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ABSTRACT
Background: Infective endocarditis (IE) is a life‐threatening infection requiring prolonged intravenous antimicrobial therapy.

Outpatient parenteral antibiotic therapy (OPAT) has emerged as an alternative to prolonged hospitalization, but its safety and

efficacy in IE remain debated.

Hypothesis: This systematic review and meta‐analysis aimed to evaluate the outcomes of OPAT in IE patients.

Methods: We systematically searched MEDLINE, Cochrane CENTRAL, Google Scholar, and Scopus for studies assessing

OPAT in IE. Eligible studies included randomized controlled trials and observational studies reporting at least one relevant

outcome (mortality, relapse, readmission, valve surgery, and adverse events). Pooled estimates were calculated using a random‐
effects model, and heterogeneity was assessed using the I² statistic. Risk of bias was evaluated using the ROBINS‐I tool.
Results: A total of 25 studies involving 2654 patients were included in the analysis. Patients treated with OPAT had a mortality

rate of 0% during the treatment period and 5% during follow‐up. The readmission rate was 16% during the treatment period, 4%

of the patients had relapse, while 16% of patients underwent cardiac surgery. During follow‐up, the readmission rate was 19%,

with a relapse rate of 2%, and 14% of patients underwent cardiac surgery. Sensitivity analyses did not significantly affect the

results, highlighting the robustness of the findings.

Conclusion: OPAT appears to be safe and effective for IE patients, with low mortality and relapse rates. However, increased

readmission rates and IV‐line complications warrant careful patient selection and monitoring. Further prospective trials are

needed to refine OPAT protocols.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly

cited.
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1 | Introduction

Infective endocarditis (IE) is a rare but severe infection affecting
the heart's inner lining and intracardiac devices. Globally, its
incidence ranges from 3 to 10 cases per 100,000 people annu-
ally, with an increasing trend due to an aging population and
the rise in invasive medical procedures [1]. Despite its
infrequency, IE is associated with high morbidity and mortality,
with hospital mortality rates between 15% and 30% [1, 2].
Management is challenging, requiring prolonged intravenous
antimicrobial therapy—typically 4–6 weeks—to ensure effective
treatment and prevent antimicrobial resistance [3]. However,
extended hospitalization increases the risk of hospital‐acquired
infections, particularly in elderly and frail patients who con-
stitute a significant proportion of IE cases [4, 5]. Additionally,
prolonged hospital stays negatively impact quality of life and
contribute to substantial healthcare costs [6].

Outpatient parenteral antimicrobial therapy (OPAT) offers a
promising alternative to traditional hospital‐based treatment,
allowing intravenous antibiotics to be administered at home or
in outpatient settings. This approach reduces hospitalization
time, frees up hospital beds, lowers costs, and enhances patient
satisfaction [7, 8]. However, OPAT is not without risks,
including adverse drug reactions, complications related to
intravenous access, and unexpected clinical deterioration [9].
Bloodstream infections associated with intravenous catheters
are of particular concern in IE patients, as they can increase
mortality risk [10].

Previous meta‐analyses on OPAT for IE have been limited,
and several new studies have emerged since their publication
[11]. Moreover, prior analyses, though comprehensive, did
not include patients who underwent cardiac surgery—a
significant subset of IE cases. To address these gaps
and prevailing uncertainties, we conducted an updated
meta‐analysis to evaluate the efficacy and safety of OPAT in
patients with IE.

2 | Methods

This systematic review and meta‐analysis conform to the stan-
dards established by Cochrane [12] and the Preferred Reporting
Items for Systematic Reviews and Meta‐Analyses (PRISMA)
guidelines [13]. The PRISMA checklist is provided in Support-
ing Information S1: Table 1. This review is registered with the
International Prospective Register of Systematic Reviews

(PROSPERO: CRD42024557360). Ethical approval was not
required, as the analysis was conducted using pre‐existing
published data.

