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Background. There remains a lack of consensus regarding the postoperative treatment regimen in patients with native valve 
Staphylococcus aureus infective endocarditis who undergo surgical valve replacement or repair.

Methods. We conducted a multicenter retrospective review of patients with S aureus native valve endocarditis who underwent 
surgical valve replacement or repair at Mayo Clinic Enterprise (Minnesota, Florida, Arizona, and Mayo Clinic Health Systems) 
between 1 January 2012 and 31 December 2022. Postoperative treatment regimens were classified as either monotherapy with a 
methicillin-sensitive or methicillin-resistant S aureus active agent or combination therapy that included rifampin and/or 
gentamicin with either active agent.

Results. Of the 339 patients diagnosed with S aureus native valve endocarditis, 61 underwent surgical valve replacement or 
repair within the initial 6 weeks of antimicrobial therapy. A total of 12 (20.2%) patients died during the 1-year follow-up period. 
Between patients postoperatively treated with monotherapy (n = 33) and combination therapy (n = 28), a propensity score– 
weighted analysis revealed that combination therapy was associated with increased risk of 1-year mortality (P = .039), 6-month 
relapse (P = .016), and treatment-related adverse events (P < .001).

Conclusions. Among patients treated for native valve infective endocarditis caused by S aureus after valvular surgical 
intervention, all study outcomes—adverse events and drug-drug interactions, 6-month infective endocarditis relapse, and 1-year 
mortality—were higher in the combination therapy group than the monotherapy group.
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The 2015 American Heart Association scientific statement on 
infective endocarditis (IE) recommends a 6-week course of 
therapy for Staphylococcus aureus IE [1]. Monotherapy is rec
ommended in native valve endocarditis (NVE) with a 
methicillin-susceptible S aureus (MSSA) active agent or a 
methicillin-resistant S aureus (MRSA) active agent. However, 
in prosthetic valve endocarditis (PVE), the addition of oral ri
fampin and intravenous gentamicin is recommended [1].

A common clinical dilemma occurs when a patient with 
S aureus NVE (SANVE) undergoes surgical valve replacement 
or repair during the first 6 weeks of intravenous antimicrobial 
therapy: should the postoperative treatment regimen change 
from NVE to PVE from monotherapy to combination therapy? 
The 2015 American Heart Association scientific statement 
lacked a consensus regarding this clinical question as limited 
evidence evaluating outcomes exists: “For patients with NVE 
who undergo valve resection with prosthetic valve replacement 
or repair with an annuloplasty ring, there is a lack of consensus 
as to whether the postoperative treatment regimen should be 
one that is recommended for PVE treatment rather than one 
that is recommended for native valve treatment” [1]. The 
2023 European Society of Cardiology guidelines for the man
agement of endocarditis recommend that the postoperative an
tibiotic regimen be that for NVE and not PVE, in cases of NVE 
requiring prosthesis during antibiotic therapy [2]. Moreover, 
the efficacy and safety of combination therapy as compared 
with monotherapy have garnered more attention recently [3, 
4]. Synergistic regimens with aminoglycosides and rifampin re
main widely used in clinical practice, despite a dearth of 
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definitive evidence showing benefit in human trials [4]. 
Furthermore, the employment of these adjunctive agents is 
fraught with adverse events (AEs), drug-drug interactions 
(DDIs), and antimicrobial resistance [5–8].

We therefore conducted a multicenter retrospective review 
of patients with SANVE who underwent surgical valve replace
ment or repair surgery within 6 weeks of IE diagnosis treated 
across the Mayo Clinic Enterprise, and we conducted a com
parative treatment analysis on clinical outcomes. We sought 
to ascertain if there were variations in outcomes for patients 
who had surgical intervention with valve replacement or repair 
for SANVE, depending on the type of postoperative antibiotic 
treatment administered.

