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* La bacterièmia per S. aureus



Combinar? Sí, sempre…
• Tractament empíric o orientat
• Situació clínica
• Presència de factors de risc per a bacterièmia complicada
• SASM/SARM
• Es coneix el focus? Quin és?
• Possibilitats de fer una ETE en <24h
• Possibilitats d’el·liminar el focus en un període de temps acceptable.
• És un tractament de novo o de rescat?
• Han aparegut resistències?
• Amb què combinar?
• Combinar durant tot el tractament?
• Com desescal·lar?
• CMI vanco? (hViSA/VISA; disfunció agr?)
• …



Hi ha prou evidència de qualitat per a
recomanar la teràpia combinada com a 1ª
línia en tots el casos?

Hi ha prou evidència de qualitat que apunta 
a uns resultats no satisfactoris amb la 
monoteràpia?



Bases del tractament combinat

• Agents sinèrgics
• Augmentar l’eficàcia (activitat bactericida)
• Evitar (“compensar”?) l’aparició de 

resistències
• Disminuir les dosis d’ambdós fàrmacs



Objectius del tractament combinat

• Escurçar el temps de bacterièmia
• Millorar ràpidament la situació clínica dels 

pacients greus
• Evitar complicacions i recidives
• Evitar la infecció de dispositius intravasculars i 

material protèssic. 
• “Rescatar” casos amb fracassos previs a 

altres opcions



Quines combinacions ens podem 
plantejar ara per ara?

• Cloxacil·lina +: gentamicina, rifampicina, fosfomicina. 
• Vancomicina +: cloxacil·lina, piper/tazo, rifampicina, 

gentamicina
• Daptomicina +: diferents betalactàmics (incloent 

ceftarolina), fosfomicina, cotrimoxazol, rifampicina, 
gentamicina, linezolid

• Linezolid+: carbapenems,…
• Fosfomicina + imipenem
• …



Cas 1
Dona de 85 anys amb TAVI col·locada 24h abans. Porta 
ingressada 48h. Presenta febre de 39ºC i un signes de 
flebitis al voltant d’un catèter venós perifèric. 
1. Li treiem el catèter i prou
2. A més, dapto (6mg/kg o més?)
3. A més, vanco. 
4. Dapto + cloxacil·lina
5. Vanco + piperacil·lina/tazobactam
6. Altres



Cas 1b
Mateixa pacient. Estem de guàrdia. Als HC creixen en 7h 
EF. Segueix febril i amb més signes imflamatoris al braç. 
No disposem de tests ràpids
1. Li treiem el catèter i prou
2. A més, dapto (6mg/kg o més?)
3. A més, vanco. 
4. Dapto + cloxacil·lina
5. Vanco + piperacil·lina/tazobactam
6. Altres



Cas 1c
Mateixa pacient. A l’endemà. Els EF són SASM. 
1. Li treiem el catèter i prou (nous HC)
2. A més, dapto (6mg/kg o més?)
3. A més, vanco. 
4. Dapto + cloxacil·lina
5. Vanco + piperacil·lina/tazobactam
6. Altres



Cas 2
Home de 47 anys que consulta a urgències per febre, dispnea i 
tos amb expectoració purulenta. Fa dues setmanes diu que li 
van donar tamiflu a un altre centre per una suposada grip. Ha 
près 2 dies de levofloxací. Pneumònia bilobar a RxT. PA 130/80; 
FC 84; SpO2 (FiO2 31%): 93%. Als HC creixen EF en 16h. 
1. Amoxi/clav
2. Ceftriaxona + azitro
3. Linezolid + dapto
4. Dapto + ceftarolina
5. Vanco + ceftriaxona
6. Altres



Cas 3
Home de 73 anys diabètic, en programa d’HD, que consulta a 
urgències per úlcera a un peu i febre. Rx osteomielitis calcani. 
Ha tingut tremolines clares durant la darrera sessió d’HD. No es 
coneixen col·lonitzacions prèvies. Aspecte sèptic. 
1. Linezolid
2. Dapto + ertapenem
3. Dapto + fosfomicina
4. Ceftriaxona + cloxacil·lina
5. Vanco + piperacil·lina/tazobactam
6. Altres





Quan es recomana el ttx combinat en 
les guies de la SEIMC?

