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a b s t r a c t 

Therapeutic drug monitoring (TDM) could optimise daptomycin use. However, no validated serum target 

levels have been established. This prospective study at a tertiary centre including hospitalised patients 

receiving daptomycin aimed to evaluate the adequacy of daptomycin doses in a real-life study, assess in- 

terpatient variability in serum levels, identify predictive factors for non-adequate serum levels and assess 

their clinical impact. Blood samples [trough ( C min ) and peak ( C max ) levels] were drawn ≥3 days post- 

treatment initiation. Serum daptomycin concentrations were determined by HPLC. Outcome was classi- 

fied as: (i) favourable, if clinical improvement or cure occurred with no adverse events; or (ii) poor, in the 

case of no clinical response, recurrence, related mortality or if adverse events were detected. Sixty-three 

patients (63.5% male; median age 63.0 years) were included. The most common indications for dapto- 

mycin use were bacteraemia (46.0%), complicated skin and soft-tissue infection (30.2%) and endovascular 

infection (15.9%). The initial dosage was adequate in 43 patients (68.3%), low in 14 (22.2%) and high in 

6 (9.5%). Large interindividual variability in serum levels was observed, with a median C min of 10.6 mg/L 

(range 1.3–44.7 mg/L) and median C max of 44.0 mg/L (range 3.0–93.7 mg/L). Multivariate analysis showed 

that C min < 3.18 mg/L was independently related to poor outcome (OR = 6.465, 95% CI 1.032–40.087; 

P = 0.046). High variability in daptomycin use and serum levels was detected. Specific serum targets were 

identified as risk factors for poor outcome. TDM might be useful to optimise daptomycin doses and to 

avoid therapeutic failure. 

© 2018 Elsevier B.V. and International Society of Chemotherapy. All rights reserved. 
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1. Introduction 

Daptomycin is a cyclic lipopeptide antibiotic with potent

bactericidal activity against most Gram-positive organisms in-

cluding vancomycin-resistant enterococci, methicillin-resistant
� Part of this work was presented at the 27th European Congress of Clinical Mi- 

crobiology and Infectious Diseases (ECCMID), 22–25 April 2017, Vienna, Austria. 
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taphylococci and ‘heterodrug-resistant’ glycopeptide-resistant

taphylococcus aureus [1] . Daptomycin is indicated for the treat-

ent of complicated skin and soft-tissue infections (cSSTIs) caused

y susceptible strains of Gram-positive micro-organisms and is

pproved for the treatment of S. aureus bloodstream infections and

ight-sided infective endocarditis (IE). 

Daptomycin is primarily renally excreted, with the majority of

he drug (78%) remaining intact in the urine [2,3] . It has a half-

ife of 8 h and a prolonged post-antibiotic effect of up to 6.8 h

4] . The safety and efficacy of the dose interval adjustment have

ot been evaluated in clinical trials. It is recommended to adjust

he dose interval from 24 h to 48 h in patients with creatinine

learance (CL Cr ) ≤ 30 mL/min, but this recommendation is based

n pharmacokinetic studies and modelling results. The same dose
rved. 
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djustment is recommended for patients on haemodialysis or con-

inuous ambulatory peritoneal dialysis. Whenever possible, dapto-

ycin should be administered following the completion of dialysis

5] . Some studies have evaluated the use of daptomycin in patients

ith mild to moderate renal impairment or in patients receiving

ialysis, showing that it presents highly variable pharmacokinetics

nder these circumstances [6–11] . 

On the basis that daptomycin serum levels are unpredictable

12] , several authors have emphasised the importance of routine

herapeutic drug monitoring (TDM) to optimise daptomycin use

or selected cases [4,6,13–15] and to avoid the development of an-

imicrobial resistance and/or therapeutic failure [16–18] . Neverthe-

ess, no recommendation for TDM appears in any of the current

uidelines for daptomycin and we were not able to find systematic

tudies analysing the potential clinical impact of daptomycin TDM.

The aims of this study were (i) to evaluate the adequacy of

aptomycin doses in an inpatient population, (ii) to assess inter-

atient variability in daptomycin serum levels, (iii) to identify po-

ential predictive factors for non-adequate serum levels and (iv) to

ssess their clinical impact. 

. Materials and methods 

.1. Study design 

This was a prospective study performed at a tertiary care hospi-

al including hospitalised patients receiving daptomycin for empir-

cal or targeted treatment who accepted to participate, signing an

nformed consent. Daptomycin treatment and dosage were at the

iscretion of the attending physicians. Dose was considered ade-

uate according to the drug label sheet that indicates the dose ad-

ustment regarding indication (clinical entity), CL Cr (renal function)

nd weight. Those doses equal to the doses suggested by the drug

abel sheet were considered ‘adequate’ and those doses that were

ower or higher than those suggested by the drug label sheet were

lassified as ‘low’ or ‘high’, respectively. For endocarditis, a dosage

f 10 mg/kg was considered as adequate following expert opinions

19] and clinical guidelines [20] . Each patient had two blood sam-

les drawn [trough ( C min ) and peak ( C max ) levels] ≥3 days post-

reatment initiation. C min samples were obtained within 30 min of

he next dose, and C max samples were obtained after 1 h of intra-

enous infusion. A safety threshold for C min was placed at < 24.3

g/L according to the findings of Bhavnani et al. [21] . A previous

ublication considered a desired C max /minimum inhibitory concen-

ration (MIC) ratio range of 59–94 [6] . 