METHODS

Study Design and Population

We conducted a retrospective multicenter cohort study of pa
tients admitted with SANVE at Mayo Clinic Enterprise facili
ties in Minnesota, Florida, Arizona, and Mayo Clinic Health 
Systems from 1 January 2012 through 31 December 2022. 
The study was deemed exempt by the institutional review board 
(23-008894). To identify eligible participants, an institutional 
IE database was used. We verified if cases were confirmed, us
ing the 2023 Duke–International Society for Cardiovascular 
Infectious Diseases criteria for definitive endocarditis [9]. 
Additionally, we reviewed the pathology records of patients 
who underwent valve surgery after being diagnosed with 
SANVE. Patients aged ≥18 years who underwent valve replace
ment or repair within 6 weeks of antibiotic initiation for 
SANVE were included. Patients had to receive at least 1 day 
of antibiotic treatment postoperatively after valve surgery to 
be included in the analysis. Patients who had polymicrobial in
fection, those who underwent surgical intervention beyond 
6 weeks of antibiotic exposure for IE, and Minnesota patients 
without research authorization were excluded.

Definitions and Outcomes

Time zero was considered the date that the patient first received 
antibiotic therapy after surgical intervention, and treatment 
was classified as monotherapy vs combination therapy, accord
ing to the type of regimen that was initiated. The monotherapy 
group comprised patients receiving only backbone therapy 
with an MSSA or MRSA active agent. The combination group 
included those receiving backbone therapy with an MSSA or 
MRSA active agent with adjunctive rifampin and/or gentami
cin. MSSA active agents consisted of antistaphylococcal peni
cillin (eg, oxacillin, cefazolin, nafcillin) and oral cefadroxil. 
MRSA active agents included vancomycin, daptomycin, doxy
cycline, and linezolid. In cases with a contraindication to anti
staphylococcal penicillin, vancomycin and daptomycin were 
considered MSSA active agents.

In the combination group, start date (time zero) was consid
ered the day when all the drugs were started, and the duration 
spanned the period that the patient was receiving all the com
ponents of the regimen. Antibiotic-related AEs were not pre
specified. They were abstracted from chart review per 
clinician assessment of documentation. All the patients in 
our health care system undergo pharmacy review and counsel
ing when they are prescribed rifampin/gentamicin and are 
linked to the outpatient parenteral antibiotic therapy (OPAT) 
program at dismissal. The OPAT team, which comprises a phy
sician/advanced practitioner, a nurse, and an infectious diseas
es pharmacist, monitors the patient closely until completion of 
the antimicrobial course, with clear documentation of the ther
apy, including AEs, DDIs, and any changes. Patient charts were 
extensively reviewed to look for possible confounders, the indi
cation for discontinuation of the antibiotic, and reversal of the 
AE with discontinuation of the offending antibiotic where ap
plicable. Regarding DDIs, a similarly detailed chart review was 
conducted and cross-verified with OPAT records. The primary 
outcomes of interest were 1-year mortality and 6-month re
lapse. Patients were followed up for all-cause mortality through 
the Mayo Clinic’s electronic medical record system. For 1-year 
mortality analyses, follow-up time was censored at last patient 
contact or at 1 year from treatment start, whichever occurred 
first. IE relapse was defined as IE due to the same bacterial spe
cies within 6 months of surgery. We explored whether certain 
types of combination therapy could be driving outcomes within 
the combination therapy group. For the purposes of compari
son, the 2 subgroups receiving an MSSA/MRSA active agent 
plus gentamicin with or without rifampin were collapsed 
into a single subgroup and contrasted with the subgroup re
ceiving an MSSA/MRSA active agent plus rifampin without 
gentamicin.

Statistical Analysis

Descriptive statistics on baseline data were calculated as 
median (IQR) for continuous variables and percentages for 
categorical variables. For follow-up outcomes (ie, 1-year mor
tality, 6-month relapse), time-to-event analysis based on 
Kaplan-Meier and Cox proportional hazards regression meth
ods was used to describe cumulative event rates as a function of 
follow-up time and treatment group.

