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a b s t r a c t 

Background: Infective endocarditis (IE) requires long courses of intravenous (IV) antibiotics. Outpatient parenteral 

antibiotic therapy (OPAT) saves resources, improves the patient experience and allows care in their preferred 

place; however, questions remain about safety when treating IE patients. This study evaluates OPAT management 

of IE patients in our region between 2006 and 2019. 

Methods: This is a retrospective observational evaluation and description of outcomes and adherence to suitability 

criteria, according to British Society for Antimicrobial Chemotherapy (BSAC) guidelines. 

Results: We identified five models of OPAT delivery. The number of patients treated expanded significantly over 

time. Of 101 patients, six (6%) suffered poor outcomes, but each patient had contributing factors outside of the 

primary infection. Median OPAT duration was 12 days and 1,489 hospital bed days were saved. 

Conclusions: In a setting where there was good adherence to BSAC criteria, treating IE patients using OPAT 

services was safe. Complications observed were likely independent of treatment location. Significant bed days 

were saved. 
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Summary box 

What is known? 

Infective endocarditis remains a challenging condition to treat. 
OPAT is an attractive option as it can save hospital bed days and 
improve the patient experience. 

What is the question? 

There are potential severe adverse outcomes for undertreated pa- 
tients, which may be more common if patients not suitable for 
OPAT are treated on an outpatient basis. 

What was found? 

Our study demonstrates that OPAT is a feasible and effective op- 
tion for treating IE in a broad range of patients and provides good 
results in terms of treatment failure, readmission, death and re- 
lapse. It also highlights the heterogeneity of patients and OPAT 

services. 
∗ Corresponding author at: Department of Microbiology, Leeds General Infirmary,
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How might this impact on clinical practice? 

This study contributes to the growing evidence that supports the 
use of OPAT for IE, particularly where it is delivered through a 
dedicated community intravenous administration team. 

ntroduction 

Infective endocarditis (IE) is an uncommon condition affecting the

ndocardium and endocardial devices. 1 The incidence of IE in England

as recently been reported as 42–68 per million people per month and

s increasing. 2 Although uncommon, IE is important because it results

n significant morbidity and mortality, with an inpatient mortality rate

f 20–30%. 3 , 4 IE is notoriously difficult to treat and frequently requires

rolonged hospitalisation. 1 A cornerstone of treatment is intravenous

ntimicrobial therapy, which is generally required for 4 to 6 weeks. 5 

ospital stays carry their own risks including healthcare associated in-
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ections, which are a particular threat for older and frail patients who

ow comprise a large proportion of those suffering from IE in many

ounties. 6 , 7 

Outpatient parenteral antimicrobial therapy (OPAT), is a way of de-

ivering antibiotic treatment to patients without the need to stay in hos-

ital. It offers cost savings, allows greater inpatient capacity due to bed

ays saved and improves patient satisfaction. 8 Despite these benefits

here are risks, including adverse drug reactions and IV access com-

lications, as well as unexpected changes in the patient’s condition. 9 

ntravascular catheter-related bloodstream infection is a particular con-

ern in IE patients as it appears to increase the risk of mortality. 10 

For patients with IE to be considered for OPAT, the British Society for

ntimicrobial Chemotherapy (BSAC) guidelines stipulate that they must

atisfy general suitability criteria as well as condition-specific require-

ents. 5 , 6 A number of studies have reviewed the safety and effective-

ess of OPAT for the treatment of IE and although they have concluded

hat it is safe, high readmission rates (4–33%) and mortality (0–5.5%)

ave been reported, raising questions about the patient selection cri-

eria. 11–15 In addition, previous studies have generally been evaluated

rom an OPAT service provider perspective, potentially biasing findings.

ecause IE is a condition fraught with high morbidity and mortality and

ecause readmission may undo much of the economic case for OPAT,

s well as the patient satisfaction benefits, we aimed to audit compli-

nce with BSAC recommendations for suitability for OPAT of IE. We

lso sought to describe models and trends in the utilisation of OPAT

nd to evaluate current outcomes from the perspective of patients with

he condition, i.e. not limited to formal OPAT service referral 

ethods 

thics 

This study was categorised as an audit and service evaluation and did

ot therefore require ethical approval. Data governance was managed

ccording to Caldicott principles. 

tudy design 

This was a retrospective, descriptive, service evaluation, including

udit compliance with BSAC recommendation 5.12 concerning suitabil-

ty for OPAT treatment of IE and treatment outcome data. 5 For all pa-

ients treated with OPAT, the percentage who were fully compliant with

ach requirement was assessed: 1) stable and responding well to ther-

py; 2) without signs of heart failure; 3) without any of the indications

or urgent/emergency cardiac surgery; 4) without uncontrolled extra-

ardiac foci of infection. Where non-compliance was identified, the rea-

ons were explored. 