Daptomycin serum levels were determined by high-

erformance liquid chromatography (HPLC) using an absorbance

etector of ultraviolet/visible (UV/Vis) light at 220 nm. Extraction

nd subsequent analysis were based on protocols published in

cientific articles with adequate validity and sensitivity [6,22] .

aptomycin levels were determined using a SunFire ® C18 5 μm

4.6 × 150 mm) column with ammonium phosphate (0.5%) and

cetonitrile as eluents (66%:34%). Calibration curves were con-

tructed. 

.2. Data collection 

The following data were retrieved for each patient: demo-

raphic characteristics; underlying diseases; type of infection;

acterial isolate with antimicrobial susceptibility (when avail-

ble); treatment duration; indication; daptomycin daily dosage and

erum concentrations; laboratory findings; and concomitant drugs.

aboratory parameters (haemoglobin, red blood cell and platelet

ounts, serum creatinine and glomerular filtration rate) were col-

ected at baseline and during daptomycin treatment. The estimated

lomerular filtration rate (eGFR) was calculated according to the
odification of Diet in Renal Disease (MDRD) equation. Patients

ere followed for 3 months after discharge. 

The occurrence of thrombocytopenia and anaemia during dap-

omycin treatment were defined as a reduction of > 30%, respec-

ively, in platelet count or haemoglobin level from baseline. 

Clinical outcome was classified as: (i) favourable, if clinical

mprovement or cure occurred with no adverse events; or (ii)

oor, in the case of no clinical response or recurrence, or related

ortality, or if any adverse events were detected [creatine phos-

hokinase (CPK) elevation of > 5 times the upper limit of normal]

ausing drug discontinuation. 

The study was approved by the Ethics Committee of Hospital

eneral Universitario Gregorio Marañón (Madrid, Spain). 

.3. Statistical analysis 

The median and interquartile range (IQR) was used in the de-

criptive statistics for continuous variables. Categorical variables

ere compared by χ2 test with Yate’s correction or Fisher’s exact

est, as necessary; and continuous variables were compared using

he Mann–Whitney test. A P -value of < 0.05 was considered statis-

ically significant. 

Univariate and multivariate logistic regression analyses were

erformed to identify independent predictors of poor outcome.

nivariate and multivariate linear regression analyses were per-

ormed to identify independent predictors of C min , C max and

 max /MIC. Multivariate stepwise analysis included all variables sig-

ificant at P ≤ 0.2 in the univariate analysis. All statistical analyses

ere performed using IBM SPSS Statistics v.21 (IBM Corp., Armonk,

Y). 

. Results 

A total of 63 patients were included in the analysis (63.5% male)

ith a median age of 63.0 years (IQR 57.0–75.0 years). The median

eight was 70.0 kg (IQR 60.0–85.0 kg) and the median body mass

ndex (BMI) was 25.3 kg/m 

2 (IQR 22.5–28.1 kg/m 

2 ). Most patients

ere admitted to a medical department (50.8%). Patient charac-

eristics and the most common underlying diseases are shown in

able 1 . The median age-adjusted Charlson comorbidity index was

.0 (IQR 2.0–5.0). The severity of underlying diseases was classified

ccording to the McCabe criteria as non-fatal in 48 cases (76.2%).

he eGFR was normal in 37 patients (58.7%). No patient was receiv-

ng extracorporeal membrane oxygenation, but 5 patients (7.9%)

ere on haemodialysis. 

Daptomycin was prescribed as empirical treatment in 24 cases

38.1%) and as targeted therapy in 39 (61.9%) ( Table 1 ). The main

ndications for daptomycin therapy, accounting for 85.8% of the

otal, were bacteraemia (46.0%), cSSTI (30.2%) and endocarditis

r endovascular infection (15.9%). The infection was confirmed

icrobiologically ( Table 1 ) and the MIC was determined in 47

74.6%) of the 63 patients ( Table 2 ). All micro-organisms isolated

ere susceptible to daptomycin according to European Committee

n Antimicrobial Susceptibility Testing (EUCAST) breakpoints [23] :

 isolate (1.6%) with an MIC of 0.125 mg/L ( Corynebacterium sp.),

 isolates (3.2%) with MICs of < 0.15 mg/L ( Staphylococcus

pp.), 33 isolates (52.4%) with MICs of < 0.5 mg/L ( Staphylococcus

pp.), 8 isolates (12.7%) with MICs of ≤1 mg/L (3 Enterococcus

pp. and 5 Staphylococcus spp.), 1 isolate (1.6%) with an MIC of 2

g/L ( Enterococcus sp.) and 2 isolates (3.2%) with MICs of 4 mg/L

 Enterococcus spp.). 