• Empíric: 
• Quan es sospita SARM (nosocomial, col·lonització prèvia, HD, residències, úlceres cutànies cròniques, CVC) 

• Vanco + cloxa
• Dapto + BL si: sepsis greu/XS, ús de vanco en els 30 dies previs, IR, alta prevalència local de 

soques amb CMI vanco ≥1.5 mg/L 

• Associada a catèter vascular
• Quan la CMI de vancomicina és ≥1.5 mg/L per Etest si HC positius a les 

72h o no milloria clínica (dapto + cloxa)

• Bacterièmia complicada:
• Cloxa+dapto, cloxa+fosfo (SASM): persistència de febre o no milloria clínica, fracàs 

microbiològic, CMI vanco ≥1.5 mg/L 
• Dapto+fosfo, dapto+cloxa, fosfo+imipenem (SARM): sepsis greu/XS, bacterièmia 

persistent quan ja s’administren dosis de dapto 10mg/kg



Quan més?
• Quan el pacient sigui portador de DIC 
• Sempre que estigui greu (encara que sigui una 

BAC, especialment a partir del 3r dia d’ingrés)
• Quan el focus sigui desconegut (bacterièmia 

primària)
• Pacient jove (amb EI dreta) per SAMS 
• (No associar dapto + rifa/genta si infecció alt inòcul-

bàsicament EI- per SARM)



Durant quant temps?
• SASM: 3-5 dies (fins a milloria clínica o HC negatius) 

si combinació amb penicilina antiestafilocòcica. 
• SARM: 2 setmanes mínim (excepció: BAC no 

complicada)





















Clinical success* in S. aureus-infected patients: mITT population

*Clinical success at the visit 6 weeks after the end of therapy. Failure defined as clinical failure, microbiological failure, 
death, failure to obtain blood culture, receipt of potentially effective non-study antibiotics or premature discontinuation 

of the study medication

Difference in success rates: –4.0%
95% CI: –20.3, 12.3

Difference in success rates: 12.6%, 
95% CI: –7.4, 32.6
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Daptomycin
Comparator

Efficacy of daptomycin at 6 mg/kg for SAB/IE

Fowler VG et al. N Engl J Med 2006;355:653–665



Vancomycin MICs ≥1 µg/ml: Outcomes against MRSA 
improved with Daptomycin in 2 cohort studies

• Patients with MRSA BSI with higher vancomycin MICs (>1 µg/ml) and failing on 
vancomycin have a higher probability of survival at 60 days when treated with 
daptomycin: p=0.0221

1. Moore CL et al. Clin Infect Dis 2011;54:51 
2. Murray KP et al. Clin Infect Dis 2013;56:1562

Factor Daptomycin
(N=85)

Vancomycin
(N=85)

P-value

Clinical failure, n 17 (20.0) 41 (48.2) <0.001
Mortality at 30 days, n 3 (3.5) 11 (12.9) 0.047
Persistent bacteraemia, n 16 (18.8) 36 (42.4) 0.001
Duration of bacteraemia, days 3 (2–5) 5 (3–8) 0.003
Length of stay, days 11 (8–18) 12 (8–17) 0.532
Duration of treatment, days 10 (8–17) 9 (6–16) 0.324
Recurrence of MRSAB within 30 days, n 
(%)

0 (0) 3 (4.1) 0.104

Outcomes with vancomycin MIC >1 µg/ml in patients with MRSAB2





Addition of Gentamicin or Rifampin Does Not Enhance the 
Effectiveness of Daptomycin in Treatment of MRSA

Experimental Endocarditis with a Vancomycin MIC of 2 µg/mL 

Miró JM et al. Antimicrob Agents Chemother. 2009; 53:4172–4177









80 patients (70% MRSA)
Prior vancomycin failure= 27.5%

66 received concomitant atb 
30 BL
17 RIF
12 FQ
9 VAN
8 GEN
3 CLIN
2 LIN
2 S/T
1 TYG

NO DIFFERENCES WERE FOUND REGARDING 
OUTCOMES BETWEEN MSSA AND MRSA

Outcomes of Daptomycin alone or with Concomitant Beta-
Lactams for SAB in Patients with mild or Moderate Renal 

Impairment

Moise et al, AAC 2013



• 19 patients (16%) had microbiological failure.
- Complications of endocarditis, 7 cases
- Intravascular infections, 6 cases
- Osteomyelitis or septic arthritis, 4 cases
- Undrained abscesses, 2 cases

Þ Daptomycin MIC increased on therapy from 0.25 (5 
isolates) or 0.5 (1) to 2.0 (5) and 4.0 (1) µg/mL.

