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C L I N I C A L  U P D AT E S  I N

Treatment Considerations for Patients with MRSA Bacteremia and Endocarditis

Scope of the Problem 
Staphylococcus aureus is a leading cause of bacteremia. 
Virulence of these organisms leads to a high proportion 
of infectious endocarditis (IE), metastatic infections, 
and deaths. Th e changing epidemiology of the disease 
as a result of increasing resistance to beta-lactam 
antibiotics and increased tolerance to vancomycin 
continues to challenge researchers and clinicians in 
their search for eff ective and safe therapeutic options. 
Th e increase in methicillin-resistant S. aureus (MRSA) 
infections in the United States and worldwide is a 
serious public health issue.

In a cohort study of two hospitals in Oxfordshire in the 
United Kingdom, nosocomial S. aureus bacteremia (n=461 
cases) increased signifi cantly from 1997 to 2004 (P<0.01). 
Th e increase in MRSA infections was the main contributor 
to the overall increase in cases of bacteremia.1 Overall 
mortality rate within 30 days of S. aureus bacteremia was 
29%. Mortality within 30 days was associated with MRSA 
versus methicillin-sensitive S. aureus (MSSA) bacteremia 
(OR 1.49; 95% CI, 0.99–2.26). 

Th e International Collaboration on Endocarditis (ICE) 
Cohort study, which was conducted prospectively from 
2000 to 2003 in 39 medical centers around the world, 
evaluated in-hospital mortality in 1,779 patients with 
IE. Th e majority of cases were caused by S. aureus (31%) 
(Figure 1).2 Th e majority of S. aureus infections were 
health-care related (39%) and most of these were acquired 
outside the hospital (60%). Methicillin-resistant S. aureus 
endocarditis was independently associated with persistent 
bacteremia (OR 6.2; 95% CI, 2.9–13.2), diabetes, 
immune suppression, intravascular device source, and 
health-care associated infection.2 In the U.S., patients with 
IE were more likely to have hemodialysis dependency, 
diabetes, intravascular devices, vancomycin treatment, 
a MRSA infection, and persistent bacteremia. Clearly, 
MRSA continues to be a problem in the hospital setting. 

Mortality rates in patients with MRSA bacteremia are 
higher than in patients with MSSA. In a meta-analysis of 
studies conducted from 1980 through 2000 that included 
31 studies of 3,963 patients with S. aureus bacteremia, a 
signifi cant increase in all-cause mortality was associated 
with MRSA (36%) versus MSSA (23%) bacteremia (RR 
1.42; 95% CI, 1.25–1.63; P<0.001).3 An increased risk of 
death with MRSA (29%) versus MSSA (12%) nosocomial 
health-care-associated bacteremia was also established in 
a second meta-analysis of studies conducted from 1978 
to 2000 in 2,209 patients (RR 2.12, 95% CI, 1.76–2.57; 
P<0.001).4

An Appropriate Clinical Approach
Appropriate and timely empirical therapy for MRSA 
bacteremia is associated with better outcomes. In a study 
of 167 patients who had nosocomial S. aureus bacteremia 
two days after hospital admission between 1999 and 
2001, delayed treatment was associated with infection-
related mortality (33% versus 19%, P=0.05) and a longer 
hospital stay (20.2 days versus 14.3 days, P=0.05).5 Out 
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Figure 1.

Adapted from Fowler VG Jr, Miro JM, Hoen B, et al. JAMA. 
2005;293(24):3012-3021.

091152_8p_NFID_Jan2010.indd   1 12/18/09   6:51 PM



2

of 48 deaths that occurred as a result of delayed treatment, 
42 cases involved MRSA infections that were treated 
inappropriately. 