Indications for surgery were considered to be: uncontrolled heart

ailure, uncontrolled cardiac focus of infection (defined as locally un-

ontrolled infection, including abscess, false aneurysm, enlarging veg-

tation, persisting fever and positive blood culture for ≥ 10 days after

ommencing appropriate antimicrobial therapy) and major embolic risk.

ncontrolled extracardiac foci of infection included: 1) undrained brain

bscesses that were considered to need surgical drainage by a neuro-

urgeon 2) lung abscess/embolic pulmonary infection 3) any undrained

plenic abscess 3) vertebral osteomyelitis with or without abscess con-

idered to need surgical intervention by a spinal surgeon 4) septic arthri-

is without washout and ongoing symptoms of infection. 

Outcomes measures were modified from previous. 11 The primary

utcome ‘OPAT failure’ was defined as unplanned readmission or death

uring OPAT. Secondary outcomes were: (i) relapse of endocarditis (ii)

he need for emergency cardiac surgery during OPAT (iii) development

f antibiotic resistance during OPAT or relapses, and (iv) intravascu-

ar catheter-related bloodstream infection during OPAT. Relapse was

efined as an initial response to therapy followed by reappearance of

linical illness fulfilling diagnostic criteria for IE and cause by the same
2

athogen as the index episode within a year following completion of

herapy. Data on 1-year all-cause mortality was collected to compare to

revious studies. As patients with endocarditis often have other signif-

cant co-morbidities, we separately reported the percentage of patients

hat had no microbiological evidence of relapse within 1 year of cessa-

ion of treatment – this is the outcome that best aligns with microbio-

ogical cure. 

We give a descriptive account of OPAT services, the models of deliv-

ry used, discussion of outcomes, and estimate of bed days saved. 

etting 

This study was conducted in hospitals within the Leeds Teaching

ospitals NHS Trust (LTHT) with over 2,500 inpatient beds and receives

ertiary referrals from a population of over two million. OPAT services

ere provided by LTHT as well as five referring local hospitals. 

articipants 

Inclusion criteria: All adult patients managed by the Leeds endo-

arditis service between 1 January 2006 and 31 December 2019 who

ulfilled criteria for definite or possible IE according to modified Duke’s

riteria and had at least 1 day of intravenous therapy for IE while not

n inpatient were eligible. 16 Patients were followed up regardless of

hich regional service administered OPAT therapy after completing in-

atient treatment at our tertiary referral centre. Analysis was stopped

t the end of December 2019 because of the dramatic, abnormal ef-

ect that COVID-19 had on service provision. Patients fulfilling inclusion

riteria were identified by using an in-house Leeds Infective Endocardi-

is Service electronic database. Data collection for this database started

rospectively in 2004. Consecutive patients fulfilling the inclusion crite-

ia were included to reduce the risk of bias and any reasons for exclusion

escribed. Patient selection was carried out without knowledge of out-

omes. 

ther variables 

Other variables collected included: age, sex, year of admission, mi-

robiological cause of IE, valve and valve type affected, injection of in-

ravenous drug in the 3 months prior to admission, OPAT antimicrobial

egimen, duration of inpatient antibiotic therapy and duration of OPAT

herapy and outcomes. 

Day 1 of therapy was considered to be the first day of appropriate

ntibiotics commenced for treatment of IE. Day 1 of OPAT was the first

ay that intravenous antibiotics were administered outside the inpatient

etting. 

tatistical methods 

Microsoft Office Excel 2016 was used to collect data and calculate

eans, medians and ranges. Median values and ranges were calculated

or non-normally distributed continuous variables. Means were calcu-

ated for normally distributed continuous variables. Risk ratios and their

tatistical significance were calculated using MedCalc. 17 The Kaplan-

eier curves in Fig. 2 were generated using Stata Statistical Software

elease 18 (StataCorp, College Station, Texas, USA). 

esults 

An initial search identified 122 patients who satisfied the eligibility

riteria of this study, of which 101 were ultimately included for analysis.

ee Fig. 1 for details on case exclusions. Eighty-three patients received

PAT via Leeds Teaching Hospitals NHS Trust, and 18 patients received

PAT via their local referring hospital. During the same time period

,396 patients were treated for endocarditis on an inpatient basis at

eeds Teaching Hospitals Trust. 
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Fig. 1. Flow diagram of cases identified using 

an electronic database and subsequent includ- 

ing and exclusion. 

