4) 51 (42.5) 8 (19.0)
�4 38 (23.5) 29 (24.2) 9 (21.4)

Disease severity (no. [%])c

Intensive care unit 53 (32.7) 48 (40.0) 5 (11.9) 0.002
Vasopressor drugs 35 (21.6) 30 (25.0) 5 (11.9) 0.119
Mechanical ventilation 42 (26.1) 38 (31.7) 5 (11.9) 0.022

Serum lab values (median [IQR])
Cr (n � 162) (mg/dl) 0.8 (0.7–1.1) 0.8 (0.6–1.1) 0.9 (0.8–1.1) 0.350
BUN (n � 103) (mg/dl) 12.1 (7.9–18.2) 12.6 (7.9–22.1) 11.7 (10.3–14.5) 0.088
K� (n � 98) (meq/liter) 4.0 (3.6–4.4) 3.9 (3.6–4.3) 4.0 (3.6–4.5) 0.906
Mg2� (n � 73) (mg/dl) 1.8 (1.6–2.0) 1.8 (1.6–2.0) 1.8 (1.6–2.2) 0.614
HCO3� (n � 28) (meq/liter) 21.6 (16.7–26.3) 22.2 (17.7–26.2) 18.7 (16.1–32.7) 0.779
Lactate (n � 23) (mmol/liter) 1.6 (1.2–2.0) 1.5 (1.2–2.0) 2.0 (1.1–2.2) 0.822

a AmB amphotericin B.
b Teg., tegumentary; Visc., visceral; IFE, invasive fungal infection; FUO, fever of unknown origin; BUN, blood urea nitrogen.
c Intensive care unit, vasopressor drugs or mechanical ventilation reflect the need for these types of care at any point during the admission.
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mately 80%, a sample size of 186 patients would provide a confidence level
of 90%, and a sample size of 245 patients would provide a confidence level
of 95%.

RESULTS
Study population. Out of 734 treatments with AmB that occurred
at our institution between 2006 and 2012, 72 were retreatments
and were excluded (Fig. 2). Out of the 662 patients that used AmB,
500 were excluded. Our final sample was composed of a cohort of
162 patients treated with AmB, with 120 with the deoxycholate
preparation and 42 with the liposomal preparation. The median
LOS in the hospital for the cohort was 32 days (IQR, 23 to 51 days).

Table 1 shows the demographic, clinical, and laboratory char-
acteristics of the final sample. Patients were young, with a median
age of 36 years, and there was a slight preponderance of males. The
main indications for AmB treatment were suspected or confirmed
fungal infection (40.8%), leishmaniasis (27.8%), and fever of un-
known origin (22.2%). Only 23.5% had a Charlson comorbidity

index of �4; approximately 1/3 needed to be treated at the inten-
sive care unit at some point during the admission. The median
baseline laboratory values were within normal limits.

Compared to the deoxycholate group, patients in the lipo-
somal group were more often from rural areas, had a higher fre-
quency of leishmaniasis, a lower Charlson index, and needed less
intensive care unit or mechanical ventilation (Table 1).

Treatment details. The majority (83.3%) of patients initiated
AmB at the ward. The deoxycholate preparation was used by
74.1% of patients; the median initial dose, maximum daily dose,
and total cumulative dose were 50 mg/day (0.8 mg/kg of body
weight/day), 50 mg/day (0.9 mg/kg/day), and 445 mg (7.7 mg/kg),
respectively. The liposomal preparation was used by 25.9% of pa-
tients; the median initial dose, maximum daily dose, and total
cumulative dose were 150 mg/day (2.2 mg/kg/day), 150 mg/day
(2.6 mg/kg/day), and 1,450 mg (22.1 mg/kg), respectively. Overall,
the median duration of AmB treatment was 10 days (10 versus 11
days for the deoxycholate and liposomal groups, respectively; P �
0.162). The median dose of normal saline used at the beginning of
AmB treatment was 1,500 ml/day (1,500 versus 1,000 ml/day for
the deoxycholate and liposomal groups, respectively; P � 0.968).
The nephrotoxic drug that was most commonly used in combina-
tion with AmB was vancomycin (65/162 [40.1% of cases]); van-
comycin use was much more common in the deoxycholate (59/
120 [49.2%]) than in the liposomal group (6/42 [14.3%]) (P �
0.001).

