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Background: Systemic fungal infections have significantly increased. The mainstay of treatment is amphoteri-

cin B deoxycholate. A limitation of using amphotericin B includes infusion-related reactions and nephrotox-

icity. A continuous infusion of amphotericin B was found to reduce nephrotoxicity and infusion-related reactions.

Objective: To implement clinical practice policy on the continuous intravenous administration of amphoteri-

cin B in the patients hospitalized in general medical wards at Siriraj Hospital.

Method: A one-page evidence-based clinical practice policy on continuous intravenous administration of

amphotericin B was prepared and disseminated to all general medical wards in Siriraj Hospital. The informa-

tion on the patients who received amphotericin B treatment between March 2004 and March 2006 was

collected. The data were analyzed using descriptive statistics, univariate analysis and multiv ariate analysis

as appropriate. A p-value of < 0.05 was considered statistically significant.

Results:  Of 166 courses of amphotericin B treatment in 148 patients, 102 courses (61.4%) were given continu-

ous intravenous administration of amphotericin B (CI group) and 64 courses (38.6%) were given conven-

tional 4-to 6-hour intravenous administration (RI group). The mean age of the patients in the CI group was

significantly greater than that in the RI group. The CI group had more patients with neutropenia with

persistent fever whereas the RI group had more patients with HIV/AIDS and cryptococcal meningitis. The

incidence of amphotericin B-related nephrotoxicity was 27.5% in the CI group compared with 39.1% in the RI

group (p=0.164). Chills were observed in 6.9% of the patients in the CI group compared with 26.6% in the RI

group (p=0.001). Overall mortality at the end of therapy was significantly higher in the CI group. However,

most of the deaths in the CI group were unrelated to fungal infections or amphotericin administration.

Conclusion : Continuous infusion of amphotericin B was associated with a decrease in infusion-related

reactions and tended to have less nephrotoxicity than those in the 4-to 6-hour infusion group.
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Systemic fungal infections have significantly

increased over the past 30 years(1-4). Systemic oppor-

tunistic fungal infections constitute a leading cause of

morbidity and mortality in neutropenic patients(5). In

addition, HIV-infected patients often have a variety of

fungal infections, especially those who have CD4+ T

lymphocyte counts of <50 cells/µL(6,7). The common

causative agents in HIV-infected patients include Cryp-

tococcus neoformans, Histoplasma capsulatum, and

Penicillium maneffei (8).

The mainstay of treatment for these patients

is amphotericin B deoxycholate despite it being asso-

ciated with significant drug-related adverse effects,

especially infusion-related reactions, (9-11) and nephro-

toxicity (12,13). Over the past few years, several random-

ized trials revealed different strategies to reduce AmB-

induced renal toxicity. These strategies included

sodium supplementation,(14,15) concurrent administra-

tion of low-dose dopamine,(16) correction of potassium

depletion(17) and slow infusion rates. Many recent
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clinical trials of new antifungal agents have observed

better outcomes and lower drug-related toxicity(18-22).

However, amphotericin B remains a cornerstone of an-

tifungal therapy for patients with opportunistic fungal

infections. Recently, continuous infusion of am-

photericin B has been found to reduce the incidence of

nephrotoxicity and infusion-related reactions,

compared with traditional administration of the same

amount of the drug over 4–6 h(23-26) as well as the re-

sults from local randomized controlled study conducted

at Ramathibodi Hospital (27). This mode of administra-

tion of amphotericin B seems to be effective in reduc-

ing the adverse effects of amphotericin B (28) and is

feasible in our setting. This prompted us to implement

clinical practice policy based on continuous in-

travenous administration of amphotericin B deoxycho-

late in the patients hospitalized in the general medical

wards at Siriraj Hospital.