Fig. 2. Kaplan–Meier curve of the percentage of patients being complication 

free over time. There were two negative outcomes in the group of 15 patients 

that did not adhere to BSAC criteria for OPAT (one readmission, one relapse) and 

four negative outcomes in the group of 86 patients that did adhere to BSAC crite- 

ria (two relapses, two deaths). The difference between groups is non-significant 

at p = 0.20 (log-rank test). 
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atient and treatment characteristics 

The basic characteristics of the 101 included patients were very sim-

lar to the total population of patients seen by our IE service (regard-
3

ess of inpatient or outpatient therapy), including age, gender, micro-

iological causes, type of IE and cardiac structures affected (previously

eported) 18 and is largely in line with other European epidemiological

ata for IE ( Table 1 ). 19 We included two persons who inject intravenous

rugs. While this is not our usual practice, both were deemed suitable

n individual review. 

The duration of outpatient therapy ranged from 1 to 59 days, with

 median of 12 days. For three patients the OPAT treatment duration

ould not be determined. For the remaining 98 patients, a total of 1,489

ays of hospital treatment were saved ( Table 2 ). 

The five OPAT service models used included: community intra-

enous antibiotic services (CIVAS), ward attenders, clinic attenders, self-

PAT and dialysis services for patients that already required renal re-

lacement therapy. More than half of all patients (62%) were treated

sing the CIVAS service, which is a dedicated team run by nurses, doc-

ors and pharmacists that administer antibiotics at a patient’s place of

esidence. The proportion of patients that attended a hospital ward for

utpatient antibiotic treatment fell during the study period from 50%

uring the first half of the study period to 16% during the second half.

ver the same time interval, the total number of patients treated for IE

sing OPAT increased by a factor of four. Due to their once-a-day dosing

chedule, daptomycin and teicoplanin accounted for over three quarters

f all OPAT prescriptions. 

ompliance with BSAC recommendation for OPAT suitability 

There was high adherence to recommendations for the selection pa-

ients for OPAT therapy ( Table 3 ). However, there was weaker adher-

nce to the recommendation for daily monitoring (88%). In total there

ere 15 patients in whom BSAC recommendations were not adhered to

three of whom scored in two separate domains for a total of 18 instances

f non-adherence). Reasons for non-adherence to the recommendations

ere as follows: 

- 11 patients with renal replacement therapy requirements managed

their antibiotic administration through their intermittent haemodial-

ysis service, which does not monitor patients on a daily basis. One

patient was administered IV antibiotics in their own home with help

of their trained family members. 
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Table 1 

Baseline characteristics of patients treated for infective endocarditis using out- 

patient parenteral antibiotic therapy (OPAT). 

Number of patients 101 

Age (years, median) 68 (range 18–92) 

Gender 

Male 70 (69%) 

Female 31 (31%) 

Person who injects drugs 2 (2%) 

Type of IE 

Native valve 63 (62%) 

Prosthetic valve 28 (28%) 

Implantable Cardiac Electronic 

Device (ICED) 

8 (8%) 

Other 2 (2%) 

Cardiac structure affected 

Aortic valve 41 (41%) 

Mitral valve 29 (29%) 

Tricuspid valve 10 (10%) 

Pulmonary valve 2 (2%) 

Other (multiple valves, non-valvular 

prosthetic structures, miscellaneous 

non-valvular native structures) 

19 (19%) 

Microbiological cause of IE 

Streptococci - Other (primarily oral streptococci) 41 (41%) 

Staphylococcus aureus 17 (17%) 

Coagulase Negative Staph 16 (16%) 

Enterococci 10 (10%) 

Other (HACEK, gram negative rods, fungal) 8 (8%) (3 P. aeruginosa, 1 

C.parapsilosis , 1 Leptotrichia , 

1 P. acnes, 2 multiple bacterial 

pathogens ) 

No pathogen identified 6 (6%) 

Beta-haemolytic streptococci 3 (3%) 

Data recorded as number of patients (with percentages in brackets), unless oth- 

erwise specified. 
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Table 2 

Characteristic of OPAT episodes and services models. 