Incidence of AmB-induced AKI. The overall incidence of
AmB-induced AKI by traditional criteria was 27.8% (45/162) for
NT2� and 45.1% (73/162) for NT0.5 (Table 2). The RIFLE crite-
ria diagnosed 10 additional cases of AKI, for an incidence of 51.2%
(83/162). The KDIGO criterion was the most sensitive, detecting
22 cases that were missed by the NT0.5 criterion, for an AKI inci-
dence of 58.6% (95/162).

The AKIN criteria could not be applied in 25 cases due to the
absence of SCr values at critical time points, which hampered our
ability to comply with the 48-h requirement. Since the KDIGO
criteria combine characteristics of the RIFLE and AKIN criteria,
this system was chosen to stratify AKI in stages. Most cases of AKI

TABLE 3 Influence of the diagnostic criteria on the time in days to
diagnosis of AKI during intravenous AmB use in 162 hospitalized adults
treated at a university hospital, stratified by type of AmB preparation

AKI criteria (n)a

All (n � 162)
(median [IQR])

Type of AmB preparation (median
[IQR])

Deoxycholate
(n � 120)

Liposomal
(n � 42)

NT0.5 (73) 6.0 (4.0 to 9.0) 5.0 (4.0 to 9.0) 7.0 (4.0 to 12.5)
NT2� (45) 5.0 (3.0 to 8.0) 5.0 (3.0 to 980) 6.0 (4.0 to 8.0)

KDIGO stageb

1 (76) 4.0 (2.0 to 7.8) 4.0 (2.5 to 7.5) 4.0 (2.0 to 8.0)
2 (40) 5.5 (3.3 to 8.0) 5.5 (3.0 to 8.3) 5.5 (3.5 to 8.8)
3 (15) 7.0 (4.0 to 13.0) 7.0 (3.5 to 13.0) 8.0 (6.0 to 10.0)

a NT2�, traditional nephrotoxicity criterion of an SCr increase of �2� over baseline;
NT0.5, traditional nephrotoxicity criterion of an absolute SCr increase of �0.5 mg/dl
over baseline; KDIGO, Kidney Diseases Improving Global Outcomes.
b The number of patients with AKI by the KDIGO criteria was 95. The sum of patients
across the KDIGO stages add up to �95 because some patients progressed from stage 1
to stages 2 and 3 during treatment.

TABLE 2 Influence of the diagnostic criteria on the incidence of AKI during intravenous AmB use in 162 hospitalized adults treated at a university
hospital, stratified by type of AmB preparation

AKI criteria No./total no. (%) (n � 162)

No./total no. (%) with AmB preparation type:

P valueDeoxycholate (n � 120) Liposomal (n � 42)

Binarya

NT2� 45/162 (27.8) 38/120 (31.7) 7/42 (16.7) 0.062
NT0.5 73/162 (45.1) 59/120 (49.2) 14/42 (33.3) 0.076
RIFLEbin 83/162 (51.2) 65/120 (54.2) 18/42 (42.9) 0.207
AKINbinb 72/137 (52.6) 55/102 (53.9) 17/35 (48.6) 0.584
KDIGObin 95/162 (58.6) 72/120 (60.0) 23/42 (54.8) 0.553

KDIGO stagec

1 50/162 (30.9) 34/120 (28.3) 16/42 (38.1) 0.290
2 30/162 (18.5) 25/120 (20.8) 5/42 (11.9)
3 15/162 (9.3) 13/120 (10.8) 2/42 (4.8)

a NT2�, traditional nephrotoxicity criterion of an SCr increase �2� over baseline; NT0.5, traditional nephrotoxicity criterion of an absolute SCr increase of �0.5 mg/dl over
baseline; RIFLE, risk, injury, failure, loss, and end stage; RIFLEbin, SCr increase of �1.5� over baseline; AKIN, Acute Kidney Injury Network; AKINbin, absolute SCr increase of
�0.3 mg/dl over baseline; KDIGO, Kidney Diseases Improving Global Outcomes; KDIGObin, absolute SCr increase of �0.3 mg/dl or �1.5� over baseline.
b Unable to use AKIN criteria in 25 patients due to the 48-h requirement.
c Numbers represent the maximum stage. Some patients with KDIGO stages 2 or 3 passed through stage 1, but they were classified as the maximum stage they reached.
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FIG 3 Time to AKI stratified by AmB preparation according to NT0.5 and KDIGObin criteria. NT0.5, traditional nephrotoxicity criterion of an absolute SCr
increase of �0.5 mg/dl over baseline; NT2�, traditional nephrotoxicity criterion of an SCr increase of �2� over baseline; KDIGO, Kidney Diseases Improving
Global Outcomes; KDIGObin, absolute SCr increase of �0.3 mg/dl or �1.5� over baseline. Solid line, deoxycholate; dashed line, liposomal. (dashes and �)
marks on the survival curves represent censored cases. The comparison among one minus cumulative survival curve for the two AmB preparations was 0.069
using the NT0.5 criterion, 0.081 using NT2� (not shown), and 0.553 using the KDIGObin criterion (log rank test).
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were mild, classified as stage 1 or 2. The incidence of severe
KDIGO stage 3 AKI was �10% overall and �5% in patients using
the liposomal preparation.