Material and Method

A one-page evidence-based clinical practice

policy on continuous intravenous administration of

amphotericin B containing a description of the

problem of using amphotericin B, recommendation on

using continuous intravenous administration of am-

photericin B, grade of recommendation and references

was prepared. The clinical practice policy on con-

tinuous intravenous administration of amphotericin B

was circulated to 10 general medical wards at Siriraj

Hospital in March 2004. The decision to use con-

tinuous infusion or 4-to 6-hour infusion of amphoteri-

cin B was made by the responsible attending physi-

cians. The use of medications to prevent infusion-re-

lated reactions was decided by attending physicians.

The study was approved by the ethics committee on

human research of the Faculty of Medicine, Siriraj

Hospital. We collected the information on the patients

who received amphotericin B who had serum creati-

nine <3 mg/dl. The patients who needed amphotericin

B could receive a continuous infusion (CI group) or 4-

to 6-hour infusion (RI group) of amphotericin B. In the

patients who received continuous infusion of ampho-

tericin B, amphotericin B at the appropriate dosage was

added in 500 ml of 5% glucose without any additives

and given intravenously as a continuous infusion over

24 hours. Medications to prevent any infusion-related

reaction and intravenous saline were administered

whenever appropriate.

Infusion-time was recorded in all cases. All

infusion-related conditions were recorded including

chills, nausea, vomiting, and phlebitis. Serum creati-

nine was measured at least twice a week and creatinine

clearance (CrCl) was calculated by the Cockcroft-Gault

formula(29). Renal impairment was defined as a

doubling of baseline serum creatinine and was calcu-

lated as a creatinine ratio (peak serum creatinine during

amphotericin B administration/baseline serum creati-

nine).

The number of patients required for this study

was assessed by the assumption that a rate of renal

impairment in the CI group was 20% + 7.5%. That was

clinically less than 40% observed in hospitalized

patients in the Department of Medicine who received

4-hour amphotericin B infusions in 2002, where 110

courses of CI would be needed at the two-sided

significance level of 5%. Multivariate logistic regres-

sion analysis was used to adjust for potential con-

founding variables with regard to renal impairment and

outcome. A Mann-Whitney U-test was used for

median comparisons.

Results

Baseline characteristics

Of 166 courses of amphotericin B treatment in

148 patients, 102 courses (61.4%) in 91 patients were

given by continuous intravenous administration of am-

photericin B (CI group) and 64 courses (38.6%) in 57

patients were given by conventional 4-to 6-hour intra-

venous administration (RI group). The demographics

of the patients in both groups are shown in Table 1.

There were no significant differences in gender, dura-

tion of treatment or total dose of amphotericin B.

However, the patients in the CI group were older than

those in RI group (40 (15-74) vs 36 (16-68) years, p =

0.03) and had less HIV/AIDS than those in the RI group

(21.6% vs 40.6%, p = 0.01). The number of patients in

the CI group who received amphotericin B due to

neutropenia with refractory fever was significantly

greater than that in the RI group, 64.7 % vs 42.2% (p =

0.007) as shown in Table 2. Cryptococcal infections

were more common in the patients in the RI group when

compared with those in the CI group (34.4% vs 17.7%,

p = 0.02). The baseline serum BUN was higher in the CI

group than in the RI group (16.4 + 14.5 mg/dl vs 13.9 +

8.8, p = 0.03), but the baseline values of serum creati-

nine and calculated creatinine clearance were not

significantly different between both groups. The use

of medications to prevent infusion related reactions

did not differ between the CI group and the RI group.

Outcomes

Nephrotoxicity, infusion-related reactions, and
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clinical outcomes of the patients are shown in Table 3.