OPAT Antibiotic used 

Teicoplanin 51 (50%) 

• 48 IV Teicoplanin only 

• 2 + PO rifampicin 

• 1 + PO rifampicin + ciprofloxacin 

Vancomycin 8 (8%) 

6 IV vancomycin only 

1 + IV gentamicin + PO rifampicin 

1 + PO rifampicin 

Flucloxacillin 4 (4%) 

• 3 IV flucloxacillin only 

• 1 + PO rifampicin 

Daptomycin 26 (26%) 

• 10 IV daptomycin only, 13 + PO 

rifampicin 

• 1 + PO ciprofloxacin 

• 1 + PO linezolid 

• 1 + PO linezolid + rifampicin 

Ceftriaxone 5 (5%) 

Other 7 (7%) 

• 1 ceftriaxone + teicoplanin 

• 1 ciprofloxacin 

• 1 anidulafungin 

• 2 ceftolozane-tazobactam 

• 2 benzylpenicillin 

Antibiotic therapy duration 

Duration of inpatient antibiotic therapy 

(days, median) 

27 (range 6 to 94) 

Duration of outpatient antibiotic therapy 

(days, median) 

12 (range 1 to 59) 

OPAT models used 

Community intravenous antibiotic service 

(CIVAS) 

63 (62%) 

Ward attender 21 (21%) 

Dialysis 11 (11%) 

Unknown 3 (3%) 

Clinic attender 2 (2%) 

Self OPAT 1 (1%) 

Data recorded as number of patients (with percentages in brackets), unless oth- 

erwise specified. PO, per oral; IV, intravenous 

Table 3 

Compliance with BSAC recommendation for suitability on starting OPAT. 

Stable and responding to therapy prior to OPAT 97% (98 of 101) 

No signs of heart failure 99% (99 of 100) 

No indication for surgery prior to discharge 99% (100 of 101) 

No uncontrolled extra-cardiac foci of infection 99% (100 of 101) 

System in place for daily monitoring 88% (88/100) 

Data displayed as percentage of case adhering to recommendations, with count 

numbers in brackets. A denominator less than 101 reflects cases of missing data. 
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- All three patients that were not stable/responding to therapy prior

to discharge were seeking self-discharge against medical advice and

OPAT was offered as a compromise. One patient had a negative out-

come, suffering a stroke and requiring readmission while still on IV

antibiotics. This patient was also on haemodialysis. 

- One patient was discharged with heart failure as his condition was

as optimised as possible and was approaching end of life care. No

adverse outcome was reported. 

- One patient was discharged prior to receiving indicated valve

surgery as he had multiple comorbidities and determining the tim-

ing of surgery was a difficult multi-disciplinary team decision. No

adverse outcome was reported. 

- One patient was discharged with an uncontrolled focus of infection

(neck abscess) which the patient declined to have surgically drained.

No adverse outcome reported. 

dverse treatment outcomes 

In total, there were six negative treatment outcomes ( Table 4 ) and

etails of each case are summarised in Table 5 . Two occurred in the

5 patients in whom BSAC recommendations for OPAT suitability were

ot strictly adhered to (one stroke, one relapse). The remaining four

egative outcomes were distributed among the remaining 86 patients.

hile the relative risk of developing a negative outcome was higher

n the group that did not follow BSAC recommendations for OPAT, it

id not reach statistical significance (risk ratio 2.87, p = 0.20). A time-

o-negative-event Kaplan-Meier curve comparing those who adhered to

SAC criteria vs those that did not is shown in Fig. 2 . There was no sta-

istically significant difference in the occurrence of negative outcomes

etween the two groups (log-rank test, p = 0.20). 

Likewise, the difference in relative risk of developing complications

n a dedicated CIVAS setting vs the more ad-hoc alternatives also did

ot reach statistical significance (risk ratio = 1.65, p = 0.52). 
4

Of the three relapses, one patient was on dialysis and the infection

as with S aureus. S aureus infections are common in this patient pop-

lation and it is thus difficult to ascertain if it is truly a relapse of a

einfection. Overall, 97% of patients had no evidence of microbiologi-

al relapse within 1 year of cessation of therapy. 

Sixteen patients died within 1 year of diagnosis, resulting in a 16% 1-

ear all-cause mortality. None had microbiological evidence of relapse.

e note that three patients had advanced cancer during their treatment

two of which died during therapy and one shortly after), three were

n dialysis, one was a complex surgical case and one received OPAT

n order to deliver patient centred care, despite not being best medical

ractice. Patients from these cohorts are often excluded from traditional

PAT studies. 
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Table 4 

Adverse treatment outcomes of patients treated with OPAT for infective endo- 

carditis. 

OPAT failure (death or unplanned readmission during OPAT) 3% (3 of 99) 

Relapse of endocarditis (within 1 year of completion of antibiotics) 3% (3 of 99) 

Need for emergency cardiac surgery 0% (0 of 99) 

Catheter related bloodstream infection 0%‘ (0 of 98) 

Data displayed as percentage of cases, with count numbers in brackets. A de- 

nominator less than 101 reflects cases of missing data. 