For the purposes of these analyses, patients were assigned to 
the treatment group (combination therapy or monotherapy) 
defined by the initial regimen given, regardless of subsequent 
crossovers, and their follow-up for outcomes was started with 
the initiation of treatment as time zero. In addition to unadjust
ed outcome analyses, the treatment comparisons were subject
ed to propensity score (PS) adjustment to control for potential 
confounders that may have influenced selection of therapy. The 
PS for treatment is the model-estimated probability that a pa
tient will receive a specific therapy given one’s baseline 
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characteristics. To this end, the propensity to receive combina
tion therapy (vs monotherapy) was modeled in a multivariable 
logistic regression model with 7 covariates chosen a priori as 
potentially relevant to the selection of therapy: age, sex, 
injection drug use (IDU), prior hospitalization, Charlson 
Comorbidity Index, chronic hemodialysis (HD), and glomeru
lar filtration rate. To adjust for these potential confounding ef
fects in the outcome modeling, the estimated PSs were used as 
sampling weights based on inverse probability weighting. This 
weighting approach uses the full study population and weights 
patients by the inverse of their PSs to create balanced 
pseudo-populations.

The weighted logistic or Cox regression models were applied 
to the study outcomes with a robust sandwich variance estima
tor to account for uncertainty in the derivation of the weights. 
Covariate balance was examined before and after PS weighting 
by standardized mean difference measures, which computed 
the difference in mean rankings or proportions between groups 
in units of the pooled standard deviation. An absolute value 
<0.10 was considered well balanced for that specific covariate, 
while an absolute value <0.20 was considered acceptable. All 
analyses were done in R version 4.2.2.

RESULTS

Of the 339 patients who were diagnosed with SANVE, we iden
tified 61 who underwent surgical intervention for these analy
ses (Table 1). The causative pathogens were identified as MSSA 
in 52 (85.2%) and MRSA in 9 (14.8%). Overall there were 26 
(42.6%) women, the median age was 54 years (IQR, 42–64), 
and the majority (89.1%) of the patients were White. Sixteen 
(26.2%) patients had a history of active IDU and 19 (31.1%) 
had ongoing HD requirements. Patients typically had few co
morbidities as indicated by low Charlson Comorbidity Index 
scores (IQR, 0–2). Left-sided valvular IE was noted in 56 pa
tients (91.8%), with surgical intervention involving the mitral 
valve in 36 (64.3%) and aortic valve in 34 (60.7%). Among pa
tients with infected valves, 49 (80.3%) underwent replacement, 
and the remainder had repair with implantation of prosthetic 
ring or clip. Multivalvular surgery was performed in 20 
(31.3%) patients. The median duration between IE diagnosis 
and surgical intervention was 9 days (IQR, 6–14). Patients 
were categorized into 2 groups based on postoperative antibiot
ic regimen. The monotherapy group comprised 33 patients, 
while the combination group had 28 patients. In the combina
tion group, 18 patients received adjunctive rifampin, 2 received 
adjunctive gentamicin, and 8 received rifampin and gentamicin 
therapy with an MSSA/MRSA active agent. Antibiotic-related 
AEs were noted in 20 (32.8%) patients in total: 2 (6.1%) in 
the monotherapy group and 18 (64.3%) in the combination 
therapy group. AE-related antibiotic discontinuation occurred 
in 14 patients. One of these 14 patients was in the monotherapy 

group with MRSA, in whom exposure to vancomycin resulted 
in a severe cutaneous allergic drug reaction and required a 
switch to daptomycin. The remaining 13 patients belonged to 
the combination therapy group, in whom nafcillin was discon
tinued and switched to cefazolin in 2 patients due to heart 
failure, rifampin was discontinued due to severe drug rash 
(3 patients) and hepatotoxicity (5 patients), and gentamicin was 
discontinued due to auditory/vestibular toxicity (2 patients) 
and nephrotoxicity (4 patients). In these 13 patients, rash was 
seen concurrently with nephrotoxicity in 2 patients and hepa
totoxicity in 1 patient, and all 3 had improvement in rash 
upon discontinuation of rifampin. Antibiotic-related DDIs 
were observed in 20 patients, of whom 19 in the combination 
therapy group developed rifampin-related DDIs to warfarin 
(10 patients), clopidogrel (3 patients), hormonal contraceptives 
(2 patients), and phenytoin (2 patients), as well as direct oral 
anticoagulant, dolutegravir, and phenytoin (1 patient each). 
One patient had a DDI related to daptomycin with statin in 
the monotherapy group. Of these 19 patients (all in the combi
nation therapy group), 4 required discontinuation of antibiot
ics due to significant DDIs with warfarin (3 patients who did 
not reach therapeutic coagulation goals) and phenytoin (1 pa
tient with high risk of breakthrough seizures and intolerance to 
alternative anticonvulsants). Treatment-related data are shown 
in detail in Table 2.