The incidence of AKI was numerically higher in the deoxy-
cholate than in the liposomal group, but the differences were only
marginally significant when using the traditional NT0.5 or NT2�
criterion (Table 2). Patients on liposomal AmB also tended to
have less severe cases of AKI, with a lower percentage of cases
classified as stages 2 or 3.

Regarding the time to diagnosis of AKI, the traditional NT0.5
criterion detected AmB-induced AKI at a median of 6.0 days
(IQR, 4.0 to 9.0), whereas the newer KDIGO criteria detected it 2
days earlier, at a median of 4.0 days (IQR, 2.0 to 7.8) (Table 3). In
a survival analysis using the Kaplan-Meier method, the KDIGO-
bin also detected more cases of AKI, and at earlier time points,
than the traditional NT0.5 criterion (Fig. 3). Nevertheless, this
increased sensitivity of the KDIGObin definition occurred at the
expense of a decreased ability to discriminate the differential
nephrotoxic profiles of the two AmB preparations.

Kinetics of AmB-induced AKI. Figure 4 shows mean SCr val-
ues during AmB therapy, stratified by the presence of AKI by
KDIGObin. In the AKI group, the mean SCr level started to rise
at day two and peaked at day 8. Peak SCr in the AKI group was
(mean � standard deviation [SD]) 1.66 � 0.67 mg/dl versus
1.04 � 0.38 mg/dl in the no-AKI group (P � �0.001). The peak
SCr level was also higher among AKI patients using the deoxy-
cholate preparation than in those using the liposomal prepara-
tion (1.69 � 0.71 mg/dl versus 1.58 � 0.53 mg/dl, respectively),
but the difference was not statistically significant (P � 0.488).

Electrolyte imbalances. Overall, 121/162 (74.7%) patients ful-
filled our criteria for hypokalemia, and 107/162 (66.0%) patients
required potassium replacement. Both hypokalemia (80.0% ver-
sus 59.5%, P � 0.015) and potassium replacement (71.7% versus

50.0%, P � 0.018) were significantly more common in patients
using the deoxycholate versus the liposomal preparation, respec-
tively.

Hypomagnesemia was detected in 101/162 (62.3%) patients,
and magnesium replacement was required by 89/162 (54.9%) pa-
tients. Similarly, hypomagnesemia (68.3% versus 45.2%, P �
0.10) and magnesium replacement (60.8% versus 38.1%, P �
0.012) were more common in patients receiving deoxycholate ver-
sus liposomal AmB, respectively. There was no association, how-
ever, between these electrolyte imbalances and AKI, regardless of
the AKI criteria used.

AKI management. A change in management in response to
AKI was documented in 59/95 (62.1%) patients classified by
KDIGObin. Changes in management were more frequent in those
in stage 3 (73%) than in stage 2 (66.7%) or stage 1 (56%) AKI. The
most common changes were to discontinue AmB (n � 32), in-
crease the amount of intravenous fluids (n � 19), decrease AmB
dose (n � 17), switch from a deoxycholate to liposomal prepara-
tion (n � 8), switch the AmB regimen (e.g., from daily to every
other day, n � 6), and discontinue concomitant nephrotoxins
(n � 3).

Eleven patients (6.8%) required dialysis at a median of 9.0
(IQR, 5.0 to 15.0) days after the initiation of AmB. The median
time on dialysis was 3.0 days (IQR, 0.0 to 8.0 days).

Predictors of AmB-induced AKI. We then attempted to iden-
tify predictors of AKI. For these analyses, we used both logistic
regression (treating AKI as the binary dependent variable) and
Cox proportional hazards (using time to AKI as the dependent
variable) analyses. In addition, we conducted these analyses using
KDIGObin and traditional NT0.5 and NT2� criteria. The follow-
ing predictor variables were analyzed: age (continuous), type of
AmB (deoxycholate versus liposomal preparation), place of AmB
initiation (ICU versus ward), diagnosis (leishmaniasis versus

FIG 4 SCr levels over time during AmB use, stratified by the occurrence of AKI according to the KDIGO criteria. SCr, serum creatinine; SEM, standard error of
the mean. The circles represent the AKI group, and squares represent those without AKI by the Kidney Diseases Improving Global Outcomes (KDIGO) criteria.
KDIGObin indicates an absolute SCr increase of �0.3 mg/dl or �1.5� over baseline.
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other), Charlson comorbidity index score (�4 versus 1 through
3), and use of furosemide, ACE-I, polymyxin B, vancomycin, and
vasopressors (all yes versus no). Since type of AmB was used as an
independent variable, these analyses were performed for the entire
group of 162 patients, without stratification into deoxycholate
and liposomal subgroups.