ESRF, end stage renal failure; MRSA, methicillin-resistant Staphylococcus aureus ; 

MSSA, methicillin-susceptible Staphylococcus aureus . 
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on-curative intent 

Two patients were excluded from analysis as their treatment out-

ome was not curative. Both had complicated prosthetic valve endo-

arditis and could not undergo the required surgery. 

iscussion 

The review of our tertiary infective endocarditis service highlights

hat the overwhelming majority of patients treated using OPAT met

SAC suitability criteria and were safely treated. 

Previous OPAT studies have reported a relapse rate between 1 and

.5%, with another UK based study also citing a relapse rate and mortal-

ty of 3%, which is identical to our findings. 12 , 20 The readmission rate

uring OPAT of 1% was significantly lower in our study compared to

thers who have previously reported it between 4 and 20% and may

e due to diverging inclusion criteria and different thresholds for hospi-

al readmission. The 1-year mortality rate reported here is higher than

hat cited for IE OPAT studies previously. 12 , 13 , 20–22 However, studies of

PAT outcomes across different services are known to show significant

ariance due to the heterogeneity in services provision, inclusion crite-

ia, patient populations and reporting standards. 23 Our mortality data

s in line with mortality data for IE cases overall, which is cited between

 and 37%, and likely reflects that we treated a number of complex

urgical cases, tenacious organisms, a significant number of patients on

aemodialysis and patients near the end of their life for compassion-

te reasons. 24–27 Reassuringly, there was a low rate of microbiological

elapse and conversely a high rate of microbiological cure. 

We observed a change in how OPAT was delivered over time, with

rowing use of CIVAS and less ad hoc ward/clinic-based delivery. In

ine with national trends, we have seen an increasing uptake in OPAT

ervices year on year. 23 We note that there was less continuing over-

ight from infection specialists in the management of cases that were
Table 5 

Details of all cases of OPAT treatment failures during the study period. 

Patient Adverse outcome Adherence to 

suitability criteria 

Type of OPAT 

1 Death Yes CIVAS 

3 Death Yes Ward attender 

3 Readmission 

(stroke) 

No 

- not stable at 

discharge 

- not monitored daily 

(haemodyalisis) 

Haemodialysis unit 

4 Relapse Yes CIVAS 

5 Relapse No 

-not monitored daily 

(haemodialysis) 

Haemodialysis unit 

6 Relapse Yes CIVAS 

ESRF, end stage renal failure; MRSA, methicillin-resistant Staphylococcus aureus ; MS

5

ot treated by a structured CIVAS service and the suitability of this ap-

roach warrants further surveillance. 

While patients that received non-CIVAS services did not have a sta-

istically significant difference in outcomes, reporting of such incidents

ay be lower in a less formal OPAT setting. Justification for antibiotic

uration was meticulously recorded for patients receiving CIVAS and

here was regular clinical review and therapeutic drug monitoring, but

his was much less rigorous for patients receiving non-CIVAS therapy.

hile the same monitoring may have occurred, it was often not docu-

ented. We encourage OPAT to be delivered through a CIVAS team as

ighlighted in national good practice guidelines. 6 

Concerning patients who had adverse outcomes, we recognise that

ost of them had non-infection factors that significantly contributed to

heir health and it is difficult to ascribe the occurrence of negative out-

omes to OPAT therapy alone. The median duration of therapy for this

opulation was high, but in part accounted for by a number of complex

urgical cases, cases that could not undergo source control interventions

ue to frailty and cases where individuals refused best medical manage-

ent. 

trengths and limitations 

This study differs from most previous studies of IE OPAT manage-

ent in that we followed up all patients that were reviewed by our

ndocarditis team, regardless of which OPAT service ultimately treated

hem; in this respect we have reduced the risk of bias. We extended

ollow up to multiple surrounding referring hospitals that patients may

ave returned to. Nineteen patients which were treated as inpatients

ere transferred to hospitals that could not provide follow up data, but

t is unlikely that a significant number of them will have received OPAT

ervices. 

We have endeavoured to minimise the risk of bias by collecting data

rom consecutive patients, but it is possible that we were unaware of a

mall number of IE patients that were treated via OPAT. We have not

valuated patients managed as inpatients to assess how many of them

ulfilled BSAC criteria for OPAT, but were not discharged. 

