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Summary
Background Management of E faecium bloodstream infections (BSIs) remains debated, particularly the clinical 
impact of vancomycin resistance, the role of follow-up cultures, and optimal therapeutic regimens. This study aimed 
to reach expert consensus on these unresolved clinical domains and identify priorities for future research.

Methods We first conducted a systematic review and meta-analysis in January 20, 204 focusing on four predefined 
areas: mortality in E faecium BSIs compared with other BSIs, mortality in vancomycin-resistant enterococci (VRE)- 
BSIs compared with vancomycin-susceptible enterococci-BSIs, management of catheter-related E faecium BSIs, and 
4) optimal antibiotic therapy for VRE-BSIs. These results informed a three-round Delphi process involving a panel of 
experts. An iterative approach was adopted: 16 initial questions developed from the systematic review (6-point Likert 
scale) were refined across rounds based on expert feedback. Consensus was defined as at least 80% agreement or 
disagreement.

Findings 13 statements were generated across three broader domains. Regarding clinical outcomes and diagnostics, 
experts agreed that mortality is heavily influenced by comorbidities; thus, therapeutic assessment should rely on 
clinical trends and inflammatory markers, with follow-up blood cultures used to confirm eradication. Catheter-
related BSI should be managed with device removal and short-course (<7 days) antibiotics in selected 
uncomplicated cases. For therapeutic management, teicoplanin is preferred for vanB VRE-BSI. For vanA VRE-
BSI, both linezolid and high-dose daptomycin (>9 mg/kg per day) are effective, reserving daptomycin-based 
combinations for challenging cases (deep-seated infections and/or high Minimum Inhibitory Concentrations). 
Finally, future trials evaluating the impact of antimicrobial therapy should use Desirability-of-Outcome-Ranking 
analysis; the in-vitro potential of oritavancin justifies targeted randomized trials to define its clinical efficacy in 
VRE-BSI.

Interpretation This paper delineates current evidence and expert consensus on management of E faecium BSI while 
identifying crucial knowledge gaps to guide future clinical research.

Funding None.

Copyright © 2026 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND 
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction
Enterococci are a leading cause of healthcare-associated 
infections, with a steady increase in their prevalence 
over the last decade. 1,2 E faecium has become an 
increasingly pathogen of interest in recent years due to 
its higher levels of antimicrobial resistance and high 
mortality rates. 3–6 However, bloodstream infections 
(BSIs) usually occurs in patients affected by several 
underlying conditions and/or in critically ill patients, as 
a result of selective antimicrobial pressure due to pre-
vious antibiotic treatments. 6–9 Despite the clinical 
burden, several clinical domains remain poorly defined, 
specifically: 1) clinical outcomes and attributable mor-
tality, as it remains an open question whether the 
higher risk of poor outcome in E faecium BSIs is due to 
the pathogen itself or host fragility; 2) diagnostic and 
follow-up strategies, including the role of inflammatory 
markers and blood culture clearance; 3) management of 
catheter-related infections, where the optimal duration

of antibiotic treatment beyond device removal is 
currently unclear 10–12 ; 4) optimal antimicrobial therapy, 
particularly for Vancomycin-Resistant Enterococci 
(VRE)-BSI. Regarding this last domain, although only 
linezolid is approved, daptomycin is considered a key 
agent, though its efficacy appears dose-dependent and 
results from combination strategies remain 
heterogeneous. 1,13–15 Furthermore, the role of newer 
agents like oritavancin remains to be established in the 
context of bacteraemia. 16,17 Current literature on these 
topics is characterised by significant heterogeneity, a 
lack of randomised controlled trials, and a predomi-
nance of observational studies often confounded by 
host factors, which limit the availability of high-quality 
evidence to guide clinical practice. To bridge these 
gaps, we conducted a study with a three-fold objective: 
to synthesise existing evidence through a systematic 
review and meta-analysis; to generate expert consensus 
statements across the predefined clinical domains; and
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to propose a research agenda based on identified evi-
dence gaps. The Delphi methodology was selected to 
resolve the aforementioned uncertainties by providing a 
structured synthesis of expert opinion where a solid and 
definitive consensus in the literature is currently lack-
ing. This approach aims to provide practical guidance 
for the management of E faecium BSI while identifying 
priorities for future clinical research.

Methods
Study design and selection of experts
We employed a three-round Delphi method to reach a 
consensus on a list of statements in E faecium BSI 
management. The invitation to participate in the Delphi 
was sent to an interdisciplinary panel, with a high-
degree of expertise in E faecium infection manage-
ment. Panellists were identified based on their clinical 
experience on this topic, relevant peer-reviewed publi-
cations on E faecium infection management, and 
participation as members in national and international 
scientific societies and study groups, with a focus on 
diversity in gender and geographic area. A total of 28 
experts were invited to participate, of these, 25 experts 
(from 8 different countries) agreed to participate and 
completed all three rounds. The panel was composed of 
infectious diseases specialists (21), clinical pharmacol-
ogists (3) and an intensive care clinician (1). All par-
ticipants operate in Tertiary Care University Hospitals 
or Clinical Research Institutes located in high-income 
countries. These institutions are characterised by 
high-volume clinical activities (typically >500 beds) and 
serve as referral centres for complex infections. The

panel included executive members and chairs from the 
European Society of Clinical Microbiology and Infec-
tious Diseases (ESCMID), the ESGBIES (ESCMID 
Study Group for Bloodstream Infections, Endocarditis 
and Sepsis), the SEIMC (Spanish Society of Infectious 
Diseases and Clinical Microbiology), and the GESITRA-
IC (Study Group of Infections in Transplant Re-
cipients). On average, the experts possessed over 15 
years of clinical experience, with more than 80% hold-
ing senior academic positions as Full Professors or 
Directors of Infectious Disease Units. Their collective 
expertise is evidenced by an extensive publication re-
cord on E faecium management and antimicrobial 
stewardship in high-impact peer-reviewed journals. The 
Delphi process was structured following the Delphi 
studies in social and health sciences recommendations 
for an interdisciplinary standardised reporting (DEL-
PHISTAR methodology, Supplementary Appendix). 18

