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Paper 7: Predictors of Failure in NOE

OPAT has proven valuable to the
NHS, but a unified approach is
needed to fully unlock its potential.
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1. Establish a modern working definition of OPAT
2. Secure the establishment and expansion of OPAT services wherever the clinical need exists
3. Establish OPAdccredit, a global accreditation scheme for OPAT services

4. Promote and embed OPAT as a core component of antimicrobial stewardship through the provi

of a continuous programme of education and training

5. Secure a global consensus on drug stability testing, working with licencing and standard setting
authorities to amend current standards as and where applicable, and secure an expansion in th

number of agents tested
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OPAT Structure Related
- Non-availability of test result

- Inadequate OPAT clinic follewp ®' A vimicrobialRelated
- Location/mode of OPAT delivery
* Skilled nursing facility

Vascular AccesRelated * Subacute rehabilitation centre § - Type of antimicrobial agent
« Aminoglycosides

« Glycopeptides

- Concurrent IV therapy

- Line patency issue
- Thrombosis

Patient-Related
- Older age

Infection-Related :
- Higher Charlson score

- MDR organism Predictors of -1V drug use
- Longer length of therapy Unplanned

. \ o . - Underlying comorbidity:
- Indication for OPAT: \  Hospitalisation Chroﬁicgkidne dise)z;s
«endovascular infection \ * y 6

. prosthetic infection ‘ « Malignant lymphoma
« Diabetes

- Prior hospitalisation
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IV combination therapy —————
Mo Yes

Mode of delivery ————
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Charlson comorbidity score

(KS NA &
6ass

Mumber of prior hospitalizations
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advancements, andhe emergence of COpAT andnovel f 21¥ ® o grfimicrobials such as
dalbavancin[222] and rezafungin[223Jt underscorethe need for services tadopt emerging

technologies andhovebeyond traditional OPAModelsin vay

£ 0 K2dZAK 3 NPagdklya2 NI RRRBBYYAMNS IAYSya FT2N AyFSOes2ya
GAOUK LINRPf2y3ISR Lz (i KSTNGBRE A yaFd3aKe rSi SO8/3REBSHF Ny okdo & t
NBYIFAya S&aaSyeslt 6KSy 2N}t GKSNYLR A& dzyadaAdidl of !
Ayi2ft SNFryOSs LIR22N I RKSNBYyOSs ftAYAGSR F1642NlJe2y>s
/[ fFaairo0 ht!¢ &0NEBRRIINBRIGK REAN] F2NI YRRIRRKOS S &840
adNDSREEl $OBISOG G KS (KEI dZNG (2T oSt 12 NB I NBSGSR |
02y @Syoe2ylf t#tDHoNIt FAJNBE I fo2WH S B YRR O2 Y& ySENERR f
SOARBYBOSR | LRRR b DRKIOINBA Y THSESRo AYBNWIAOSasx adzOK & St S
F2N) ySdzNP aé LIKAf A & | 16ySR f INY\HA QINRIINY YIVISESESNBNBERS f a2
ht! ¢ &SNIA OS & KA O duss Oxifiea®s NINER (i & 8883 LIA S &

Thesubsections belovintroducetwo LISBIBIJA S SR NR YdzRRES H 2 Re K BEF LINBNIS | NJ
AYYy20la2ya gAGK (KBt LR (O FSSLIKASENE & NI ya F2 NY

petbvht ! ¢ YR ¢St SYSRAOAYS

2A0K GSOKy2f23A0If FR@GlIyOSYSyiGasz (StSYSRAOAYS K
LI Nb Odzt | NI &8 madh yIOISyWEpsaTORNI+aL 50 SSY SH KR f @ SRR @ 5 K8 NJ
O2YYdzyAOl a2y s SyadiNBE O2yoaydziié 2F OF NSIZA MBRAUIOS
Yot ¢ AdMkEEEdt 0 KB UAK 3 diA QBY2HEERISYs 65t SYSRAOAY
LI Nb Odaz2 NNIR §ERA BIENINB Y 2 O3S TilsBB LA SYSYy (i mha2y 06 K$taS 6SS
NBfl oa@dSte afSadlSIAWR {iHSEN eORAT refers to the delivery and oversight

of OPAT through telecommunication technologiesabing patients to receive IV antimido@l

therapy at home under remote clinical supervision. This model typically integrates scheduled video
consultations, remote monitoring of vital signs or infusion devices, and secure digital patisfder
communication It is best suited for clinically stable patients wittadequate home support and

technological literacy.



To objectively evaluate the potential oFeleOPAT I led a systematic reviewand metaanalysisto

critically examineits clinical efficacy, safety, acceptabilignd costeffectiveness (Paper 99][ ¢ K S
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Frequent dosingresentsa major challenge when using narrespectrum betalactam antibiotics in

OPAT. Generally, antimicrobial selection for OPATias restricted to agents that require onegaily

or less frequent administratiofor dosing conveniencélheease of administeringnce-daily broad

spectrum agents such as ceftriaxone and ertapengnoften results in their overuse, even when
narrowerspectrum agents like flucloxacillin (which requires more frequent dosing) would be more

appropriate P25,226]. This practiceonfliciswith AMS objectives.

Such tradeoffs necessitatecareful patient selection, multidisciplinary oversight, and periodic therapy
review to ensure treatment remains clinically appropriate and stewardship principles are upi¢&i
principles in OPAT settings should focus on minimising unnecessarily prolonged IV therapeusing
narrowestspectrumantimicrobials possible, promotirgarlytransition from IV to oral treatment, and

continually evaluating the need for source contrto8¥|.

Portable continuous infusion pumps and elastomeric devafésr a practicalsolution byenabling the
extended infusion of narrowgpectrum antimicrobials, such as penicillins, which exhibit time
dependent killing and short haliives. Thigpproacheliminates the need for multiple daily doses while

supportingAMS principles427].

Elastomert devices are increasinglyilisedin OPATNd other clinicasettingsglobally, includingpain
management and cancer immunotheraff64228-235]. Toevaluatetheir safety and effectiveness
realworld NHS practicel, designed and leé retrospectiveanalysisof patients who received either
flucloxacillin (131 patien¢pisodes) or piperacillin/ftazobactam (301 patiegisodes) as continuous
infusiors via elastomeric deviceer a wide range of infectiongver a fiveyear period (2018022) at
the Derby OPAT servi@eaper 10)10]. A successful outcomddfined ascure orclinicalimprovement)
was achieved in 84% of cas@&feadverse drug everrate was3.2 per 1,000 OPAdays andonlyone

line-related infectiorwas reported(0.1 per 1,000 OPAdays) Although not a primary outcome of the

t I 3&c p



study, self/careradministered OPAT was associated with lower rates of treatment failure and
readmission, likely reflecting careful patient selection, stronger engagement, and better adherence
among those deemed suitable for saliministration. These findings grhasise the role of patient
empowerment and structured support in OPAT sucdesmmplete infusion from elastomeric devices

T rarely reported in the wider literature was frequently observed in the study, with 38% of patient
episodes experiencing &ast one such incident. However, no significant difference in success rates
was noted between patients with and without incomplete infusioRs=(0.42). The occurrence of
incomplete infusions highlights a potentially widespread yet umé@eognised issue in OPAT,
underscoring the need for enhanced device monitoring, standardised documentation, and further

research into its clinical impact.

Continuous or extended infusion therapy using elastomeric pumps mn&Eyhance
pharmacokinetic/pharmacodynamic (PK/PD) outcomes in OPAT by maintaining antimicrobial
concentrations above the minimum inhibitory concentration for longer periods. @hpjsroach
optimises bacterial killing for timdependent antibiotics and may redutlee emergence ofesistane.
Evidence from inpatient studies, such as BLING Ill [236], supports potential clinical benefits over
intermittent dosing in ambulatory patients, particubarfior infections requiring sustained antimicrobial
exposure or irthose withvariable pharmacokinetic8y reducing the frequency of device changes,
elastomeric devices promote patiesentred care, enhance autonomy, and redute need for
nursing visits230]. Their use in OPAT has also been associated with high patient satisfAGfn [
improved QoL 227], and lower costs comparedwith conventional inpatient therapy 2B1].
Furthermore theymay reducdine-related complications biimiting the frequengy of vascular access

interventions.

Paper 10 suggests that disposable elastomeric continuous infusion pumps are both effective and safe
in a realworld UK OPAT setting, supporting their broader adoption as a viable alternative to traditional
infusion methods. Furthermore, the study contrilestto the growing body of evidence needed to
inform national OPAT guidelines and procurement decisions, particularly in the context of AMS and

resource optimisation.

Forselected patients who seddministerantibiotics using elastomeric pumps, telemedicprevides
an effective strategy forremote monitoring enabling timely identification and appropriate
management of complicatiorns concerns as they aris®Vithin TeleOPAT, both continuous infusion

and intermittent selfadministrationpresentdistinct advantages and limitations. Continuous infusion



minimises line manipulation anthcilitatesremote monitoring but is constrained by drug stability, flow
variability, and cost. Intermittent administration allows greater flexibility in antibiotic selection and
scheduling but requires more frequent line access additional training. Future studies should
evaluatepatient experience, safety, and cestfectiveness across these models as T&RAT becomes

more integrated into clinical practice.