The nephrotoxicity was observed in 27.5% in the CI

group and 39.1% in the RI group (p = 0.2), the relative

risk of nephrotoxicity of the CI group when compared

with that in the RI group was 0.70 (95% CI 0.45 to 1.09)

and the relative risk reduction was 30% (95% CI -12%

to 56%). The incidence of chills was 6.9% in the CI

group and 26.6% in the RI group (p = 0.001), the

relative risk was 0.26 (95% CI-0.11 to 0.59) and the

relative risk reduction was 74.1%. There was no signifi-

cant difference between nausea of 6.9% in the CI group

and 12.5% in the RI group (p = 0.169) and phlebitis

22.5% in the CI group and 18.8% in the RI group (p =

0.352). Treatment failure was found in three patients

with invasive aspergillosis who received continuous

infusion of amphotericin B. Overall mortality at the end

of therapy was significantly higher in the CI group

(34.1%) than in the RI group (17.5%) (p=0.05), the

relative risk was 1.35 (95% CI 1.06 to1.72). However

most of the deaths in the CI group were unrelated to

fungal infections. Chances of survival were signifi-

cantly associated with age, febrile neutropenia, cryp-

tococcal meningitis and AIDS from univariate analysis

as shown in Table 4. However, a multivariate analysis

Refractory fever in neutropenia

(ANC < 500/cumm) *

Cryptococcal infection

Aspergillus infection

Penicillium infection

Histoplasma infection

Mucormycoses

Candidemia

Cladophialophora bantiana brain abscess

              CI group

(102 courses in 91 patients)

             66 (64.7%)

             18 (17.7%)

               8 (7.9%)

               4 (3.9%)

               2 (2%)

               2 (2%)

               2 (2%)

               0

              RI group

(64 courses in 57 patients)

            27 (42.2%)

            22 (34.4%)

              9 (14.1%)

              0

              2 (3.1%)

              1 (1.6%)

              2 (3.1%)

              1 (1.6%)

p-value

 0.005

 0.02

* ANC means absolute neutrophil count

Table 2. Indications for amphotericin B treatment

Median age, years (range)

Female, No. (%) of the patients

Median (range) days of treatment

Median (range) mg accumulative dose

Diagnosis, no.(%) of the patients

- HIV/AIDS

- Acute myeloid leukemia

- Non-Hodgkin’s lymphoma

- Acute lymphocytic leukemia

- Severe aplastic anemia

- Chronic myeloid leukemia

- Others

Concurrent treatment of nephrotoxic drugs

- Aminoglycosides

- Vancomycin

- Both

- Others

CI group (n = 91)

    40 (15-74)

    42 (41.2)

    11 (1-147)

  400 (60-1880)

    22 (21.6)

    40 (39.2)

    12 (11.8)

      8 (7.8)

      6 (5.9)

      5 (4.9)

      9 (8.8)

    56 (54.9)

    30 (29.4)

    14 (13.7)

    12 (11.8)

      1 (1)

RI group (n = 57)

    36 (16-68)

    28 (43.8)

    14 (5-121)

  645 (180-5820)

    26 (40.6)

    24 (37.5)

      2 (3.1)

      4 (6.3)

      1 (1.6)

      3 (4.7)

      4 (6.3)

    30 (46.9)

    20 (31.3)

      4 (6.3)

      6 (9.4)

      0 (0)

p-value

  0.03

  0.43

  0.11

  0.17

  0.01

  0.40

Infusion rate

Table 1. Demographic data of the patients
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revealed only AIDS was significantly associated with

mortality, and continuous infusion of amphotericin B

had not contributed to mortality.

Discussion

The clinical practice policy on continuous in-

travenous infusion of amphotericin B deoxycholate

used in our study was based on the evidence from a

randomized controlled study comparing continuous

infusion of amphotericin B with 4-hour infusion regard-

ing the incidence of the nephrotoxicity and infusion-

related reactions (22). The nephrotoxicity was decreased

from 38% to 15% and infusion-related reactions from

63% to 20%. Subsequent studies also confirmed the

safety and efficacy of continuous infusion of ampho-

tericin B (23-26). Therefore, our study was not intended

to repeat any randomized controlled study, but rather

to gain further knowledge. The implementation of the

clinical practice policy in our study was only meant to

raise awareness of the prescribers by disseminating

such a clinical practice policy and the decision to use

continuous infusion or 4-hour infusion of amphoteri-

cin B was made by the responsible attending physi-

cians. As a result, only 61.4% of amphotericin B treat-

ments followed the recommendation in the clinical

practice policy. This observation confirmed the pre-

vious findings that dissemination of the guidelines was

less effective than multifaceted interventions (30-31).