The median dose of daptomycin was 7.0 mg/kg (IQR 5.0–9.0

g/kg) and the median duration of daptomycin treatment was 13

ays (IQR 6.0–19.0 days). Regarding the daptomycin dosage, 28.6%

f subjects in the study were treated with a dose regimen ≥3

g/kg and < 6 mg/kg; 25.4% with ≥6 mg/kg and < 8 mg/kg; 22.2%
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Table 1 

Risk factors for poor outcome: univariate and multivariate analyses. 

Characteristic Global Univariate analysis a 

Poor clinical outcome ( n = 15) Favourable clinical outcome ( n = 48) P -value 

General characteristics 

Age (years) [median (IQR)] 63.0 (57.0–75.0) 67.0 (61.0–73.0) 62.5 (55.5–75.0) 0.479 

Sex male [ n (%)] 40 (63.5) 10 (66.7) 30 (62.5) 1.0 

Weight (kg) [median (IQR)] 70.0 (60.0–85.0) 68.2 (55.0–95.0) 70.7 (60.0–84.7) 0.845 

BMI (kg/m 

2 ) [median (IQR)] 25.3 (22.5–28.1) 26.8 (22.2–30.1) 24.9 (22.5–28.0) 0.547 

Race [ n (%)] 1.0 

White 61 (96.8) 15 (100) 46 (95.8) 

Hispanic 2 (3.2) 0 2 (4.2) 

Department of admission [ n (%)] 

Medical 32 (50.8) 7 (46.7) 25 (52.1) 0.774 

Surgical 24 (38.1) 6 (40.0) 18 (37.5) 1.0 

ICU 7 (11.1) 2 (13.3) 5 (10.4) 1.0 

ICU stay (days) [median (IQR)] 10.0 (2.0–30.0) 33.5 (30.0–) 10.0 (2.0–12.0) 0.049 

Hospital stay [median (IQR)] 30.0 (17.0–63.0) 51.0 (27.0–102.5) 28.0 (16.2–58.5) 0.107 

Underlying diseases [ n (%)] 

Cardiac disease 23 (36.5) 7 (46.7) 16 (33.3) 0.373 

Diabetes mellitus 21 (33.3) 7 (46.7) 14 (29.2) 0.347 

Solid tumour 17 (27.0) 4 (26.7) 13 (27.1) 1.0 

Chronic renal failure 10 (15.9) 2 (13.3) 8 (16.7) 1.0 

Liver disease 7 (11.1) 3 (20.0) 4 (8.3) 0.342 

HIV infection 5 (7.9) 1 (6.7) 4 (8.3) 1.0 

Neurological disease 4 (6.3) 0 4 (8.3) 0.564 

COPD 3 (4.8) 1 (6.7) 2 (4.2) 1.0 

Solid organ transplantation 2 (3.2) 1 (6.7) 1 (2.1) 0.422 

Haematological neoplasia 2 (3.2) 0 2 (4.2) 1.0 

Psychiatric disease 2 (3.2) 0 2 (4.2) 1.0 

Charlson comorbidity index [median (IQR)] 4.0 (2.0–5.0) 5.0 (3.0–6.0) 3.0 (2.0–5.0) 0.123 

McCabe index [ n (%)] 0.301 

Non-fatal 48 (76.2) 11 (73.3) 37 (77.1) 

Ultimately fatal 14 (22.2) 3 (20.0) 11 (22.9) 

Rapidly fatal 1 (1.6) 1 (6.7) 0 

eGFR (MDRD) (mL/min/1.73 m 

2 ) [ n (%)] 0.370 

Normal ( ≥60) 37 (58.7) 7 (46.7) 30 (62.5) 

Low ( < 60) 26 (41.3) 8 (53.3) 18 (37.5) 

Hypoalbuminemia [ n (%)] 39 (61.9) 13 (86.7) 26 (54.2) 0.033 

Haemodialysis [ n (%)] 5 (7.9) 0 5 (10.4) 0.326 

ECMO [ n (%)] 0 0 0 NA 

Type of treatment 0.033 

Empirical 24 (38.1) 2 (13.3) 22 (45.8) 

Targeted 39 (61.9) 13 (86.7) 26 (54.2) 

Main indication for daptomycin [ n (%)] 

Bacteraemia 29 (46.0) 8 (53.3) 21 (43.8) 0.516 

cSSTI 19 (30.2) 5 (33.3) 14 (29.2) 1.0 

Endocarditis or endovascular infection 10 (15.9) 3 (20.0) 7 (14.6) 0.690 

Osteoarticular infection 8 (12.7) 2 (13.3) 6 (12.5) 1.0 

Intra-abdominal infection 4 (6.3) 1 (6.7) 3 (6.3) 1.0 

Prothesis-related infection 3 (4.8) 2 (13.3) 1 (2.1) 0.138 

Sepsis of unknown origin 2 (3.2) 0 2 (4.2) 1.0 

Urinary tract infection 1 (1.6) 0 1 (2.1) 1.0 

Microbiological isolate [ n (%)] 