2.1 | Data Sources and Search Strategy

Two reviewers conducted a comprehensive search for eligible
studies from inception until June 2024 using the following
electronic databases: MEDLINE (via PubMed), Cochrane
CENTRAL Library, Google Scholar, and Scopus. The detailed
search strings for each database are outlined in Supporting
Information S1: Table 2. No search filters were applied for study
type. There were no limitations based on country or race. The
reference lists of the included studies were manually reviewed
to identify any studies that might have been missed during the
search.

2.2 | Study Selection and Eligibility

Studies were included if they met the following eligibility criteria:
(a) patients diagnosed with IE, (b) use of OPAT as the inter-
vention, and (c) reporting at least one of the following outcomes
during treatment or follow‐up—readmission, all‐cause mortality,
IE relapse, valve replacement/cardiac surgery, and complications
such as drug allergy, acute kidney injury, and sepsis. (d) Obser-
vational studies, including retrospective and prospective cohort
studies, as well as randomized controlled trials (RCTs), were
considered.

Conversely, studies were excluded if they did not focus on
OPAT in infective endocarditis, lacked accessible outcome data,
presented duplicate information or overlapping participants, or
were reviews, editorials, book chapters, letters, expert opinions,
conference papers, case reports, or animal studies.

2.3 | Data Extraction

Articles obtained from the systematic search were transferred to
EndNote Reference Library software to identify and remove
duplicates. The remaining articles were then reviewed by two
independent reviewers, and only those meeting the pre-
determined criteria were included. The initial screening
involved selecting studies based on their titles and abstracts,
followed by a thorough review of the full‐text articles to ensure
their relevance. Any conflicts were resolved through consensus
or by consulting a third reviewer.

Data extracted from the studies included: (1) study character-
istics, such as the first author, publication year, country, and
study design; (2) patient demographics, including the number
of patients, mean age, and sex ratio; (3) disease characteristics,
such as type of endocarditis and diagnosis according to Duke's
criteria; (4) treatment details, including OPAT duration, mean
inpatient length of stay, and follow‐up time; and (5) outcomes
and complications. If data for multiple outcomes were reported
collectively, the corresponding authors were contacted via email
to request separate results.

Summary

• Outpatient parenteral antibiotic therapy (OPAT) is an
effective and safe treatment option for infective
endocarditis, with favorable mortality, relapse, and
readmission outcomes during both treatment and
follow‐up periods.

• Future research should focus on randomized controlled
trials to directly compare OPAT with inpatient care,
refine patient selection criteria, and enhance monitoring
strategies to optimize outcomes.

2 of 14 Clinical Cardiology, 2025



2.4 | Quality Assessment

The risk of bias was assessed using the Risk of Bias in Non‐
randomized Studies of Interventions (ROBINS‐I) tool [14]. Two
authors independently assessed the studies based on the tool's
criteria. Any discrepancies were resolved by discussion.

In each study, bias was assessed in seven domains: confound-
ing, selection of participants, classification of interventions,
deviations from intended interventions, missing outcome data,
outcome measurement, and selection of reported results. Bias in
each domain was categorized as low, moderate, serious, or
critical. Finally, the prior assessment results were used to
determine the overall risk of bias in each study.

2.5 | Statistical Analysis

The statistical analysis was conducted in R version 4.4.1 using
the “meta” and “metasens” packages. A random‐effects model
was used to compute pooled proportions for dichotomous out-
comes. To stabilize variances, the Freeman‐Tukey double arc-
sine transformation was applied before pooling using the
inverse variance method [15]. The Hartung‐Knapp adjustment
was incorporated to improve the accuracy of confidence inter-
vals by accounting for between‐study variability [16]. Forest
plots were created to visually represent the results.

Heterogeneity was evaluated using the Higgins I² statistic, fol-
lowing predefined thresholds from the Cochrane Handbook of
Systematic Reviews of Interventions: 0%–40%: low heterogeneity;
30%–60%: moderate heterogeneity; 50%–90%: substantial het-
erogeneity; and 75%–100%: considerable heterogeneity [17].

Publication bias was assessed using funnel plots and Egger's test
[18] when an outcome was reported in at least 10 studies. To
ensure robustness, sensitivity analysis was performed using the
leave‐one‐out approach. A two‐tailed p‐value < 0.05 was con-
sidered statistically significant in all instances.

