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Background. Based primarily on in vitro and animal models, with little data directly addressing patient outcomes, current 
guidelines recommend treating staphylococcal prosthetic valve endocarditis (PVE) with antibiotic combinations including 
gentamicin and rifampin. Here, we synthesize the clinical data on adjunctive rifampin and gentamicin in staphylococcal PVE.

Methods. We conducted a systematic review and meta-analysis of PubMed- and Cochrane-indexed studies reporting outcomes 
of staphylococcal PVE treated with adjunctive rifampin, gentamicin, both agents, or neither (ie, glycopeptide or β-lactam 
monotherapy). We recorded outcomes including mortality, relapsed infection, length of stay, nephrotoxicity, hepatotoxicity, 
and important drug–drug interactions (DDIs).

Results. Four relevant studies were identified. Two studies (n = 117) suggested that adding gentamicin to rifampin-containing 
regimens did not reduce clinical failure (odds ratio [OR], 0.98 [95% confidence interval {CI}, .39–2.46]), and 2 studies (n = 201) 
suggested that adding rifampin to gentamicin-containing regimens did not reduce clinical failure (OR, 1.29 [95% CI, .71–2.33]). 
Neither gentamicin nor rifampin was associated with reduced infection relapse; 1 study found that rifampin treatment was 
associated with longer hospitalizations (mean, 31.3 vs 42.3 days; P < .001). Comparative safety outcomes were rarely reported, 
but 1 study found rifampin to be associated with hepatoxicity, nephrotoxicity, and DDIs, leading to treatment discontinuation 
in 31% of patients.

Conclusions. The existing clinical data do not suggest a benefit of either adjunctive gentamicin or rifampin in staphylococcal 
PVE. Given that other studies also suggest these agents add nephrotoxicity, hepatoxicity, and risk of DDIs without benefit in 
staphylococcal endovascular infections, we suggest that recommendations for gentamicin and rifampin in PVE be downgraded 
and primarily be used within the context of clinical trials.
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Prosthetic valve endocarditis (PVE) is a serious infection with 
44% of patients requiring surgical treatment and a 37% in- 
hospital mortality in 1 recent multicenter study [1]. 
Coagulase-negative staphylococci (CoNS) and Staphylococcus 
aureus are the most common causes of PVE, representing 
about a quarter and a sixth of cases, respectively [1]. Despite be-
ing common and associated with significant morbidity and 

mortality, treatment recommendations for staphylococcal 
PVE have evolved little over the past 4 decades. A prime exam-
ple of this stagnation is the persistent recommendation to add 
adjunctive gentamicin and/or rifampin to β-lactam or 
glycopeptide-based therapy [2–5]. These recommendations, 
which date back to the 1980s, are considered class I, level B rec-
ommendations in both US and European guidelines [2–4]. The 
supporting data are mainly in vitro and from animal models 
with extrapolation of studies of CoNS to S aureus infections 
[6, 7]. There is limited clinical validation. Specifically, the 
only clinical data the joint American Heart Association/ 
Infectious Diseases Society of America (AHA/IDSA) guidelines 
cite is a retrospective review of 61 surgically removed prosthetic 
valves with endocarditis [8]. This study found an increased 
likelihood of culture-negative valves with combination therapy, 
but used neither modern culture techniques (eg, sonication) 
nor describe the impact on important clinical outcomes, such 
as treatment-related toxicities, microbiologic relapse, or mor-
tality [8].
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Despite the lack of supportive clinical evidence, the AHA/ 
IDSA guidelines justify recommendations for combination 
treatment as due to the high mortality of staphylococcal PVE 
[3]. However, the “more is better” justification for combination 
treatment of PVE has not been borne out in other studies of 
combination treatment with either rifampin or gentamicin 
for S aureus native valve endocarditis (NVE) or bacteremia 
[9–13]. Likewise, various other antibiotic combinations have 
not found a mortality difference in S aureus bacteremia, al-
though the ongoing international Staphylococcus aureus 
Network Adaptive Platform Trial seeks to answer whether ad-
junctive cefazolin to vancomycin or daptomycin is beneficial in 
methicillin-resistant S aureus bacteremia, including endocardi-
tis [14–17]. Rifampin is used frequently in other staphylococcal 
infections involving prostheses, for example, prosthetic joint 
infections (PJIs), for its biofilm activity based on similar animal 
models, inconsistent evidence of benefit in observational stud-
ies, and one 33-patient clinical trial comparing rifampin- 
ciprofloxacin to ciprofloxacin monotherapy [6, 7, 18]. 
However, for PJIs, rifampin showed limited to no benefit in a 
larger and more recent randomized clinical trial and a recent 
meta-analysis [19, 20].