A total of 12 patients died during the 1-year follow-up period 
(20.2% cumulative mortality at 1 year), and 11 deaths were at
tributable to the IE or its sequelae. Fourteen patients experi
enced IE relapse during the first 6 months of follow-up 
(23.8% cumulative incidence at 6 months). Of the 14 patients 
who developed IE relapse, 5 died within 3 days, and 3 others 
died within 1 year of their relapse. Kaplan-Meier curves showed 
a rapid rise in early mortality based on 2 deaths on day 6 in the 
combination therapy group (both patients had multiple septic 
emboli/infarcts and multiorgan failure) and 1 death in the 
monotherapy group (infected aortic aneurysm and hemorrhag
ic shock from an aortic cannulation bleed). All 3 of these 
patients with early deaths, within 7 days of surgery, were re
moved from the specific analysis. Similarly, there was 1 addi
tional patient with early relapse (day 7) who was undergoing 
combination therapy and seemed to recover from this relapse. 
Of the remaining patients, 9 of 26 (34.6%) in the combination 
group had <30 days of treatment regimen, as compared with 4 
of 32 patients (12.5%) in the monotherapy group. All 9 patients 
in the combination therapy group stopped rifampin/gentami
cin before the end of 30 days (range, 1–24). Two of these pa
tients had a relapse: 1 had a relapse on day 22 but stopped 
rifampin well before then, and 1 stopped rifampin a day before 
relapse.

In the unadjusted analysis, 1-year mortality was more likely 
(hazard ratio [HR], 6.3; 95% CI, 1.4–29.0; P = .017) to occur in 
the combination therapy group (10/28) than the monotherapy 
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group (2/33). Similarly, 6-month relapse was more likely (HR, 
5.6; 95% CI, 1.6–20.0; P = .008) to occur in the combination 
therapy (11/28) group than the monotherapy group (3/33; 
Supplementary Table 1, Supplementary Figure 1). Within the 
combination therapy group, patients who received gentamicin 
(n = 10) had high rates of antibiotic-related AEs (90.0%) and IE 
relapse (55.0% at 6 months; Supplementary Table 2).

Further analyses were performed to explore the possibility of 
treatment selection bias as an explanation for our unadjusted 
results. Namely, a PS-weighted analysis was used to correct 
for imbalances between treatment groups, based on 7 pre
specified factors possibly relating to the selection of patients 
for combination therapy. Unweighted comparisons of the 

individual variables demonstrated statistical imbalances be
tween the groups, as indicated by an absolute standardized dif
ference ≥0.2 in all 7 factors (range, 0.20–0.51). However, all 
were reasonably well balanced after PS weighting (range, 
0.03–0.11), including the PS itself, which dropped from an ab
solute standardized difference of 0.81 to 0.11 (Supplementary 
Table 3).

The improved comparability of the groups is further evi
denced by the narrowing of the difference in the weighted em
pirical cumulative distributive function curves by treatment 
group (Supplementary Figure 2). Consistent with the prior un
adjusted comparisons, the outcome analyses incorporating PS 
weighting showed significant differences in study outcomes 

Table 1. Baseline Characteristics of Patients in the Monotherapy and Combination Therapy Groups

Variable No.a Overall (n = 61) Monotherapy (n = 33) Combination Therapy (n = 28)

Age, y 61 54.4 (42.0–64.0) 50.1 (36.9–61.0) 55.9 (51.0–68.1)

Sex: male 61 57.4 (35) 66.7 (22) 46.4 (13)

Left-sided IE 61 91.8 (56) 84.8 (28) 100.0 (28)

Aortic valve 56 60.7 (34) 53.6 (15) 67.9 (19)

Mitral valve 56 64.3 (36) 67.9 (19) 60.7 (17)

Right-sided IE 61 21.3 (13) 21.2 (7) 21.4 (6)

Tricuspid valve 13 84.6 (11) 71.4 (5) 100.0 (6)

Solid organ transplant 61 4.9 (3) 3.0 (1) 7.1 (2)

Cardiac implantable electronic device 61 6.6 (4) 3.0 (1) 10.7 (3)