Numbers were small when doing subgroup analysis and while there

as a trend to increased risk in patients treated by non-CIVAS models

f OPAT delivery, this did not reach statistical significance. This was a

etrospective analysis of all patients seen by our endocarditis team and

as not powered towards a particular endpoint analysis. 

onclusions 

The use of OPAT for treating IE has increased substantially in our

egion during the study period and saved a significant number of bed
Type of valve Organism Contributing factors 

Native tricuspid 

valve 

E. faecalis Elderly, with metastatic cancer 

under palliative care. 

Native mitral valve MRSA Advanced metastatic breast ca 

with decompensated liver failure. 

Prosthetic aortic 

valve 

MSSA ESRF. Self-discharge against 

medical advice. 

Native aortic valve C. parapsilosis Fungal IE is difficult to treat and 

prone to relapse 

Native mitral valve MSSA ESRF, complex multi focal 

infection. 

ICED (device 

removed) 

S. sanguinis Sarcoidosis on high dose steroids 

SA, methicillin-susceptible Staphylococcus aureus . 
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ays. The use of a formal CIVAS service increased significantly while the

se of the informal ward attender model halved. We have concern over

overnance and antimicrobial stewardship with unstructured models of

elivery. OPAT for IE was safe in settings where BSAC selection criteria

ere followed and our OPAT failure rates are in keeping with those

eported elsewhere . 

unding 

No funders were involved in this study. RS was supported by a Na-

ional Institute of Health Research academic clinical fellowship. In the

ast 5 years JS received research funding from MRC, EPSRC, NIHR, Wel-

ome, Astellas, Pfizer, MSD, Lumos. JS has received funding for edu-

ational events from Tillotts Pharma and funding from Medtronic for

esearch. SA, UI and MW have nothing to declare. 

ontributors 

RS, SA, UI and JS developed the conceptual design of the study. RS,

A, UI, and MW collected clinical data. RS and SA performed data anal-

sis and wrote the manuscript. JS UI and MW critically reviewed the

anuscript. 

eclaration of competing interest 

None. 

cknowledgements 

Dr. Ali Luishi for assisting in data collection. 

upplementary materials 

Supplementary material associated with this article can be found, in

he online version, at doi:10.1016/j.clinme.2024.100213 . 

eferences 

1. Cahill TJ, Prendergast BD. Infective endocarditis. Lancet . 2016;387(10021):882–893.

Available from. https://linkinghub.elsevier.com/retrieve/pii/S0140673615000677 . 

2. Khan O, Shafi AMA, Timmis A. International guideline changes and the incidence of

infective endocarditis: a systematic review. Open Hear . 2016;3(2):e000498. Available

from. https://openheart.bmj.com/lookup/doi/10.1136/openhrt-2016-000498 . 

3. Slipczuk L, Codolosa JN, Davila CD, et al . Infective endocarditis epidemiol-

ogy over five decades: a systematic review. Schlievert PM, editor. PLoS One .

2013;8(12):e82665. Available from. https://dx.plos.org/10.1371/journal.pone.

0082665 . 

4. Rajani R, Klein JL. Infective endocarditis: a contemporary update. Clin Med .

2020;20(1):31–35. Available from. http://www.ncbi.nlm.nih.gov/pubmed/31941

729 . 

5. Gould FK, Denning DW, Elliott TSJ, et al . Guidelines for the diagnosis and antibiotic

treatment of endocarditis in adults: a report of the Working Party of the British Society

for Antimicrobial Chemotherapy. J Antimicrob Chemother . 2012;67(2):269–289. Avail-

able from. https://academic.oup.com/jac/article-lookup/doi/10.1093/jac/dkr450 . 

6. Chapman ALN, Patel S, Horner C, et al . Updated good practice recom-

mendations for outpatient parenteral antimicrobial therapy (OPAT) in adults

and children in the UK. JAC-Antimicrobial Resist . 2019;1(2). Available from.

https://academic.oup.com/jacamr/article/doi/10.1093/jacamr/dlz026/5554098 . 

7. Forestier E, Fraisse T, Roubaud-Baudron C, Selton-Suty C, Pagani L. Managing

infective endocarditis in the elderly: new issues for an old disease. Clin Interv

Aging . 2016;11:1199–1206. Available from. https://www.dovepress.com/managing-

infective-endocarditis-in-the-elderly-new-issues-for-an-old-d-peer-reviewed-article- 

CIA . 

8. Paladino JA, Poretz D. Outpatient parenteral antimicrobial therapy today. Clin Infect

Dis . 2010;51(S2):S198–S208. Available from. https://academic.oup.com/cid/article-

lookup/doi/10.1086/653520 . 
6

9. Williams DN, Baker CA, Kind AC, Sannes MR. The history and evolution of outpatient

parenteral antibiotic therapy (OPAT). Int J Antimicrob Agents . 2015;46(3):307–312.