Concerningly, some observational studies suggest that the 
use of adjunctive aminoglycosides and rifampin for staphylo-
coccal endovascular infections may cause harm (eg, nephrotox-
icity, significant drug–drug interactions [DDIs], and 
hepatotoxicity) [9–12] for which this risk may be increased 
for older adults with preexisting comorbidities and polyphar-
macy. To better inform clinical decision making, we performed 
a systematic literature review of the clinical efficacy and safety 
of staphylococcal PVE treatment with β-lactams or vancomy-
cin given with or without gentamicin and/or rifampin adjunc-
tive therapy.

METHODS

Study Question

We developed the following population, intervention, control, 
and outcome (PICO) question to guide our literature search:

In adults with PVE due to staphylococci treated with 
β-lactam or glycopeptide antibiotics, does the addition of gen-
tamicin alone (group 1), rifampin alone (group 2), or gentami-
cin plus rifampin in combination (group 3) versus β-lactam or 
glycopeptide monotherapy (group 4) result in lower mortality 
(any definition), lower rates of repeat surgery, lower rates of en-
docarditis relapse (any definition), or reduced length of hospi-
talization or result in higher rates of nephrotoxicity, 
hepatotoxicity, or significant DDIs?

We included studies with comparative clinical data address-
ing the PICO question, including observational (case-control 
and cohort) and randomized trials. We excluded reviews or 
viewpoint articles without original data, case reports, or studies 

presenting only in silico, in vitro, or animal data. We also ex-
cluded papers that did not provide outcomes stratified by anti-
microbial regimen, precluding between-group comparisons. 
Given the paucity of data identified with our initial search 
and prior to any meta-analysis, we made the post hoc decision 
to expand our PICO question to include any studies comparing 
the addition of rifampin and/or gentamicin to regimens with-
out 1 or both of those agents (ie, any comparison between 2 
or more of groups 1–4) [16, 17].

Literature Search

We searched the PubMed and Cochrane Library for studies on 
use of adjunctive gentamicin or rifampin for staphylococcal 
PVE from inception to 1 September 2021; we performed an up-
dated search on 1 April 2022. Our search query was [(endocar-
ditis OR valve) AND (staphylococcus OR aureus OR 
coagulase-negative) AND (rifampin OR rifamycin OR genta-
micin OR aminoglycoside) AND (mortality OR surgery OR re-
lapse OR cure OR length of stay OR hospital days OR duration 
of hospitalization OR acute kidney injury OR nephrotoxicity 
OR hepatotoxicity OR drug interaction)]. This review was 
not prospectively registered.

Study Selection

Two independent reviewers (J. H. R. and T. C. L.) screened each 
title and abstract for initial eligibility based on our selection cri-
teria, then these reviewers performed a full text review to deter-
mine final study eligibility. Disagreements were resolved by a 
third reviewer (N. W. C.-P. or S. Y. C. T.). N. W. C. screened 
the updated search.

Data Extraction

J. H. R. extracted data from eligible articles including the au-
thor, year of publication, number of patients treated with con-
trol (β-lactam or glycopeptide monotherapy), number of 
patients treated with intervention (gentamicin plus rifampin, 
gentamicin alone, or rifampin alone), number of patients who 
received surgery, mortality outcomes, repeat surgery, recur-
rent infection, hospital length of stay, nephrotoxicity, hepato-
toxicity, and significant DDIs. We included each of these 
outcomes through the maximum period of follow-up 
reported.