Development of Delphi questions
A systematic review and a meta-analysis was carried out 
from January 2024, encompassing randomised 
controlled trials or prospective/retrospective observa-
tional studies published in English in the last 10 years 
in PubMed-MEDLINE, EMBASE and Scopus databases. 
To ensure the robustness of the findings, the systematic 
review prioritised studies reporting adjusted outcomes 
(e.g., through multivariable analysis or propensity score 
matching) to minimise the impact of confounding 
factors. The study was registered in the PROSPERO 
database, number CRD42024505969, and was con-
ducted according to the Preferred Reporting Items for 
Systematic Review and Meta-Analyses (PRISMA)

Research in context

Evidence before this study
We conducted a systematic review and meta-analysis of 
English-language studies published between January 2014 
and January 2024 across PubMed-MEDLINE, EMBASE, and 
Scopus. The existing evidence revealed a fragmented 
landscape, predominantly composed of observational studies 
with a moderate risk of bias and a notable absence of 
randomised controlled trials.

Added value of this study
This study provides a formal expert consensus and a 
prioritized research agenda for E faecium bloodstream 

infection (BSI), using a three-round Delphi methodology 
involving 25 international experts. 13 statements were 
provided covering different areas. For clinical management, 
because mortality in E faecium BSI could be heavily driven by 
host comorbidities, follow-up blood cultures might have a 
supportive role, particularly in the management of device-
related infections or non-responding cases. For catheter-
related BSI, a strong consensus was reached for device

removal and the possibility of short-course (<7 days) 
antibiotic therapy in selected uncomplicated cases. 
Considering targeted therapy for vanA VRE-BSI, both 
linezolid and high-dose daptomycin (>9 mg/kg per day) were 
deemed effective, with a preference for daptomycin-based 
combinations in challenging scenarios (e.g., deep-seated 
infections). Teicoplanin was identified as the preferred 
option for vanB VRE-BSI.

Implications of all the available evidence
Our findings bridge the gap between current low-quality 
evidence and the urgent need for standardized clinical 
practice. Apart from practical recommendations, a research 
agenda was implemented. Desirability-Of-Outcome-Ranking 
analysis could be adopted for future studies to better account 
for the interplay between survival, microbiological 
eradication, and adverse events. Finally, the panellists 
advocated the need of future trials on oritavancin for the 
treatment of VRE BSI.
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guidelines. 19 Detailed inclusion and exclusion criteria, 
the risk-of-bias assessment methodology, and the 
PRISMA flow diagram describing the study selection 
process are provided in the Supplementary Appendix. 
The search was focused on the last 10 years to ensure 
that the evidence base reflected current epidemiological 
trends in antimicrobial resistance and contemporary 
management strategies for E faecium BSI. The sys-
tematic review was based on 4 different PICO/PECO 
questions, and evidence gathered from this research 
was made available to the panellists during the first 
round of the Delphi process. Briefly, the following areas 
were investigated: mortality in patients with E faecium 
BSI compared to other BSIs; mortality in patients with 
VRE BSI compared to Vancomycin-Susceptible 
Enterococci (VSE) BSI; management of E faecium 
catheter-related BSI; and optimal antibiotic treatment 
for VRE BSI. For PECO 1 only one study was retrieved, 
whereas none of the screened studies were included for 
PICO 3. Thus, only for PECO 2 and PICO 4 a meta-
analysis was performed. Participants were provided 
with the complete systematic review report, including 
the study selection process, evidence tables, and risk-of-
bias assessments. According with the systematic re-
view, 16 different questions were created and submitted 
in the first round of the Delphi questionnaire. These 
initial items were developed by the research team to 
cover the clinical domains defined by the PICO/PECO 
frameworks. While some questions were directly based 
on the retrieved evidence, others were specifically 
designed to address the knowledge gaps and clinical 
uncertainties identified during the literature search. 
The objective of the research team was to summarise 
the evidence base and knowledge gaps on the man-
agement of E faecium BSIs, highlighting critical aspects 
to be addressed by future studies. Given the scarcity of 
high-quality evidence in certain areas, the systematic 
review served as a foundational substrate for a dynamic 
Delphi process. Panellists were encouraged not only to 
rate the initial items but also to provide qualitative 
feedback. This allowed the experts to refine the scope 
and highlight clinically relevant themes which, 
although inherently linked to the PICO domains, were 
not sufficiently addressed in the existing literature.

Data collection
The three rounds of the Delphi process were conducted 
anonymously with the first round from March to April 
2025, the second round in May 2025, and the third 
round in June 2025. None of the research team 
participating in the questions’ development participated 
as experts in the Delphi process. The Delphi survey was 
electronically administered, using the REDCap elec-
tronic data capture tool hosted by University of 
Bologna. 20 Participants were asked to answer the first 16 
questions using a 6-point Likert scale: strongly disagree, 
disagree, somewhat disagree, somewhat agree, agree,

strongly agree. In addition, under each question, pan-
ellists were encouraged to make comments using an 
open-text box. Consensus was defined a priori in the 
study protocol as agreement among at least 80% of 
respondents, corresponding to at least 20 of the 25 ex-
perts. As a way to assign a strength of recommendation 
and to make it easier to determine a consensus, the 
6-point scales of the responses were divided into 4 
different categories, as outlined below: Strong 
Disagreement: strongly disagree (1) + disagree (2); 
Moderate Disagreement: disagree (2) + somewhat 
disagree (3); Moderate Agreement: somewhat agree 
(4) + agree (5); Strong agreement: agree (5) + strongly 
agree (6). Any item with a consensus of 80% or more in 
the first round was excluded from the questionnaire 
administered in the second round. The results of the 
first round and all the comments received were com-
bined and given to the participants during the second 
and third round. This approach allowed each expert to 
re-evaluate their initial response in light of the other 
panellists’–anonymous-responses and comments. 
Based on expert comments, questions were re-phrased 
in the second and third round. Final statements for 
the questions that obtained consensus were generated, 
along with the percentage of agreement/disagreement, 
the round of consensus, and a recommendation 
strength (moderate or strong). Questions administered 
during the three rounds and related results are sum-
marised in Table 1.