Th e clinical approach to patients with bacteremia and IE 
should focus on identifying the source of the infection and 
any complications related to foreign material such as heart 
valves, catheters, or prostheses that might require surgery 
(Table 1).6 Complications owing to S. aureus bacteremia 
(e.g., mortality, embolic stroke, recurrent S. aureus infection) 
occurred in 43% of 724 adult hospitalized patients in a pro-
spective observational cohort study.7 Th e importance of early 
surgical debridement cannot be over-emphasized in patients 
with IE. Failure to remove an infected intravascular device 
has been identifi ed as an important risk factor of treatment 
failure.8-10 Patients whose intravascular device was not re-
moved were 6.5 times more likely to relapse or die from their 
infection than patients whose device was removed.8

Table 1.

In addition, the history and physical should focus on bones 
and joints, especially in the back. An examination should 
also include catheter sites (e.g., septic thrombophlebitis), 
cardiac changes (e.g., new murmur, heart failure), and 
neurologic changes (e.g., mental status). Depending 
on symptoms, the diagnostic evaluation may include 
radiographic imaging and transesophageal echocardiography 
(TEE) to identify valvular complications (e.g., abscess, 
perforation) requiring surgery and aid in the decision to 
treat with a short versus long course of antibiotics.9 

Many investigators have shown that TEE is more sensitive 
than transthoracic echocardiography (TTE) for detecting 
native valve vegetations.11,12 In a study of 50 patients with 
echocardiography-diagnosed native valve IE by both TTE 
and TEE, 51 vegetations were detected with TEE and only 
28 vegetations (55%) were detected with TTE. Smaller 
vegetations (<5mm) were more diffi  cult to detect by TTE 
(0%) compared with vegetations 5 to 10 mm (50%) or over 
10mm (84%).11 In contrast, TEE detected other evidence 
of IE in seven patients (aneurysm of anterior mitral leafl et 
and aortic valve prolapse, aortic valve perforation, fl ail mitral 

leafl et, vegetations on pacer wires and on intervalvular 
fi brosa). Similarly, in another study of 103 patients with 
S. aureus bacteremia undergoing both TTE and TEE, 
defi nite IE according to Duke criteria was present in 25% of 
patients.12 TTE revealed vegetations in 7% of patients and 
indeterminate results in 18% of patients. In contrast, TEE 
identifi ed vegetations in 25% of patients (100% of those 
with defi nite IE). Out of the 96 patients that TTE identifi ed 
with negative or indeterminate IE, TEE identifi ed evidence 
of IE in19 (20%). Th e sensitivity and specifi city of the TTE 
for detecting IE was 32% and 100%, respectively, compared 
with 100% sensitivity and 99% specifi city for TEE.12

Th e Importance of Timely Surgical Intervention 
Several investigators have shown that medical therapy 
without surgery in S. aureus endocarditis is associated with 
poor outcomes and increased mortality.13-19 In a retrospective 
review of 252 patients with IE, early surgical intervention 
before completion of antibiotics resulted in improved 
short- and long-term survival rates in patients with IE, 
particularly in patients with S. aureus endocarditis (HR 1.5, 
P=0.04).18 In patients with S. aureus prosthetic valve IE, 
valve replacement surgery during antimicrobial therapy was 
an independent predictor of survival.19

Moderate to severe congestive heart failure is the most 
signifi cant indication for replacement valve surgery in 
patients with IE. In patients with S. aureus IE, surgery 
should be strongly considered for valve dehiscence, 
perforation, rupture, fi stula, abscess, and vegetation 
greater than one centimeter without CNS embolization. A 
thorough preoperative examination is required and should 
include a CT scan of the abdomen, an MRI/MRA in the 
presence of neurologic symptoms, and a back exam to rule 
out a metastatic infection.17-19 

Several studies over the past decade have evaluated outcomes 
of early surgical intervention in patients with complicated 
left-sided endocarditis. Medical therapy without valve 
surgery was independently associated with six-month 
mortality (P=0.002) in a retrospective observational 
cohort study in 513 patients with complicated left-sided 
endocaroditis.13 Valve surgery versus medical therapy 
alone was associated with reduced mortality in unadjusted 
analyses (16% versus 33%; HR 0.43; 95% CI, 0.29–0.63; 
P<0.001) and in analyses adjusted for diff erences in baseline 
variables.17 Surgical treatment was also associated with 
a signifi cant long-term survival benefi t in a prospective 
propensity score analysis of 426 patients with IE, 78% of 
whom had left-sided IE (HR 0.27; 95% CI, 0.13–0.55).20

Increased mortality was also associated with a history of 
diabetes, the presence of an intravenous catheter at the onset 
of infection, and paravalvular complications. 