Staphylococcus aureus 25 (39.7) 8 (53.3) 17 (35.4) 0.241 

MSSA 9 (14.3) 3 (20.0) 6 (12.5) 0.673 

MRSA 16 (25.4) 5 (33.3) 11 (22.9) 0.501 

Staphylococcus epidermidis 16 (25.4) 3 (20.0) 13 (27.1) 0.740 

Other CoNS 3 (4.8) 0 3 (6.3) 0.574 

Corynebacterium spp. 6 (9.5) 1 (6.7) 5 (10.4) 1.0 

Enterococcus faecalis 7 (11.1) 3 (20.0) 4 (8.3) 0.342 

Enterococcus faecium 3 (4.8) 2 (13.3) 1 (2.1) 0.138 

Other 15 (23.8) 3 (20.0) 12 (25) 0.747 

Daptomycin treatment 

Dose (mg/kg) [median (IQR)] 7.0 (5.0–9.0) 7.0 (5.0–9.0) 7.0 (5.0–9.8) 0.887 

Duration of treatment (days) [median (IQR)] 13.0 (6.0–19.0) 14.0 (5.0–19.0) 13.0 (7.0–21.3) 0.876 

Dose adequacy 0.717 

Adequate dose 43 (68.3) 9 (60.0) 34 (70.8) 

Non-adequate (low) 14 (22.2) 4 (26.7) 10 (20.8) 

Non-adequate (high) 6 (9.5) 2 (13.3) 4 (8.3) 

Daptomycin serum level 

C min (mg/L) [median (IQR)] 10.6 (4.7–17.7) 8.5 (3.2–18.6) 10.7 (4.8–17.4) 0.930 

C min > 24.3 mg/L [ n (%)] 6 (9.5) 2 (13.3) 4 (8.3) 0.565 

C min = 3.18–16.84 mg/L [ n (%)] 39 (61.9) 6 (40.0) 33 (68.8) 0.045 

C min < 3.18 mg/L [ n (%)] 7 (11.1) 4 (26.7) 3 (6.3) 0.028 

C min > 16.84 mg/L [ n (%)] 17 (27.0) 5 (33.3) 12 (25.0) 0.526 

( continued on next page ) 



A. Galar, P. Muñoz and M. Valerio et al. / International Journal of Antimicrobial Agents 53 (2019) 40–48 43 

Table 1 ( continued ) 

Characteristic Global Univariate analysis a 

Poor clinical outcome ( n = 15) Favourable clinical outcome ( n = 48) P -value 

C max (mg/L) [median (IQR)] 44.0 (27.7–63.4) 38.1 (23.5–62.3) 45.6 (27.9–63.9) 0.570 

C max /MIC (mg/L) [median (IQR)] 87.7 (46.8–127.1) 63.4 (22.3–119.7) 91.1 (54.9–131.1) 0.152 

Concomitant medications [ n (%)] 

Indinavir 0 0 0 NA 

Ritonavir 1 (1.6) 1 (6.7) 0 0.238 

Erythromycin 3 (4.8) 1 (6.7) 2 (4.2) 1.0 

Clarithromycin 0 0 0 NA 

Itraconazole 0 0 0 NA 

Rifampicin 9 (14.3) 4 (26.7) 5 (10.4) 0.198 

Midazolam 2 (3.2) 1 (6.7) 1 (2.1) 0.422 

Statins 23 (36.5) 5 (33.3) 18 (37.5) 1.0 

IQR, interquartile range; BMI, body mass index; ICU, intensive care unit; HIV, human immunodeficiency virus; COPD, chronic obstructive pulmonary disease; eGFR (MDRD), 

estimated glomerular filtration rate (Modification of Diet in Renal Disease equation); ECMO, extracorporeal membrane oxygenation; NA, not available; cSSTI, complicated 

skin and soft-tissue infection; MSSA, methicillin-susceptible S. aureus ; MRSA, methicillin-resistant S. aureus ; CoNS, coagulase-negative staphylococci; C min , trough level; C max , 

peak level; MIC, minimum inhibitory concentration. 
a Multivariate analysis: C min < 3.18 mg/L, n (%); odds ratio = 6.465, 95% confidence interval 1.032–40.087 ( P = 0.046). 

Table 2 

Distribution of minimum inhibitory concentrations (MICs) to daptomycin among the 

micro-organisms isolated in this study 

Micro-organism ( n ) No. of isolates at an MIC (mg/L) of: 

0.125 < 0.15 ≤0.5 ≤1 2 4 

CoNS (16) 14 2 

Corynebacterium striatum (1) 1 

Enterococcus faecalis (3) 3 

Enterococcus faecium (3) 1 2 

MRSA (15) 2 12 1 

MSSA (9) 7 2 

Total (47) 1 2 33 8 1 2 

CoNS, coagulase-negative staphylococci; MRSA, methicillin-resistant Staphylococcus 

aureus ; MSSA, methicillin-susceptible S. aureus . 
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ith ≥8 mg/kg and < 10 mg/kg; and 23.8% with ≥10 mg/kg. The

nitial daptomycin dosage was adequate in 43 cases (68.3%), lower

han recommended in 14 (22.2%) and higher in 6 (9.5%). Moreover,

3 patients (36.5%) were treated with statins ( Table 1 ). 