3 | Results

We identified 1816 articles from our electronic search, 114 of
which were duplicates. After screening based on titles, ab-
stracts, and then full texts, 25 studies [19–42]—19 retrospective,
five prospective, and one ambispective—involving 2654 patients
were included in this systematic review and meta‐analysis.
Figure 1 shows the PRISMA flow diagram for the study selec-
tion process. The included studies were published from 2001 to
2024. Most of the patients were male and had native valve en-
docarditis. The OPAT duration and mean follow‐up period
varied across the studies. Table 1 shows the baseline char-
acteristics of the included studies.

3.1 | Risk of Bias

Twenty‐five studies were assessed for risk of bias [19–42]. Eight
studies (32%) (Cervera 2011 [25], Durojaiye 2021 [21],

Kortajarena 2017 [19], Lacroix 2017 [26], Herrera‐Hidalgo L
2021 [34], Pericás JM 2022 [20], Schwiebert R 2023 [37], and
Suárez M 2023 [42]) had a serious risk of bias, while the other
17 studies (68%) were rated with a moderate risk (Supporting
Information S1: Table 3). The results of the quality assessment
were presented visually in the form of a traffic light plot and
summary plot using the risk of bias visualization (Robvis) tool
(Supporting Information S1: Figure 1). The ROBINS‐I domains
that most contributed to moderate or serious risk of bias were
confounding bias (D1), participant selection bias (D2), bias due
to intervention protocol deviations (D4), and bias in the mea-
surement of outcomes (D6).

3.2 | Results of the Meta‐Analysis

Table 2 depicts the results of the meta‐analysis in detail.

3.2.1 | Treatment Period

During the treatment period, patients treated with OPAT
showed a mortality rate of 0% (95% CI: 0%–1%, I² = 0%,
Figure 2a), relapse rate of 4% (95% CI: 0%–34%, I² = 0%, Figure 2b),
readmission rate of 16% (95% CI: 9%–26%, I² = 86%, Figure 2c), and
16% (95% CI: 0%–50%, I² = 95%, Figure 2d) of the patients required
valve replacement or cardiac surgery. Sensitivity analysis, omitting
one study at a time, did not impact the results much (Supporting
Information S1: Figures 2–5).

3.2.2 | Follow‐Up Period

During the follow‐up period, patients treated with OPAT
showed a mortality rate of 5% (95% CI: 3%–8%, I² = 75%,
Figure 3a), relapse rate of 2% (95% CI: 0%–4%, I² = 56%, Figure 3b),
readmission rate of 19% (95% CI: 12%–27%, I² = 92%, Figure 3c),
and 14% (95% CI: 6%–24%, I² = 92%, Figure 3d) of the patients
required valve replacement or cardiac surgery. Sensitivity analysis,
omitting one study at a time, did not impact the results much
(Supporting Information S1: Figures 6–9), but omitting the study by
Herrera‐Hidalgo et al. (2021) [34] reduced the heterogeneity for the
relapse rate (1%, 95% CI: 0%–2%, I² = 28%).

3.2.3 | Adverse Events

Of the patients treated with OPAT, 4% (95% CI: 2%–6%,
I² = 43%, Supporting Information S1: Figure 10) had a drug
allergy or complication, 7% (95% CI: 1%–17%, I² = 95%,
Supporting Information S1: Figure 11) showed acute kidney
injury or failure, 7% (95% CI: 2%–16%, I² = 80%, Supporting
Information S1: Figure 12) showed IV‐line related adverse
events, 1% (95% CI: 0%–3%, I² = 0%, Supporting Information S1:
Figure 13) showed Clostridioides difficile colitis, 4% (95% CI:
0%–10%, I² = 78%, Supporting Information S1: Figure 14) had
PICC line complications, 2% (95% CI: 0%–23%, I² = 69%,
Supporting Information S1: Figure 15) had valvular regurgita-
tion, 5% (95% CI: 2%–10%, I² = 65%, Supporting Information S1:
Figure 16) showed heart failure, 5% (95% CI: 0%–13%, I² = 8%,
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Supporting Information S1: Figure 17) had an arrhythmia, 1%
(95% CI: 0%–6%, I² = 0%, Supporting Information S1:
Figure 18) had a stroke, 9% (95% CI: 1%–24%, I² = 0%,
Supporting Information S1: Figure 19) had persistent bacte-
remia, 4% (95% CI: 2%–5%, I² = 0%, Supporting Information
S1: Figure 20) had sepsis, and 12% (95% CI: 0%–33%, I² = 98%,
Supporting Information S1: Figure 21) had embolic compli-
cations. Sensitivity analysis, omitting one study at a time, had
minimal impact on the results (Supporting Information S1:
Figures 22–33).