Data analysis
Simple descriptive statistics -absolute and relative 
frequencies–were used to analyse the results obtained 
from the three rounds. Calculations were performed 
using SPSS 21.00 IBM statistical software. The meta-
analysis was performed using MedCalc for Windows 
(MedCalc statistical software, version 19.6.1, MedCalc 
Software Ltd, Ostend, Belgium).

Ethics
The approval of an Institutional Review Board was not 
required as this Delphi study did not involve research 
and data on human subjects or animals. The study was 
based completely on the feedback provided by the ex-
perts. Participants were asked for their willingness and 
authorisation to participate and to process the data 
provided for the purpose of scientific research.

Results
All 25 experts participated in the three rounds. The 
panels mainly represent the opinion of infectious dis-
eases physicians and researchers from Europe, with the 
majority from Spain (n = 9), Italy (n = 7), Germany 
(n = 3) and Switzerland (n = 1). The rest were from 
Australia (n = 2), Unites States (n = 1), Israel (n = 1) and 
Singapore (n = 1). In total, there were 7 females and 18
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Question round 1 Round 1 Question round 2 Round 2 Question round 3 Round 3

SD
(%)

MD
(%)

MA
(%)

SA
(%)

SD
(%)

MD
(%)

MA
(%)

SA
(%)

SD
(%)

MD
(%)

MA
(%)

SA
(%)

1 Among patients with a 
bloodstream infection (BSI), 
E. faecium BSI is associated with a 
higher mortality risk compared 
to BSIs due to other bacteria.

24 44 56 32 In patients with bloodstream 
infection, those from whom
E. faecium is isolated are 
frequently more complex than 
patients with BSI due to other 
pathogens. This can result in 
higher associated mortality rates. 

8 12 64 80 . . . .

2 In a clinical setting, mortality is 
the most accurate endpoint to 
evaluate the management of
E. faecium BSIs.

24 52 48 32 In clinical practice, mortality 
should be the most accurate 
endpoint to evaluate the 
management of E. faecium BSIs. 

16 36 60 32 In clinical practice, considering 
that mortality in patients with 
E. faecium BSI may be affected by 
multiple underlying comorbidities, 
the assessment of optimal 
therapeutic management should 
also rely on the trend of clinical 
parameters and inflammatory 
markers, as well as follow-up 
blood cultures to confirm 
microbiological eradication.

0 4 84 68

3 In a clinical setting, 
microbiological eradication is the 
most accurate endpoint to 
evaluate the management of
E. faecium BSIs.

16 40 56 28 In clinical practice, pending 
evidence that persistent
E. faecium BSIs are associated 
with increased mortality, 
microbiological eradication 
should not be systematically 
pursued.

24 44 44 32

4 For research purposes, mortality 
is the most accurate endpoint to 
evaluate the management of 
E. faecium BSIs.

16 40 48 36 In a clinical trial focused on the 
impact of therapy in patients 
with E. faecium BSI, a composite 
outcome including at least 
survival and microbiological 
eradication should be used 
following DOOR analysis 
methodology.

12 12 72 80 . . . .

5 For research purposes, 
microbiological eradication is the 
most accurate endpoint to 
evaluate the management of 
E. faecium BSIs.

12 40 52 32

6 In a clinical setting, among 
patients with E. faecium BSIs, 
follow-up blood cultures (FUBC) 
are mandatory for the optimal 
management (for both device-
related and primary/secondary 
BSIs).

12 17 54 54 In clinical practice, among 
patients with E. faecium BSI, 
execution of FUBC could be 
considered in patients with 
device-related BSI and in those 
without clinical improvement.

0 0 72 84 . . . .

7 For research purposes, among 
patients with E. faecium BSIs, 
FUBC are mandatory for the 
optimal management (for both 
device-related and primary/ 
secondary BSIs).

4 4 68 72 Studies assessing the yielding 
and the impact on outcome of 
FUBC in patients with E. faecium 
BSI (for both device-related and 
primary/secondary BSIs) are 
needed to establish cost/benefit 
of such procedure.

4 4 76 84 . . . .

8 Among patients with E. faecium 
BSI, VRE-BSI is associated with a 
higher mortality risk than VSE-
BSI.

12 20 64 60 Further studies properly 
addressing confounders related 
to patients underlying conditions 
are needed to definitively 
establish the increased risk of 
mortality among patients with 
VRE-BSI compared to VSE-BSI. 

0 0 56 92 . . . .

9 In patients with E. faecium CR-
BSI, the optimal management 
consists in early catheter removal 
without antibiotic therapy.

44 52 32 12 In patients with E. faecium 
CR-BSI, catheter removal and 
antibiotic therapy are considered 
the cornerstone of therapeutic 
management. However, there 
could be low-risk cases where 
antibiotic treatment is not 
necessary or very short (<7) 
treatment duration could be 
appropriate.

0 16 68 72 In patients with E. faecium CR-
BSI, catheter removal and 
antibiotic therapy are considered 
the cornerstone of therapeutic 
management. However, there 
could be low-risk cases where a 
very short (<7) antibiotic 
treatment duration could be 
appropriate.