Congenital heart disease 61 13.1 (8) 15.2 (5) 10.7 (3)

Patent foramen ovale 61 33.3 (20) 30.3 (10) 37.0 (10)

Hospitalization prior to diagnosis 61 23.0 (14) 15.2 (5) 32.1 (9)

Type of valve surgery

Valve replacement 61 80.3 (49) 72.7 (24) 89.3 (25)

Valve repair 61 19.7 (12) 27.3 (9) 10.7 (3)

Days between IE diagnosis and valve surgery 61 9.0 (6.0–14.0) 9.0 (6.0–14.0) 9.5 (5.8–14.8)

Pathologic criteria metb 57 87.7 (50) 82.8 (24) 92.9 (26)

FDG-PET/CT with findings equivalent to echocardiography 61 3.3 (2) 0.0 (0) 7.1 (2)

Intraoperative evidence of IE 61 95.1 (58) 90.9 (30) 100.0 (28)

Minor criteria for predisposition 61 63.9 (39) 63.6 (21) 64.3 (18)

Fever 61 75.4 (46) 69.7 (23) 82.1 (23)

Vascular phenomena 61 86.9 (53) 87.9 (29) 85.7 (24)

Immunologic phenomena 61 23.0 (14) 24.2 (8) 21.4 (6)

Staphylococcal species

MSSA 61 85.2 (52) 90.9 (30) 78.6 (22)

MRSA 61 14.8 (9) 9.1 (3) 21.4 (6)

Charlson Comorbidity Index 61 0 (0–2) 0 (0–2) 1 (0–3)

Injection drug use 61 26.2 (16) 30.3 (10) 21.4 (6)

Hemodialysis 61 31.1 (19) 24.2 (8) 39.3 (11)

Glomerular filtration rate 61 55 (33–76) 59 (38–83) 52 (32–73)

Days between surgery and initiation of antibiotics 61 1.0 (1.0–1.0) 1.0 (1.0–1.0) 1.0 (1.0–1.2)

0 4.9 (3) 6.1 (2) 3.6 (1)

1 83.6 (51) 93.9 (31) 71.4 (20)

2 4.9 (3) 0.0 (0) 10.7 (3)

3 3.3 (2) 0.0 (0) 7.1 (2)

4 3.3 (2) 0.0 (0) 7.1 (2)

Values represent the median (IQR) for continuous variables and percentage (frequency) for discrete variables.

Abbreviations: FDG-PET/CT, fluorodeoxyglucose–positron emission tomography/computed tomography; IE, infective endocarditis; MRSA, methicillin (oxacillin)–resistant Staphylococcus 
aureus; MSSA, methicillin (oxacillin)–susceptible Staphylococcus aureus.
aNo. refers to the number of patients with available information.
bAll patients met the 2023 Duke–International Society for Cardiovascular Infectious Diseases criteria for definitive endocarditis.
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by treatment regimen. Postoperative management of endocar
ditis cases with combination therapy vs monotherapy was asso
ciated with an increased risk of 12-month mortality (HR, 4.4; 
95% CI, 1.1–18.2; P = .039), 6-month relapse (HR, 5.0; 95% 
CI, 1.4–18.6; P = .016), and on-treatment AEs (P < .001). A 
summary of the PS-weighted analyses of clinical outcomes is 
detailed in Figure 1 and Supplementary Table 4.

DISCUSSION

The results of our investigation highlight pertinent outcomes 
over the postoperative course of SANVE cases, including find
ings that combination vs monotherapy is associated with in
creased risks for 1-year mortality, 6-month IE relapse, and 
antibiotic-related AEs. Moreover, in the combination therapy 
group, gentamicin-containing regimens seemed to account 
for a higher rate of antibiotic-related AEs as compared with ri
fampin regimens. Our data suggest that patients with SANVE 
have better outcomes with monotherapy (MSSA/MRSA active 
agent) as compared with patients receiving combination treat
ment with adjunctive rifampin and/or gentamicin.