Available from. https://linkinghub.elsevier.com/retrieve/pii/S0924857915002435 . 

0. Ahmed FZ, Baig WW, Munyombwe T, West R, Sandoe JAT. Vascular access strategy

for delivering long-term antimicrobials to patients with infective endocarditis: device

type, risk of infection and mortality. J Hosp Infect . 2013;83(1):46–50. Available from.

https://linkinghub.elsevier.com/retrieve/pii/S0195670112003349 . 

1. Duncan CJA, Barr DA, Ho A, Sharp E, Semple L, Seaton RA. Risk factors for failure

of outpatient parenteral antibiotic therapy (OPAT) in infective endocarditis. J An-

timicrob Chemother . 2013;68(7):1650–1654. Available from. https://academic.oup.

com/jac/article-lookup/doi/10.1093/jac/dkt046 . 

2. Partridge DG, O’Brien E, Chapman ALN. Outpatient parenteral antibiotic therapy

for infective endocarditis: a review of 4 years’ experience at a UK centre. Postgrad

Med J . 2012;88(1041):377–381. Available from. https://pmj.bmj.com/lookup/doi/

10.1136/postgradmedj-2011-130355 . 

3. Cervera C, del Río A, García L, et al . Efficacy and safety of outpatient parenteral antibi-

otic therapy for infective endocarditis: a ten-year prospective study. Enferm Infecc Mi-

crobiol Clin . 2011;29(8):587–592. Available from. https://linkinghub.elsevier.com/

retrieve/pii/S0213005X11001704 . 

4. Larioza J, Heung L, Girard A, Brown RB. Management of Infective endocarditis

in outpatients: clinical experience with outpatient parenteral antibiotic ther-

apy. South Med J . 2009;102(6):575–579. Available from. http://sma.org/southern-

medical-journal/article/management-of-infective-endocarditis-in-outpatients-clinical

experience-with-outpatient-parenteral-antibiotic-therapy . 

5. Pajarón M, Fernández-Miera MF, Allende I, et al . Self-administered outpatient par-

enteral antimicrobial therapy (S-OPAT) for infective endocarditis: a safe and effective

model. Eur J Intern Med . 2015;26(2):131–136. Available from. https://linkinghub.

elsevier.com/retrieve/pii/S0953620515000023 . 

6. Li JS, Sexton DJ, Mick N, et al . Proposed modifications to the Duke criteria for the

diagnosis of infective endocarditis. Clin Infect Dis . 2000;30(4):633–638. [cited 2021

Nov 18]Available from. https://pubmed.ncbi.nlm.nih.gov/10770721/ . 

7. MedCalc Software Ltd. Relative risk calculator. [cited 2023 Jan 4]. Available from:

https://www.medcalc.org/calc/relative_risk.php 

8. Schwiebert R, Baig W, Wu J, Sandoe JAT. Diagnostic accuracy of splinter

haemorrhages in patients referred for suspected infective endocarditis. Heart .

2022. heartjnl-2022-321052. Available from. https://heart.bmj.com/lookup/doi/10.

1136/heartjnl-2022-321052 . 

9. Murdoch DR, Corey GR, Hoen B, et al . Clinical presentation, etiology, and out-

come of infective endocarditis in the 21st century: the International Collaboration on

Endocarditis-Prospective Cohort Study. Arch Intern Med . 2009;169(5):463–473. [cited

2015 May 10]; Available from. http://archinte.jamanetwork.com/article.aspx?

articleid = 414841 . 

0. Amodeo MR, Clulow T, Lainchbury J, et al . Outpatient intravenous treatment

for infective endocarditis: safety, effectiveness and one-year outcomes. J In-

fect . 2009;59(6):387–393. Available from. https://linkinghub.elsevier.com/retrieve/

pii/S0163445309002679 . 

1. Pericà s JM, Llopis J, González-Ramallo V, et al . Outpatient parenteral an-

tibiotic treatment for infective endocarditis: a prospective cohort study from

the GAMES cohort. Clin Infect Dis . 2019;69(10):1690–1700. Available from.

https://academic.oup.com/cid/article/69/10/1690/5289192 . 

2. Htin AKF, Friedman ND, Hughes A, et al . Outpatient parenteral antimicro-

bial therapy is safe and effective for the treatment of infective endocarditis: a

retrospective cohort study. Intern Med J . 2013;43(6):700–705. Available from.

https://onlinelibrary.wiley.com/doi/10.1111/imj.12081 . 