Independent predictors of AKI in multivariate logistic regres-
sion models varied according to the criteria used to define AKI.
When the KDIGObin criterion was used, age and use of furo-
semide were marginally significant. Age and use of vancomycin
were predictors of AKI by NT0.5, whereas use of vancomycin and
vasopressors predicted AKI by NT2� (Table 4). Cox proportional
hazards models yielded similar findings (Table 5).

Impact of AmB-induced AKI on hospital LOS. When consid-
ering all patients, median hospital LOS was not affected by the
presence (or severity) of AKI (32 days in those without AKI; 30, 33,
and 32 days in KDIGO stages 1, 2, and 3, respectively; P � 0.987).
When analyzing only those patients who survived hospitalization,
we found that median LOS was higher in patients with KDIGO
stage 3 (62 days, n � 4 patients) than in those with earlier KDIGO

stages (stage 2, 33 days, n � 21; stage 1, 30 days, n � 41) and those
without AKI (33 days, n � 51), but the difference did not reach
statistical significance (P � 0.205).

Median hospital LOS was significantly longer in patients using
the deoxycholate AmB preparation than those using the liposomal
AmB preparation when considering all patients (35 versus 27 days,
respectively; P � 0.001) or only those who survived hospitaliza-
tion (39 versus 27, respectively; P � 0.001).

Impact of AmB-induced AKI on hospital morbidity and
mortality. Using the KDIGObin definition, AmB-induced AKI
was not associated with a need for ICU admission, mechanical
ventilation, or mortality. When looking at the different KDIGO
stages, the proportions of patients with KDIGO stage 1 who re-
quired ICU admission, mechanical ventilation, or died was actu-
ally lower than those of patients without AKI. The traditional NT
criterion and KDIGO stage 2 or 3, however, were highly associated
with all three outcomes (Table 6).

Overall, 45/162 patients (27.8%) died during hospital follow-
up. The median time to death was 32 (IQR, 22.5 to 50.5) days. The

TABLE 4 Univariate and multivariate logistic regression analyses to identify independent predictors of AKI by KDIGObin, NT0.5, and NT2�

AKI criteria predictorsa

Univariate analysis
(OR [95% CI]) P valueb

Multivariate analysis
(OR [95% CI]) P valueb

KDIGObin
Age (yr) 1.02 (1.00–1.04) 0.066 1.02 (1.00–1.04) 0.096
Deoxycholate preparation 1.24 (0.61–2.52) 0.553
ICU initiation 1.24 (0.53–2.91) 0.618
Leishmaniasis 1.40 (0.69–2.85) 0.353
Charlson index �4 1.28 (0.61–2.71) 0.519
Furosemide 2.26 (1.01–5.07) 0.047 2.30 (0.98–5.39) 0.056
ACE-I 2.29 (0.91–5.77) 0.080
Polymyxin B 0.59 (0.22–1.63) 0.309
Vancomycin 1.22 (0.64–2.32) 0.540
Vasopressors 1.07 (0.50–2.30) 0.854

NT0.5
Age (yr) 1.02 (1.00–1.04) 0.064 1.02 (1.00–1.04) 0.038
Deoxycholate preparation 1.93 (0.93–4.03) 0.078
ICU initiation 1.99 (0.86–4.61) 0.108
Leishmaniasis 0.85 (0.43–1.71) 0.653
Charlson index �4 1.13 (0.55–2.34) 0.744
Furosemide 2.13 (1.01–4.49) 0.048
ACE-I 1.66 (0.72–3.81) 0.233
Polymyxin B 0.84 (0.30–2.32) 0.734
Vancomycin 2.01 (1.06–3.81) 0.032 2.24 (1.16–4.32) 0.016
Vasopressors 1.61 (0.76–3.41) 0.218