The lack of consensus in the 2015 American Heart 
Association scientific statement was primarily based on the 
fact that there were no clinical trial data to assist in securing 
consensus among writing group members. In a retrospective 
study of 53 patients with SANVE who underwent acute valve 
surgery, cure rates were similar regardless of the type of postop
erative regimen used, whether monotherapy with an MSSA/ 
MRSA active agent or combination therapy with gentamicin 
and/or rifampin. Of note, this investigation from our institu
tion included a cohort that preceded that in the present study 
[10]. In addition, in a review of 74 cases with SANVE, 
Drinkovic et al observed that combination therapy is not supe
rior to monotherapy in sterilizing infected valves [11].

The benefit-risk balance of an MSSA/MRSA active agent 
with an aminoglycoside regimen remains questionable, despite 
its synergy-driven rapid bactericidal activity for staphylococci. 
While this regimen may reduce the duration of bacteremia and 
more rapidly reduce elevated peripheral white blood cell 
counts, it is countered by a significant toxicity profile [12, 13] 
and no effect on mortality outcomes, as noted in 
prospective studies [14, 15]. A similar argument can be applied 

Table 2. Treatment-Related Data of Patients in the Monotherapy and Combination Therapy Groups

Characteristic No.a Overall (n = 61) Monotherapy (n = 33) Combination Therapy (n = 28)

Days of postoperative antibiotics 61 41.0 (38.0–42.0) 41.0 (34.0–42.0) 41.0 (38.8–42.2)

Duration of antibiotics <30 d 58 22.4 (13) 12.5 (4) 34.6 (9)

Antibiotics used for monotherapy 33

MSSA active agentb 84.8 (28) 84.8 (28) 0

MRSA active agentc 6.1 (2) 6.1 (2) 0

Otherd 9.1 (3) 9.1 (3) 0

Antibiotics used for combination therapy 28

MSSA/MRSA active agent + rifampin 64.3 (18) 0 64.3 (18)

MSSA/MRSA active agent + gentamicin 7.1 (2) 0 7.1 (2)

MSSA/MRSA active agent + rifampin + gentamicin 28.6 (8) 0 28.6 (8)

Positive bacterial blood culture at IE diagnosis 61 65.6 (40) 60.6 (20) 71.4 (20)

Antibiotic-related DAE 61 32.8 (20) 6.1 (2) 64.3 (18)

Heart failure 4.9 (3) 0.0 (0) 10.7 (3)

Nephrotoxicity 9.8 (6) 0.0 (0) 21.4 (6)

Vestibular toxicity 1.6 (1) 0.0 (0) 3.6 (1)

Auditory toxicity 3.3 (2) 0.0 (0) 7.1 (2)

Hepatotoxicity 8.2 (5) 0.0 (0) 17.9 (5)

Rash 11.5 (7) 6.1 (2) 17.9 (5)

Gastrointestinal distress 6.6 (4) 3.0 (1) 10.7 (3)

Othere 1.6 (1) 0.0 (0) 3.6 (1)

Antibiotic discontinued due to DAE 20 70.0 (14) 50.0 (1) 72.2 (13)

Antibiotic-related DDI 61 32.8 (20) 3.0 (1) 67.9 (19)

Antibiotic discontinued due to DDI 20 20.0 (4) 0.0 (0) 21.1 (4)

Values represent the median (IQR) for continuous variables and percentage (frequency) for discrete variables.

Abbreviations: DAE, drug adverse event; DDI, drug-drug interaction; MRSA, methicillin (oxacillin)–resistant Staphylococcus aureus; MSSA, methicillin (oxacillin)–susceptible Staphylococcus 
aureus.
aNo. refers to the number of patients with available information.
bMSSA active agent was an antistaphylococcal penicillin in all cases (nafcillin, oxacillin, cefazolin).
cMRSA active agent was vancomycin in both patients.
dTwo patients with MSSA and injection drug use were discharged with 4 weeks of oral cefadroxil after completing 14 days of cefazolin in the hospital; 1 patient with MSSA developed severe 
hives in response to vancomycin and oxacillin and switched to daptomycin on day 4.
eOne patient had oxacillin-related neutropenia.
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to rifampin-containing regimens. Placebo-controlled trials showed 
no difference in the clinical outcomes of participants with S aureus 
bacteremia who were treated with adjunctive rifampin in addition 
to an MSSA/MRSA active agent, with more AEs and DDIs in the 
rifampin group as compared with the placebo group [6].