0 0 64 84

10 In patients with E. faecium CR-
BSI, catheter removal is the 
cornerstone of therapeutic 
management, whereas 
appropriate antibiotic therapy 
could be reserved to specific 
populations (nowadays still not 
identified)

28 28 40 28

(Table 1 continues on next page)
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males. Consensus was achieved for only 1 of the 16 
(6.3%) items after the first round, for 11 out of 14 
(78.6%) questions of the second round, and for 3 of 3

(100%) remaining in the third round, resulting in 18 
final items with 100% consensus reached. A total of 13 
final statements were conceived and reported with a

Question round 1 Round 1 Question round 2 Round 2 Question round 3 Round 3

SD
(%)

MD
(%)

MA
(%)

SA
(%)

SD
(%)

MD
(%)

MA
(%)

SA
(%)

SD
(%)

MD
(%)

MA
(%)

SA
(%)

(Continued from previous page)

11 Among patients with VRE-BSI, 
both daptomycin and linezolid 
are effective treatment options.

20 20 72 40 Among patients with VanA VRE-
BSI, the current approved 
options, daptomycin 
(administered at high-dose) and 
linezolid are both effective. 
Teicoplanin could be the 
preferred choice for VanB VRE-
BSI. Oritavancin is a promising 
agent according to in vitro and 
early clinical data, however as it is 
not currently approved for 
bacteremia, future ad hoc studies 
are needed to broadly implement 
its use in the management of 
E. faecium BSI.

4 8 76 84 . . . .

12 Among patients with VRE-BSI, 
high-dose daptomycin (>9 mg/ 
kg) is more effective than 
standard-dose daptomycin. 

4 4 72 80 . . . . . . . .

13 Among patients with VRE-BSI, 
daptomycin-based combination 
therapy is more effective than 
daptomycin monotherapy. 

8 24 74 44 Among patients with VanA VRE 
BSI, daptomycin based 
combination treatment could be 
administered in selected cases 
according with clinical severity, 
deep/not removable infection 
sites, both high daptomycin MIC 
(i.e. >2 μg/mL) and linezolid MIC 
(i.e. >2 μg/mL).

4 8 80 84 . . . .

14 Among patients with VRE-BSI, 
daptomycin-based combination 
therapy should be reserved only 
for strains with high daptomycin 
MIC (i.e. >2 μg/mL) and linezolid 
MIC (i.e. >2 μg/mL) in which a 
first-line agent is not available. 

16 32 60 28

15 Among patients with VRE-BSI, 
high-dose daptomycin therapy is 
the best treatment option if 
daptomycin MIC (Minimum 
Inhibitory Concentration)
is ≤ 2 μg/mL and linezolid MIC 
is ≤ 2 μg/mL.

8 24 60 36 Among patients with VanA VRE-
BSI, high-dose daptomycin 
therapy is the best treatment 
option if daptomycin MIC 
(Minimum Inhibitory 
Concentration) is ≤ 2 μg/mL and 
linezolid MIC is ≤ 2 μg/mL. 

4 8 84 72 . . . .

16 Among patients with VRE-BSI, 
linezolid is the best treatment 
option if daptomycin MIC is
4 μg/mL and linezolid MIC is
2 μg/mL.

0 24 76 36 Among patients with VanA VRE-
BSI, linezolid is the best 
treatment option if daptomycin 
MIC is 4 μg/mL and linezolid MIC 
is 2 μg/mL.

0 8 88 60 . . . .

17 Among patients with VanB VRE-
BSI, teicoplanin is the best choice 
if MIC ≤2 μg/mL, linezolid MIC is
2 μg/mL and daptomycin MIC is
2 μg/mL.

4 4 84 56 . . . .

18 Among patients with VRE-BSI, a 
randomized clinical trial 
evaluating the safety and efficacy 
of oritavancin compared to 
current approved agents is 
needed.

0 12 36 80 . . . .

Abbreviations: VRE vancomycin-resistant Enterococcus, VSE vancomycin-suscpeptible Enterococcus, CR-BSI catheter related bloodstream infection, MIC minimum inhibitory concentration, DOOR 
desiderability of outcome ranking.

Table 1: List of questions and results of the three rounds of the Delphi study (SD = Strong Disagreement; MD = Moderate Disagreement; MA = Moderate Agreement; SA = Strong 
Agreement).
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strength of recommendation. The structural alignment 
between the initial PECO/PICO questions, the findings 
of the systematic review, and the subsequent develop-
ment of the Delphi statements is summarised in 
Table 2.

Mortality risk and outcome assessment in patients 
with E faecium BSI
The topic was addressed through 7 questions rephrased 
during the three rounds (questions #1-7, Table 1), 
leading to 5 statements.

Statement 1: “E faecium BSI frequently occurs in 
more complex patients compared to patients with other 
BSI, resulting in higher mortality rates” [Strong 
agreement].

Statement 2: “In clinical practice, since mortality in 
patients with E faecium BSI may be affected by multi-
ple underlying comorbidities, the trend of clinical pa-
rameters and inflammatory markers, as well as follow-
up blood cultures (FUBC) to confirm microbiological 
eradication, could be considered as indicators of treat-
ment response” [Moderate agreement].

Statement 3: “The performance of FUBC should be 
mainly considered in patients with device-related BSI 
and in those without clinical improvement” [Strong 
agreement].

Statement 4: “In a clinical trial aimed at assessing 
the impact of therapy in patients with E faecium BSI, a 
composite outcome including at least survival and 
microbiological eradication should be used following 
DOOR analysis methodology” [Strong agreement].

Statement 5: “Studies assessing the yield of FUBC 
and their impact on outcome in patients with E faecium

BSI are needed to establish cost/benefit of such pro-
cedure” [Strong agreement].