Reasons for Microbiological Failure in Patients 
with SAB/IE Treated with Daptomycin at 6 mg/kg

Fowler VG et al. N Engl J Med 2006;355:653–665



Daptomycin and β-lactams (Nafcillin)

• DAP +  NAF as salvage regimen
– 7 cases with persistent MRSA 

bacteremia (7-22 days)
– DAP used as 2nd line agent in all
– Only one case with DAP non-

susceptibility
– Bacteremia cleared with nafcillin (NAF)

• Why?
– Increased daptomycin membrane                                

binding with addition of NAF.
– Nafcillin led to a reduction in the                                                  

net positive surface charge.

DAP (green) 
binding 
with &
without 
NAF (yellow)

Dhand A et al. Clin Infect Dis. 2011;53:158-163.



• 26 pacients 
• 20 MRSA, 2 MSSA, 2 VISA, 2 MRSE
• 14 tenien endocarditis
• Durada de la bacterièmia prèvia en mediana (rang): 10 dies (3-23)
• Durada de la bacterièmia després de passar a DAP+CFT:  2 dies (1-6)



β-Lactams Increase the Antibacterial Activity of Daptomycin against
Clinical MRSA Strains and Prevent Selection of Daptomycin-Resistance 

Oxacillin Imipenem

AMC Ceftriaxone

Mehta S et al. AAC. 2012; 56:6192.



Daptomycin plus Fosfomycin is Synergistic against 
Methicillin-susceptible (MSSA) and Methicillin-resistant 

Staphylococcus aureus (MRSA) Strains

MSSA (N=6) MRSA (N=6)

Two patients with complicated MRSA NV IE and one patient with
MSSA PVE were succesfully treated with the combination of 

daptomycin plus fosfomycin.

Miró JM et al. AAC. 2012; 56:4511-5 



The Combination of Daptomycin plus Fosfomycin has 
Synergistic, Potent, and Rapid Bactericidal Activity 

against MRSA in a Rabbit Model of EE
Miró JM et al. 53rd ECCMID, Barcelona 2014

MIC MRSA STRAIN=2 µg/mL



N=240



Results

1.1 Susceptibility testing MIC/MBC:  The FOM, CLO and DAP MIC/MBC were 2/2 mg/L, 0.25/0.5 mg/L and 0.25/0.25 mg/L respectively. 
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Daptomycin (DAP) plus Fosfomycin are Synergistic and Bactericidal against Methicillin-
Susceptible Staphylococcus aureus (MSSA) Experimental Endocarditis (EE).

Introduction and Objective

1. IN VITRO studies

1.1. Microorganisms: 
For this study, a MSSA isolate (MSSA-678) was selected from the Endocarditis group-HCP strains collection (strains 
isolated from infective endocarditis diagnosed patients has been stored consecutively since 1995 at the present). 
1.2 MIC/MBC : Oxacillin (OXA), fosfomycin (FOM), and daptomycin (DAP) MICs/MBCs were determined using the broth 
microdilution and E-test methods according to the procedures of the Clinical and Laboratory Standards Institute (CLSI). 
DAP susceptibility testing was performed in Mueller-Hinton broth (MHB) adjusted to 50 μg/mL of Ca2+ as  a standard 
methodology. FOM test broth medium (MHB) was supplemented with 25 μg/mL of glucose-6-P as a standard 
methodology. S. aureus ATCC 29213 was used as a control strain. 
1.3 Time-killing curves (TKC) assay: TKC were used to test the activity of combined antibiotics according to previously
described criteria (Isenberg, 2004). An inoculum between 5x105 and 1x106 CFU/mL was used. Antibiotic concentrations
tested were: 0.5 x MIC and 1 x MIC. - Synergy was defined as a 2-log10 decrease in the number of CFU/mL between
the test tube with the combination and the test tube with the most active agent alone after 24 h: the number of surviving
organisms in the presence of the combination had to be 2 log10 CFU/mL below the starting inoculum. At least one of
the drugs had to be present in a concentration that did not significantly affect the growth curve of the test organism
when used alone. Bactericidal activity was defined as at least a 3-log reduction in CFU/mL at 24 h in comparison with
the initial inoculum.

All the strains recovered from the TKC assay and the in vivo vegetations  were tested for DAP MIC by E-test in order to 
detect decreased susceptibility to daptomycin.

2. IN VIVO studies

2.1. Human-like pharmacokinetics studies

Antibiotics, simulating CLO 2 g/4h, FOM 2g/6h and DAP 6 or 10 mg/kg/24h IV, were administered using a computer-
controlled infusion pump in order to reproduce the antibiotic levels of human serum in rabbits.