Despite guideline recommendations, combination therapy 
for PVE has come under debate in recent years. The justifica
tion for recommending rifampin for staphylococcal PVE 
(SPVE) stems from its observed inhibitory impact on 

planktonic/replicating bacteria, which has been shown in mod
els of infection involving foreign bodies, orthopedic prostheses, 
and vascular implants [16–18]. The validity of this approach 
has been questioned, with recent data showing no difference 
in clinical outcomes in cases treated with or without adjunctive 
rifampin/gentamicin for SPVE [19, 20]. Rifampin’s activity on 
biofilm may not be justifiable in the postoperative period after 
surgical intervention in SPVE, as supported by the notion that 
surgery targets a decrease or removal of biofilm burden [21].

Figure 1. Comparison of unadjusted and PS-weighted analysis: A, 1-year mortality; B, 6-month infective endocarditis relapse. Shading indicates 95% CI. PS, propensity 
score.
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Overall, there is a relative scarcity of data validating currently 
recommended combination regimens with adjunctive rifampin 
and gentamicin in SPVE [22].

Interestingly, our study showed higher observed rates of re
lapse and mortality in the combination therapy group than in 
the monotherapy group, although unadjusted analyses cannot 
rule out the possible confounding influences of factors such 
as age, IDU, and HD. Statistical imbalances between these 
groups revealed a tendency for patients receiving combination 
therapy to be older, have an increased prevalence of HD, and a 
slightly lower prevalence of IDU as compared with patients re
ceiving monotherapy. However, even after correcting for im
balances by incorporating these risk factors into the PS and 
then weighting the data to make the groups comparable, the 
treatment differences in study outcomes remained consistent.

Contemporary data report a relapse rate of 2% to 8%, with an 
increased risk associated with IDU, surgical intervention, pro
longed bacteremia, among other factors [23–26]. IE in patients 
undergoing chronic HD is a known complication, frequently 
associated with staphylococci, synthetic grafts and venous cath
eters, and high mortality. While these associations have been 
described in older publications, there are scant data on recur
rent IE in the HD population that also underwent valve surgery 
[27–30].

The rapid rise of early mortality and relapse noted on 
Kaplan-Meier curves in the combination group could raise 
the possibility of immortal time bias and some degree of con
founding due to unmeasured covariates, despite our attempts 
to control for this in the PS analysis. The monotherapy and 
combination therapy groups were different in regard to timing 
of postoperative antibiotic initiation. The relative delay in time 
zero noted in the combination group is likely attributable to the 
delay in initiation of rifampin, due to enteral access issues and 
providers wanting to start the rifampin after blood culture 
clearance for fear of promoting selection of resistance. When 
we saw the full distribution of duration between surgery and 
treatment start in days for each group, the differences were 
not striking.

The retrospective design of our study comes with inherent 
measurement bias for antibiotic-related AEs and DDIs. There 
is an implicit limitation with PS analysis that important but un
measured covariates may exist that could negate our findings. 
Most of the existing data are from studies performed in cases 
of S aureus bacteremia, SANVE, or SPVE. The strength of 
our study is the focus on a niche study population: patients 
who underwent early surgical valvular intervention for 
SANVE. This focus resulted in a relatively small sample size, 
which makes therapeutic differences more difficult to detect. 
Despite the small sample, however, our study did find signifi
cantly worse outcomes after surgery in patients treated with 
combination therapy vs monotherapy. Another strength is 
the use of PS-weighted analyses to facilitate fair comparisons, 

which showed that worse outcomes with combination therapy 
persisted.

CONCLUSIONS

In conclusion, we found that patients treated with a postoper
ative regimen with combination therapy experienced worse 
outcomes as compared with monotherapy for SANVE after 
surgical valve replacement or repair. A review of existing, albeit 
limited, data does not justify the use of combined gentamicin 
and/or rifampin for SANVE after surgical intervention. 
Additionally, observational and prospective studies indicate 
that unnecessary usage of these adjunctive agents may be harm
ful, consistent with our findings. Given the lack of consensus 
from current guidelines, we propose the utilization of prospec
tive studies with larger cohorts to further investigate this work’s 
question.
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