Since our study was not a randomized controlled trial,

many important factors relevant to the severity of

infection and prognosis of the treatment were not

balanced between the group receiving continuous

infusion of amphotericin B and that receiving 4-hour

infusion. The patients in the CI group were older and

had neutropenia with refractory fever significantly

more often than those in the RI group. On the other

hand, HIV/AIDS and cryptococcal meningitis were

greater in the RI group. All these different factors

seemed to be unfavorable for the patients in the con-

tinuous infusion group.

Nephrotoxicity

Infusion related reactions

- chills

- nausea

- phlebitis

Treatment failure

Overall mortality

Death due to fungal infections

Death due to other causes

   CI group

 (102 courses

in 91 patients)

  28 (27.5%)

    7 (6.9%)

    7 (6.9%)

  23 (22.5)

    3 (2.9%)

  31 (34.1%)

    2 (2.2%)

  29 (31.9%)

    RI group

  (64 courses

in 57 patients)

  25 (39.1%)

  17 (26.6%)

    8 (12.5%)

    2 (18.8)

    0

  10 (17.5%)

    2 (3.5%)

    8 (14%)

p-value

  0.16

  0.001

  0.34

  0.352

  0.3

  0.05

  0.6

  0.02

  Relative risk

     (95% CI)

0.70 (0.45-1.09)

0.26 (0.11-0.59)

0.55 (0.21-1.44)

1.20 (0.64-2.24)

   not available

1.35 (1.06-1.72)

  0.6 (0.1-6.4)

  2.8 (1.1-7.5)

Table 3. Nephrotoxicity, infusion-related reactions and clinical outcomes of the patients

Multivariate analysis

p-value  OR (95%CI)

  0.057

  0.706

  0.008  0.252

(0.091-0.696)

  0.346

  0.099

Age > 36 year

Febrile neutropenia

AIDS

Cryptococcal meningitis

Continuous infusion

of amphotericin B

               Outcome

  Survival     Death

54 (64.3%) 30 (35.7%)

54 (65.1%) 29 (34.9%)

38 (88.4%)   5 (11.6%)

30 (90.9%)   3 (9.1%)

60 (65.9%) 31 (34.1%)

     Univariate analysis

p-value   OR (95%CI)

  0.021 0.78 (0.64-0.94)

  0.042 0.80 (0.66-0.97)

  0.009 1.34 (1.13-1.60)

  0.013 1.36 (1.15-1.61)

  0.046 0.80 (0.66-0.97)

Table 4. Univariate and multivariate analyses of overall mortality
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The incidence of nephrotoxicity in the RI

group was 39%, comparable to 38% observed in the

randomized controlled study. However, it was 27.5%

in the CI group, higher than 15% observed in the ran-

domized controlled study. As a result, the incidence of

the nephrotoxicity of the patients in the CI group was

not significantly different from that in the RI group.

This could be explained by the small sample size since

the relative risk reduction of nephrotoxicity was 30%.

We did not include fever as an infusion-

related reaction because most of the patients who were

receiving amphotericin B had fever at the beginning of

amphotericin B infusion. Superficial thrombophlebitis

from chemical irritation in the continuous infusion

regimen was not significantly greater than that in the

RI group.

Treatment failure was found in three patients

in the CI group. All of them had invasive aspergillosis

and two of them were switched to voriconazole therapy.

These failures might not be related to continuous

infusion of amphotericin B since it is well recognized

that many patients of invasive aspergillosis do not

respond well to amphotericin B deoxycholate. If these

three patients had received 4-hour infusion of ampho-

tericin B, they would not have responded to the treat-

ment either. The overall mortality in the CI group was

found to be significantly higher than that in the RI group.