NT2�
Age (yr) 1.00 (0.98–1.02) 0.965
Deoxycholate preparation 2.32 (0.94–5.69) 0.067
ICU initiation 2.47 (1.05–5.81) 0.038
Leishmaniasis 0.47 (0.20–1.10) 0.082
Charlson index �4 1.27 (0.58–2.81) 0.550
Furosemide 1.85 (0.85–4.02) 0.080
ACE-I 1.68 (0.70–4.02) 0.243
Polymyxin B 1.09 (0.36–3.30) 0.874
Vancomycin 2.74 (1.35–5.54) 0.005 2.27 (1.09–4.72) 0.028
Vasopressors 3.34 (1.52–7.32) 0.003 2.73 (1.21–6.16) 0.015

a Age was evaluated as a continuous variable; all other independent variables are categorical.
b Variables with a P value of �0.20 in univariate analyses (in bold type) were included in a multivariate backward logistic regression model. Only the variables remaining at the final
model are shown.
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impact of AKI on mortality was evaluated on univariate and mul-
tivariate analyses.

On univariate analyses, the NT0.5 criterion was mildly associ-
ated with mortality by logistic regression but not by Cox regres-
sion (Table 7). When AKI was classified using the KDIGO crite-
rion as a binary variable, it became significantly associated with
mortality only when stages 2 and 3 (KDIGO, �2) were combined.
In fact, when looking at the KDIGO criteria as an ordinal variable,
mortality associated with stage 1 AKI (9/52 [17.3%]) was even
lower than in those without AKI (16/67 [23.9%]). Stage 3 AKI and
need for dialysis were highly associated with mortality.

In Table 8, we further explored the association between AKI by
NT2� with mortality in multivariate models. AKI remained sig-
nificantly associated with mortality even when adjusted for the
Charlson comorbidity index and use of furosemide, vancomycin,
and steroids (model 1). However, when the use of vasopressors
and need for ICU and mechanical ventilation were included
(model 2), AKI no longer predicted death.

None of the 45 patients with a diagnosis of leishmaniasis in our
data set ended up dying during hospital admission. Hence, this vari-

able was not included as a predictor in multivariate mortality analyses
due to the mathematical instability of the model. Therefore, we re-
peated all multivariate logistic and Cox regression analyses for pre-
dictors of mortality in the subset of 117 patients with a diagnosis other
than leishmaniasis and found similar results (data not shown).

DISCUSSION

In 2001, Bellomo et al. (22) called attention to the fact that there
were �30 different definitions of acute renal failure in use in the
medical literature. Their call for a consensus definition of this
syndrome was answered in 2004, with the publication of the
RIFLE criteria (18). Subsequent evidence that minimal increases
in SCr levels (as small as 0.3 mg/dl) were associated with worse
outcomes (23) led to the incorporation of smaller increases in SCr
into a modification of the RIFLE criteria called AKIN (19). More
recently, the KDIGO guidelines attempted to harmonize earlier
consensus definitions and staging criteria for AKI (20). Whether
these criteria should be applied in routine clinical care is still a
matter of debate (24).

Here, we showed that the overall incidence of AmB-induced

TABLE 5 Univariate and multivariate Cox regression analyses to identify independent predictors of AKI by KDIGObin, NT0.5, and NT2�

AKI criteria predictorsa

Univariate analysis
(HR [95% CI]) P valueb

Multivariate
(HR [95% CI]) P valueb

KDIGObin
Age (yr) 1.09 (1.00–1.02) 0.143
Deoxycholate preparation 1.15 (0.72–1.83) 0.569
ICU initiation 1.20 (0.71–2.03) 0.497
Leishmaniasis 1.10 (0.71–1.70) 0.679
Charlson index �4 1.18 (0.37–3.77) 0.776
Furosemide 1.42 (0.91–2.21) 0.127
ACE-I 1.52 (0.93–2.50) 0.095 1.53 (0.92–2.53) 0.100
Polymyxin B 0.73 (0.35–1.50) 0.384
Vancomycin 1.16 (0.77–1.76) 0.466
Vasopressors 1.10 (0.68–1.80) 0.693

NT0.5
Age (yr) 1.01 (1.00–1.02) 0.104 1.01 (1.00–1.04) 0.084
Deoxycholate preparation 1.68 (0.94–3.02) 0.080
ICU initiation 1.59 (0.91–2.77) 0.102
Leishmaniasis 0.83 (0.49–1.41) 0.833
Charlson index �4 1.07 (0.63–1.83) 0.793
Furosemide 1.52 (0.92–2.51) 0.101
ACE-I 1.29 (0.73–2.28) 0.374
Polymyxin B 0.92 (0.42–2.00) 0.826
Vancomycin 1.70 (1.07–2.69) 0.024 1.76 (1.10–2.78) 0.018
Vasopressors 1.45 (0.86–2.45) 0.162