Treatment Options
Th e current treatment options for MRSA bacteremia and 
endocarditis are listed in Table 2.

091152_8p_NFID_Jan2010.indd   2 12/18/09   6:51 PM



3

Table 2.

Th e effi  cacy of vancomycin, a glycopeptide, has been 
compared with that of nafcillin, a beta-lactamase-resistant 
penicillin (Table 3).21,22 Patients with S. aureus endocarditis 
treated with vancomycin may have worse outcomes than 
those treated with nafcillin. In a review of 13 cases of 
intravenous drug users with S. aureus endocarditis treated 
with vancomycin, fi ve patients (38%) had persistent 
bacteremia or an inadequate response. Vancomycin was 
shown to be less rapidly bactericidal than nafcillin in time-
kill studies of ten isolates.21 Similar results were reported in a 
review of 54 patients with S. aureus endocarditis.22 Patients 
treated with vancomycin had a higher complication rate 
(P<0.05) and longer duration of stay in an intensive care 
unit (P<0.01) compared with patients treated with nafcillin. 
Although nafcillin trended toward a higher complete 
response rate than vancomycin (74% versus 50%, P=0.12), 
there was no diff erence in mortality rates between the 2 
drugs (22% versus 28%, P=0.73).22

Table 3.

Adapted from Small PM, Chambers HF. Antimicrob Agents Chemother. 
1990;34(6):1227-1231 and Gentry CA, Rodvold KA, Novak RM, et al. 
Pharmacotherapy. 1997;17(5):990-997.

In 2006, daptomycin was approved by the FDA for 
the treatment of S. aureus bacteremia and right-sided 
endocarditis. Th e effi  cacy of daptomycin was shown 

to be similar to that of standard therapy (either an 
antistaphylococcal penicillin plus initial low dose gentamicin 
or vancomycin) for S. aureus bacteremia and right-sided 
endocarditis in a non-inferiority trial (n=124). A successful 
outcome was documented 42 days post-treatment in 44% 
and 42% of patients treated with daptomycin and standard 
therapy, respectively (absolute diff erence 2.4%; 95% CI, 
-10.2–15.1%).23 Among patients with MRSA infection, 
daptomycin therapy was associated with successful outcomes 
in 44% of patients compared to success among 33% of 
patients treated with vancomycin and initial low dose 
gentamicin (44% versus 33% (diff erence 12%; 95% CI, -8–
32, NS). Successful outcomes were similar with daptomycin 
(45%) and standard therapy (47%) in the treatment of 
MSSA (diff erence -2%; 95% CI, -19–15).23 

In the modifi ed intention-to-treat analysis of this study, 
therapeutic failures owing to persisting or relapsing S. 
aureus infection occurred in 16% and 10% of patients 
treated with daptomycin and standard therapy, respectively. 
Six patients had S. aureus isolates that developed higher 
daptomycin minimum inhibitory concentrations (MIC) up 
to 4 mg/L. Deaths occurred equally in the two treatment 
groups (11%). Treatment-limiting adverse events (e.g., renal 
dysfunction) that resulted in treatment failure occurred more 
frequently in the standard therapy group compared with the 
daptomycin group (15% versus 7%, p=0.06). Of the few 
patients who had left-sided endocarditis (daptomycin, n=9; 
standard therapy, n=10), only one out of four patients with 
MSSA (25%) were treated successfully with daptomycin and 
two out of six patients with MSSA (33%) were successfully 
treated with standard therapy.23 None of the nine patients 
with MRSA left-sided endocarditis were successfully treated 
with either daptomycin or standard therapy. 