Assessment of Bias

J. C. G. assessed risk of study bias with the 9-point 
Newcastle-Ottawa Scale designed for case-control and cohort 
studies, as no randomized trials were identified [21]. As there 
is no defined cutoff for this scale, we used scores of 7–9 as 
low risk for bias, 4–6 as moderate risk of bias, and 0–3 as 
high risk of bias, similar to a prior meta-analysis [22].
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Data Analysis

N. W. C.-P. performed statistical analyses in Review Manager 
(RevMan) version 5.4 (Cochrane Collaboration, 2020) and 
Microsoft Excel software. In the meta-analyses, pooled event 
rates with 95% confidence interval (CI) were assessed using a 
random-effects model. Between-study heterogeneity was as-
sessed using the I2 statistic.

RESULTS

We performed a systematic review of the literature according to 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines [23]. Our literature re-
view identified 311 articles, of which 4 met our inclusion crite-
ria (Figure 1). Our search yielded only 1 retrospective study 
with 46 patients addressing the initial PICO question [24]. 
The post hoc expansion of the PICO question (ie, to include 
any study comparing 2 or more of groups 1–4 as defined above) 
yielded an additional 3 studies totaling 297 patients, of which 1 
study was published in the same year by the same authors as 
the first identified study, with an apparent overlap in patients 
[25–27]. All 4 included studies are summarized in Table 1. 

All studies had a moderate risk of bias with scores of 5–6, 
shown in Table 1.

The 4 included studies were conducted between 1975 and 
2018 with no studies collecting data between 1980 and 2000 
[24–27]. One study (n = 46) addressed the comparison of treat-
ment groups 1–4 [24]. Two studies (n = 23 and n = 94) evaluat-
ed a comparison of treatment group 2 to 3 [26, 27]. One study 
(n = 180) compared treatment group 1 to 3 [25]. In total, only 1 
study reported outcomes of staphylococcal PVE treatment 
without rifampin or gentamicin, with just 10 patients receiving 
β-lactam or vancomycin monotherapy [24].

Of the 343 isolates reported in the 4 studies, 154 (44.9%) 
were S aureus and 189 (55.1%) CoNS. Three studies (n = 249) 
reported methicillin resistance in S aureus or CoNS in 125 
(50.2%) isolates [24, 25, 27]. Among 3 studies (n = 163) report-
ing the glycopeptide or β-lactam backbone therapy used in each 
regimen, 94 (57.7%) received a glycopeptide and 69 (42.3%) re-
ceived a β-lactam [24, 26, 27]. Rifampin was used in 242 of 343 
(70.3%) patients in the 4 studies [24–27]. Gentamicin was given 
in 286 of 343 (83.4%) patients among 4 studies reporting this 
agent [24–27]. Surgery was performed in 137 of 343 patients 
(39.9%) across the 4 studies; timing of surgery was after a 
mean/median 2 weeks of antibiotic therapy in 2 studies, after 
a median of 1 week of antibiotics in 1 study, and unreported 
in 1 study [24–27].

Definitions for diagnosis of PVE varied between studies. The 
2 papers by Karchmer [24, 27], which predate the modified 
Duke criteria [28], defined PVE as at least 2 of 3 features: com-
patible clinical illness, 2 or more positive blood cultures, and/or 
histopathologic evidence of endocarditis. The 2 more contem-
porary studies [25, 26] defined possible or definitive PVE via 
modified Duke criteria. Assessments of treatment failure and 
mortality were also heterogeneous. Two studies used a compos-
ite “treatment failure” primary outcome that included recur-
rence, all-cause mortality during PVE treatment, and 
PVE-related mortality at 3 months [24, 27]. The other 2 studies 
reported all-cause in-hospital and 1-year mortality [25, 26].