The median C min and C max for daptomycin are shown in

able 1 and Fig. 1 . The median C min was 10.6 mg/L, with a wide

ange of distribution (1.3–44.7 mg/L; IQR 4.7–17.7 mg/L). C min val-

es > 24.3 mg/L were found in 6 patients (9.5%), of which only

 were accompanied by a mild CPK elevation, and 2 of these 3
ig. 1. Variability in daptomycin trough ( C min ) and peak ( C max ) serum levels ( n = 63 

atients). 

F

t

atients were taking a statin concomitantly. In these 3 patients,

he highest CPK values were 32, 68 and 256 U/L, and maximum

 min values were 30.0, 34.1 and 44.7 mg/L. The median C max was

4.0 mg/L, also with a wide distribution range (3.0–93.7 mg/L; IQR

7.7–63.4 mg/L). The median C max was 53.2 mg/L (IQR 29.4–62.8

g/L) at 8 mg/kg, 41.0 mg/L (IQR 27.6–66.0 mg/L) at 6 mg/kg and

3.5 mg/L (IQR 14.7–27.8 mg/L) at 4 mg/kg dosage intravenously. 

The median C min and C max in intensive care unit (ICU) pa-

ients ( n = 7) were 3.4 mg/L (IQR 2.4–8.9 mg/L) and 31.7 mg/L (IQR

2.4–53.0 mg/L), respectively ( Fig. 2 ). Fig. 3 shows the median de-

rease in daptomycin C min levels (59.8%) before–after haemodialy-

is among the five patients included in this study under this con-

ition. The median C min pre-dialysis was 11.7 mg/L (IQR 3.7–21.2

g/L) and the median C min post-dialysis was 4.7 mg/L (IQR 2.1–

.7 mg/L). Excluding patients in the ICU and on haemodialysis, the

lobal median C min and C max in the study cohort ( n = 52) were 11.6

g/L (IQR 6.9–18.6 mg/L) and 44.9 mg/L (IQR 27.2–63.9 mg/L), re-

pectively ( Fig. 4 ). 

The daptomycin dose was adjusted after C min measurements in

1 patients (17.5%). However, this was done in an unsystematic way

nly dependent on the decision of the attending physician because

o clinically validated guidelines on target levels were available. 

Fig. 5 shows how C min values varied widely despite the ad-

inistration of 4, 6 or 8 mg/kg of daptomycin and the correlation
ig. 2. Variability in daptomycin trough ( C min ) and peak ( C max ) serum levels in in- 

ensive care unit (ICU) patients ( n = 7). 



44 A. Galar, P. Muñoz and M. Valerio et al. / International Journal of Antimicrobial Agents 53 (2019) 40–48 

Fig. 3. Variability in daptomycin trough ( C min ) serum levels in patients pre- and 

post-haemodialysis ( n = 5; 1 of these patients had an intensive care unit stay). 

Fig. 4. Variability in daptomycin trough ( C min ) and peak ( C max ) serum levels in 

all patients except intensive care unit (ICU) patients and those on haemodialysis 

( n = 52). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

t  

l

 

t  

t  

v  

a  

w  

u  

t

v  

C  

w  

v  

(  

m  

6  

t  

1

 

w  

m  

m  

m  

P

 

l  

y  

n

v  

o  

w  

u  

v

 

f  

i  

i  

0  

a  

a  

m

 

t  

e  

o  

n  

c  

w  

s

4

 

d  

d  

a  

d  

d  

v  

c  

p  

q  

l  

d  

t

with clinical outcome. Overall, 48 patients (76.2%) achieved a

favourable outcome and 15 (23.8%) a poor outcome. Nineteen

patients (30.2%) died; related mortality was 12.7% (8 patients).

Regarding adverse events, 9 (14.3%) of 63 patients experienced

anaemia and 16 (25.4%) experienced a decrease in platelet count

(considered as > 30% decrease from the platelet baseline count)

but they could not be clearly attributable to daptomycin use. Only

2 patients (3.2%) developed a relevant increase of CPK during

treatment according to the study criteria. The mean ± standard

deviation C min and C max in these 2 patients were 2.3 ± 1.2 mg/L

and 9.3 ± 5.4 mg/L, respectively. Discontinuation of daptomycin

was deemed necessary in both cases. Both patients had cardiac

disease as an underlying condition. One of them received dapto-

mycin as empirical treatment, which was discontinued because

the patient was asymptomatic and with clinical improvement. Of

note, it was observed that the patient was receiving a dose of

daptomycin lower than required and that CPK was already ele-

vated before beginning daptomycin, so administration of this drug

might not be the cause of the CPK elevation. The other patient had

daptomycin as targeted treatment and suffered rhabdomyolysis

with daptomycin as the suspected cause. The treatment was then

changed to vancomycin and CPK values decreased. However, the

patient suffered renal insufficiency and the drug was then changed
o linezolid, which was also switched to tedizolid because of

inezolid-related thrombocytopenia. 