Gontinuous infusion via elastomeric devices is not suitable for all antimicrobials dueritility in
stability over extended periods, which can affect efficacy and incrélaseisk oftoxicity. The BSAC
Drug StabilityGroup has identified flucloxacillin2B7], piperacillin/tazobactamZ238], and temaocillin
[239] as suitable for continuous infusion using elastomeric devices. As @P#iiues toexpandin
the UK, further researclon antimicrobial stability isneededto broaden the range of antibiotics
appropriate for extended infusion with elastomeric deviced/ider adoption of this approach is

encouraged, particularly teupportAMSgoals
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Paper lestablishes the clinical effectiveness, economic benefits, and patient acceptability of OPAT,
drawing onrealworld data from a decade of service delivery in Sheffi€lkfindings reinforce the

role of OPAT as a safe and effective treatmmaoidality for a range of infections in patients suitable

for ambulatory caredemonstrating high levels phtient satisfaction and acceptabilitioreover, the

study strengthenshe case for expanding OPAT services essasaving alternativéo hospitalisation

within the NHSwith OPAT costing approximately 39% of equivalent inpatient care

Paper 2 demonstratethat patientreported QoL improves during t ' NB I G YSyd FyR GKI
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Paper 4 reports on predictors of clinical outcomes in a cohort of pedEntstreated with OPAT at
Derby RSY2y ai Nl ay3ad KAIK &dzO0Saa mNIal S&alF @ AayyRI &adh IyMYIS Iy
K& G dzRe NBAy M2 NIBSSA RIBKYSESORSy a8 GKIdG Oy oS ar¥sSte
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assessment strategies for OR#elatedthromboprophylaxisand supportssafer prescribingractices

Paper 8explores OPAT service provisiaorossthe UK.A national survey of acute trustevealed
O2 y & A RB NN GBKESA (A8Y LXK VS Y SNIG O wigh8Ghtihg\diRparitiés ipatient access
and service quality. At the policy level,idlinter-trust variability underscores the urgent need for
national commissioning standards and a unified funding frameworkréonote equity andensure
longterm sustainability NHS Englandor its future successorghould leadthe develogment of a

national OPAT commissioning specificatianalogous @ those establishedfor specialised services.
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Thisshould involve collaboratiowith the BSAC OPAT initiative to defmeimum service standards
and clinical governance requirementsyhile integrating OPAT within national antimicrobial
stewardship and integrated care frameworksirthermoreg incorporating OPAT into the NHS Payment
Schemethrough a dedicated tariff or bundled paymemhodel wouldincentivisedelivery without
financial disadvantage. Mandatedporting ofOPAT activity to a central registry (e.g., via NHS Digital)

would support benchmarking, quality improvement, and equitable resource allocation.
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ABSTRACT

Outpatient parenteral antimicrobial therapy (OPAT) has evolved relatively slowly in the UK. This study
describes the OPAT service based in a large UK teaching hospital in Sheffield, and examines the clinical
efficacy, parient acceptability and costs saved over a 10-year period. Data on 3812 episodes of OPAT ad-
ministered between January 2006 and January 2016 were retrieved from a prospectively maintained
electronic database, This study compared the real costs of the OPAT service with estimated costs of con-
ventional inpatient care for these patient episodes, and analysed patient feedback questionnaires that
were administered randomly between January 2014 and January 2015. A wide range of infections were
managed during the 10-year period. Skin and soft tissue infections accounted for 57% of OPAT episodes.
The total number of bed-days saved was 49,854, A successful outcome (cure or improvement) was found
in 3357 (88%) episodes. Re-admission occurred in 265 (7%) episodes. The rates of healthcare-associated
infections were low: 15 intravenous-line-related infections were recorded (0.3 per 1000 OPAT patient-
days). Patient acceptance and satisfaction with OPAT were high, OPAT cost 15%, 39%, 40% and 44% of inpatient
costs for an infectious diseases unit, national average costs, other departments (non-infectious diseases
unit), and the minimum national average costs for each diagnostic category, respectively. This study shows
that OPAT is safe, clinically efficacious and acceptable for treating a wide range of infections with high
levels of patient satisfaction and substantial cost savings,

© 2017 Elsevier BV, and International Society of Chemotherapy, All rights reserved,

1. Introduction

Intravenous (IV) antimicrobials are administered increasingly in
outpatient settings to treat a wide range of infections in patients
who need parenteral therapy. but are well enough not to require
hospital admission. Qutpatient administration of IV antibiotics was
first described in the USA in 1974 for patients with cystic fibrosis
| 1], and has become widely accepted as the standard of care in many
parts of the world for patients with low-risk infections requiring
long-term IV antibiotics [2,3]. In the UK, outpatient parenteral an-
timicrobial therapy (OPAT) has evolved relatively slowly, but it is
now becoming widespread as the benefits to patients and local
healthcare systems are being recognized [4].

The Sheffield OPAT service was established in January 2006 and
is one of the largest in the UK. Chapman et al reviewed the first 2
years of this service |5]. This study reviews the changes in the OPAT

* Corresponding author, Department of Infection and Tropical Medicine, Royal
Hallamshire Hospital, Sheffield S10 2JF, UK.
E-mail address: docwolex®yahoo.co.uk (0.C. Durojaiye )

hitps://dolorg/ 10,1016/ jantimicag. 201 7.03.016

service over the last decade, and examines the clinical efficacy and
cost savings from the use of OPAT within the UK National Health
Service (NHS).

2. Materials and methods
2.1. The OPAT service

The Sheffield OPAT service was established in January 2006, based
in a regional infectious diseases unit within a large teaching hos-
pital in South Yorkshire, England. The service grew from a two- to
16-bed (-equivalent) outpatient ‘infusion centre' in 10 years, and
the nursing team increased from 1.4 to 8.6 whole-time equiva-
lents, The service is run by a multi-disciplinary team of infectious
diseases physicians, specialist nurses and clerical support staff, with
sessional inputs from microbiology and clinical pharmacy teams.

Patients are referred to OPAT from the emergency admission units,
inpatient wards, outpatient clinics and primary care, A small number
of patients self-referred having previously received treatment in the
OPAT unit. Referred patients are assessed by the OPAT physician or

0924-8579/© 2017 Elsevier BV, and International Society of Chemotherapy. All rights reserved.
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specialist nurse, either directly or by telephone, Patients are en-
rolled into the service if they meet a number of predefined criteria:
age >16 years, suitable antibiotic regimen identified, adequate venous
access, medically and psychologically stable, and safe social
circumstances,

Vascular access devices are inserted by the OPAT nurses. Anti-
microbials are delivered by three distinct pathways: daily attendance
at the infusion centre; self or carer administration in the patient's
home; and administration by a district nurse in the patient’s home.
Selffcarer administration is often used in patients on longer treat-
ment courses (e.g. endocarditis and orthopaedic infections) and those
on multiple daily doses of antimicrobials. Patients on short-term
antibiotics for skin and soft tissue infections (SST1s) attend the unit
once daily for treatment and review. Patients on prolonged anti-
microbial courses are reviewed at least once weekly by the medical
team. Free transport is available for all patients using local taxis or
the ambulance service. All patients have 24-hour access to medical
advice via the on-call infectious diseases team, Patient progress and
management plans are reviewed weekly at a multi-disciplinary
virtual ward round. The ward round is attended by a microbiolo-
gist, a pharmacist, and the OPAT nurses and physicians. Anonymous
feedback questionnaires are sent to patients periodically after com-
pletion of treatment. The last survey was conducted between January
2014 and January 2015.

2.2, Data collection

An electronic database has been in place since 2006 to prospec-
tively record patient demographics, clinical diagnosis, model of
delivery, antimicrobial agents, treatment duration, type of IV access,
clinical outcome, complications and mode of transportation. Using
the database, all patient episodes for 10 years from January 2006
were reviewed retrospectively, Case notes were reviewed where nec-
essary. In addition, this study analysed the patient feedback
questionnaires that were administered at random between January
2014 and January 2015.

2.3. Economic evaluation

A cost-consequence analysis was performed; in this, the com-
ponents of incremental costs (e.g. additional therapies) and
consequences (e.g. health cutcomes) are estimated and presented
separately, without combining the results into a cost-effectiveness
ratio. This enables decision makers to form their own opinions re-
garding the relevance and relative cost-effectiveness of the alternative
outcomes. This approach was chosen because there was no single
outcome measure capable of capturing all the consequences of the
OPAT service,

The total costs of the OPAT service were compared with esti-
mated costs of conventional inpatient care. Costs were estimated
from the NHS perspective to reflect the fact that the OPAT service
works within a fixed NHS budget. The total costs of OPAT were és-
timated from the actual costs, and costs of re-admissions following
adverse events that would not have occurred had the patients been
treated as an inpatient. The actual costs were obtained from the
annual financial records of the service over the 10-year period. These
included set-up costs, stafl wages, drugs, equipment, consumables
and overheads. All costs were deflated/inflated to 2011-2012 prices
using the hospital and community health services pay and price
index to ensure comparability over the 10-year period.