Prespecified efficacy outcomes are given in Table 2. 
Meta-analyses using 1-year mortality as the primary outcome 
had wide confidence intervals (CIs) including both benefit 
and harm when comparing both adjunctive gentamicin and ri-
fampin (group 3) versus adjunctive rifampin alone (group 2) 
(2 studies; n = 117; odds ratio [OR], 0.98 [95% CI, .39–2.46]); 
both adjunctive gentamicin and rifampin (group 3) versus ad-
junctive gentamicin alone (group 1) (2 studies; n = 201; OR, 
1.29 [95% CI, .71–2.33]); and both adjunctive gentamicin and 
rifampin (group 3) versus single or no adjunctive antibiotics 
(groups 1, 2, and 4) (3 studies; n = 320; OR, 1.18 [95% CI, .7– 
1.96]). Forest plots of these comparisons are given in 
Supplementary Figures 1–3. All comparisons were without sig-
nificant heterogeneity (I2 = 0%). No studies reported rates of 
repeat surgery as an outcome. Two studies found no difference 

All articles identified in PubMed and 
Cochrane from inception to 

1 September 2021: 311

Duplicates removed: 2

Articles with titles and abstracts 
reviewed: 309

Full text review: 19

Excluded after title/
abstract review: 290

Excluded on full text 
review: 15

- Outcomes not 
stratified by drug 
and/or NVE vs 
PVE: 9

- No PVE: 6

Total included studies: 4

Updated literature search from 
1 September 2021 to 1 April 2022:

0 additional studies added after 
title/abstract review

Figure 1. Systematic review flowchart. Abbreviations: NVE, native valve endo-
carditis; PVE, prosthetic valve endocarditis.
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in rates of relapse or recurrence; in the first, no patient experi-
enced relapse or recurrence rate either with or without addition 
of gentamicin, and in the second, 7 of 79 patients not receiving 
rifampin experienced relapse or recurrence versus 6 of 101 who 
received rifampin (5.9% vs 8.9%; P = .45) [25, 26]. Only 1 study 
reported length of stay as an outcome, finding that rifampin 
compared to no rifampin use resulted in a significantly longer 
length of stay (mean, 42.3 vs 31.3 days; P < .001) [25].

Safety outcomes were reported in 2 studies [25, 26]. For 
nephrotoxicity, 1 study compared adjunctive gentamicin and 
rifampin (group 3) versus rifampin alone (group 2), which 
was similar between groups (54.5% vs 52.9%; P = .904) [26]. 
This same study also reported a single patient with hepatotox-
icity attributed to rifampin requiring treatment discontinua-
tion. A different study comparing rifampin and gentamicin 
(group 3) to gentamicin alone (group 1) found rifampin had 
to be discontinued in 31 of 101 (30.7%) patients, including 11 
due to hepatotoxicity and 2 for nephrotoxicity [25]. Rates of 
DDIs, including effects on anticoagulation, were reported in 
1 study comparing rifampin and gentamicin (group 3) to gen-
tamicin alone (group 1), finding 15 of 35 (42.9%) patients treat-
ed with rifampin and a vitamin K antagonist to have vitamin K 
antagonist imbalances compared to 6 of 27 (22.2%) in the gen-
tamicin only arm (P = .15) [25]. Four additional patients had 
other DDIs with rifampin [25]. Other reports of toxicity were 
not comparative in nature, as they only reported rates of the 
event in the additional adjunctive antibiotic arm.

DISCUSSION

Our systematic review highlights the paucity of clinical data to 
support the current guideline-recommended treatment regi-
mens for staphylococcal PVE. We identified only 4 relevant 
studies, all retrospective and observational in design. The 2 
more recent, larger studies reported no difference in outcomes 
for patients receiving rifampin or no rifampin (both groups re-
ceived gentamicin) [25] or for patients receiving gentamicin or 
no gentamicin (both groups received rifampin) [26] The 2 old-
er studies were published in 1983 and included 23 and 46 pa-
tients with methicillin-resistant Staphylococcus epidermidis 
(MRSE) infections only and also did not demonstrate statisti-
cally significant differences in outcome for any comparison 
[24, 27] Moreover, it is possible that the 23 patients in the first 
study are a subset of the 46 patients reported in the second 
study, as both were derived from a cohort of 70 patients with 
S epidermidis PVE between 1975 and 1980 recruited at the 
same 3 hospitals by the same authors. The 46 patients included 
all those with MRSE infections and the 23 patients appear to be 
a subset treated with rifampin. Ten of these 46 patients received 
monotherapy without rifampin or gentamicin, and in fact, 4 of 
these 10 patients received ineffective therapy, in that they were 
treated with a β-lactam agent alone for a MRSE infection. Ta
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Therefore, it appears the initial 1989 AHA guideline recom-
mendations for and subsequent practice of combination thera-
py in staphylococcal PVE might be based on retrospective 
comparisons involving only 6 patients who received appropri-
ate monotherapy without an adjunctive agent [4].