2.2. Induction of endocarditis and installation of the infusion pump
Experimental aortic valve IE was induced according to the model described by Garrison and Freedman (Yale J Biol
Med. 1970;42: 394-410). At baseline, another catheter was simultaneously placed into the superior cava vein through
the jugular vein and tunnelled subcutaneously to the interscapular region. The external portion of the jugular catheter
was connected to a swivel and then to a computer-controlled infusion pump.

Ø Introduction:
Ø Methicillin-susceptible Staphylococcus aureus (MSSA) is the most common cause of

infective endocarditis (IE) and mortality rates remained high and have not change in recent
decades (Tong et al. Clin Microbiol Rev. 2015; 28:604-660)

Ø New antimicrobial agents and novel combination therapies are needed to treat this serious
infections

Ø Sakoulas et al have demonstrated that the combination of daptomycin plus the anti-
staphylococcal β-lactams, nafcillin or oxacillin, was effective for treating patients with
refractory MRSA bacteremia (Dhand A, et al. Clin Infect Dis. 2011; 53:158–163).

Ø Our group has shown that the combination of daptomycin plus fosfomycin was synergistic in
vitro against several MRSA strains and this combination was successfully used to treat two
patients with MRSA native valve IE (Miro et al. AAC. 2012;56: 4511- 4515)

Methods

Conclusions
Ø The combinations DAP+FOM and DAP + CLO have synergistic, potent and rapid bactericidal

activity against MSSA in a rabbit model of experimental endocarditis. Both therapies were more
effective that DAP monotherapy at 6 mg/kg/d in the proportion of sterile vegetations and the
reduction of the density of bacteria within the valve vegetations.

Ø DAP 6mg/kg/d+CLO had a slightly better activity that DAP + FOM but the difference among both
combinations did not reach statistical signification.

Ø No DAP resistant strains were recovered from vegetations.
Ø In conclusion, the addition of FOM or CLO to DAP is synergistic, enhancing the bactericidal

activity of DAP against MSSA in the experimental endocarditis model, which supports the use of
these combinations in clinical settings.

3. Treatment groups:

- DAP (simulating 6 mg/Kg/d iv)

- DAP+CLO (simulating 6 mg/Kg/d iv + simulating 2 g/4h iv)

- DAP+FOM (simulating 6 mg/Kg/d iv + simulating 2 g/6h iv)

1. IN VITRO RESULTS

1.2 Time-Killing curves results.

At the antibiotic concentrations studied and using a standard inoculum (105 CFU/mL), both combinations, DAP+FOM and DAP+CLO showed a sinergistic 
and bactericidal activity (figure 1). In no case were recovered isolates with decreased susceptibility to daptomycin.

Figure 1. SASM-678 TKC (inoculum equal to 105 CFU/mL)

Daptomycin + Oxacillin Daptomycin + Fosfomycin

Results

2. IN VIVO RESULTS

2.1 Pharmacokinetics study

Time (hours)

Se
ru

m
 le

ve
ls

 (m
g/

L)

Human values* 
Dosage

2 g 
K (h-1)

1.39

t1/2 ß (h)

0.5

AUC(µg.h/mL)   108.20

Animal values (n=5)
K (h-1)

2.42 ± 0.44
t1/2 ß (h)

0.29 ± 0.06
AUC(µg.h/mL)   63.41 ± 12.55

Human-like values (n=5)
K (h-1)

1.43 ± 0.12
t1/2 ß (h)        

0.49 ± 0.04
AUC(µg.h/mL)   105.10 ± 8.95

* Mensa J et al. Guía de Terapéutica Antimicrobiana, 
2011   
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Human values* 
Dosage

6 mg/kg
K (h-1)

0.073

t1/2 ß (h)

9.5

AUC(µg.h/mL)      1600

Animal values (n=5)
K (h-1)

0.194 ± 0.01
t1/2 ß (h)

3.6 ± 0.2 
AUC(µg.h/mL)       846 ± 132

Human-like values (n=5)
K (h-1)

0.09 ± 0.015
t1/2 ß (h)

7.6 ± 1.3
AUC(µg.h/mL)   1148 ± 206

* Cubist data

FOSFOMYCIN PHARMACOKINETICS

Human values* 
Dosage

2g iv
K (h-1)

0.34

t1/2 b (h)

2

AUC (µg. h/ml)

264.7

Animal values (n=5)

K (h-1)

0.82+0.08
t1/2 b (h)

0.85+0.08
AUC (µg. h/ml)

109.7+15

Human-like values (n=5)
K (h-1)

0.43+0.05
t1/2 b (h)