Clinical outcome and the potential consequences of reaching

rough levels > 24.3 mg/L were evaluated and it was observed that

here were no differences with respect to adverse events (3.5%

s. 0%; P = 0.641), related mortality (12.3% vs. 16.7%; P = 0.759)

nd overall poor outcome (22.8% vs. 33.3%; P = 0.565). Similarly,

hen patients receiving targeted therapy were analysed, we were

nable to demonstrate differences between both groups. No pa-

ient receiving daptomycin as empirical treatment and having C min 

alues > 24.3 mg/L was found. However, it was observed that

 min values in the range of 3.18–16.84 mg/L had a correlation

ith favourable outcome (84.6% vs. 62.5%; P = 0.045), less ad-

erse events (0% vs. 8.3%; P = 0.067) and less related mortality

5.1% vs. 25.0%; P = 0.021). C max values in the range of 63.45–76.29

g/L also had a correlation with favourable outcome (100% vs.

9.4%; P = 0.018). More favourable outcome cases were found in

he range of C max /MIC values between 72.7 and 128.7 (82.1% vs.

7.9%; P = 0.068). 

At univariate analysis, risk factors associated with poor outcome

ere a longer stay in the ICU ( P = 0.049), presence of hypoalbu-

inemia ( P = 0.033), targeted treatment ( P = 0.033) and C min < 3.18

g/L ( P = 0.028). Multivariate analysis showed that C min < 3.18

g/L (odds ratio = 6.465, 95% confidence interval 1.032–40.087;

 = 0.046) were independently related to poor outcome ( Table 1 ). 

Variables that could potentially influence daptomycin serum

evels ( C min and C max ) were analysed ( Table 3 ). Multivariate anal-

sis confirmed that patients who were in the ICU at the begin-

ing of daptomycin treatment or on haemodialysis had lower C min 

alues, and that those patients receiving higher daptomycin doses

r with a higher McCabe score (rapidly fatal) or were treated

ith midazolam as concomitant medication had higher C min val-

es ( Table 3 ). The adjusted R 2 of 0.412 proved that 41.2% of the

ariability in C min was explained by these variables. 

Multivariate analysis confirmed that patients with ICU-onset in-

ection also had lower C max values, and that those patients receiv-

ng higher daptomycin doses or midazolam as concomitant med-

cation had also higher C max values ( Table 3 ). The adjusted R 2 of

.456 proved that 45.6% of the variability in C max of daptomycin

mong the study population was explained by these variables. In

ddition, C max /MIC values were also positively related to dapto-

ycin doses administered ( Table 3 ). 

Conversely, we were not able to identify a significant correla-

ion between other concomitant medications (indinavir, ritonavir,

rythromycin, clarithromycin, itraconazole, rifampicin and statins)

r other variables and the C min , C max and/or C max /MIC ( Table 3 ). Of

ote, among 63 patients included in this study, 23 (36.5%) were re-

eiving statins but only 3 patients had a C min > 24.3 mg/L. As such,

e cannot conclude any association between the administration of

tatins and an increase in daptomycin levels. 

. Discussion 

In this study, serum levels of daptomycin were prospectively

etermined in hospitalised adult patients treated with different

oses of the antimicrobial agent. The results, collected system-

tically in a non-selected population, confirm the variability of

aptomycin serum levels and that this variability occurs even in

ifferent patients receiving the same dosage. High interindividual

ariability in daptomycin serum levels has been previously asso-

iated with drug underexposure. Pea et al. described a case of a

atient with life-threatening S. aureus bacteraemic cSSTI who re-

uired high daptomycin dosages to reach plasma exposures simi-

ar to those observed in healthy volunteers receiving the standard

osage of 6 mg/kg [15] . Therefore, we question the need for dap-

omycin TDM, as suggested by other authors [6,11,12,14] . 
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Fig. 5. Correlation of daptomycin dose, trough serum level ( C min ) and clinical outcome (adverse events and mortality). 
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l  
Daptomycin TDM-guided therapy has been shown to be useful

n ensuring rapid clinical response and preventing drug-related

oxicity in patients with morbid obesity, hypoalbuminemia or

apidly changing renal function [14] . Reiber et al. found that C min 

nd C max values were associated with total dose administered

nd that C min was additionally positively related to CL Cr and

lbumin concentration and negatively related to dose interval

12] . The current multivariate study showed significant correla-

ions between daptomycin serum levels and ICU-onset infection,

aptomycin dosage, midazolam as concomitant medication,

aemodialysis and McCabe score. Ulldemolins et al. observed

hat the volume of distribution ( V d ) and clearance of highly

rotein-bound antibacterials such as daptomycin were signifi-

antly increased in critically ill patients with hypoalbuminaemia

ompared with healthy subjects [24] . In the current study, no

elationship was detected in daptomycin serum levels among criti-

ally ill patients with hypoalbuminemia, probably due to the small

ample size (7 patients in the ICU). Only two patients were re-

eiving midazolam and, given the scarcity of data in the literature

upporting this finding, we are cautious about this observation

nd a possible interaction with daptomycin pharmacokinetics. 

