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Salama and coworkers provide a simplified 
three-times weekly dosing regimen for hemo-
dialysis patients allowing a practical, hassle free 
and effective treatment with daptomycin [1]. The 
number of patients undergoing renal replace-
ment therapy for chronic and acute renal fail-
ure worldwide has been increasing dramatically. 
Approximately 2.3 million patients worldwide 
are undergoing chronic dialysis treatment [2]. 
Infections are among the most frequent causes 
of mortality in end-stage renal disease (ESRD) 
patients on dialysis. In this patient population 
infections account for about a quarter of all 
deaths [3]. The annual mortality rates in the 
dialysis population are increased by tenfold 
for pneumonia [4] and 100-fold for sepsis com-
pared with the general population  [5]. Salama 
and coworkers [1] investigate the feasibility of 
intradialytic administration of daptomycin 
in hemodialysis (HD) patients, as the current 
package insert only advises doctors to dose dap-
tomycin every 48 h – a regimen that is neither 
practical nor sensible in patients who undergo 

dialysis three-times weekly. Their study indi-
cates that intradialytic daptomycin, given in 
the last 30 min of dialysis at a dose up to 30% 
higher than the recommended dose, may be an 
appropriate dosing strategy for HD units. This 
practical approach is not only convenient for 
the dialysis staff, but also for the patient.

Summary of methods & results
Salama and coworkers used a nonblinded, 
prospective, crossover design to study the 
pharmacokinetics of daptomycin in nine other-
wise healthy adults with ESRD [1]. Only seven 
out of the nine patients completed all three study 
arms. In arm A, patients received a single dose 
of daptomycin according to the recommenda-
tions of the manufacturer – a dose of 6 mg/
kg daptomycin was infused intravenously after 
the end of the dialysis session. In arm B, the 
patients received daptomycin (6 mg/kg) in the 
last 30 min of a dialysis session using a low-
flux polysulfone membrane (F-8; surface area 
1.8 m2). In arm C, patients received the same 
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dose also during the last 30 min of the dialysis session; how-
ever, a high-flux membrane (F-200 NR; surface area 2.0 m2) 
was used. Throughout the study, the other coordinates of the 
dialysis procedure such as blood flow (on average 400 ml/min) 
and dialysate flow (on average 700 ml/min) were not changed. 
In all study arms, blood samples were taken at regular inter-
vals to measure daptomycin using liquid chromatography/mass 
spectrometry. Noncompartmental analysis was used to evaluate 
the elimination rate constant and half-life for each of the seven 
patients. Daptomycin serum concentrations were calculated at 
45 h, and the area under the serum concentration–time curve 
up to 45 h (AUC) was calculated by the linear trapezoidal rule. 
C

max
 and T

max
 were determined on the basis of observed data. 

Intradialytic daptomycin administration resulted in reduced 
maximum serum concentration and AUC values that were 
approximately 12–20% lower when administered during HD 
with low-flux dialyzers and approximately 35% lower with high-
flux dialyzers. Thus, intradialytic daptomycin administration 
during the last 30 min of HD is feasible but the dose has to be 
increased to compensate for intradialytic drug loss, which varies 
dramatically with the type of dialyzer used. On the basis of their 
findings, intradialytic doses of approximately 7 mg/kg for low-
flux membranes and 9 mg/kg for high-flux membranes, that is, 
up to 30% higher than the dose recommended by the manufac-
turer, have to be administered if the intradialytic application of 
the drug is chosen over the postdialysis administration (Table 1).

Discussion
Recent data from the US renal data system indicate that in 
2008, 545,753 people received renal replacement therapy, most 
of whom were receiving maintenance dialysis [101]. Second only 
to cardiovascular events, acute infections contribute substan-
tially to the excessive morbidity and mortality of this patient 
population, which is 20% in the first year after the start of dialy-
sis treatment [6]. Moreover, the relative proportion of infection-
related hospitalizations has increased. In a US cohort of incident 
dialysis patients between 1996 and 2001, the 1-year incidence of 
infection-related hospitalizations was 32% for those who received 

HD and 24% for those who received peritoneal dialysis; the 
3-year incidence exceeded 50% in both groups [7]. The progres-
sive spread of methicillin-resistant Staphylococcus aureus (MRSA) 
makes the treatment of those patients even more problematic. 
While approximately 30% of patients on dialysis in Europe are 
colonized with MRSA, this value increases up to 60% in the 
USA. Furthermore, US data indicate that the risk for invasive 
MRSA infections is 100-fold higher in dialysis patients than 
in the general population (45.2/1000 vs 0.2–0.4/1000)  [8]. 
Dialysis patients currently account for up to 15.4% of all inva-
sive MRSA infections  [8]. The majority (86%) of these infec-
tions were bloodstream infections, identified via positive blood 
culture. Approximately 85% of dialysis patients in this report 
had an invasive device or catheter in place at the time of infec-
tion, and approximately 90% required hospitalization. The in-
hospital mortality rate for MRSA-related hospitalization was 
17%. Therefore, the need for a bactericidal easy-to-dose MRSA 
antibiotic with excellent penetration into biofilm is more impor-
tant than ever. Daptomycin is a new intravenous cyclic lipopep-
tide antibiotic, licensed for the treatment of complicated skin 
and soft tissue infections caused by Gram-positive organisms, 
including both susceptible and resistant strains of S. aureus, 
and for the treatment of various infections due to susceptible 
organisms, including serious and life-threatening Gram-positive 
infections, vancomycin-resistant enterococcal infections and 
right-sided endocarditis with associated bacteremia. On blood-
stream S. aureus isolates from HD patients, daptomycin has 
been shown to be four-to-eight-fold more potent than linezolid 
and vancomycin [9]. Daptomycin has also been shown to prevent 
biofilm building both in initial and mature biofilms on a plastic 
support [10]. 