1.63+0.2
AUC (µg. h/ml)

209.3

*Kirby W et al.  Chemotherapy 1977, 23 (Suppl. 1):141-151
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2.2 In vivo study 

Treatment group Animals with sterile 
vegetations/total  (%)

Median log10 CFU/g of 
vegetation (IQR)

Control 0 / 10 (0) 9 (8.1 – 9.3)

Daptomycin 
6mg/kg/24h 0 / 11 (0)a,b 2 (2 – 3.3)d,e

Daptomycin  6mg/kg/24h + 
Fosfomycin 2g/6h 8 / 11 (73)a,c 0 (0 – 0)d

Daptomycin 6mg/kg/24h + 
Cloxacillin 2g/4h 10 / 11 (91)b,c 0 (0 – 0)e

aP = .001; bP < .001; cP = .59; dP = .001;  eP < .001

4. Analysis of endocardial vegetations.

The results were expressed as the number of log10 CFUs per gram of vegetation. To detect in vivo resistance, DAP MIC
were re-tested in all isolates recovered from vegetations by E-test method.

The result was assigned a value of 2 if there was no growth on the quantitative plates but there was growth in the
qualitative culture (the rest of the homogenate in tryptic soy broth). The result was assigned a value of 0 and the
vegetation was considered sterile if there was neither no growth from the initial quantitative culture nor from the
homogenates cultured for a week.

5. Statistical analysis.
Fisher’s exact test was used to compare the rate of sterile vegetations and analyze whether there were differences
between the different treatment groups. The Mann-Whitney test was used to compare the median log10 CFU/g tissue
values between the different treatment groups.
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Ø Objective:
The aim of this study was to know the activity of daptomycin (DAP) + fosfomycin (FOM) in comparison with DAP plus

cloxacillin (CLO) in the treatment of the experimental endocarditis caused by a MSSA strain.
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of the aortic valve (the polyethylene catheter was 
left in place). 
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Intravenous MSSA challenge (6 x 105 CFU/mL)

Antibiotic treatment was maintained for 24 hours.

Aortic valve vegetations were quantitatively  
and qualitatively cultured.

After 16 hours, blood cultures were taken from all 
the animals, antibiotic treatment was started using 
the infusion pump, and control animals were 
sacrificed.
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Experimental Endocarditis MODEL

Animals were sacrificed 6 half-lives after antibiotic 
treatment
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Treatment group Animals with sterile 
vegetations/total  (%)

Median log10 CFU/g of 
vegetation (IQR)

Control 0 / 10 (0) 9 (8.1 – 9.3)

Daptomycin 
6mg/kg/24h 0 / 11 (0)a,b 2 (2 – 3.3)d,e

Daptomycin  6mg/kg/24h + 
Fosfomycin 2g/6h 8 / 11 (73)a,c 0 (0 – 0)d

Daptomycin 6mg/kg/24h + 
Cloxacillin 2g/4h 10 / 11 (91)b,c 0 (0 – 0)e



N=28 
Addition of TMP/SMX to DAP for clinical 

failure
Microbiological eradication in 24 cases (86%)

Bacteremia cleared in 2.5 days (median)





Clin Infect Dis. 2014 Oct 15;59(8):1105-12. doi: 10.1093/cid/ciu580. Epub 2014 Jul 21

70%

N = 16 cases (12 with IE)
Patients with VAN or DAP microbiological 

failure
Microbiological eradication in all cases 

(100%)
Bacteremia cleared in <3 days 
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Background

§ Design: Open-label randomized clinical trial.
§ Setting: Ten urban tertiary-care Spanish hospitals.
§ Period of study: From October 2009 to December 2014.
§ Inclusion criteria: Suspected of confirmed MRSA IE (native or prosthetic valve,
pacemaker/defibrillator) according to modified Duke criteria (), prosthetic vascular graft infection or
CB (septic thrombophlebitis, soft tissue-skin infection, pneumonia, osteomyelitis, or unknown source
CB.
§ Exclusion criteria: Age under 18 years, antibiotics with antiMRSA activity received for >72h,
shock or hypotension, urgent surgery needed, active intravenous drug use, VAN trough levels
>15µg/mL at 72h in patients with chronic renal insufficiency or hemodyalisis, MRSA strains with FOS
MIC >64mg/L or VAN MIC ≥2mg/L or known allergy to VAN, FOS or IMI.
§ Intervention: After signature of informed consent, patients were randomized to receive either VAN
(30-45 mg/kg daily IV divided into 2-3 doses, trough levels ≥15 mg/L) or FOS (2 g/6h IV) plus IMI (1
g/6h IV), adjusted for renal function. In case of treatment failure or renal failure with VAN, the patient
was switched of treatment arm.
§ Scheduled length of treatment: 2 weeks in case of CB with rapid control of the source and
negative first control BC, 4 weeks for non-complicated native valve IE and pacemaker/defibrillator IE
or non-rapidly controlled CB and 6 weeks for prosthetic valve IE, complicated native IE and CB with
osteomyelitis.
§ Definitions: Persistent bacteremia: positive BC after 7 days of treatment initiation; Complicated IE:
valve prosthesis, periannular complications, systemic emboli, persistent bacteremia, development of
heart failure (NYHA >II), complete heart block; Cure: survival and absence of relapse without change
of treatment arm at 4 and 12 weeks follow-up.