Some in vitro studies have suggested a correlation between 
the MICs of vancomycin and daptomycin.24 Although 
prior vancomycin therapy has not yet been attributed to 
daptomycin clinical failure, some investigators are concerned 
that prior treatment with vancomycin may lead to higher 
daptomycin MICs.25 Whole genome sequencing was 
used to identify the evolution of multidrug resistance in 
a patient with MRSA bacteremia who failed vancomycin 
therapy.24 Mutations were noted in the genome of isolates 
collected sequentially in parallel with the level of resistance. 
Of particular interest is the MIC ‘creep’ of daptomycin 
from .01 mg/L to 1 mg/L in the absence of daptomycin 
therapy. Although data support the use of daptomycin in the 
treatment of MRSA bacteremia and endocarditis, clinicians 
should remain vigilant in monitoring for daptomycin 
resistance, particularly in patients with a retained foreign 
body or undrained abscess. 

Th e recommended dose of daptomycin for the treatment 
of MRSA bacteremia and endocarditis is 6 mg/kg/
day. Daptomycin was not approved by the FDA for use 
in pneumonia because of its failure to meet statistical 
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noninferiority criteria in clinical trials, which may be due 
to its inactivation by pulmonary surfactants in vitro.26 

However, review of outcomes of treatment of patients in the 
bacteremia/endocarditis trial and a case report suggest that 
the use of daptomycin in septic pulmonary emboli may be 
effective27,28

Higher doses of daptomycin up to 12 mg/kg/day for 14 
days have been studied in healthy volunteers.29 Successful 
treatment with 12 mg/kg/day for 41 days has been 
anecdotally reported in a patient with S. aureus endocarditis 
without drug-related toxicity.30 However, further studies are 
required to demonstrate efficacy and safety of higher doses 
in patients with IE. Regardless of dose used, cardiac enzymes 
should be monitored in patients treated with daptomycin 
owing to the drug’s potential toxicity in skeletal muscles. 

Linezolid is another agent that has been used in the 
treatment of S. aureus bacteremia, though its use is not 
FDA approved for this indication.31The effectiveness of 
linezolid in treating S. aureus bacteremia was compared 
with that of vancomycin in a meta-analysis of five studies.32 
Out of 99 patients, linezolid and vancomycin had a cure 
rate of 55% and 52%, respectively (OR 1.12; 95% CI, 
0.51–2.47) with no differences noted between groups in 
the meta-analysis (OR 1.16; 95% CI, 0.5–2.65). Clinical 
cure in MRSA-infected patients (n=53) occurred in 56% 
and 46% of patients treated with linezolid and vancomycin, 
respectively (OR 1.47; 95% CI, 0.5–4.34). Treatment with 
linezolid and vancomycin resulted in a microbiological 
success in 69% and 73% of patients, respectively (OR 0.83; 
95% CI, 0.37–1.87). Survival rates were equal (74%) in 
the linezolid and vancomycin treatment groups (OR 1.00; 
95% CI, 0.47–2.12). The authors concluded that linezolid 
in the treatment of S. aureus bacteremia is not inferior to 
vancomycin.

A recent open-label randomized European study (n=363) 
compared the efficacy of linezolid to that of vancomycin (or 
oxacillin/dicloxacillin in MSSA patients) in the treatment 
of bacteremia associated with intravascular catheters.33 
The study was discontinued prematurely because of higher 
mortality rates with linezolid (22%) versus any comparator 
antibiotic (16%; OR 1.43; 95% CI, 0.97–2.1). Mortality 
rates were related to the type of organism causing the 
infection and were highest with linezolid treatment in 
patients who were infected with Gram-negative bacteria 
alone (27% versus 9%); in patients with both Gram-
positive and Gram-negative bacteria (35% versus 18%); 
and, in those patients with no infection upon entering 
the study (25% versus 17%). However, no differences 
in mortality rates were noted between treatment groups 
in patients with Gram-positive infections (17% in each 
group). 