To estimate the costs of conventional care that would have been
incurred had the OPAT patients been treated as inpatients, it was
assumed that the length of inpatient stay would have been equal
to the length of OPAT care, and the diagnosis was the same. Bed-
days saved were determined by calculating the number of days
between the start and end of OPAT care. An appropriate health-
care resource group (HRG4) code was identified for each diagnosis
{Table 1), and the associated 2011-2012 unit cost was obtained from
the NHS resource costs. The Sheffield Teaching Hospital's (STH's)
Directorate of Communicable Diseases average costs per day, and
the lowest unit cost for each diagnosis across all other STH depart-
ments, were used for the unit costs. The average costs per day for
infectious diseases units are often higher than the costs in other

Table 1
Number of patlent episodes, patient-days in outparient parenteral antiblotic therapy (OPAT) [bed-days saved) and estimared costs of inpatient care for patients recelving
OPAT.
Diagnostic category HRG4 codes n{X)of patient  n(%)of STHID unit  Minimum STH  National Minimum
episodes bed-days cost (£} <Ot (E) cost(£) national
saved cost (£)
Bacteraemia WADSY, WAD3Y, FZ36C 94{25) 1210(2.4) 703559 31639 274,967 271656
Bone and joint infections (spinal HD25C, HD21C 180(4.7) 7302 (14.6) 4968813 3693715 1741649 1.707.738
Infections )
Bone and joint infections (others)  HD31C 171 (4.5) 6632(13.3) 1,610,794 1,403,306 1,443,507 1427028
Cardiovascular system infections EBO1Z, EBO2Z, QZ20Z 160(4.2) 3759(7.5) 758933 375698 937679 875636
Central nervous system infections  AA22B, WAOTZ 364(9.5) 3233(6.5) 3.163,005 257282 860873 568,123
ENT infections CZ22Y, CZ21Y. WADOY 40(1.0) 1646 (3.3) 1.240.109 423582 395149 369.541
Intra-abdominal infections GC15D, GC16D 32(08) 904(1.8) T74.597 166,119 205,127 205,065
(hepatobiliary)
Intra-abdominal infections (other)  FZ45E, FZ478, FZ36C, LAD4F, LBOGE, 27(0.7) 507 (1.0) 400456 107,319 129291 116,832
WAOGY
Invasive fungal infections WASY 24(06) 303(06) 142,565 55325 68,026 63,026
Leishmaniasis WAD7Z 20(0.5) 250(05) 117628 59,783 43932 43932
Lyme disease 1y 23(06) 595(12) 457948 161679 142,955 142,955
Respiratory tract infections DZ10C, DZ1IC 151 (4.0) 2188 (44) 1,233,793 528539 509,697 436,959
Skin and soft tissue infections HD21C, JD02C, JDO4C, WADSY 2183(573) 15973(32.0) 13300000 2505355 4187729 3,586,003
Tuberculosis (including MDR-TB]  DZ14B 22(08) 1499 (3.0} 022440 701,157 391,232 391232
Urogenital infections LB37B, LE23B, LB25B, MBO4B 295(7.7) 3530(7.1) 2,615,205 1121921 839,392 767137
Unrecorded WAOSY 2(0.) 20(0.1) 9410 3652 4450 4490
Others* WAOSY, FZ478, CZ21Y, CZ22Y. 24(0.6) 303(0.6) 296.628 80.258 79.693 63,426
WAD7Z, WADBZ, DZ29B, SA12F,
JD03C
Total 3812 45854 32,715992 11,951,081 12,264,288 11045779

ENT, ear nose and throat; HRG, healthcare resource group; 1D, Infectious diseases: MDR-TB, multi-drug-resistant tuberculosis; STH, Sheffield Teaching Hospital,
* Others include dental infections (n = 6), malaria [n = 4) ophthalmic infections [n = 4), zoster infections {n = 3, Whipple's disease (n = 2}, sarcoidosis {n = 2), thrombocy-
topenia (n < 2) and intravenous prophylaxis (<1},
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departments because of the increased costs of managing patients
in single isolation rooms. The theoretical costs of conventional in-
patient care were calculated by multiplying the number of bed-
days saved for each diagnosis by the unit cost associated with the
diagnosis. To assess the cost of the service within a national context,
the same method to calculate the costs of conventional inpatient
care was used with national average non-elective inpatient costs
per day. The lowest national average non-elective cost per day in
each diagnostic category was applied to all patients within the cat-
egory, to account for the fact that patients who are eligible for OPAT
are likely to require minimal inpatient care and incur low inpa-
tient treatment costs per day.

3. Results
3.1. Clinical activity

Over the 10-year study period, 3812 OPAT episodes were re-
corded in 3004 patients. The total number of days of patient care
(bed-days saved) delivered through OPAT was 49,854 (range <1 to
533 days; mean 13,1 days). The longest course of treatment was ad-
ministered to a patient with multi-drug-resistant tuberculosis
requiring parenteral capreomycin and meropenem. The number of
episodes per year increased from 158 in 2006-2007 to 607 in 2015~
2016, The total number of OPAT patient-days also increased gradually
over the 10-year period (Fig. 1).

A wide range of infections was managed (Table 1), SSTis ac-
counted for the largest number of bed-days saved (15,973 of 49,854;
32%) and patient episodes (2183 of 3812; 57%: median 5 days; range
0-89 days). The longest antibiotic course for an SSTI case was ad-
ministered to a patient with Mycobacterium chelonae skin infection
requiring IV tobramycin and tigecycline. Among the non-SSTI cases,
bone and joint infections {including spinal discitis) accounted for
the largest number of bed-days saved (13,934 of 49,854; 28%). Over
the 10-year period, the proportion of episodes due to non-SSTls rose
moderately from 41% to 46% (Fig. 2).

Ceftriaxone was the most frequently prescribed parenteral an-
timicrobial agent {(65%; 2565 of 3936). Table 2 shows the 10 most
common agents used, SSTI was the recorded indication for
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ceftriaxone in 78% (1989 of 2565) of cases. In addition to paren-
teral antimicrobials, oral agents were used concurrently with
parenteral agents in 246 patients,

Vascular access data were recorded for 3581 episodes {Table 2).
Peripheral IV catheters (butterfly needles and peripheral venous
cannula) accounted for the majority of vascular devices (2579 of
3581; 72%). The intramuscular (IM) route was used in 14 patients
{mainly IM streptomycin for tuberculosis infection). The model of
delivery was recorded in 3711 episodes (Table 2). Most patients at-
tended the OPAT unit daily. In 458 episodes (12% of total OPAT
episodes; 14,844 OPAT patient-days), antibiotics were adminis-
tered by the patient or a relative at home after formal training. The
made of transportation used by patients attending the OPAT unit
was recorded in 3734 patient episodes. Taxis provided by the unit
were the main mode of transportation (2054 of 3812; 54%),

3.2, Chnical outcomes

Clinical outcomes on completion of parenteral therapy were
documented in 3685 episodes (Table 3). A successful outcome
(cure or improvement} was recorded in 3357 (88%) of the 3812
episodes; 94% of patients with SSTIs had a successiul outcome.
Cure was recorded infrequently because most patients continued
on oral antimicrobial therapy after discharge from the OPAT
service, Re-admission was recorded in 265 (7%) episodes. The
main indication for re-admission was progression or non-
response of infection. SSTI patients who had a poor response or
clinical deterioration accounted for the majority of the re-
admissions (55 of 265; 21%). Two patients were re-admitted with
Clostridium difficile-associated diarrhoea (CDAD) and three with
line-related complications. Of the latter, two had central-line-
associated bloodstream infections and the third patient cut off the
end of her peripherally-inserted central catheter (PICC) line while
self-administering antibiotics. Two patients died, both from cardiac
causes unrelated to OPAT.

Line-related infections were recorded in 15 patient episodes {0.4%;
cumulative risk 0.3 events per 1000 OPAT patient-days). Two of the
458 patient episodes where antimicrobials were self-administered
had line-related infections (0.4%; cumulative risk 0.1 events per 1000
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Fig. 1. Number of outpatient parenteral antibiotic therapy (OPAT) patient cpisodes and paticnt-days by year: 2006-2016,
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Fig. 2. Trends in number of ourpatient parenteral antiblotic therapy (OPAT) patient episodes by diagnostic category: 2006-2016. SST1, skin and soft tissue infection,

OPAT patient-days). Other line-related complications (e.g. leakage,
chemical/mechanical phlebitis, thrombosis, dislodgement, break-
age) occurred in 27 episodes (0.7%; cumulative risk 0.5 per 1000
OPAT patient-days).