The actual labelled dose for daptomycin is 4 mg/kg once

aily for the treatment of cSSTIs and 6 mg/kg for S. aureus

loodstream infections. Approximately one-half of the patients in

his study were treated with a high-dose regimen of ≥8 mg/kg.

igh-dose daptomycin regimens (8–10 mg/kg) have been sug-

ested for difficult-to-treat infections such as complicated or per-

istent methicillin-resistant S. aureus (MRSA) bacteraemia, MRSA

ative-valve IE, MRSA foreign-body infections when bacteraemia

s cleared, coagulase-negative staphylococci infections, and compli-

ated enterococcal bacteraemia and IE [19] . The maximum licensed

ose in Europe is 6 mg/kg for the treatment of non-complicated
. aureus bacteraemia and right-sided IE or cSSTIs. The variabil-

ty in each individual dose might represent the physician pre-

cribing variability for off-label treatments for which no prospec-

ive controlled studies have been developed and no clear doses

ave been indicated. One-third of the daptomycin initial doses pre-

cribed in our institution during the study period were considered

on-adequate. Dosing intervals were not always chosen according

o the drug label sheet, which indicates a prolongation of the dos-

ng interval to 48 h in patients with CL Cr < 30 mL/min. In partic-

lar, the highest heterogeneity of dosing intervals was noticed in

atients with CL Cr of 15–30 mL/min. In one-third of these patients

oses were not adjusted to every 48 h and this generated higher

 min values. In contrast, in 15.4% of patients with CL Cr of 30–60

L/min, dose intervals were adjusted to 48 h. 

Bhavnani et al. associated daptomycin C min levels > 24.3 mg/L

ith a higher risk of CPK elevation [21] . In the current study,

 min levels were above this threshold in 6 patients (9.5%) receiv-

ng a median dose of 9.5 mg/kg (IQR 5.75–11.0 mg/kg) ( P = 0.007).

evertheless, no significant CPK elevations were observed in these

atients. Conversely, two cases with a significant CPK elevation

hat was not accompanied by higher C min daptomycin values were

etected. Clinical trials show a background rate of CPK eleva-

ion related to several causes, including concomitant medications

statins, fibrates, colchicine, hydroxychloroquine, zidovudine), co- 

orbidities (e.g. diabetes mellitus), and surgical or other proce-

ures, other than higher C min daptomycin plasma values [25] that

ight explain this situation. Recently, Dare et al. found a strong

ssociation between daptomycin and statin co-administration and

yopathy and rhabdomyolysis [26] , which would be the only evi-

ence suggesting frequent CPK monitoring or withholding statins. 

The median C max values observed in this study were slightly

ower than those previously published in the literature [25,27–29] .
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Table 3 

Univariate and multivariate analyses of variables associated with C min , C max and C max /MIC of daptomycin ( n = 63) 

Variable Univariate analysis Multivariate analysis 

Unstandardised β-coefficient (95% CI) P -value Unstandardised β-coefficient (95% CI) P -value 

C min ( n = 63) 

Age (years) 0.170 (0.013 to 0.326) 0.034 

Sex 3.567 (–1.075 to 8.210) 0.130 

Weight (kg) –0.095 (–0.225 to 0.035) 0.150 

BMI (kg/m 

2 ) –0.111 (–0.527 to 0.305) 0.596 

eGFR (MDRD) –0.535 (–5.160 to 4.090) 0.818 

Dose (mg/kg) 1.105 (0.203 to 2.006) 0.017 1.386 (0.642 to 2.129) < 0.01 

Dose interval –0.235 (–0.469 to –0.001) 0.049 

Days of treatment 0.111 (–0.077 to 0.299) 0.242 

Haemodialysis –7.027 (–15.260 to 1.206) 0.093 –10.669 (–17.362 to –3.977) < 0.01 

Beginning in ICU –7.297 (–14.301 to –0.293) 0.041 –14.146 (–20.292 to –8.0 0 0) < 0.01 

Hypoalbuminemia –0.280 (–4.850 to 4.290) 0.903 

Co-treatment with 

Indinavir NA 

Ritonavir –1.253 (–19.477 to 16.971) 0.891 

Erythromycin –3.836 (–14.488 to 6.816) 0.474 

Clarithromycin NA 

Itraconazole NA 

Rifampicin 5.776 (–0.564 to 12.116) 0.073 

Midazolam 9.751 (–3.0 0 0 to 22.502) 0.131 17.032 (6.676 to 27.388) < 0.01 

Statins 1.0 (–3.725 to 5.725) 0.674 

CCI 0.528 (–0.402 to 1.459) 0.261 

McCabe score 3.805 (–0.940 to 8.549) 0.114 7.959 (3.868 to 12.049) < 0.01 

C max ( n = 63) 

Age (years) 0.341 (–0.030 to 0.712) 0.071 

Sex 12.888 (2.284 to 23.491) 0.018 

Weight (kg) –0.386 (–0.680 to –0.092) 0.011 

BMI (kg/m 

2 ) –0.628 (–1.595 to 0.338) 0.199 

eGFR (MDRD) –0.764 (–11.622 to 10.094) 0.889 

Dose (mg/kg) 5.086 (3.292 to 6.881) < 0.01 5.485 (3.846 to 7.124) < 0.01 

Dose interval –0.119 (–0.686 to 0.447) 0.675 

Days of treatment 0.611 (0.193 to 1.029) 0.005 

Haemodialysis 7.758 (–11.921 to 27.438) 0.434 

Beginning in ICU –11.305 (–28.070 to 5.459) 0.183 –20.905 (–33.808 to 8.003) < 0.01 