NT2�
Age (yr) 1.00 (0.98–1.02) 0.889
Deoxycholate preparation 2.00 (0.89–4.48) 0.092
ICU initiation 2.07 (1.17–4.01) 0.031
Leishmaniasis 0.51 (0.24–1.09) 0.082
Charlson index �4 1.21 (0.63–2.34) 0.571
Furosemide 1.67 (0.89–3.14) 0.112
ACE-I 1.50 (0.74–3.02) 0.261
Polymyxin B 1.09 (0.43–2.77) 0.853
Vancomycin 2.39 (1.32–4.33) 0.004 2.00 (1.08–3.71) 0.028
Vasopressors 2.58 (1.41–4.71) 0.002 2.08 (1.11–3.91) 0.022

a Age was evaluated as a continuous variable; all other independent variables are categorical.
b Variables with a P value of �0.20 in univariate analyses (in bold type) were included in a multivariate backward logistic regression model. Only the variables remaining at the final
model are shown.
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AKI by the most sensitive traditional criterion (NT 0.5) was 45.4%
and occurred at a median time of 6 days. Newer KDIGO criteria
improved the recognition of AKI, raising the incidence to 58.6%
and shortening the median time to detection to 4 days. The
KDIGO criteria also allowed for staging of AKI severity. Of the 95
cases of AKI detected by the KDIGO criteria, 52 (54.7%) were
stage 1, 28 (29.5%) were stage 2, and 15 (15.8%) were stage 3; 11 of
the 15 stage 3 cases were dialyzed. AKI occurred more frequently,
earlier, and reached higher stages in patients using the deoxy-
cholate versus the liposomal preparation. To our knowledge, this
is the first study to evaluate the performance of the KDIGO criteria
in AmB-induced AKI.

Since the incidence and impact of AKI on outcomes are depen-
dent upon the criteria used to define them (25), we sought to
compare our findings with those of prior studies of AmB nephro-
toxicity. In those studies, the most commonly used criterion to
define renal toxicity was a doubling (or greater) of baseline SCr
levels, which we termed NT2�. This definition is analogous to a
KDIGO stage �2. Applying the NT2� definition to our data, the
incidence of AKI secondary to deoxycholate AmB was 31.7%,
which is comparable to that found by Nucci et al. (15), Walsh et al.
(14), and Johnson et al. (17) (31.8%, 33.7%, and 37.5%, respec-
tively); Moreau et al. (26) and Caillot et al. (12) found higher (56.3
and 66.7%, respectively) incidences, and Prentice et al. (16) en-
countered lower (23%) incidences. For the liposomal preparation,
we detected AKI using the NT2� criterion in 16.7% of patients,
which is in agreement with the findings of Walsh et al. (14)
(18.7%) and slightly higher than the incidences detected by Leen-
ders et al. (13), Prentice et al. (16), and Johnson et al. (17) (11.8%,
11.1%, and 9.4%, respectively).

Using the KDIGO criteria, however, we detected AmB-in-
duced AKI in 60.0% of patients using the deoxycholate prepara-
tion and 54.8% of patients using the liposomal preparation. These
incidences are significantly higher than those previously de-
scribed, especially for the liposomal preparation. In fact, several
AKI episodes must have gone clinically undetected, because no
changes in management in response to AKI were made in approx-
imately 1/3 of patients.

Minejima et al. (21) showed that the AKIN criteria were more

sensitive than traditional criteria in detecting vancomycin neph-
rotoxicity. In their opinion, early detection of vancomycin neph-
rotoxicity has the potential to improve management because it
may lead to changes in management that halt the process of renal
injury. A similar rationale could be applied to AmB-induced AKI.
Nevertheless, since our data are observational, prospective studies
would be needed to confirm this hypothesis. A potential drawback
of using a highly sensitive AKI criterion would be to discontinue
or reduce AmB dose unnecessarily, potentially interfering with the
management of the underlying infection. In the present study,
KDIGO stage 1 AKI was not predictive of need for ICU admission,
need for mechanical ventilation, or mortality. In fact, these out-
comes were less common in patients with stage 1 AKI than in those
without AKI. When AKI was defined by traditional criteria, how-
ever, there was a significant association with all of these outcomes.