Table 2
Charactenstics of outpatient parenteral antimicrobial therapy (OPAT)
n{x)
Model of antimicrobial administration (n = 3812)
Daily attendance at OPAT unit 2048(77.3)
Selfjcarer administered at home 458(12.0)
Community nurses administered at home 305(8.0)
Not recorded 101(2.6)
Mode of transportation to OPAT (= 3812)
Taxi’ 2054(53.9)
Self 1592 (41.8)
Ambulance” 88(23)
Not recarded 78(2.0)
Antimicrobial agent (n = 3936)
Ceftnaxone 2565 (65.2)
Ertapenem 328(8.3)
Teicoplanin 228(5.8)
Flucloxacillin 202(51)
Ceftazidime 150(3.8)
Amphotericin B 67(1.7)
Daptomycin 64(16)
Meropenem 55(14)
Piperacillin/tazobactam 4011
Vancomycin 2600.7)
Other agents 205(52)
Type of vascular access device (1 « 3581)
Butterfly needle 2188(61.1)
Peripheral intravenous cannula~Venflon 381(109)
Peripherally-inserted central catheter 8§97 (25.0)
Hickman 98(2.7)
Portacath 7(0.2)

4 Free taxi provided by the OPAT unit.

" Includes both National Health Service and private ambulance services.

© Some patient episodes involved more than one parenteral antimicrobial agent.
Therefore, the total number of agents is greater than the 1otal number of patient
episodes.

4 Some patients had no vascular device (e.g, intramuscular route).
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3.3. Patient satisfaction survey

Of 279 questionnaires sent out to patients (including those who
failed OPAT therapy) between January 2014 and January 2015, 147
were returned (53%). One hundred and forty-six respondents (99%)
rated the service as very good or excellent, 143 (97%) stated that
the treatment received met their expectations, and 144 (98%) would
choose OPAT again if required (Table 4).

3.4. Cost analysis

Table 5 shows a summary of the costs associated with deliver-
ing the OPAT service. The actual cost of delivering the service over
the 10-year period was £4,734,573 {includes staffing, consumables,
equipment, drugs, set-up and overhead costs). After adjusting for
inflation/deflation to 2011-2012 prices, the cost was £4,729,071.

Table 3
Clinical outcomes and reasons for re-admission in outpatient parenteral antimicro-
bial therapy (OPAT) episodes,

Variable n (%) of patient episodes

Outcome {n = 3812)
Improved 33271(873)
Cure 30(08)
Re-admitted 265 (7.0)
No change 2707}
Change of plan 34(09)
Death 2(0.1)
Not recorded 127 (3.3)

Reasons for re-admission (n = 265)
Elective admission 17 (6.4}
Inappropriate referral 17 (6,4}
Clinical deterioration/no improvement 115(43.4)
New event, not related to infection 73(275)
Adtverse drug reaction 24(91)
Line-related complications 3(11)
CDAD 2(08)
Logistics/transport 4(15)
Not recorded 10(3.8)

CDAD, Clostridium difficile-associated diarrhoea.
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Table 4
Outpaticnt parenteral antimicrobial therapy (OPAT) patient satisfaction survey: 2014-
2015 (n=147)

Vanable n {X) of responses
Model of antimicrobial delivery
Daily attendance at OPAT unit 117(796)
Selffcarer administration 13(8.8)
Community nurse 14(95)
Not completed 3(2.0}
Use the helpfadvice line
Yes 10(68)
No 130(88.4)
Not completed 7(48)
Expectations met
Yes 143(973)
No 1(0.7)
Not completed 3(2.0)
Would choose the service again
Yes 144 (98.0)
No 1(0.7)
Not completed 2(13)
Overall rating of the OPAT service
Poar 0(0)
Good 0(0)
Very good 16(109)
Excellent 130(88.4)
Not completed 1{0.7)

Set-up costs of the service mainly consisted of staffing costs, and
were assumed to be fully attributed to the 10-year period. Staff-
ing costs accounted for 55% of the total costs and were relatively
consistent over the 10-year period. The overheads and support costs
represent pharmacy, physiotherapy, laboratory services, transport
and other direct costs associated with the OPAT service. The over-
heads and support costs were assumed to be 44.8% of the total costs
of the OPAT service (excluding re-admission and set-up costs) based
on the reference cost profile for the infectious diseases outpatient
department,

This study identified four re-admissions due to complications
that would not have occurred had the patients been treated as in-
patients. One patient sustained a fractured humerus after falling on
her way to the OPAT unit, and was re-admitted to stabilize her frac-
ture and for social reasons. The second patient cut off the end of
her PICC line while self-administering antibiotics. She was re-
admitted for line replacement and to complete her treatment. The
third and fourth patients, who self-administered antimicrobials, were
re-admitted with line-related infections, The other 261 re-admissions
were excluded from the cost analysis as they were considered to

have had complications that would have occurred regardless of
method of treatment, and would have resulted in increased length
of hospital stay for patients who had already been admitted. The
estimated cost of these four re-admissions was £95,436 based on
2011-2012 STH unit costs. Thus, the total cost of the OPAT service
over the 10-year period was £4,824,507 (i.e. £4,729,071 plus £95436)
at 2011-2012 prices.

The theoretical costs of treating the 3812 OPAT patient epi-
sodes as an inpatient were estimated in four ways using: STH's
Directorate of Communicable Diseases unit costs, minimum STH
unit costs across all departments, national average unit costs, and
minimum national average unit costs in each diagnostic category.
Using the directorate and minimum STH unit costs, the total
estimated costs of equivalent inpatient care for the 3812 patient
episodes were £32,715992 and £11,961,081, respectively. When
the national average unit costs were used, the total estimated cost
was £12,264,388. Using the minimum national unit costs within
each diagnostic category, the total cost was £11,045.779
(Table 1).

4. Discussion

In the UK, OPAT has evolved relatively slowly, but it is now be-
coming more common as the benefits to patients and local healthcare
systems are being recognized [4|. Existing OPAT services have de-
veloped uniquely to meet local requirements |6}, and have led to
variations in practice and model of service delivery, This study
reviews the OPAT service based in a regional infectious diseases unit
within a large teaching hospital, and adds to the growing evi-
dence that OPAT is safe, effective and acceptable to patients |7-16].
The OPAT service used a combination of outpatient ‘infusion’ centre,
self/carer administration and visiting nurse models of OPAT deliv-
ery. Over the last decade, the service has expanded to accommodate
complex infections, such as multi-drug-resistant tuberculosis, that
were previously not deemed to be manageable in an outpatient
setting. It also expanded to the emergency admission area to prevent
unnecessary hospital admissions, taking some pressure off emer-
gency care.

The high success rate, high levels of patient satisfaction, and low
complication and re-admission rates reflect other UK-based studies
[17-20]. Use of once-daily broad-spectrum antimicrobials (e.g.
ceftriaxone and ertapenem) for infections that require narrow-
spectrum agents could be associated with the emergence of resistant
organisms and increase incidence of CDAD. Although the data-
base did not include prospective data on healthcare-associated

Table 5

Direct costs of the outpatient parenteral antimicrobial therapy (OPAT) service from January 2006 to January 2016,
Year Total staff costs (£) Consumables and Drugs (£) Overhead and Total non-staff Total (£) Total at 20112012
Jan/Feb-jan* equipment (£) support® (£) costs (£) prices’ (£)
Set-up 21,745 - - - 1092 22837 19474
2006-2007 68,236 15247 7154 40,605 63,006 131,242 116051
20072008 178,785 11422 37950 102214 151,586 330371 300,550
2008~-2009 134,157 3518 10,233 66,263 80,014 214171 202420
2009-2010 192834 41925 28541 117958 188,424 381258 362499
2010-2011 326,767 64439 5389 177675 247503 574270 562479
2011-2012 2829 68,701 10,787 162,359 241847 524768 524,768
2012-2013 266,182 71,046 9617 155,387 236,050 502,232 510,765
2013-2014 318402 71443 12121 180,529 265,093 583,495 600,019
2014-2015 360,786 71427 13,447 199,656 284,530 645316 669,529
2015-2016 449069 99,575 20,840 255129 375544 824613 860,516
Total 2599884 519743 156,079 1457775 2,134,689 4734573 472007

" Year 2006-2007 represents costs from OPAT service commencement (20 January 2006) to end of January 2007, All other years represent costs from stare of February

1o end of January.

b Overhead and support costs at 44.8% of rotal cost of the service excluding the re-admission and set-up costs (based on cost profile for the infectious diseases outpatient

department ).

© Costs adjusted for inflation/deflation using the hospital and community health services pay and price index.
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mfections, two patients were re-admitted because of CDAD. It is
difficult to determine the relative contribution of OPAT as both pa-
tients were hospitalized and received antimicrobial therapy prior
to referral to OPAT, Aberdein et al performed a retrospective review
of patients who attended the Sheffield OPAT service between April
2006 and December 2011, and identified five further cases of CDAD
following OPAT who remained in the community [21]. All but one
of these cases had other possible causes for their CDAD, They re-
ported a rate of six cases of CDAD per 100,000 OPAT-days, Generally,
the rates of healthcare-associated infections in OPAT are lower than
in hospitalized patients [22]. However, the impact of OPAT on the
emergence of antibiotic-resistant organisms has been poorly studied
and requires urgent attention.