§ Staphylococcus aureus is the most frequent causative pathogen in all types of IE (1). About 30% of
all S. aureus isolates causing IE are methicillin-resistant (MRSA) (1).
§ VAN is the antibiotic of choice for MRSA IE (2-4) despite its well-known limitations, including low
penetration into vegetations and a slow bactericidal effect (5).
§ In addition, S. aureus clinical isolates with intermediate resistance to glycopeptides (GISA) and
heterorresistance (hGISA) have been observed in the last decades (6) and VAN minimum inhibitory
concentration (MIC) creep has been matter of concern in the health-care systems around the world
(7). As a result, clinical failures in the treatment of MRSA invasive infections are frequently observed
(5).
§ DAP is also considered a first-line therapy for MRSA native valve IE (2). However, clinical failures
and emergence of resistance to DAP have been reported (8). Other active antibiotics against MRSA
such as linezolid (9) or telavancin (10) have failed to show clear superiority to VAN in the in vivo
models. Thus, alternative therapeutic options against MRSA IE are needed.
§ Synergy and bactericidal effect of the FOS+IMI combination has been observed in the experimental
model of IE (11). In a previous study, we demonstrated that FOS+IMI is efficacious for the salvage
treatment of MRSA CB and IE (12).
§ The aim of this study was to evaluate the efficacy and safety of the combination of FOS+IMI for the
initial treatment of patients with MRSA CB or IE, compared with VAN, as standard treatment.
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Table 2. Description case by case of the episodes of CB and IE included in the study.

§ Collected variables: Demographics, predisposing conditions and underlying diseases, clinical
manifestations, type of CB or IE and source, previous treatment, length of antibiotics, surgery,
complications due to BC/IE or treatment.
§ Outcomes: clearance of BC at 72h after the initiation of study treatment, development of secondary
effects related to study drug, development of C. difficile diarrhoea or Gram-negative rods
superinfection, relapses and mortality during treatment, at 4 and 12 weeks.
§ Statistical analysis: All statistics were calculated with SPSS statistical package (Chicago, IL)
version 16.0. Categorical variables are summarized as percentages. Continuous variables are
summarized as mean and standard deviation. A two-sided p<0.05 was considered to be statistically
significant.

Type of Bacteremia, %:
§ Infective endocarditis
§ Complicated bacteremia

Age, median (IQR)
Female sex, %
Predisposing conditions and underlying diseases, %:

§ Diabetes Mellitus
§ Chronic lung disease
§ Ischemic heart disease
§ Chronic renal failure
§ Chronic liver disease
§ History of cancer
§ HIV infection
§ Previous intravenous drug use
§ Congenital heart disease, history of infective endocarditis
§ Pacemaker/cardiac defibrillator
§ Valve prosthesis
§ Age-adjusted Charlson score, median (IQR)

Pressumed mode of acquisition, %:
§ Nosocomial
§ Nonnosocomial health care associated
§ Community acquired

Type of endocarditis, %:
§ Native valve
§ Prosthetic valve
§ Pacemaker lead/intracardiac device

Outcomes, %:
§ Positive blood cultures at fourth day of study treatment
§ Switch of treatment arm at day 7
§ Secondary effects related to study drug
§ Gram negative rods superinfection
§ In-hospital mortality
§ Mortality at 12 weeks after study drug completion
§ Relapse at 12 weeks
§ Curation at end of study

1.000

0.565
0.608

1.000
0.026
0.282
1.000
0.533
0.282
0.467
1.000
0.467
0.553
1.000
0.256

0.576

0.122

1.000
0.462
0.132
0.026
0.051
0.282
0.467
0.763

p

4 (50%)
4 (50%)