Quinupristin-dalfopristin has also been used for the 
treatment of S. aureus bacteremia and endocarditis. The 

efficacy of quinupristin-dalfopristin in treating MRSA 
infections was evaluated in 90 patients who had failed or 
were intolerant to other therapies.34 Success rates occurred 
in 60%, 67%, and 55% of patients with unknown 
bacteremia (n=5), catheter-related bacteremia (n=6), and 
endocarditis (n=11), respectively.

The combination of rifampin with standard therapy in the 
treatment of S. aureus endocarditis has shown mixed results. 
Levine et al reported a longer duration of bacteremia with 
rifampin plus vancomycin compared with vancomycin 
alone (nine days versus seven days) in 42 patients with 
MRSA endocarditis.35 However, fewer deaths or treatment 
failures occurred in patients treated with the vancomycin-
rifampin combination compared with vancomycin alone 
(15% versus 27%). A recent study also showed a longer 
duration of bacteremia was noted with the addition of 
rifampin to standard therapy in a case control study of 82 
patients with S. aureus bacteremia (4 days versus 2 days, 
P=0.002).36 Combination therapy was also associated with 
a lower survival rate compared with standard therapy (79% 
versus 95%, P<0.048), an increase in liver function tests 
(23% versus 2%, P=0.014) and drug interactions (55% 
versus 0, P<0.001). 
 
Duration of Antibiotic Therapy
Historically, patients with S. aureus bacteremia were 
treated for four to six weeks based on concerns regarding 
metastatic infections in endocarditis. Earlier studies 
have shown efficacy with a short course of antibiotics 
(nafcillin or cloxicillin) in injection drug users with right-
sided native valve infective endocarditis.37 A few small 
retrospective studies have shown that a short duration of 
antibiotic therapy (10-15 days) was effective in treating 
uncomplicated catheter-related S. aureus bacteremia.38,39 

However, a course of antibiotic therapy less than ten days 
resulted in late relapses in 17%-66% of patients compared 
with no relapses in patients treated longer than ten days. 

A meta-analysis of eleven studies conducted between 1966 
and 1993 evaluated the efficacy of short-course antibiotic 
therapy (less than or equal to two weeks) in patients with 
catheter-related S. aureus bacteremia.40 Late complication 
rate was 6% (95% CI, 2%–10%). The authors concluded 
that parenteral therapy should be over two weeks in 
duration until appropriate candidates for short-term therapy 
can be identified. More recently, it has been suggested that 
TEE, follow-up cultures, and fever duration should be used 
to identify candidates for short-term antibiotic therapy 
in S. aureus bacteremia.41-43 A recent study indicated that 
clinical success with short-course therapy (with daptomycin 
or standard of care comparator therapy) (less than 14 days) 
was not as effective as longer duration treatment (greater 
than 14 days) in catheter-related S. aureus bacteremia (70% 
versus 94%).43 More data from randomized clinical trials is 
needed to identify appropriate candidates for short-course 
antibiotics (Table 4). 
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Table 4. In conclusion, successful treatment of MRSA bacteremia 
and endocarditis depends on establishing the extent 
of disease, containing the source of infection, and 
identifying and addressing disease complications. 
Clinicians should follow-up blood and abscess cultures 
and request susceptibilities for drug MICs in S. aureus
isolates. S. aureus bacteremia should be treated with 
intravenous therapy for an appropriate duration. Finally, 
to improve outcomes associated with MRSA bacteremia 
and endocarditis, clinicians need an earlier and more 
accurate diagnosis, more potent therapy including 
immunomodulators and vaccines, and improved study 
design in future clinical trials to determine the most 
eff ective therapy.
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