This study shows that a wide variety of conditions in a complex
group of patients are amenable to treatment by OPAT. In recent
years, the number of patients treated per year by the OPAT service
has been stable. However, the proportion of non-SSTI cases and
the number of OPAT patient-days (bed-days saved) per year are
rising due to increasing complexity of patients and diversity of
case mix. Despite the changes in patient complexity and minimal
increase in staffing costs, outcome success was maintained over
the 10-year study period. A range of antimicrobial agents was
used. For instance, antifungal agents (e.g. amphaotericin B, caspofungin
and anidulafungin) were used to treat invasive fungal diseases
with successful outcomes. OPAT has enabled older agents to be
used in novel ways [6]. IV fosfomycin, temocillin and aztreonam
were used successfully in this service to treat patients with
orthopaedic infections caused by drug-resistant organisms. Novel
agents such as dalbavancin (once-weekly) and telavancin
(once-daily) are potentially useful in OPAT, and require further
evaluation.

This study also adds to the growing evidence that self/carer ad-
ministration of IV antimicrobial therapy is safe | 18,23,24]. This model
of delivery has the advantage that it reduces costs further with fewer
nursing and clinic visits. It also gives patients more flexibility and
control over their treatment; they can fit treatment around their
work schedule and other commitments. However, patients or carers
must possess the required dexterity and receive adequate train-
ing. Pathways must be in place to manage vascular access problems
urgently. Furthermore, the model may not be suitable for antibi-
otics such as amoxicillin that are unstable in aqueous solution, unless
patients can personally collect premixed bags of antibiotics for in-
fusion or have them delivered [25.26]. Hence, self/carer
administration should be reserved for a carefully selected group of
patients. Although OPAT is safe, risk assessment, risk manage-
ment and quality assurance systems are essential to minimize
potential risks and optimize the quality of care, in accordance with
existing practice guidelines [2-4].

Comparing the total costs of the OPAT service with estimated
costs of equivalent inpatient care, this study found that the service
has delivered substantial cost savings over its 10 years of opera-
tion. It was assumed that the number of patient-days in OPAT is the
same as the number of days that patients would have been hospi-
talized. This assumption seems reasonable as both the inpatient
infectious diseases and OPAT services are managed by the same
group of infectious diseases specialists, The duration of therapy for
patients is often predefined and would have been the same irre-
spective of whether they were treated as inpatients or in OPAT, Using
the costs of managing patients in the STH infectious diseases unit,
the OPAT service was found to cost 15% of the equivalent inpa-
tient cost, The authors also estimated the costs of managing the
patients in other STH departments, because the infectious dis-
eases unit accounts for a very small proportion of the total referrals
to the OPAT service, and patients may otherwise have been treated
in other STH departments where the lowest costs would be in-
curred. This comparison found that OPAT cost 40% of inpatient care,
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National average costs were included to make the findings appli-
cable to other acute hospitals in the UK. Average daily costs of
infectious diseases units are often higher than national average costs
and costs in other units due to the specialist nature of the service
and the requirement for isolation facilities. Using the npational average
costs, OPAT was found to cost 39% of equivalent inpatient cost. Finally,
with the minimum national average costs, OPAT cost 44% of inpa-
tient care.

Chapman et al [5] reported relative costs of 41%, 47% and G1%
for the STH infectious diseases unit costs, national average costs and
minimum inpatient costs, respectively, Although the relative costs
in the present study are much lower than those reported by
Chapman et al, they are not directly comparable due to changes in
the structure of the NHS reference costs over the years, Chapman
et al used aggregated diagnostic categories for cost allocation based
on HRG v3.5 codes. In cantrast, the present study assigned an ap-
propriate HRG4 code for each diagnosis rather than the diagnostic
categories to give more accurate cost estimates. HRG4 superseded
HRG v3.5 and provides a more accurate reflection of clinical activ-
ity. An analysis of the costs per year showed that the ratio of actual
OPAT costs to estimated costs of equivalent inpatient care re-
mained fairly stable over the 10-year period.

Without a doubt, even using the minimum possible costs for in-
patient care, this study showed that OPAT is associated with
significant cost savings. Cost savings could be maximized if OPAT
patients are monitored closely to prevent complications and hos-
pital re~admissions. It is worth mentioning that OPAT has many
indirect benefits and cost savings for patients and healthcare systems
{such as reduction in the cost of nosocomial infections, patient sat-
isfaction, increased productivity and quality of life) [4,15] that were
not considered in this study as this would require complex math-
ematical modelling beyond the scope of the study. With the growing
interest in OPAT in the UK, novel studies such as the Community
Intravenous Antibiotic Study could provide more insight into the
cost-effectiveness and patient preference for the different models
of OPAT [27]. It will be of interest to examine the causes of, and risk
factors for, re-admissions in this large cohort in more detail. For a
successful OPAT service, it is essential to align the interests of the
major stakeholders: patients, carers, physicians, providers, com-
missioners etc. | 16]. For instance, in countries where hospitals are
paid according to the number of occupied bed-days, OPAT may be
discouraged. Hence, organizations wishing to set up OPAT ser-
vices should consider the model of delivery and payment system
that best suit their local healthcare setting pending a standard OPAT
tariff [28].

5. Conclusion

Despite the usual limitations of a retrospective database review
with some missing data and potential for bias, as well as the as-
sumprtions required for the cost analysis, this large cohort study of
10 years of OPAT experience in Sheffield adds to the growing evi-
dence that administration of 1V antimicrobials to patients outside
a hospital ward setting is safe, clinically efficacious, and provides
substantial cost savings with high levels of patient acceptance and
satisfaction, This study found that OPAT is suitable for a wide range
of infections in an increasingly complex patient group, provided that
measures are in place to minimize clinical risks.
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ABSTRACT

Background: Studies assessing the benefits of outpatient parenteral antimicrobial therapy (OPAT) have
paid less attention to patient-centered factors such as patients’ experiences and their health-related
quality of life (HRQoL).

Research design and methods: Prospective before-and-after quasi-experimental study enrolled adult
patients receiving OPAT at a tertiary hospital in Derbyshire, UK, between October 2022 and
October 2023. Consenting patients completed paired EQ-5D-3 L questionnaires before OPAT initiation
and upon completion of therapy or 30days after its commencement (whichever occurred first).
Changes and predictors of change in HRQol indicators and associations with clinical outcomes (treat-
ment failure, adverse events, and 30-day unplanned readmission) were examined.

Results: Health state index and visual analogue scale (EQ VAS) scores of 162 enrolled patients at
baseline were significantly lower than the UK population averages, but the patients experienced
significant improvements in both scores and in four EQ-5D dimensions (mobility, self-care, usual
activities, and pain/discomfort). Baseline health index and EQ VAS scores were significant independent
predictors of positive changes in HRQol scores,

Conclusions: OPAT is associated with improved patient-reported quality of life and facilitates early
return to work or school. Nevertheless, it is crucial to closely monitor patients with a lower baseline

ARTICLE HISTORY
Received 16 January 2024
Accepted 20 February 2024

KEYWORDS

EQ-SD-3L; OPAT, outpatient
parenteral antimicrobial
therapy; patient-centered
outcomes research; quality
of life

quality of life to optimize their overall OPAT experience,

1. Introduction

Intravenous (IV) antimicrobial agents are increasingly adminis-
tered in home and outpatient settings to treat a wide range of
infections [1-3]. Outpatient parenteral antimicrobial therapy
(OPAT) has proven to be a safe and effective alternative to
inpatient care, offering substantial benefits to both patients
and healthcare systems [4,5]. Published studies evaluating the
benefits of OPAT have primarily focused on clinical outcomes
and cost savings, with less attention given to patient-centered
factors, including patients’ experiences and perspectives on
OPAT, as well as their overall quality of life [6].

Health-related quality of life (HRQoL) is a crucial aspect of
patient-centered care; it encompasses various dimensions
related to the physical, mental, emotional, and social well-
being of individuals [7]. It also takes into account how one's
states of heath impact their quality of life. Infections can
severely impact HRQol [8-10]. Thus, a comprehensive under-
standing of the HRQoL in patients receiving OPAT can aid
better patient selection for OPAT and enhance the overall
patient experience [11]. Additionally, HRQoL measures can
be used to calculate quality-affected life years (QALYs) for
cost-effectiveness studies of OPAT, where one QALY is equiva-
lent to one year of life in perfect health [12].

In our present study, we examine the HRQoL in patients
who received OPAT care at a large tertiary referral teaching
hospital in Derbyshire, England, UK. The primary objective of
the study was to assess changes in self-reported HRQol. and
determine which patient groups experienced the most signifi-
cant improvements in terms of HRQol. A secondary objective
was to examine HRQol indicators at baseline as prognostic
factors for subsequent clinical outcomes during OPAT treat-
ment. To the best of our knowledge, there are no published
studies evaluating the HRQoL of adult patients treated via
OPAT within the UK National Health Service.

2. Patients and methods
2.1. Study design and recruitment

We conducted a one-group before-and-after quasi-
experimental study involving adult patients referred to the
OPAT service at University Hospitals of Derby and Burton
(UHDB) in Derbyshire, England, UK, between October 2022
and October 2023. The OPAT service has been previously
described [13,14]. It is managed by a multidisciplinary team
comprising infectious diseases specialists, specialist nurses,
clinical antimicrobial pharmacists, and community nurses.
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The choice of antimicrobial therapy is limited to agents that
can be administered once daily or less frequently for dosing
convenience. Antimicrobials were administered through three
distinct pathways: delivery in the patient's home by a visiting
nurse, daily attendance at the OPAT clinic, and self/carer
administration in the patient's home (after appropriate train-
ing). The OPAT service utilizes electronic databases to pro-
spectively record patient demographics, clinical diagnoses,
the method and duration of OPAT administration, clinical out-
comes, and any associated complications.