Hypoalbuminemia –2.832 (–13.534 to 7.871) 0.599 

Co-treatment with 

Indinavir NA 

Ritonavir –0.038 (–42.816 to 42.740) 0.999 

Erythromycin 0.615 (–24.491 to 25.721) 0.961 

Clarithromycin NA 

Itraconazole NA 

Rifampicin 16.149 (1.440 to 30.858) 0.032 

Midazolam 23.782 (–6.099 to 53.664) 0.117 33.707 (10.765 to 56.650) < 0.01 

Statins 5.820 (–5.184 to 16.825) 0.294 

CCI 0.424 (–1.780 to 2.628) 0.702 

McCabe score 5.864 (–5.404 to 17.132) 0.302 

C max /MIC ( n = 47) 

Age (years) 0.142 (–2.666 to 2.949) 0.920 

Sex 63.183 (–3.705 to 130.070) 0.064 

Weight (kg) –1.779 (–3.546 to –0.012) 0.048 

BMI (kg/m 

2 ) –4.299 (–9.922 to 1.323) 0.131 

eGFR (MDRD) 0.099 (–67.468 to 67.665) 0.998 

Dose (mg/kg) 21.097 (8.954 to 33.241) 0.001 21.097 (8.954 to 33.241) < 0.01 

Dose interval –0.928 (–4.318 to 2.462) 0.584 

Days of treatment 1.984 (–0.695 to 4.664) 0.143 

Haemodialysis –5.905 (–125.612 to 113.802) 0.921 

Beginning in ICU 41.736 (–65.885 to 149.357) 0.439 

Hypoalbuminemia –8.837 (–75.979 to 58.305) 0.792 

Co-treatment with 

Indinavir NA 

Ritonavir –62.543 (–293.281 to 168.194) 0.588 

Erythromycin –15.142 (–151.727 to 121.443) 0.824 

Clarithromycin NA 

Itraconazole NA 

Rifampicin –3.017 (–91.903 to 85.868) 0.946 

Midazolam –16.855 (–182.281 to 148.572) 0.838 

Statins 14.403 (–54.182 to 82.989) 0.674 

CCI –2.751 (–20.731 to 15.228) 0.759 

McCabe score 39.207 (–26.332 to 104.746) 0.235 

C min , trough serum level of daptomycin; C max , peak serum level of daptomycin; MIC, minimum inhibitory concentration; CI, confidence interval; BMI, body mass index; eGFR 

(MDRD), estimated glomerular filtration rate (Modification of Diet in Renal Disease equation); ICU, intensive care unit; NA, not available; CCI, Charlson comorbidity index. 
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i Paolo et al. demonstrated that daptomycin pharmacokinetics

ight be altered in patients affected by severe Gram-positive in-

ections [13] , which was also characterised by plasma concentra-

ions lower than those previously described in healthy volunteers

nd patients [30] , even after accounting for the estimated increase

n V d in patients with an active infection. Accordingly, higher dap-

omycin doses (up to 8–10 mg/kg) should be considered depending

n the severity of the infection and the patient’s clinical condition.

n this study, we considered as adequate a dosage of 10 mg/kg for

ndocarditis treatment. 

A pilot pharmacokinetic study in haemodialysis patients with

nfected medical devices demonstrated that high-dose dap-

omycin (10 mg/kg after every session) fulfils pharmacoki-

etic/pharmacodynamic (PK/PD) targets better than standard doses

4–6 mg/kg) [31] . The five haemodialysis patients included in the

urrent study received a median dose of 10 mg/kg (IQR 7.5–10.0

g/kg), that was adjusted to intervals of 48 h and considered ad-

quate in all the cases. Of note, a decrease of 42.1% in daptomycin

ose through haemodialysis was observed, but the C max /MIC target

as reached and all outcomes were favourable. 

Antibiotic underdosing and a high frequency of low dapto-

ycin exposure might lead to the emergence of antimicrobial

esistance, without adequate dosing adjustments. Bassetti et al.

howed three risk factors for the emergence of daptomycin-non-

usceptible strains: a daptomycin dose of < 6 mg/kg/day; a longer

herapy duration; and previous use of teicoplanin [32] . We were

ot able to identify any potential role of risk factors as all of the

icro-organisms isolated in the current study were susceptible to

aptomycin. 

This study is based on real-life data obtained using HPLC in a

arge tertiary hospital. Nevertheless, it has some limitations. The

acts that a high number of patients were receiving daptomycin

s empirical therapy and the small sample size are probably the

ost relevant. In addition, dose adjustments were only dependent

n the decision of the attending physician, and we did not inter-

ene directly in that decision. 

In conclusion, this study allowed us to identify the pattern of

aptomycin use in our institution and the need for implementing

ew strategies to reduce the percentage of non-adequate use and

he marked variability of dosing for the same indication among dif-

erent attending physicians. In the absence of clinically validated

erum level targets, the results can only suggest, not confirm, an

ffective treatment; even so, these data provide a basis for de-

igning a pharmacokinetic study in a large population with several

easurements per patient that could allow calculation of the area

nder the concentration –time curve (AUC) and different PK/PD pa-

ameters needed to create a more accurate model for daptomycin

xposure. 
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