In addition to the finding that none of these studies clearly 
demonstrate a clinical benefit to combination therapy, they 
have several significant limitations: their observational nature, 
small sample sizes, inconsistent stratification of outcomes with 
S aureus versus CoNS and methicillin-susceptible versus 
methicillin-resistant isolates, heterogeneous definitions of 
PVE and mortality outcomes, and incomplete reporting of tox-
icities. Additionally, these studies span over 40 years, during 
which other aspects of PVE treatment, including diagnosis, an-
tibiotic options, dosing regimens, surgical management (eg, 
types of mechanical valves and techniques), and critical/sup-
portive care, have greatly evolved.

Nearly 40% of patients included in the studies in this review 
were managed surgically. The theoretical benefit of rifampin is be-
lieved to be strongest in the setting of retained hardware given the 
biofilm activity demonstrated in animal models. With removal of 
the infected valve and corresponding vegetation, adjunctive anti-
biotics for biofilm activity are likely not biologically plausible or 
necessary. One study including surgically managed staphylococ-
cal NVE and PVE (52.4% PVE) found no benefit to adjunct rifam-
pin for reoperation-free survival, although outcomes were not 
stratified by NVE versus PVE [29]. Our review does not address 
this question, but future studies should further attempt to stratify 
outcomes between surgically managed and medically treated pop-
ulations, as the benefit, if any, is most likely to be apparent in the 
medically treated population.

We have found that the history of combination therapy rec-
ommendations in the AHA/IDSA and European Society of 
Cardiology guidelines are based on expert opinion, foreign- 
body infection animal models with culture-based outcomes, 
or clinical studies that do not evaluate clinically relevant out-
comes (eg, mortality and toxicity) [2, 3, 6–8]. Nonetheless, 
these guideline recommendations have significant uptake, as 

a 2020 survey of 557 infectious diseases physicians found 
66% used aminoglycosides and 93% used rifampin for staphy-
lococcal PVE [30]. The AHA/IDSA guidelines, which were 
published prior to the 2 largest retrospective studies in this re-
view, neither demonstrating benefit of combination therapy 
with gentamicin or rifampin, give combination therapy for 
staphylococcal PVE a class I (benefits much greater than risks) 
recommendation with a level of evidence of B (data derived 
from observational studies or a single randomized or non-
randomized trial). However, the supporting data do not 
support these classifications of recommendations. Rather, the 
recommendation likely fits within class III-B (no clear benefit 
or harm in observational studies). A Grading of 
Recommendations Assessment, Development, and Evaluation 
(GRADE) assessment would rate this certainty of evidence as 
very low (observational studies downgraded for study limita-
tions, indirectness of evidence, and imprecision of results); 
modern IDSA guidelines for other infections examining thera-
peutics with similarly uncertain data for benefit and known po-
tential harms have recommended against use of such agents 
“outside the context of a clinical trial” [31, 32].

Guideline recommendations based on low-quality evidence, 
especially nonclinical evidence, should heed caution, as the his-
tory of low-quality guideline-based recommendations is 
fraught with examples of resultant harm [33]. Furthermore, 
prior randomized controlled trials of S aureus bacteremia for 
rifampin and gentamicin combination therapy have not dem-
onstrated superiority to monotherapy [11, 34]. Undoubtedly, 
recommendations to use rifampin and gentamicin could be 
seen more favorably if neither agent was associated with harms. 
However, several studies have documented the potential for se-
rious adverse events attributable to these agents, namely neph-
rotoxicity, ototoxicity, hepatotoxicity, and significant DDIs 
(notably, anticoagulation in the setting of prosthetic valves 
and methadone use for treatment of concomitant opioid use 
disorder) [9–12, 34].