Issues concerning the morbidity and mortality 
associated with E faecium BSI, considering the frequent 
concomitant underlying conditions in patients devel-
oping this infectious complication, were addressed in 
question #1. A single study reporting adjusted data for 
mortality associated with E faecium BSI compared to 
other pathogens was identified. 21 Adjusted Odd Ratios 
(aOR) for 7-day mortality, 30-day mortality and in-
hospital mortality for E faecium were 0.82 (0.71–0.96, 
p = 0.01), 1.79 (1.58–2.04, p < 0.001) and 1.74 
(1.54–1.96, p < 0.001), respectively. Considering in-
hospital and 30-day mortality, E faecium BSIs showed 
the highest mortality risk compared to other bacteria. 
The majority of panellist agreed with an increased 
mortality risk among patients with E faecium BSI, but 
some concerns about attributable mortality and all-
cause mortality were raised. Questions #2 and #3 
focused on the most accurate endpoint in clinical 
practice to evaluate the management of E faecium BSI. 
For the majority of panellists, mortality—especially 
short term (i.e. 7-14 days) or attributable—remains the 
most important variable to define the optimal man-
agement of E faecium BSI. However, following the first 
question, it remains unclear whether mortality is always 
directly caused by E faecium BSI or whether it is a 
marker of poor underlying health leading to death. 22 For 
this reason, the evolution of clinical and biochemical 
parameters was considered helpful in the management 
of VRE BSI—apart from FUBC (see below). Questions 
#4 and #5 focused on the most accurate endpoint for 
research purposes to evaluate the management of

Area/topic Evidence from systematic review Panel rationale & Delphi evolution Final statement 
(Consensus Strength)

1. Mortality & 
Outcome 
Assessment

Evidence is scarce: only one study provided adjusted data 
for E. faecium mortality compared to other pathogens.

Given the limited literature, the panel emphasized that E. faecium BSI is often 
a marker of poor underlying conditions and/or complexity. Experts proposed 
the DOOR methodology for future trials.

Statements 1, 4 
(Strong Agreement)

2. Role of 
Follow-up Blood 
Cultures

Retrospective data suggest survival benefits, but the 
association between persistent bacteremia and mortality is 
inconsistent in E. faecium.

Experts expressed a nuanced position: FUBC should not be routine for 
everyone but prioritized for high-risk cases to optimize resources.

Statements 2, 3, 5 
(Strong to Moderate)

3. Vancomycin 
Resistance 
Impact

Meta-analysis showed an increased risk of mortality, but 
with high heterogeneity and predominantly retrospective 
data.

The panel considered the evidence quality too low for a definitive causal link. 
They called for better-adjusted prospective studies to address confounding 
factors.

Statement 6 (Strong 
Agreement)

4. Catheter-
Related BSI 
(CR-BSI)

No studies directly addressed treatment duration specifically 
for E. faecium CR-BSI. Guidelines lack species-specific 
granularity.

Based on the perceived lower pathogenicity of E. faecium, experts suggested 
that short-course therapy (<7 days) might be safe after source control in 
selected cases.

Statement 7 (Strong 
Agreement)

5. Daptomycin 
Dosing & 
Combinations

Meta-analysis confirmed that high-dose daptomycin
(>9 mg/kg) significantly reduces mortality.

Direct evidence supports high-dose daptomycin. Combination therapy was 
proposed for severe cases or high MICs, despite the lack of direct comparative 
trials.

Statements 8, 9, 10, 
11 (Strong to 
Moderate) 

6. VanB Strains & 
Teicoplanin

SR was not primarily focused on this drug. Limited retrieved 
data showed conflicting results vs. linezolid.

This topic was explicitly added following experts’ requests in Round 1 to 
address clinical needs in settings where vanB is prevalent.

Statements 8, 12 
(Strong Agreement) 

7. Novel Agents 
(Oritavancin)

SR was not primarily focused on this drug. No large cohorts 
identified; evidence limited to in vitro data and case reports.

Despite the lack of primary focus in the SR, the panel identified a major 
evidence gap and a strong clinical interest, calling for a dedicated RCT.

Statements 8, 13 
(Strong Agreement)

Table 2: Structural alignment between PICO questions, Systematic Review (SR) findings, and Delphi Consensus Statements.
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E faecium BSI. During the first round, some panellists 
suggested to follow Desirability Of Outcome Ranking 
(DOOR) analysis methodology for addressing the 
impact of antimicrobial therapy in patients with E fae-
cium BSI. 23 This methodology may allow to take into 
account not only mortality, but also improvement of 
symptoms and rates of adverse events. Questions #6 
and #7 focused on the role of FUBC in the manage-
ment of any type of E faecium BSI (primary, secondary, 
device-related) in clinical practice and for research 
purposes. A recent retrospective study reported that the 
execution of FUBC is a protective intervention for 30-
day mortality in cases of any E faecium BSI. 6 A pro-
spective multicentre study highlighted the importance 
of FUBC, as microbiological failure was independently 
associated with in-hospital mortality (OR 2.4, 95% CI 
1.34–4.31, p = 0.003). 24 A study focusing on entero-
coccal BSI showed that persistent bacteraemia is an 
independent risk factor for 30-day mortality. 25 However, 
half of included patients had an Enterococcus faecalis 
BSI. Another retrospective study reported that FUBC 
were associated with reduced mortality in any type of 
E faecium BSI, especially in the subgroup of patients 
with device-related BSI. 6 The role of FUBC remains 
controversial due to the inconsistent association be-
tween persistent E faecium BSI and mortality 6,26 as well 
as the relatively low rate of persistent BSI among pa-
tients with E faecium infections. 25 Given the lack of 
prospective well-designed studies exploring the role of 
FUBCs in improving outcomes, the panel expressed a 
nuanced position. While some panellist disagreed with 
the routinely execution of FUBC in all patients, a strong 
consensus was reached on prioritising FUBC for high-
risk scenarios, such as device-related infections or pa-
tients lacking clinical improvement. Furthermore, the 
panellists highlighted that the current evidence is too 
indirect to mandate a universal standard of care, lead-
ing to a strong recommendation for future prospective 
studies to specifically assess the cost-benefit ratio of this 
procedure.