In the present study, hospital LOS was associated with type of
AmB preparation, being longer in recipients of deoxycholate
AmB, but these patients also had more comorbidities and a greater
need for transfer to the ICU and mechanical ventilation than re-
cipients of liposomal AmB. We did not find a significant associa-
tion between hospital LOS and AmB-induced AKI. In fact, when
considering all patients, hospital LOS was almost identical in those
with and without AKI. Since mortality can confound LOS data
(since in those who die, what is measured is in fact time to death),
we repeated the analysis considering only those patients who sur-
vived hospitalization and found a higher hospital LOS in patients
with KDIGO stage 3 AKI than in those with earlier KDIGO stages
and in those without AKI. This difference, however, did not reach
statistical significance, perhaps due to a type II error, as we only
had 4 patients with stage 3 AKI who survived hospitalization. Our
findings are in disagreement with those of Ullmann et al. (27),
who found that even small (50%) rises in SCr levels during AmB
treatment were associated with significant increases in hospital
LOS (average increase, 8.6 days; P � 0.006). This discrepancy
might be due to the marked differences in population and design
between our studies, as Ullmann et al. (27) evaluated hematology-
oncology patients from multiple European centers, and we stud-
ied a heterogeneous group of patients with infectious diseases at a
single center in Brazil. Nevertheless, other authors have also failed

TABLE 6 Impact of AKI on ICU admission, mechanical ventilation, and inpatient mortalitya

AKI criteria by
outcomeb

AKI by binary criteria AKI by KDIGO stage

No AKI AKI P value No AKI Stage 1 Stage 2 Stage 3 P value

ICU admission 20/67 (29.9) 8/50 (16.0) 12/30 (40.0) 13/15 (86.7) �0.001
NT2� 28/117 (23.9) 24/45 (55.6) �0.001
NT0.5 22/89 (24.7) 31/73 (42.5) 0.017
KDIGObin 20/67 (29.9) 33/95 (34.7) 0.514

Mechanical ventilation 15/67 (22.4) 7/50 (14.0) 10/30 (33.3) 11/15 (73.3) �0.001
NT2� 22/117 (18.8) 21/45 (46.7) �0.001
NT0.5 16/89 (18.0) 27/73 (37.0) 0.006
KDIGObin 15/67 (22.4) 28/95 (29.5) 0.314

Inpatient mortality 16/67 (23.9) 9/50 (18.0) 9/30 (30.0) 11/15 (73.3) �0.001
NT2� 25/117 (21.4) 20/45 (44.4) 0.003
NT0.5 19/89 (21.3) 26/73 (35.6) 0.044
KDIGObin 16/67 (23.9) 29/95 (30.5) 0.352

a Other than P values, data are presented as the no./total no. (%).
b NT2�, traditional nephrotoxicity criterion of an SCr increase of �2� over baseline; NT0.5, traditional nephrotoxicity criterion of an absolute SCr increase of �0.5 mg/dl over
baseline; KDIGO, Kidney Diseases Improving Global Outcomes; KDIGObin, absolute SCr increase of �0.3 mg/dl or �1.5� over baseline.
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to demonstrate an association between AmB-induced AKI and
increased hospital LOS (28, 29).

Independent predictors of AKI also varied according to the
definition used. AKI by KDIGObin was predicted by older age and
use of furosemide (logistic regression) and ACE-I (Cox regres-
sion). AKI by the NT0.5 criterion was predicted by older age and
use of vancomycin, whereas the more severe episodes of AKI de-
fined by the NT2� criterion were predicted by use of furosemide
and vasopressors. Bates and coworkers (30) identified ICU admis-
sion and use of cyclosporine as independent predictors of AKI. In
our study, ICU admission predicted AKI by traditional criteria on
univariate analysis but was removed from the model after adjust-
ment for other confounders. We did not have patients on cyclo-
sporine for comparison.

Our study has several limitations. We applied newer diagnostic
criteria for AKI to the retrospective data. Our ability to detect AKI
may have been negatively influenced by the fact that we did not have
daily SCr values for all patients and did not incorporate urine output
data. Indeed, the AKIN criteria could not be applied to 25 patients
due to missing SCr values at critical time points. Although we did not
have formal data on fluid responsivity or renal imaging for all pa-
tients, we made an effort to exclude pre- or postrenal causes of AKI by
thoroughly reviewing EMRs and paper charts. Since some patients
were exposed to other renal insults, ischemic and/or toxic, we cannot
state that use of AmB was the sole cause of AKI in all subjects. In this
regard, an important limitation is the absence of data regarding ex-
posure to iodinated contrast during hospitalization. Finally, our
study population was somewhat unique compared to that in previous
studies, as it was composed of mostly young patients and almost 1/3

had leishmaniasis. Therefore, the applicability of our findings to
other patient groups is unclear.