However, most of the deaths in the CI group were un-

related to fungal infections or continuous infusion of

amphotericin B. The subgroup analyses of the mortali-

ty group revealed that the significant difference was

confined to deaths from other causes. These observa-

tions might be due to the differences in many impor-

tant factors of the patients between the CI group and

the RI group mentioned earlier. Multivariate analysis

also confirmed that continuous infusion of amphoteri-

cin B was not associated with an increase in mortality.

Conclusion

Continuous infusion of amphotericin B was

associated with a decrease in infusion-related reactions

and tended to have less nephrotoxicity than 4-to 6-

hour infusion.
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º≈°“√»÷°…“: ¡’°“√„™â¬“·Õ¡‚ø‡∑Õ√‘´‘π∫’∑—ÈßÀ¡¥ 166 §√—Èß„πºŸâªÉ«¬ 148 √“¬ °“√„™â¬“„πºŸâªÉ«¬ 102 §√—Èß (64%)

‡ªìπ°“√„™â¬“Õ¬à“ßµàÕ‡π◊ËÕß 24 ™—Ë«‚¡ß (CI)  à«πÕ’° 64 §√—Èß (38.6%) „™â¬“ 4-6 ™—Ë«‚¡ß (RI) Õ“¬ÿ‡©≈’Ë¬·≈–¿“«–‰¢â

„π¢≥–∑’Ë¡’‡¡Á¥‡≈◊Õ¥¢“«µË”„π°≈ÿà¡ CI ¡“°°«à“°≈ÿà¡ RI  à«π°≈ÿà¡ RI ¡’ºŸâªÉ«¬‡Õ¥ å ·≈–‡¬◊ËÕÀÿâ¡ ¡ÕßÕ—°‡ ∫®“°

‡™◊ÈÕ§√‘∫‚µ§Õ§§— ¡“°°«à“°≈ÿà¡ CI æ∫Õ—µ√“°“√‡°‘¥æ‘…µàÕ‰µ 27.5 % „π°≈ÿà¡ CI ‡∑’¬∫°—∫ 39.1% „π°≈ÿà¡ RI (p =

0.164) º≈¢â“ß‡§’¬ß‚¥¬‡©æ“–Õ“°“√ —Ëπ¢≥–„Àâ¬“ 6.9% „π°≈ÿà¡ CI ‡∑’¬∫°—∫ 26.6% „π°≈ÿà¡ RI (p = 0.001) ·≈–

æ∫Õ—µ√“µ“¬√«¡„π°≈ÿà¡ CI ¡“°°«à“°≈ÿà¡ RI Õ¬à“ß¡’π—¬ ”§—≠ ·µà‡ªìπÕ—µ√“µ“¬®“° “‡ÀµÿÕ◊Ëπ∑’Ë‰¡à„™à®“°°“√‰¥â√—∫

¬“·Õ¡‚ø‡∑Õ√‘´‘π∫’À¬¥‡¢â“À≈Õ¥‡≈◊Õ¥¥”Õ¬à“ßµàÕ‡π◊ËÕß

 √ÿª: °“√π”·π«∑“ß‡«™ªØ‘∫—µ‘„™â¬“·Õ¡‚ø‡∑Õ√‘´‘π∫’À¬¥‡¢â“À≈Õ¥‡≈◊Õ¥¥”Õ¬à“ßµàÕ‡π◊ËÕß„π 24 ™—Ë«‚¡ß ¡“„™â„π

¿“§«‘™“Õ“¬ÿ√»“ µ√å “¡“√∂≈¥ªØ‘°‘√‘¬“¢Õß¬“‰¥â·≈–¡’·π«‚πâ¡∑’Ë®–≈¥æ‘…µàÕ‰µ‰¥â¡“°°«à“°“√„™â¬“À¬¥‡¢â“

À≈Õ¥‡≈◊Õ¥¥”„π 4-6 ™—Ë«‚¡ß
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