Limitations of this systematic review include the ability to 
draw conclusions with a small number of identified studies 

Table 2. Efficacy Outcomes

Study [Reference]

Primary 
Outcome 
Definition

Primary Outcome
Relapse/ 

Recurrence, No. 
(%)

Hospital LOS, 
d

Group 4: BL/Gly 
Alone, No. (%)

Group 1: Gent + 
BL/Gly, No. (%)

Group 2: Rif + 
BL/Gly, No. (%)

Group 3: Rif + Gent + 
BL/Gly, No. (%)

Karchmer et al, 1983 [27] Failure NR NR 5/15 (33.3) 2/8 (25) NR NR

Karchmer et al, 1983 [24] Failure 5/10 (50) 3/13 (23.1) 5/15 (33.3) 2/8 (25) NR NR

Ramos-Martínez et al,  
2018 [26]

1-y all-cause 
mortality

NR NR 8/17 (47.1) 38/77 (49.4) No Gent: 0/17 (0)  
Gent: 0/77 (0)

NR

Le Bot et al, 2021 [25] 1-y all-cause 
mortality

NR 25/79 (31.6) NR 38/101 (37.6) No Rif: 7/79 (8.9)  
Rif: 6/101 (5.9)

No Rif: 31.3a  

Rif: 42.3a

No study reported repeat surgery outcomes. “Failure” was defined as composite of recurrence and death at up to 3 months. Abbreviations: BL, β-lactam; Gent, gentamicin; Gly, glycopeptide; 
LOS, length of stay; NR, not reported; Rif, rifampin.  
aThis outcome was significantly different between the 2 groups (P < .001 by exact t test).
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with heterogeneous outcomes. No randomized controlled trials 
were identified, and the overall quality of evidence included is 
very low with a moderate risk of bias. Additionally, we did not 
request data from authors of reports that did not stratify their 
outcomes by drug or by separating NVE or PVE, so there may 
exist further unpublished data in particular subgroups. 
Strengths of this review include the systematic nature and the 
focus on staphylococcal PVE combination therapy, as prior re-
views are either narrative in approach or included NVE and 
nonstaphylococcal endocarditis [35, 36].

We believe that equipoise exists for future clinical trials in-
vestigating whether adjunctive rifampin or gentamicin should 
be given in staphylococcal PVE. The widespread adoption of 
this practice despite the extant data demonstrating potential 
harm of combination therapy likely requires a well-designed 
trial to understand whether a mortality benefit is worth the as-
sociated risks. Carefully designed retrospective studies with 
large sample sizes from multicenter databases could also ad-
vance the science on this topic, as there is no clear retrospective 
evidence of a benefit to combination therapy in small and 
flawed studies, and small sample sizes have hampered assess-
ment of the combination therapy’s potential harms. However, 
retrospective studies are likely to be hampered by biases, in par-
ticular, immortal time bias and confounding by indication. 
Future studies should include a control arm (no gentamicin 
or rifampin) and describe a clear mortality outcome at relevant 
time points (eg, all-cause in-hospital, 90-day mortality, and 
1-year mortality). Additional data points should include recur-
rent infection rates, rates of unplanned cardiac surgery, and 
evaluation of toxicities in both control and treatment groups, 
eg, acute kidney injury, need for hemodialysis, DDIs (especially 
anticoagulation and methadone), hepatotoxicity, ototoxicity, 
and early cessation of therapy. Last, outcomes should be strat-
ified by surgical management.

In conclusion, we found no evidence of clinical benefit from 
combination gentamicin and/or rifampin therapy for staphylo-
coccal PVE within the existing, limited literature, and point out 
multiple observational and prospective studies suggesting that 
unnecessary use of these adjunctive agents can cause harm. 
Given the widespread adoption of this regimen despite the ab-
sence of evidence, we suggest prospective, randomized investi-
gation of adjunctive rifampin and/or gentamicin for 
staphylococcal PVE to determine if in vitro and in vivo benefits 
translate to patients and to quantify the magnitude of toxicities. 
Until that study has been published, perhaps the guideline rec-
ommendations should be downgraded, and these agents should 
not continue to be generally used outside the context of a clinical 
trial.
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