 The pharmacokinetic and pharmacodynamic properties of 
daptomycin should allow for once-daily dosing. Daptomycin 
(1620.67 Da) has 92% plasma protein binding in vitro. As the 
percentage of the drug excreted intact in urine is approximately 
54%, extending the dosing interval has been advocated for 
patients with renal failure [11]. These dosing recommendations 
are, however, based on scarce data [12]. Data from patients with 

acute kidney injury undergoing extended 
dialysis indicate that the half-life is compa-
rable to healthy controls, hence daily dos-
ing is necessary [13]. There are major limi-
tations in the study by Dvorchik, which 
was not aimed to specifically study patients 
on dialysis, most of all being that essential 
coordinates of the dialysis procedure itself 
are missing, such as blood and dialysate 
flow, type and surface area of dialyzer 
used  [12]. These specifics are of utmost 
importance as data from an in vitro model 
of continuous hemofiltration and HD by 
Churchwell et al. have shown recently [14]. 
In their study, the clearance of daptomycin 
varied with the filter type, dialysate flow 
and ultrafiltration rate used, important 

Table 1. Three-times weekly daptomycin dosing: differences 
depending on the dialyzer used.

Flux Recommended 
dose three-
times weekly*

Dialyzer Blood flow/ 
dialysate flow

Treatment 
time

Low flux 7 mg/kg 
bodyweight

F-8
1.8 m2

Kuf 11 ml/h per mmHg
polysulfone

400 ml/700 ml ?

High flux 9 mg/kg 
bodyweight

F-200NR 
2.0 m2

Kuf 62 ml/h per mmHg
polysulfone

400 ml/700 ml ?

*Infused over the last 30 min of the dialysis session. 
Kuf: Ultrafiltration coefficient.
Data taken from [1].
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information that is not reported in the study by Dvorchik et al. 
[12]. Salama and coworkers now extend these in vitro data to the 
real world  [1]. Intradialytic daptomycin administration during 
the last 30 min of HD is feasible, provided that larger dosages 
are used to compensate for intradialytic drug loss. On the basis 
of the findings, intradialytic doses of approximately 7 mg/kg 
(for a low-permeability dialyzer) or approximately 9 mg/kg (for 
a high-permeability dialyzer) should theoretically be bioequiva-
lent to 6 mg/kg infused after HD. The calculated dosages are 
mathematically driven and must be validated in prospective 
clinical trials.

Expert commentary
In the fast-growing population of patients with ESRD on dialysis, 
which is frequently suffering from multidrug-resistant, Gram-
positive pathogens, daptomycin is a viable alternative to vanco-
mycin and linezolid. Several studies on the pharmacokinetics of 
daptomycin in patients undergoing different renal replacement 
therapy enable us to set the coordinates for dosing [1,13,15,16]. The 
study by Salama and coworkers allows rather formal recommen-
dations for outpatient HD patients [1]. In US-based institutions, 
where the 2-min injection is not approved, it is feasible to give 
daptomycin at a dose of 7 mg/kg three-times weekly for patients 
undergoing low permeability/flux dialysis and 9 mg/kg three-
times weekly for patients undergoing high permeability/flux dial-
ysis. Deductive reasoning would suggest that in Europe, where the 

2-min injection is approved, a 6 mg/kg dose three-times weekly 
after dialysis is an adequate dose. However, studies supporting 
this assumption are missing. In contrast to vancomycin, in which 
therapeutic drug monitoring is mandatory [17], daptomycin levels 
do not have to be checked, making outpatient treatment even 
more feasible.

Five-year view
The number of patients on renal replacement therapy receiving 
daptomycin will rise in parallel to the spread of MRSA and with 
the increasing number of patients being treated with permanent 
dialysis catheters. In outpatients on HD with a three-times weekly 
treatment schedule, a three-times weekly daptomycin dose will 
become the standard of care. This regimen must not be applied 
to intensive care patients undergoing extended daily dialysis or 
chronic veno–venous hemofiltration.
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Key issues

•	 The number of dialysis patients is rising, doubling every 10 years.

•	 Dialysis patients have a high rate of methicillin-resistant Staphylococcus aureus infections and high mortality due to infection.

•	 Daptomycin is a viable alternative to vancomycin and linezolid.

•	 Three-times weekly administration of daptomycin in the last 30 min of dialysis is feasible and safe in chronic hemodialysis patients.

•	 The dose of daptomycin has to be adapted to the efficiency of dialysis, that is, mainly to flux and permeability of the dialyzer.
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