Relationship between mortality rates and 
vancomycin-resistance
The topic was addressed through one question (ques-
tion #8, Table 1), generating one statement.

Statement 6: “Further studies properly addressing 
confounders related to patients underlying conditions 
are needed to definitively establish the increased risk of 
mortality among patients with VRE-BSI compared to 
VSE-BSI” [Strong agreement].

The question #8 “Among patients with E faecium 
BSI, VRE-BSI is associated with a higher mortality risk 
than VSE-BSI” did not reach the predetermined 
consensus threshold, and following panellist comments 
was then rephrased in the second round, reaching the 
consensus of strong agreement (92%). The systematic 
review identified six studies addressing this topic, for

an overall number of 7490 patients with E faecium BSI 
(725 VRE BSI vs. 6765 VSE BSI). 27–32 Only one study 
was prospective, 27 other included studies were retro-
spective and observational, with significant variability in 
the methods used to adjust for confounders. Patients 
with VRE BSI showed an increased risk for mortality 
(OR 1.63, 95% 1.12–2.37). However, the interpretation 
of this pooled estimate was limited by a high degree of 
heterogeneity (I 2 = 66.38%, p = 0.011) and the inherent 
difficulty in distinguishing attributable mortality from 
host-related factors and comorbidities. The funnel plot 
and Egger’s test (p = 0.12) did not show evidence of 
publication bias. A formal quality assessment of the 
included studies revealed an overall moderate risk of 
bias, primarily due to inconsistent adjustment for 
clinical severity. Conversely, in a cohort of over 1000 
enterococcal isolates, E faecium was an independent 
risk factor for in-hospital mortality and prolonged hos-
pital stay compared to E. faecalis, and vancomycin 
resistance did not further increase the risk for unfav-
ourable outcomes. 32 During the first round, more than 
half of the panellists agreed with the association be-
tween VRE and mortality, considering also the limited 
therapeutic options, as well as delays in the adminis-
tration of active empirical antibiotic therapy in VRE-
BSI. However, reflecting the low-to-moderate quality 
of available evidence, the majority of panellists advo-
cated for the need of future studies able to properly 
address patient-related confounders, leading to the 
formulation of Statement 6.

Management of E faecium catheter-related BSI
The topic was addressed through two questions (ques-
tions #9 and #10, Table 1), generating one final 
statement.

Statement 7: “In patients with E faecium catheter-
related BSI, catheter removal and antibiotic therapy 
are considered the cornerstone of therapeutic manage-
ment. Furthermore, there could be individual cases 
where a short (<7) antibiotic treatment duration could 
be appropriate” [Strong agreement].

Unfortunately, none of the retrieved studies in our 
systematic review addressed this specific topic directly. 
Therefore, this statement represents a consensus based 
on expert opinion and extrapolation from indirect evi-
dence. Guidelines recommend device removal along 
with targeted antibiotic therapy in enterococcal 
catheter-related BIS, without distinction between spe-
cies. 33 However, E faecium is generally considered as a 
microorganism with a low level of pathogenicity, 34 

probably justifying a different approach compared to 
E faecalis. Few indirect data supporting this manage-
ment are available. 35,36 Among cancer patients with 
mixed enterococcal catheter-related BIS (50% E fae-
cium), early (<3 days) catheter removal was associated 
with a better overall outcome. 37 In another study of 61 
enterococcal catheter-related BISs, higher rates of
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favourable outcome were observed in patients managed 
with catheter removal, regardless of appropriateness of 
antibiotic therapy. 11 Similarly, in a cohort of 151 pa-
tients with E faecium catheter-related BIS, 6 device 
removal was found to associated with lower mortality 
(HR 0.229, 95% CI 0.117–0.451, p < 0.001) regardless of 
appropriate antibiotic treatment, suggesting that anti-
microbial treatment may have a marginal role in this 
specific setting. Finally, a multicentre cohort study 
demonstrated that a 7-day treatment strategy vs. a 15-
day treatment regime in uncomplicated E faecium BSI 
is not associated with worse outcome. 38 A randomised 
trial focused on this topic is ongoing. 39 Despite the lack 
of a standardised definition, previously published 
studies define uncomplicated E faecium BSI as an 
episode with low-risk sources or adequate source con-
trol achieved within the first 72 h, in the absence of 
septic emboli or endovascular complications such as 
endocarditis or thrombophlebitis. 38,39 During the first 
round it was discussed whether antibiotic therapy could 
be reserved only to specific populations, but the pan-
ellists emphasised that current evidence is insufficient 
to establish the role of antibiotic treatment. Nonethe-
less, there was high agreement regarding the possibility 
of reducing treatment durations to less than 7 days in 
selected uncomplicated cases. Efforts are required to 
identify groups of patients who could benefit from 
shorter antibiotic therapy.

Optimal antibiotic treatment for VRE BSI
The topic was addressed through eight questions 
(questions #11 to #18, Table 1), generating 6 
statements.

Statement 8: “Among patients with VanA VRE-BSI, 
the current approved options, daptomycin (adminis-
tered at >9 mg/kg per day) and linezolid are both 
effective. Teicoplanin could be the preferred choice for 
VanB VRE-BSI. Oritavancin could be a promising agent 
according to in vitro and early clinical data” [Strong 
agreement].