3.2.4 | Publication Bias

Funnel plot inspection and Egger's test revealed some evidence
of publication bias in patients with heart failure (p= 0.0038,
Supporting Information S1: Figure 34). No publication bias was
observed for mortality rate (p= 0.2986, Supporting Information
S1: Figure 35) and readmission rate (p= 0.5806, Supporting
Information S1: Figure 36) during the treatment period, for
mortality rate (p= 0.8285, Supporting Information S1:

Figure 37), relapse rate (p= 0.0205, Supporting Information S1:
Figure 38), readmission rate (p= 0.7901, Supporting Informa-
tion S1: Figure 39), and patients requiring valve replacement
or cardiac surgery (p= 0.3503, Supporting Information S1:
Figure 40) during the follow‐up period, and for patients having
a drug allergy or complication (p= 0.0834, Supporting Infor-
mation S1: Figure 41). Remaining outcomes could not be
assessed as they were reported in fewer than 10 studies.

4 | Discussion

This systematic review and meta‐analysis of 25 studies,
involving 2654 patients, highlights the viability of outpatient
parenteral antimicrobial therapy (OPAT) as a treatment for
infective endocarditis (IE), demonstrating low rates of mortality
and relapse, consistent with previous research [11]. OPAT al-
lows selected patients to complete intravenous antibiotic ther-
apy outside the hospital, potentially reducing hospital stays and
associated costs [6, 43]. However, a significant proportion of
patients required readmission or surgical intervention, and

FIGURE 1 | PRISMA flow chart of included literature.
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complications such as IV‐line issues, renal injury, and embolic
events were observed, emphasizing the need for careful patient
selection and close monitoring [9, 10].

This updated meta‐analysis expands on the findings of Wen
et al. (2022) by incorporating a larger data set (25 vs. 9 studies;
2654 vs. 1116 patients) [11]. Wen et al. [11] reported mortality
rates of 4% during treatment and 3% during follow‐up, whereas
our study found 0% and 5%, respectively. Relapse rates of 4%
and 2%, along with readmission rates of < 20%, were consistent
between the two studies. However, the previous meta‐analysis
[11] did not assess additional efficacy outcomes, such as the
proportion of patients requiring cardiac surgery or valve
replacement. Moreover, we performed a leave‐one‐out sensi-
tivity analysis, which was not included in Wen et al.'s [11]
study. Additionally, unlike Wen et al. [11], who combined
treatment and follow‐up outcomes—potentially leading to sta-
tistical overestimation—our study analyzed these outcomes
separately. We also found evidence of publication bias for heart
failure outcomes, which Wen et al. [11] did not report. Fur-
thermore, unlike the previous meta‐analysis which broadly re-
ported an adverse event rate of 26%, our analysis provides a
more detailed breakdown of adverse events, including acute
kidney injury, IV‐line complications, persistent bacteremia,
sepsis, valvular regurgitation, arrhythmia, and embolic com-
plications, which were not explicitly examined in prior studies.

Another meta‐analysis by Mohammed et al. (2024) compared
the efficacy and safety profile of OPAT with inpatient treatment
in a different clinical population. Their findings showed no
significant differences in mortality, treatment failure, or adverse
events, concluding that OPAT is a safe and effective alternative
to inpatient intravenous antimicrobial therapy [44].