3. Gilchrist M, Barr D, Drummond F, et al . Outpatient parenteral antimicrobial

therapy (OPAT) in the UK: findings from the BSAC National Outcomes Reg-

istry (2015–19). J Antimicrob Chemother . 2022;77(5):1481–1490. Available from.

https://academic.oup.com/jac/article/77/5/1481/6532686 . 

4. Cabell CH, Jollis JG, Peterson GE, et al . Changing patient characteristics and the ef-

fect on mortality in endocarditis. Arch Intern Med . 2002;162(1):90. Available from.

http://archinte.jamanetwork.com/article.aspx?doi = 10.1001/archinte.162.1.90 . 

5. Cresti A, Chiavarelli M, Scalese M, et al . Epidemiological and mortality trends in infec-

tive endocarditis, a 17-year population-based prospective study. Cardiovasc Diagnosis

Ther . 2016;7(1). (February 01, 2017) Cardiovasc Diagnosis Ther [Internet]Available

from. https://cdt.amegroups.com/article/view/11492 . 

6. Ternhag A, Cederström A, Törner A, Westling K. A nationwide cohort study of mor-

tality risk and long-term prognosis in infective endocarditis in Sweden. Polis MA,

editor. PLoS One . 2013;8(7):e67519. Available from. https://dx.plos.org/10.1371/

journal.pone.0067519 . 

7. Botelho-Nevers E, Thuny F, Casalta JP, et al . Dramatic reduction in infective

endocarditis–related mortality with a management-based approach. Arch Intern

Med . 2009;169(14):1290. Available from. http://archinte.jamanetwork.com/article.

aspx?doi = 10.1001/archinternmed.2009.192 . 

https://doi.org/10.1016/j.clinme.2024.100213
https://linkinghub.elsevier.com/retrieve/pii/S0140673615000677
https://openheart.bmj.com/lookup/doi/10.1136/openhrt-2016-000498
https://dx.plos.org/10.1371/journal.pone.0082665
http://www.ncbi.nlm.nih.gov/pubmed/31941729
https://academic.oup.com/jac/article-lookup/doi/10.1093/jac/dkr450
https://academic.oup.com/jacamr/article/doi/10.1093/jacamr/dlz026/5554098
https://www.dovepress.com/managing-infective-endocarditis-in-the-elderly-new-issues-for-an-old-d-peer-reviewed-article-CIA
https://academic.oup.com/cid/article-lookup/doi/10.1086/653520
https://linkinghub.elsevier.com/retrieve/pii/S0924857915002435
https://linkinghub.elsevier.com/retrieve/pii/S0195670112003349
https://academic.oup.com/jac/article-lookup/doi/10.1093/jac/dkt046
https://pmj.bmj.com/lookup/doi/10.1136/postgradmedj-2011-130355
https://linkinghub.elsevier.com/retrieve/pii/S0213005X11001704
http://sma.org/southern-medical-journal/article/management-of-infective-endocarditis-in-outpatients-clinical-experience-with-outpatient-parenteral-antibiotic-therapy
https://linkinghub.elsevier.com/retrieve/pii/S0953620515000023
https://pubmed.ncbi.nlm.nih.gov/10770721/
https://www.medcalc.org/calc/relative_risk.php
https://heart.bmj.com/lookup/doi/10.1136/heartjnl-2022-321052
http://archinte.jamanetwork.com/article.aspx?articleid=414841
https://linkinghub.elsevier.com/retrieve/pii/S0163445309002679
https://academic.oup.com/cid/article/69/10/1690/5289192
https://onlinelibrary.wiley.com/doi/10.1111/imj.12081
https://academic.oup.com/jac/article/77/5/1481/6532686
http://archinte.jamanetwork.com/article.aspx?doi=10.1001/archinte.162.1.90
https://cdt.amegroups.com/article/view/11492
https://dx.plos.org/10.1371/journal.pone.0067519
http://archinte.jamanetwork.com/article.aspx?doi=10.1001/archinternmed.2009.192

	Outpatient parenteral antibiotic treatment for infective endocarditis: A retrospective observational evaluation
	Introduction
	Methods
	Ethics
	Study design
	Setting
	Participants
	Other variables
	Statistical methods

	Results
	Patient and treatment characteristics
	Compliance with BSAC recommendation for OPAT suitability
	Adverse treatment outcomes
	Non-curative intent

	Discussion
	Strengths and limitations

	Conclusions
	Funding
	Contributors
	Declaration of competing interest
	Acknowledgements
	Supplementary materials
	References