Participants were eligible for the study if they were older
than 18 years of age, capable of giving informed consent, and
planned to receive a course of parenteral antimicrobial ther-
apy lasting more than three days. We excluded patients from
the study if they had previously received OPAT care,

2.2. HRQol instrument

The three-level version of EQ-5D (EQ-5D-3 L) questionnaire was
used to assess participants’ HRQol (detailed in Supplementary
Figure S1). Developed by the EuroQol Group, EQ-5D is
a standardized and validated instrument for measuring health
status, offering a generic assessment of health for clinical and
economic appraisal [15]. The EQ-5D is the preferred UK National
Institute for Health and Care Excellence (NICE) measure of HRQoL
in adults [16], and the most extensively evaluated HRQoL instru-
ment internationally [17]. EQ-5D-3 L consists of two components:
(1) a descriptive system that assesses health in five dimensions
(mobility, self-care, usual activities, pain/discomfort, and anxiety/
depression), each with three levels of response (no problems,
some problems, extreme problems) denoted as 1 to 3; and (2)
a visual analogue scale (EQ VAS), that records patients’ overall
assessment of their health on a scale ranging from 0 (worst
imaginable health) to 100 (best imaginable health). The descrip-
tive system element of the EQ-5D questionnaire generates
a 5-digit health state profile that represents the level of reported
problems on each of the five dimensions of health (e.g. 12213).
Using country-specific value set [15,18], each participant’s health
profile can be converted into a singular summary number,
known as an index score, which may range from less than 0
(where 0 signifies a health state equivalent to death; negative
values are considered worse than death) to 1 (perfect
health) [15].

2.3. Sample size determination

A minimally important difference (MID) of 0.074 units was
defined a priori as a clinically relevant change of the EQ-5D
index score [19]. With an expected standard deviation (SD) of
0.29 [19], an MID of 0.074 corresponds to an effect size of 0.25,
which is regarded as a small to medium effect. We calculated
that approximately 160 patients were required to detect
a change of 0.074 units in mean EQ-5D index scores from
baseline to the final assessment, with power of 90% and
a 5% significance level in a paired t-test. This sample size
allows for reliable estimation of 16 predictors in a multiple
linear regression model, based on the "rule-of-thumb” of 10
subjects per variable [20].
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2.4. Data collection

Patient sociodemographics, comorbidities, treatment indica-
tions, antimicrobial regimens, mode of OPAT delivery, duration
of OPAT care, OPAT outcomes, complications experienced,
and hospital readmission data were extracted from the OPAT
databases and hospital electronic health records. Age (in
years) and Charlson Comorbidity Index (CCl) scores [21] were
determined at the commencement of OPAT.

Before initiating OPAT (at baseline), consenting patients
were asked to complete an EQ-5D-3L questionnaire,
A second (follow-up) questionnaire was administered at the
conclusion of OPAT treatment or 30 days after commencing
OPAT (whichever occurred first). For the purposes of compar-
ison, UK EQ-5D population norms for self-rated health status
were obtained from published studies [22,23]. Patients who
were employed or in education before their iliness were asked,
at the follow-up assessment, to self-report whether they had
returned to work or school during OPAT.

2.5. Outcomes and definitions

Clinical outcomes (cure, improvement, or failure) were deter-
mined at the conclusion of OPAT treatment using the definitions
provided in the BSAC National Outcomes Registry System (see
Supplementary Table S1) [24]. Adverse drug reactions (i.e. events
possibly related to administered medications) included diarrhea,
rash, blood dyscrasia, renal and hepatic dysfunction. Vascular
access-related complications encompassed infection, line migra-
tion, occlusion, thrombosis, and allergic reactions to dressing.
Thirty-day unplanned hospitalization was defined as an
unplanned inpatient admission to an acute care hospital for
any reason during or within 30 days of the completion of OPAT
treatment.

2.6. Data analysis

Descriptive statistics were used to summarize sociodemo-
graphic, clinical, and OPAT outcome data. To present the EQ-
SD-3L descriptive system, we calculated the numbers and
percentages of patients reporting each level of problems on
each of the dimensions at both the baseline and final assess-
ments. Additionally, we determined the means (with SDs) of
EQ VAS and EQ-5D-3 L index scores at these two time points.
The observed baseline mean scores were compared with pub-
lished mean scores for the UK general population using one-
sample t-tests. The mean health state index and EQ VAS scores
for the UK general population have previously been reported
as 0.86 and 82.5, respectively [22,23].

To assess the magnitude and statistical significance of
changes between the two time points, we calculated 95%
confidence intervals (Cls) for the differences in the proportion
of patients reporting improvements in each dimension and
performed McNemar’s test. For the summary EQ-5D-3 L index
and EQ VAS scores, we calculated 95% Cis for mean differ-
ences and paired t-test statistics. To aid in the interpretation of
the estimated changes, we computed standardized effect sizes
using Cohen's g and d statistics for proportion and mean
differences, respectively [25]. Following Cohen's benchmarks,



we identified effect sizes as negligible (g < 0.05, d < 0.2), small
(005 < g<0.15 02 =< d<0.5), medium (0.15 < ¢g<0.25,
0.5 < d <08), or large (g = 0.25, d = 0.8) [25].

Changes in EQ-5D-3L were also analyzed using the
Paretian Classification of Health Change (PCHC) approach
[26). Patients were classified as ‘improved’ if they demon-
strated improvement in at least one dimension without wor-
sening in any other dimension of the EQ-SD-3L system;
‘worsened’ if they worsened on at least one dimension and
did not show improvement in any other dimension; and ‘no
change’ if they exhibited the same response in each dimen-
sion at baseline and the final assessment. Patients who
improved in one or more dimensions and worsened in others
were classified as ‘mixed change. PCHC summarizes overall
changes in patients’ self-reported health without relying on
preference weights (utility scores) from the general public,
thereby avoiding potential inference bias [27]. We estimated
the proportion of patients in each PCHC class by calculating
95% Cls using Wilson's score method.

Analysis of covariance with ordinary least squares estima-
tion was employed to identify groups of patients that derived
heterogeneous effects from OPAT treatment in terms of
improvements in HRQoL. EQ VAS and EQ-50-3 L health index
scores at the follow up assessment were examined as
response variables in two separate multiple linear regression
models. A set of a priori selected baseline covariates were
examined, including patient characteristics (age, sex, CCl, and
clinical frailty score) and therapy-related variables (combina-
tion antimicrobial therapy, indication for OPAT, mode of deliv-
ery, and type of vascular access device). In these models, we
controlled for imbalances in baseline EQ VAS and EQ-5D0-3L
scores to estimate the direct causal effects of baseline expo-
sures [28]. Covariate-specific effect sizes were assessed using
Cohen’s F statistic and were interpreted as small (£ = 0.02),
medium ( = 0.15), or large (F 20.35) effects, respectively.
Multicollinearity of predictor variables was ruled out by exam-
ining variance inflation factors (Supplementary Table S2).
Graphical inspection of residuals indicated deviations from
normality and homoscedasticity (Supplementary Figures S2
and S3). Therefore, bootstrapping was performed (1,000 repli-
cations) to estimate the standard errors and P-values. Cls were
constructed using the bias-corrected and accelerated boot-
strap method.

Multivariable Poisson regression with a log-link function
and robust variance estimation was performed to estimate
relative risks (RR) with 95% Cls [29]. This analysis aimed to
quantify the associations between self-reported HRQoL indices
at baseline (EQ-5D-3 L dimensions, full health state, EQ-5D-3L
index score, and EQ VAS score) and subsequent patient out-
comes (complications during OPAT, treatment failure, and 30-
day unplanned hospitalizations). The models were adjusted for
sex, age, and CCl. The log-linearity of continuous variables was
examined using restricted cubic splines (Supplementary
Figures 54 and S5).

No missing values were observed for any of the study vari-
ables. Two-sided p-values were reported for all analyses, and
statistical significance was considered at p < 0.05. All analyses
were performed using Stata version 18 (Stata Corporation,
College Station, Texas, US.A).
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2.7. Ethical approval

The study was approved by the North West - Greater Manchester
South (UK) Research Ethics Committee (REC Reference number
22/NW/0299). The study also received organizational approval
and support from the Research and Development department at
the study institution, All patients agreed to participate in the
study by signing an informed consent form.