83.5 (67-86) 
4 (50%)

3 (38%)
5 (63%)
1 (12%)
1 (12%)
1 (12%)
4 (50%)

0
0
0
0

2 (25%)
8.0 (8-12)

4 (50%)
3 (38%)
1 (12%)

2 (25%)
2 (25%)

0

0
0

1(12%)
0

4 (50%)
4 (50%)

0
4 (50%)

4 (57%)
3 (43%)

76.0 (71-80)
2 (29%)

3 (43%)
0

3 (43%)
1 (14%)

0
1 (14%)
1 (14%)

0
1 (14%)
3 (43%)
2 (29%)
6.0 (4-8)

4 (57%)
3 (43%)

0

1 (14%)
2 (29%)
1 (14%)

1 (14%)
2 (29%)
3 (42%)
4 (57%)

0
1 (14%)
1 (14%)
3 (42%)

FOS+IMI (N=8) VAN (N=7)

Table 1. Main basal characteristics and outcomes of MRSA
CB/IE episodes treated with FOS+IMI and VAN.

Abstract
Background: There is an urgent need for alternative therapies to vancomycin (VAN) and daptomycin (DAP) to treat invasive
MRSA infections. The combination of fosfomycin plus imipenem (FOS+IMI) was effective and safe as rescue therapy for
MRSA complicated bacteremia (CB) and infective endocarditis (IE) (Del Rio A et al. Clin Infect Dis. 2014; 59:1105-12). This
trial aimed to evaluate the efficacy and safety of the combination of FOS+IMI for the initial treatment of patients with MRSA
CB or IE, compared with VAN, as standard treatment.
Methods: Randomized clinical trial, multicenter (10 centers), open-label, which included patients with MRSA CB and IE with
VAN MIC <2 mg/L. Patients received: VAN (30-45 mg/kg daily IV divided into 2-3 doses, trough levels ≥15 mg/L) or FOS (2
g/6h IV) plus IMI (1 g/6h IV), adjusted for renal function. The primary endpoint was the persistence of positive blood cultures
at day 7. The cure was defined as the absence of: persistent bacteremia, adverse events leading treatment discontinuation
(D/C), relapse or death at the test-of-cure visit (day 90 after antibiotic therapy). An intention to treat analysis was performed.
Results: Of the 201 evaluated cases, 15 (out of the 50 planned) patients (7%) were included between 2009 and 2014. 7
cases had CB and 8 IE. 8 cases were randomized to FOS+IMI (4 CB, 2 NVE, 2 PVE) and 7 to VAN (3 CB, 1 NVE, 3
pacemaker-IE). One patient (14%) from the VAN arm and none from the FOS+IMI arm (0%) had persistent bacteremia. All
patients in the FOS+IMI arm had negative blood cultures in ≤3 days. FOS+IMI was safe (1 case had salt overload) and
prevented superinfection by MDR bacteria (0% vs. 57%; P=0.026). Curation rates were 4 (50%) and 3 (43%) for FOS+IMI (1
treatment D/C due to salt overload, 3 deaths) and VAN (1 persistent bacteremia, 1 treatment D/C due to renal toxicity, 1
relapse, 1 death), respectively (P=0.763).
Conclusions: Although limited by the small sample size of this trial, FOS+IMI was effective for treating MRSA CB and IE.
ClinicalTrials.gov identifier NCT00871104.

Efficacy and Safety of Fosfomycin (FOS) plus Imipenem (IMI) vs. Vancomycin (VAN) for Complicated 
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aureus (MRSA): A Randomized Clinical Trial
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H. Clínic – IDIBAPS, Univ. Barcelona, Barcelona; 1H. Univ. Gregorio Marañón, Madrid, 2H. Bellvitge-IDIBELL, 
Univ. Barcelona, L’Hospitalet de Llobregat; 3H. Univ. Virgen del Rocío, Sevilla, Spain.