In summary, we demonstrated that the newer AKI criteria are
more sensitive than traditional criteria for detecting AmB-in-
duced AKI. As expected, this improved sensitivity occurred at the
expense of potential overdiagnosis of mild cases. Whether or not
this increased sensitivity of newer AKI criteria will translate into
earlier interventions and better renal and patient outcomes re-
mains unproven. In our data set, mild cases of AKI were not pre-
dictive of worse outcomes. Potential drawbacks of overly sensitive
AKI criteria also need to be considered, because undue AmB dis-
continuation or dose reduction might compromise treatment of
the underlying disease.
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AKI criteria by regression
methoda

No./total no.
(%) OR/HR (95% CI)b P value

Univariate logistic regression
Binary

NT0.5 26/73 (35.6) 2.04 (1.02–4.09) 0.045
NT2� 20/45 (44.4) 2.94 (1.41–6.14) 0.004
KDIGObin 29/95 (30.5) 1.40 (0.69–2.85) 0.353

KDIGO stage
1 9/50 (18.0) 0.70 (0.28–1.75) 0.444
2 9/30 (30.0) 1.37 (0.52–3.57) 0.525
3 11/15 (73.3) 8.77 (2.45–31.36) 0.001

Dialysis 10/11 (90.9) 33.14 (4.10–267.98) �0.001

Univariate Cox regression
Binary

NT0.5 26/73 (35.6) 1.53 (0.84–2.81) 0.168
NT2� 20/45 (44.4) 2.23 (1.23–4.03) 0.008
KDIGObin 29/95 (30.5) 1.20 (0.65–2.24) 0.559

KDIGO stage
1 9/50 (18.0) 0.62 (0.26–1.46) 0.270
2 9/30 (30.0) 1.19 (0.52–2.72) 0.682
3 11/15 (73.3) 3.29 (1.52–7.13) 0.002

Dialysis 10/11 (90.9) 5.05 (2.47–10.34) �0.001
a NT2�, traditional nephrotoxicity criterion of an SCr increase of �2� over baseline;
NT0.5, traditional nephrotoxicity criterion of an absolute SCr increase of �0.5 mg/dl
over baseline; KDIGO, Kidney Diseases Improving Global Outcomes; KDIGObin,
absolute SCr increase of �0.3 mg/dl or �1.5� over baseline.
b Odds ratio (OR) was used for logistic regression data and hazard ratio (HR) for Cox
regression data. 95% CI, 95% confidence interval.

TABLE 8 Impact of AKI by NT2� on mortality, adjusted for potential
confounders

Variables by model typea OR/HR (95% CI)b P value

Logistic regression model
Unadjusted

NT2� 2.94 (1.41–6.14) 0.004
Model 1

NT2� 2.279 (1.007–5.16) 0.048
Charlson index (�4 vs 0–3) 2.694 (1.104–6.11) 0.033
Steroids 2.960 (1.225–7.15) 0.019
Vancomycin 2.715 (1.193–6.18) 0.016
Furosemide 2.597 (1.104–6.11) 0.029

Model 2
NT2� 1.06 (0.32–3.55) 0.927
Steroids 6.06 (1.59–23.02) 0.008
Vasopressors 3.60 (0.99–13.09) 0.052
Mechanical ventilation 44.34 (12.28–160.02) �0.001

Cox regression model
Unadjusted

NT2� 2.23 (1.23–4.03) 0.008
Model 1

NT2� 2.31 (1.27–4.19) 0.006
Charlson index (�4 vs 0–3) 2.04 (1.07–3.91) 0.031
Steroids 2.12 (1.02–4.42) 0.044

Model 2
NT2� 1.27 (0.68–2.35) 0.453
Steroids 2.14 (1.02–4.47) 0.044
Vasopressors 2.20 (1.02–4.02) 0.045
Mechanical ventilation 5.49 (2.40–12.56) �0.001

a NT2�, traditional nephrotoxicity criterion of an SCr increase of �2� over baseline.
Variables included in model 1: first block (backward) Charlson’s comorbidity index,
use of furosemide, vancomycin, and steroids; second block (enter) AKI by NT2�.
Variables included in model 2: first block (backward) all variables included in model 1
plus ICU, use of vasopressors, and mechanical ventilation; second block (enter) AKI by
NT2�.
b Odds ratio (OR) was used for logistic regression data and hazard ratio (HR) for Cox
regression data. 95% CI, 95% confidence interval.
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