3. Results
3.1. Baseline characteristics of the study cohort

A total of 162 eligible patients were enrolled in the study and
completed the paired EQ-5D questionnaires. Figure 1 shows the
flowchart of the study. Table 1 shows the participants’ socio-
demographic and clinical characteristics. At baseline, 8.0% (13/
162) of the participants reported being in a state of perfect health
(i.e. a health state index score of 1.0) while 2.5% (4/162) reported
being in the best imaginable health (i.e. an EQ VAS score of 100),
There was a significant moderate positive correlation between
the baseline EQ-5D VAS and index scores (r=061, p<0.001)
(Supplementary Figure S6). Compared to the UK population
averages, the study patients had significantly lower baseline
EQ-5D VAS scores (mean 57.9 vs. 82.5; p<0.001) and EQ-5D
index scores (mean 0.5 vs. 0.9; p < 0.001). Out of the 37 patients
who self-reported being employed before their iliness, 43.2%
(16/37) were able to return to work while receiving OPAT.
Additionally, two patients were students, both of whom were
able to continue their education while on OPAT,

3.2. Change in HRQol scores

The mean increase in the health state index score was 0.2
(p < 0.001). The respective Cohen’s effect size value (d=051)
suggested a medium improvement in the mean EQ-50-3 L index
value (Table 2). There was also statistically significant but small gain
in mean EQ-VAS score (difference of 7.5; p<0.001; d=033)
(Table 2). Additionally, there were significant and large increases
in the proportion of patients who reported being in perfect health
(increase by 7.4%; p = 0.008; g = 0.33); who had no problems walk-
ing about (+10.5%; p = 0.003; g = 0.27); no problems with self-care
(+15.4%; p < 0.001; g = 0.28); no problems performing daily activ-
ities (+19.2%; p < 0.001; g = 0.34); and no pain/discomfort {+19.2%;
p < 0.001; g=0.28) (Table 2; Supplementary Figure 57). However,
there was no significant change in the proportion of patients with
no anxiety/depression (increase of 4.9%; p = 0.341; g = 0.07). Using
the PCHC principle [25], 18.5% (30/162) had no change, 51.9% (84/
162) had improved health, 12.3% (20/162) had worse health, and
17.3% (28/162) had a ‘'mixed’ change (Figure 2),

3.3. Predictors of change in HRQol and association with
clinical outcomes

Table 3 shows the results of linear regression analysis examining
factors associated with changes in HRQoL scores. No heteroge-
neous changes in follow up HRQoL scores were detected in rela-
tion to patient age, sex, CCl, or treatment-related variables
measured at baseline. In multivariable analysis, there was no



990 (@) O.C DUROJAIYE AND E. I, KRITSOTAKIS

316 patients received OPAT
(October 2022 - October 2023)

122 excluded:
82 had previous OPAT care

21 received < 3 days of OPAT
13 lacked capacity to consent

6 were < 18 years old =

194 patients eligible for
recruitment

11 unreachable
13 declined to participate

170 patients completed the
baseline questionnaire

Figure 1. Screening and eligibility flow chart.

significant association between follow-up HRQolL scores and the
baseline clinical frailty score analysis (£ = 0.02; p = 0.07). Only base-
line EQ VAS (adjusted mean difference (aMD), 3.96 per 10 units
increase; 95% CJ, 2.09-5.72) and EQ-5D-3 L index (aMD, 0.04 per
0.1-unit increase; 95% Cl, 0.03-0.06) scores were significant pre-
dictors of a positive change in follow up HRQol scores.

The association between baseline HRQol scores and clinical
outcomes is presented in Table 4 (the respective univariate
analysis Is presented as Supplementary Table S3). Accounting
for patients’ age, CCl, and clinical frailty score in multivariable
regression analysis, there were no statistically significant asso-
ciations between baseline HRQol scores and the risk of 30-day
unplanned readmission, treatment failure, or adverse events.

4. Discussion

Internationally, very few studies have examined the quality of
life in patients receiving OPAT. To our knowledge, this study
represents the first comprehensive assessment of HRQoL in
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8 unreachable for follow-up

assessment

162 completed the paired

EQ-5D questionnaires.

a UK population of OPAT patients. In this longitudinal pre-
post study, we investigated the HRQoL of patients treated
with OPAT at a tertiary hospital in the UK. We included patients
who received more than three days of OPAT care, as we had
previously observed clinical improvement after 48 hours of IV
antimicrobial therapy in our settking. Patients with prior OPAT
experience were excluded to avoid response bias in their expec-
tations and, consequently, in self-reported HRQoL [30,31].

Similar to studies conducted in Canada by Goodfellow et al.
and in the United States by Keller et al.,, we found that OPAT
patients have a lower quality of life compared to the general
population [32,33]. The reduced HRQoL can be attributable
not only to the need for OPAT but also to the presence of
underlying comorbidities. It is well documented that HRQoL
can be impaired in patients with infections, such as bactere-
mia [8], infective endocarditis (10}, and osteomyelitis [34],
which are commonly treated with OPAT, Consequently, OPAT
patients should receive adequate support to enhance and
optimize their HRQoL.



Table 1. Sociodemographic and clinical characteristics (N = 162),

Characteristic n (%)
Age (years), median [ICR] 67 [54-75)
Male sex 98 (60.5)
Charlson comorbidity index score, median [IQR] 1[0-3]
Clinical frailty score, median [IQR] 334
Marital status
Married/Domestic partnership 119 (735)
Single 19(11.7)
Widowed 12 (7.4)
Divorced/Separated 121(74)
Employment status
Retired 100 (61.7)
Employed 37 (228)
Unemployed 16 (9.9)
Homemaker 7(43)
Student 2(1.2)
Indication for OPAT
Bone and joint infection (excluding spinal infection) 66 (40.7)
Respiratory infection 4210
Endovascular infection 14 (8.6)
Malignant otitis externa 10 (6.2)
Urinary tract infection 10 (6.2)
Spinal infection 7143)
Skin and soft tissue infection 7143)
Other indications’ 14 (8.6)
Made of antimicrobial (OPAT) delivery
Visiting nurse 97 (59.9)
Self/carer administration 58 (35.8)
Daify attendance 7 {4.3)
Duration of inpatient (pre-OPAT) stay (days)®, median [IQR] 1 6-171
Duration of OPAT care {bed days saved), median [IQR] 12 [8-27]
Total bed days saved* 3337
Complications during OPAT
Antimicroblal-related adverse events 13 (80)
Vascular access related adverse events 10 (62)
Antimicrobial and vascular related adverse events 1 {0.6)
Infection Outcomes
Cure/Improved 135 (833)
Failure 27 6.7
30 days unplanned hospitalization” 37 (228)

Data are presented as n (%) for categorical variables and median [interquartile
range] for continuous variables.
IQR, interquartile range; OPAT, outpatient parenteral antimicrobial therapy.
*Other indications included bacteremia (n = 1), central nervous system infection
(n =4), intra-abdominal abscess (n = 4), and hepatobéliary Infection (n=5).
Y15 patients had no preceding inpatient admission (admission avoidance
pathway).

‘Total duration of OPAT care for the cohort.

“Defined as unplanned inpatient admission for any reason during or within 30
days of OPAT discharge.

We observed a significant improvement in the EQ-VAS and
health state index scores at follow-up compared to the base-
line assessment. While the gains in the VAS and index scores
were small and moderate, respectively, it is essential to note
that these are weighted means designed to reflect the pre-
ferences of the general public rather than patients [26].
Additionally, we observed significant and large improvements
in patients’ mobility, self-care, their ability to perform daily
activities, and a large reduction in pain or discomfort,
Goodfellow et al. also documented marked improvements in
various domains of self-perceived health among a cohort of
OPAT patients four weeks after hospital discharge [32]. By
promoting early hospital discharge and averting hospitaliza-
tion, OPAT can effectively enhance patients’ quality of life by
enabling them to sustain their daily activities and social inter-
actions, contributing to their overall well-being. Interestingly,
we found only a small non-significant improvement in the
proportion of patients experiencing no anxiety or depression.
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Although the exact reasons for this remain unclear, it is impor-
tant to acknowledge that anxiety and depression are chronic
conditions that may not be effectively addressed by antimi-
crobial therapy.

Forty-six percent of the participants in our cohort, who were
employed or in education before their illness, managed to return
to work or school while receiving OPAT. This finding is compar-
able to a similar study in Singapore by Wee et al, who reported
that half of OPAT patients returned to work while on treatment
[35]. The ability of eligible patients to resume school or work and
maintain their income while receiving OPAT may help reduce the
financial strain that could result from prolonged absence from
work. It can contribute to financial stability, job security, preserve
educational progress, and prevent interruptions in career
advancement and educational attainment.

Using the Short Form-36 [36] as a measure of HRQoL in
a cohort of 82 OPAT patients, Goodfellow et al. [32] found
that non-orthopedic infection and prolonged hospital stay
were associated with a positive change in the physical compo-
nent summary and mental component summary scores, respec-
tively. Meanwhile, these summary scores at baseline were
negative predictors of changes at follow up assessments. In
our cohort, we observed that baseline HRQolL scores were the
sole predictors of a positive change in HRQol scores - in other
words, the higher the baseline HRQoL scores, the higher the
follow-up scores. We noted some evidence for a weak associa-
tion between baseline clinical frailty score and a subsequent
negative change in HRQolL scores (p=0.07). Our findings
remained consistent when using the EQ VAS or health index
scores, which may capture somewhat different aspects of
HRQoL; and suggest that patients with high baseline quality
of life are likely to benefit most from OPAT in terms of HRQol,
while frail patients may experience the least benefit. These
improvements of HRQoL were otherwise homogenous, irre-
spective of baseline patient characteristics (age, sex, CCl) or
OPAT-related variables measured at baseline (combination ther-
apy, indication, mode of delivery, type of vascular access
device). Differences in our findings compared to those of
Goodfellow et al. [32] may stem from variations in methodology
and the case-mix of patients. The most common indications for
OPAT in our cohort were respiratory infections and bone and
joint infections. For our regression analyses, we excluded other
indications for OPAT due to a limited number of events.
Additionally, we omitted the length of hospital stay as it is an
intermediate variable in the causal pathway between baseline
covariates (e.g. CCl, clinical frailty score) and HRQoL.