Our analysis revealed that 16% of patients receiving OPAT
required readmission during treatment, aligning with previous
studies [30], while 19% required readmission during follow‐up.
The primary reasons for OPAT‐related readmissions included
infection recurrence, adverse drug reactions, and IV‐line com-
plications. Risk factors such as vancomycin use and prolonged
OPAT duration further contributed to readmission [45, 46].
Administrative factors, including loss of insurance, also played
a role, with patients having multiple comorbidities facing
higher readmission risk. Additionally, the COVID‐19 pandemic
influenced outcomes by increasing telehealth utilization, which,
while reducing missed appointments, may have limited
in‐person evaluations necessary for early complication detec-
tion [46]. Durojaiye et al. identified an elevated Charlson
Comorbidity Index as a predictor of OPAT failure due to wor-
sening clinical conditions necessitating inpatient care [21].
Readmission places a burden on both patients and healthcare
systems, reducing resources available for critically ill in-
dividuals [6, 47, 48].

TABLE 2 | Summary of meta‐analysis results for OPAT outcomes and adverse events.

Treatment Period

Outcome No. of Studies Events/Total Pooled Proportion 95% CI I2

Mortality 10 8/563 0 0.00–0.01 0%

Relapse 2 5/122 0.04 0.00–0.34 0%

Readmission 11 118/696 0.16 0.09–0.26 86%

Cardiac Surgery/Valve Replacement 6 66/613 0.16 0.00–0.50 95%

Follow‐up Period

Mortality 20 159/2238 0.05 0.03–0.08 75%

Relapse 14 46/1786 0.02 0.00–0.04 56%

Readmission 10 372/1907 0.19 0.12–0.27 92%

Cardiac Surgery/Valve Replacement 10 195/1574 0.14 0.06–0.24 92%

Adverse Events

Drug Allergy/Drug complication 13 40/895 0.04 0.02–0.06 43%

Acute Kidney Injury/Failure 6 135/969 0.07 0.01–0.17 95%

IV‐line Related Adverse Events 5 55/653 0.07 0.02–0.16 80%

Clostridioides Difficile Colitis 4 6/411 0.01 0.00–0.03 0%

PICC Line Related Complications 7 26/557 0.04 0.00–0.10 78%

Valvular Regurgitation 3 6/287 0.02 0.00–0.23 69%

Heart Failure 10 34/767 0.05 0.02–0.10 65%

Arrythmia 3 32/503 0.05 0.00–0.13 8%

Stroke 3 3/232 0.01 0.00–0.06 0%

Persistent Bacteremia 2 91/987 0.09 0.01–0.24 0%

Sepsis 4 43/1114 0.04 0.02–0.05 0%

Embolic Complications 6 378/1455 0.12 0.00–0.33 98%
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FIGURE 2 | OPAT outcomes during the treatment period; Figure (2a) shows the mortality rate; Figure (2b) shows the relapse rate; Figure (2c)

shows the readmission rate; Figure (2d) shows the percentage of patients requiring valve replacement or cardiac surgery.
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FIGURE 3 | Clinical outcomes during the follow‐up period for patients treated with OPAT; Figure (3a) shows the mortality rate; Figure (3b)

shows the relapse rate; Figure (3c) shows the readmission rate; Figure (3d) shows the percentage of patients requiring valve replacement or cardiac

surgery.
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Our findings also indicate that 16% of OPAT patients required
valve replacement or cardiac surgery during treatment, and
14% required surgery during follow‐up. This underscores the
limitations of antibiotic therapy alone in managing certain
cases of IE. Surgery was required for persistent infection, valve
damage, heart failure, or complications such as abscess for-
mation [4]. Patients with prosthetic valves or highly virulent
pathogens were at higher risk for surgical intervention [49]. In
some cases, advanced valve dysfunction or recurrent infection
necessitated surgery even after completing OPAT [11, 23]. The
2023 ESC guidelines recommend surgery for IE in cases of
heart failure due to severe valve dysfunction, uncontrolled
infection (persistent sepsis, abscess, or fungal/multidrug‐
resistant infection), and prevention of embolization in patients
with large vegetations (≥ 10 mm) after embolic events. With
surgical urgency categorized into emergency (within 24 h),
urgent (within 3–5 days), and elective procedures, all managed
by a multidisciplinary endocarditis team for optimal out-
comes [50].