Age Sex

Episodes of IE

Treated with VAN

Source Acq Echocardiogra-
phic findings, 

other tests

Previou
s tx,  
VAN 
MIC 

(µg/mL)

Days of 
positive 
BC until 
study tx 
initiation

Length 
of study 
treatmen
t (days)

Positive 
BC >72h 

after 
study tx 
initiation

Sx Secon-
dary 

effects

Failur
e

Death Comments

1    80       F       PV, PCM, 6        Vasc    NC      Ao PVE, 6mm veg      DAP 2d, 0.5    1             42              No        No      No          No         
No             -
2    71      M      PCM, ICM, 4      Unk.     NNC   Ao NVIE, 4mm veg      DAP 1d, 0.5    1             27              No         No    ARF,             Yes        No         Relapse 

leucopenia

3    86      M      PCM, CVD,8      Vasc.    NC      8mm veg on PCM      None, 1.0    1             32              No         No      No          No         
No    Completed tx 28d of          
oral linezolid.4    76      M      PV, DM, ICM      Unk.     NC      Mx PVE, 10mm veg    None, 0.5    1             42              No        Yes    ARF       Yes        
No      Arm Switch Day 7Treated with FOS+IMI

5   84       F      ICM, CRF,13      Vasc    NNC   Mx-Ao NVIE, abscess    DAP 2d, 0.5    4             11              No        No      No          Yes        Yes      Death on Day 11

due to septic shock6   79       F      PV, CLD, 8         Unk.    NNC       Mx PVE                      DAP 3d, 1.5   3              4               No         Yes     No          Yes        Yes      Death on Day 4
due to septic shock7   83       M      PV, neo, 9         Urin.    NNC      Ao PVE, 5mm veg.     DAP 3d, 1.0   2              51             No         Yes     No          No        No       HF, CFD. 

AACS: Age-adjusted Charlson score; AHF: acute heart failure; Ao: aortic; ARF: acute renal failure; CHB: complete heart block; CHF: chronic heart failure; CLD: chronic lung disease; CM: communitary; CRF: chronic renal failure; CVD: cerebrovascular
disease; CT: computed tomography; DAP: daptomycin; DM: diabetes mellitus; ESBL: extended beta-lactamase; F: female; HD: hemodyalisis; ICM: ischemic myocardiopathy; M: male; Mx: mitral; NC: nosocomial; NH: non-nosocomial healthcare
acquired; NVIE: native valve IE; PAC: periannular complications; PVE: prosthetic IE; PCM: pacemaker; PV: prosthetic valve; SS: septic shock; TEE: transesophageal echocardiography; veg.: vegetations.

Of the 201 evaluated cases, 15 (out of the 50 planned) patients (7%) were
included between 2009 and 2014. 7 cases had CB and 8 IE. 8 cases were
randomized to FOS+IMI (4 CB, 2 NVE, 2 PVE) and 7 to VAN (3 CB, 1 NVE,
3 pacemaker-IE). Patients disposition of patients is shown in Figure 1.

Basal characteristics of the patients included in the study are displayed in
Table 1. One patient (14%) from the VAN arm and none from the FOS+IMI
arm (0%) had persistent bacteremia. All patients in the FOS+IMI arm had
negative blood cultures in ≤3 days. FOS+IMI was safe (1 case had salt
overload) and prevented superinfection by multidrug resistant bacteria (0%
vs. 57%; P=0.026).

Curation rates were 4 (50%) and 3 (43%) for FOS+IMI (1 treatment D/C due
to salt overload, 3 deaths) and VAN (1 persistent bacteremia, 1 treatment
D/C due to renal toxicity, 1 relapse, 1 death), respectively (P=0.763).

Case by case details can be consulted in Table 2.

Figure 1. Patients disposition flowchart.

1. Although limited by the small sample size of this trial, FOS+IMI was effective for treating
MRSA CB and IE. All patients cleared bacteriemia ≤72 hours and there were no relapses.

2. Concerning safety, one patient treated with FOS+IMI had salt overload and 4 patients (3 with
endocarditis) died. In none of the cases the death was related with the study medication.

3. Further studies are warranted to assess the efficacy and safety of FOS+IMI against MRSA
complicated infections.

Funding: This work was supported by the Ministerio de Sanidad y Consumo of Spain (FIS NCT00871104, Instituto de Salud Carlos III, Madrid).



Conclusions
1. Malgrat que l’evidència per a tractar en combinació encara és escasa, sí 

tenim prou evidència per a dir que els resultats obtinguts fins ara es poden 
millorar. 

2. El criteri clínic i el context manen a l’hora de decidir tractar en combinació 
de forma empírica. 

3. La nostra principal preocupació és sospitar i tractar a temps la bacterièmia 
nosocomial per SASM 

4. Una bacterièmia primària també pot ser motiu per a tractar en combinació. 
5. Encara no podem acomiadar-nos definitivament de la gentamicina i la 

rifampicina (alt inòcul per SARM: no els primers 3-5d)
6. Per a SARM, les combinacions més potents són les de dapto amb 

fosfomicina, ceftarolina o cotrimoxazol
7. Per a SASM, daptomicina amb betalactàmics.  
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