Statement 9: “Among patients with VanA VRE BSI, 
daptomycin based combination treatment could be 
considered in selected cases according with clinical 
severity, deep or not removable infection sites, or high 
daptomycin (i.e. >2 μg/mL) and linezolid (i.e. >2 μg/ 
mL) Minimum Inhibitory Concentrations (MICs)” 
[Strong agreement].

Statement 10: “The best treatment option for VanA 
VRE-BSI with daptomycin MIC ≤2 μg/mL and line-
zolid MIC is ≤ 2 μg/mL is high-dose daptomycin” 
[Moderate agreement].

Statement 11: “The best treatment option for VanA 
VRE-BSI with daptomycin MIC ≥ 4 μg/mL and line-
zolid MIC of ≤2 μg/mL is linezolid” [Moderate 
agreement].

Statement 12: “The best treatment option for VanB 
VRE-BSI with teicoplanin MIC ≤2 μg/mL, daptomycin

MIC ≥ 2 μg/mL and linezolid MIC ≥ 2 μg/mL is 
teicoplanin” [Strong agreement].

Statement 13: “A randomised clinical trial evaluating 
the safety and efficacy of oritavancin compared to cur-
rent approved agent for the treatment of VRE-BSI is 
needed” [Strong agreement].

Only question #12: “Among patients with VRE-BSI, 
high-dose daptomycin (>9 mg/kg) is more effective 
than standard-dose daptomycin” reached a strong 
agreement during the first round (80%). The systematic 
review identified six studies addressing this topic, 
encompassing 2116 patients with VRE-BSI. 15,40–44 High-
dose daptomycin was defined as the administration of 
daptomycin daily dose >9 mg/kg, 10 mg/kg, and 
11 mg/kg in three, two, and one study, respectively. 
Overall, the administration of high-dose daptomycin 
was associated with significant lower risk of mortality 
compared to standard doses (OR 0.67; 95% CI 
0.52–0.86; I 2 = 61.7%). Three observational studies 
(N = 999 patients) provided data for assessing mortality 
in patients receiving daptomycin combination therapy 
vs. monotherapy. 14,43,44 In two studies daptomycin was 
used in association with beta-lactams, whereas fosfo-
mycin was administered for combination therapy in the 
other. Overall, a lower risk of mortality was found in 
patients treated with daptomycin combination therapy 
compared to monotherapy (OR 0.56; 95% CI 0.36–0.89; 
I 2 = 33.8%). The panellists raised concerns about the 
indication of combination regimens solely based on 
MIC values, as this should also consider site of infec-
tion (especially for deep seated or not removable 
infection site) and clinical severity. In addition, no 
studies specifically focused on type of combination 
treatment, thus it was not possible to give recommen-
dations about one regimen over another. A total of six 
studies (N = 2993 patients) provided data for assessing 
mortality rate in patients with VRE-BSI treated with 
daptomycin vs. linezolid. Two studies each evaluated 
mortality rate at 14-40,45 and 30-days, 46,47 whereas one 
study each assessed in-hospital 48 and 90-day mortality. 49 

No significant difference in mortality emerged between 
daptomycin and linezolid (OR 1.08; 95% CI 0.85–1.38). 
No substantial degree of heterogeneity was identified 
(I 2 = 46.9%; p = 0.09), and no evidence of publication 
bias was reported. In addition, two studies (N = 2350 
patients) provided data for microbiological failure. 46,47 

Overall, linezolid was associated with a significantly 
higher risk of microbiological failure compared to 
daptomycin (OR 1.18; 95% CI 1.06–1.31; I 2 = 0.0%). 
The MIC values used in the clinical scenarios (i.e. 
daptomycin MIC = 4 μg/mL) were intentionally selected 
to represent clinical grey zones. Regarding daptomycin, 
although EUCAST does not currently provide a formal 
breakpoint for Enterococcus spp., cumulative clinical 
evidence and PK/PD studies suggest that a MIC of
4 μg/mL is associated with a significantly higher risk of 
therapeutic failure and the emergence of resistance. 50,51
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In case of a VanA VRE-BSI with daptomycin 
MIC = 4 μg/mL and linezolid MIC = 2 μg/mL, the 
majority of panellists preferred to avoid the use of 
daptomycin. Previous studies showed that daptomycin 
MICs of 3–4 μg/mL are an independent risk factor for 
microbiological failure (OR: 4.7 [1.37–16.12]; 
p = 0.014). 50 However, only half of included patients 
received a dose of daptomycin >8 mg/kg. Similar re-
sults were reported in a large multicentre registry 51 and 
among hematologic patients. 52 Some panellist com-
mented that combination therapy may have a role in 
such scenarios, as highlighted in previous studies in 
which combination therapy was associated with better 
outcomes. 14,43,44 Although the systematic review was not 
primarily focused on this specific drug, few studies 
evaluated the impact of teicoplanin for the treatment of 
VanB VRE-BSI on mortality or microbiological failure. 
The inclusion of a dedicated question on this topic was 
prompted by the experts’ feedback during the first 
round. A retrospective study found that definitive 
linezolid therapy for VanB VRE-BSI was associated 
with lower mortality rates compared to teicoplanin. 29 