Despite its advantages, OPAT is associated with adverse events.
The most frequently reported complications in our study were
embolic events (12%), persistent bacteremia (9%), acute kidney
injury (7%), and IV‐line complications (7%). Patients receiving
prolonged antibiotic therapy, particularly those with intra-
venous drug use (IVDU), were at increased risk for IV‐line
complications, including catheter blockage, dislodgement, and
catheter‐related bloodstream infections (CRBSI) [51–57].
Strengthening infection control protocols and improving care
coordination can mitigate these risks [58]. Nephrotoxicity,
particularly from aminoglycosides and vancomycin, is a well‐
documented complication of IE treatment [59]. The observed
rates of acute kidney injury in our study align with prior
research, which has linked AKI to prosthetic valve infections,
acute heart failure, and vancomycin exposure [60]. The com-
bination of vancomycin with piperacillin‐tazobactam signifi-
cantly increases nephrotoxicity risk due to cumulative renal
stress and tubular injury. While AKI is commonly identified in
hospitalized patients, its occurrence in OPAT settings remains a
concern due to less frequent monitoring. Given its impact on
hospital stay length, improved prevention and monitoring
strategies are crucial [61].

Persistent bacteremia in OPAT patients suggests bacterial sur-
vival mechanisms, such as biofilm formation, particularly with
Staphylococcus aureus and Enterococcus spp., which complicate
eradication, especially in prosthetic valve infections [62]. Em-
bolic events (EEs), including stroke, splenic infarction, and
pulmonary embolism, result from vegetation dislodgement.
Risk factors for EE include vegetation size, mobility, and valve
location, with larger and more mobile mitral valve vegetations
posing the highest risk [63]. Inflammatory and clotting in-
dicators such as CRP, D‐dimer, and platelet functionality also
play a role in embolization. Recurrent EE may occur as a result
of ongoing infection, insufficient treatment, or underlyinpatient
characteristics such as past embolism, particular pathogens
(e.g., S. aureus, Streptococcus bovis), and the host's immune
response [63].

Enhanced monitoring and follow‐up for OPAT patients with IE
is essential. Regular assessments of vital signs, laboratory

parameters, and potential complications can help reduce
adverse outcomes. For individuals undergoing OPAT at home
or in community facilities, it is essential to create a strong
monitoring system [6]. Additionally, the establishment of spe-
cialized OPAT teams can further improve patient safety and
treatment efficacy. Overall, the benefits of OPAT for IE treat-
ment outweigh its risks when appropriate patient selection and
monitoring strategies are implemented.

4.1 | Study Limitations

This meta‐analysis presents various limitations that need to be
taken into account. First, significant heterogeneity was observed in
key outcomes, including mortality, relapse, and readmission rates.
Variability in study design, patient comorbidities, follow‐up dura-
tions, and treatment approaches likely contributed to this hetero-
geneity. However, we performed a leave‐one‐out sensitivity analysis
to address this issue. Second, inconsistencies in the data across
included studies limited our ability to perform subgroup analyses
based on factors such as sex, age, and comorbidities, which may
influence outcomes. Third, the absence of a direct control group
(i.e., standard inpatient care) limits our ability to draw definitive
comparisons between OPAT and hospitalization. While our results
support OPAT's safety and efficacy, conclusions regarding its
superiority or non‐inferiority to inpatient care should be made
cautiously. Finally, the use of real‐world data introduces potential
biases, including confounding factors, missing data, and treatment
adherence bias. Since no direct randomized controlled trials (RCTs)
compare OPAT with inpatient treatment for IE, our findings rely
exclusively on observational data, limiting causal inferences.

5 | Conclusion

This systematic review and meta‐analysis demonstrate that
OPAT is an effective and safe treatment option for IE, with
favorable mortality, relapse, and readmission outcomes during
both treatment and follow‐up periods. However, future research
should focus on randomized controlled trials to directly com-
pare OPAT with inpatient care, refine patient selection criteria,
and enhance monitoring strategies to optimize outcomes.
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