However, teicoplanin was administered at 6–12 mg/ 
kg q12 h for 3 doses and then with maintenance doses 
of 400–800 mg daily. In a cohort of cancer patients, 
teicoplanin monotherapy was associated with lower 
30-day mortality and lower rates of ICU admission 
compared to other regimens. 53 To avoid treatment 
failure and emergence of further resistances, a dose of 
12 mg/kg per day along with therapeutic drug man-
agement is usually provided in clinical practice for 
VanB VRE-BSI. 54,55 However, optimal dosing and 
management of teicoplanin was not explored in this 
survey. There were no published studies including 
large cohort of patients with VRE-BSI treated with 
oritavancin. However, a strong rationale exists based on 
in vitro studies. 56,57 Real-life experiences mainly consist 
in treatment of bone and joint infections with high 
rates of positive clinical outcomes. 58,59 For bacteraemia, 
oritavacin was mainly employed for Staphylococcus 
aureus with similar results. 60,61 Finally, in a case report 
oritavancin was administered as target therapy for VRE 
prosthetic endocarditis, with clinical success after sur-
gical valve replacement. 62 Despite the scarcity of robust 
clinical evidence identified in our systematic review, 
this topic was explicitly raised by the participants dur-
ing the first Delphi round as a priority for future 
research. Giving this promising biological activity, and 
following the panelists’ specific request, the expert 
group agreed with the strong need for a randomised 
clinical trial evaluating safety and efficacy of oritavancin 
for the management of VRE-BSI, especially for those 
species with high daptomycin and linezolid MICs. This 
recommendation reflects the high level of consensus 
reached by the panel, aiming to bridge the gap between 
current preclinical rationale and the lack of high-quality 
interventional data.

Discussion
This Delphi survey among international experts yielded 
several statements with moderate or strong agreement. 
As E faecium BSIs usually occur in patients with mul-
tiple comorbidities or severely impaired clinical status, 
the interpretation of therapeutic outcomes remains 
inherently challenging. A major methodological hurdle 
is the extreme difficulty in establishing the attributable 
mortality in such a fragile population. In clinical prac-
tice and retrospective research, disentangling the spe-
cific contribution of the infection to the patient’s death 
from the impact of severe underlying diseases is really 
challenging. Consequently, the assessment of optimal 
therapeutic management should be dynamic and focus 
on the trend of clinical parameters and inflammatory 
markers. FUBCs are suggested as potentially useful to 
confirm microbiological eradication, especially in those 
with device-related BSI and/or without clinical 
improvement. For this reason, in future studies evalu-
ating the impact of antimicrobial therapy in patients 
with E faecium BSI, a composite outcome including at 
least survival and microbiological eradication should be 
used following DOOR analysis methodology. This 
methodology could reduce biases linked to underlying 
conditions. Considering statements regarding practical 
advice, there was moderate agreement that E faecium 
catheter-related BIS can be managed with catheter 
removal and a short (<7 days) antibiotic treatment, 
especially for low-risk cases. However, given the lack of 
direct comparative trials, this recommendation should 
be framed as hypothesis-generating rather than a 
definitive standard of care. For VanB VRE-BSI, there 
was strong agreement on teicoplanin as the preferred 
treatment, although adequate dosing has not been 
properly defined. For VanA VRE-BSI, both high-dose 
daptomycin (>9 mg/kg per day) and linezolid both 
high-dose daptomycin (>9 mg/kg per day) and linezolid 
were considered effective strategies; however, the pref-
erence for daptomycin-based combinations in chal-
lenging scenarios (e.g., high MICs or deep-seated 
infections) remains largely supported by observational 
evidence and expert clinical judgment rather than high-
quality prospective data. The systematic review con-
ducted alongside this Delphi process highlighted 
several critical evidence gaps that limit current clinical 
decision-making. The most prominent deficit is the 
near-total absence of randomised controlled trials spe-
cifically targeting E faecium. Most current recommen-
dations, including those regarding the management of 
catheter-related BIS and the use of newer lip-
oglycopeptides like oritavancin, rely heavily on expert 
consensus and the extrapolation of indirect data. To 
transition from expert-opinion-based guidance to 
evidence-based recommendations, future research 
must prioritise methodological standardisation. Pro-
spective studies should focus on high-risk populations 
and use standardised endpoints to mitigate the
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confounding effect of comorbidities. Specifically, the 
strong call from this panel for an RCT evaluating ori-
tavancin reflects the need to validate in vitro potency 
with robust clinical safety and efficacy data in the 
setting of VRE-BSI. Although the Delphi process is a 
reliable method frequently used for assessing degrees 
of consensus on different areas where scientific evi-
dence is weak, it has several limitations. First, the do-
mains analysed and the final set of questions were 
conceived by a research team working in Italy, poten-
tially introducing bias in the selection of the issues to be 
addressed. However, the option of writing comments 
during the three rounds allowed for the modification of 
questions in subsequent rounds, and in some cases, for 
the introduction of new topics not initially adminis-
tered. Comments were analysed by two independent 
reviewers (M.R. and M.G.). In addition, the panel was 
composed of experts from different countries and 
different areas of expertise. Moreover, all the proced-
ures were conducted using anonymous surveys, and 
there was no face-to-face meeting at the end of the three 
rounds. However, the statements of this Delphi study 
were circulated among the panellists to obtain their 
approval. Finally, we acknowledge that, although we 
aimed for broad geographic diversity during the 
recruitment phase, the final panel was predominantly 
composed of experts from Western Europe. This may 
limit the generalisability of some statements to low-
resource settings or regions with different clinical tra-
ditions, and future efforts should aim to include a more 
globally diverse group of participants. Of note, the 
consensus statements do not always represent a direct 
transposition of the meta-analysis results. Instead, they 
reflect the experts’ critical appraisal of the evidence, 
accounting for the risk of bias and the clinical relevance 
of the retrieved data. This explains why some recom-
mendations, despite being informed by the systematic 
review, incorporate nuanced clinical perspectives on 
monitoring and management that extend beyond the 
primary study outcomes. To conclude, this Delphi 
process highlights the paucity of robust data in the 
optimal management of E faecium BSI. While we provide 
practical advice for clinical management, these state-
ments should be interpreted as expert-led guidance for 
areas of significant clinical uncertainty. Several moderate 
and strong agreement consensus statements, including 
practical advice for clinical management of VRE-BSI, 
catheter-related infections, and optimal antibiotic treat-
ment based on susceptibility test have been formulated. 
In addition, recommendations regarding methodology 
and focus on future studies have been made.
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