Unlike Wee et al. [35], we observed small and statistically
non-significant decreases in the risks of clinical outcomes
(treatment failure, complications, and 30-day unplanned read-
mission) associated with increasing HRQol scores at baseline.
In addition, there was limited evidence in our cohort for an
association between being in a full health state upon OPAT
initiation and lower risk of subsequent treatment failure and
complications. The small numbers of events in our cohort did
not allow for precise estimates of the respective relative risks
for the clinical outcomes.

Our study is limited by a number of factors, including its
confinement to a single hospital, and as a result, our find-
ings may not accurately reflect experiences in other UK
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Table 2. Changes i self-reported health-related quality of kfe Indication of patlents (N = 162), from baseline to final assessment.

Baseline Final Difference {95% C1) P value Cohen's ES*
£Q-5D-3 L dimensions®
Mobility 51 (31.5%) 68 (42.0%) 10.5% (3.3% 10 17.7%) 0.003 0.27 (large)
No problem 111 (68.5%) 94 (58.0%)
Some problems
Self-care 90 (55.6%) 115 (71.0%) 15.4% (7.1% to 23.8%) <0.001 0.28 (large)
No problem 72 (44.4%) 45 (29.0%)
Some problems
Usual activities 24 (14.8%) 55 (34.0%) 19.2% (11.0% to 27.3%) <0.001 0.34 flarge)
No problem 138 (85.2%) 107 (66.0%)
Some problems
Pain/discomfort 60 (37.0%) 91 (56.2%)] 19.2% (10.0% to 28.2%) <0.001 0.28 (large)
No problem 102 (63.0%) 71 (43.8%)
Some problems
Anxiety/depression 90 (55.6%) 98 (60.5%) 4.9% (-4.5% to 14.4%) 0.34 0.07 {smail)
No problem 72 (44.4%) 64 (39.5%)
Some problems
Summary indices
EQ-SD-3 L full health state’, n (%) 13 (B.0%) 25 (154%) 7.4% (1.8% 10 13.0%) 0.008 0.33 (large)
EQ-5D-3 L index score, mean (S0) 05 (0.3) 0.7 (0.3) 0.2 (0.1 to 02) <0.001 051 {medium)
EQ VAS score, mean {SD) 57.9 (20.7) 654 (21.4%) 753910 11.1) <0.001 0.33 {small)
Data are presented as n (%) unless otherwise specified.
Q1 confidence Interval; ES, effect size; SD, standard deviation; VAS, visual analogue scale.
*Effect sizes were calculatad with Cohen's g for categorical variables and Cohen’s d for continuous variables.
"No problem « level 1; some problems = levels 2 + 3.
“Full health state was defined as EQ-5D-3 L level “11111™ (no problems in all five dimensions).
m -
w K
2
§ “
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g 30
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104 l
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No change Improved Worsened Mixed change
Health change

Figure 2. Paretian Classification of Health Change (PCHC) from baseline to final assessment for N = 162 patients. Vertical lines are 95% confidence intervals.

OPAT services. We used a validated questionnaire (EQ-5D-3
L) to measure HRQolL, which is limited to three levels of
response categories. Compared to the five-level EQ-5D ver-
sion, the three-level version exhibits a more pronounced
ceiling effect and diminished discriminatory power [37].
Therefore, using the five-level version could have provided
greater granularity in our data analysis. We also used either
‘end of treatment' or 30 days of treatment’ as endpoints,
depending on which occurred first. This approach was
adopted because, based on previous experience [38,39],
OPAT patients could develop complications unrelated to
OPAT after completing their therapy (but within 30 days),
which could negatively affect their HRQoL. However, sub-
stantial changes in HRQoL may occur after 30 days of ther-
apy [9,10,34]. Consequently, it is possible that we have not
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fully captured the impact of OPAT on the quality of life in
some patients. Another important limitation is the absence
of a comparison with inpatient care. It is possible that the
improvements in HRQol scores observed in our study could
have also occurred if the cohort had been treated as inpa-
tients [40]. As OPAT is firmly established in many countries,
including the UK, and its benefits are widely recognized,
conducting a definitive randomized controlled trial to com-
pare HRQoL in OPAT with inpatient care is not likely to be
feasible and may pose ethical challenges. Nonetheless,
OPAT offers several potential advantages over inpatient
care, including lower healthcare costs and a reduced risk
of nosocomial infections, among others [4]. Furthermore,
using a control group comprising inpatients in a non-
randomized study would require accounting for several
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non-health-related confounding factors (e.g. income, life-
style, sleeping patterns) as health is neither the exclusive
nor the most crucial contributor to quality of life.

5. Conclusions

While OPAT patients generally experience a lower quality of
life compared to the general population, OPAT is associated
with improvements in patient-reported quality of life mea-
sures and facilitates an early return to work or school for
some patients. Identifying patients with low baseline quality
of life is essential for providing closer monitoring and suffi-
cient support to optimize their HRQoL and enhance their
OPAT experience. Patient-reported outcomes, such as HRQol,
should be included in the evaluation of OPAT programmes.
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SUMMARY

Objectives: Outpatient parenteral antimicroblal therapy (OPAT) is increasingly used to treat infective en-
docarditis (IE) with documented success. This study aims to identify risk factors for treatment failure and
poor outcomes in patients with [E treated through OPAT.
Methods: We conducted a retrospective analysis of all episodes of IE treated over 13 years (September
2006 - September 2019) at a large teaching hospital in Sheffield, UK. We defined OPAT failure as un-
planned readmission or death within 30 days of discharge from the OPAT service. Major adverse cardiac
events (MACE) were defined as a composite of IE-related death, cardiac surgery, and recurrence of 1E
within the first year of completion of OPAT.
Results: Overall, 168 episodes of IE were reviewed. OPAT failure and MACE occurred in 44 episodes
(26.2%) and 29 episodes (17.3%) respectively. On multivaniable analysis, pre-existing renal failure (adjusted
odds ratio [aOR], 3.00; 95% confidence Interval [Cl), 1.08-8.30; P = 0.034) and Charlson comorbidity score
(aOR, 1.29 per unit increase;: 95% C1, 1.06-1.57; P = 0.011) were associated with increased risk of failure.
Previous endocarditis (aOR, 3.60; 95% CJ, 1.49-8.70; P « 0.004) and cardiac complications [aOR, 3.85; 95%
Cl, 1.49-9.93; P  0.005) were risk factors for MACE, whereas cardiac surgery during the initial hospital-
isation for [E (aOR, 0.34; 95% Cl, 0.12-0,22; P < 0.001) was a protective factor.
Conclusions: Our findings suggest that OPAT is safe and effective for completing antibiotic treatment for
IE, including cases deemed to be at increased risk of complications. However, careful patient selection
and monitoring of patients with pre-existing comorbidities and cardiac complications are recommended
to optimise clinical outcomes.

© 2021 The British Infection Association. Published by Elsevier Lid. All nghts reserved.

Introduction

its benefits, OPAT is potentially associated with increased clini-
cal risk due to reduced clinical supervision and monitoring. Even

Infective endocarditis (IE) is a serious and potentially fatal in-
fection that often requires prolonged parenteral antimicrobial ther-
apy. The efficacy and safety of outpatient parenteral antimicrobial
therapy (OPAT) in the management of IE have been demonstrated
in several observational studies.' " OPAT is often used to consoli-
date antimicrobial therapy after initial inpatient treatment. Despite

* Corresponding author at: Department of Infection and Tropical Medicine, Royal
Hallamshire Hospatal, Sheffield S10 2JF, United Kingdom,
E-madl addresses: docwolex@®yahoo.co.uk (0.C Durojaiye), robin morgandnhs. net
(R. Morgan), nazihia.chelaghmal@nhs.net (N, Chelaghma), e kritsotakis®uvocgr (ElL
Kritsotakis ).

https:{/dot.org/ 10.1016/] Jinf2021.09.021

with careful patient selection and multidisciplinary team-driven
therapeutic plans, the use of potentially toxic antimicrobial agents
and duration of treatment imply complications including treatment
failure, and readmission for some patients managed through OPAT
are inevitable, Predicting and preventing treatment failure could
improve patient outcomes and reduce healthcare costs, Neverthe-
less, the predictors of failure and poor outcomes in patients with
IE treated with OPAT are not totally clear,”-*

This study aimed to identify factors that might be associated
with increased risk of treatment failure and poor outcomes in pa-
tients with IE treated at an OPAT service based in a large tertiary
referral teaching hospital in Sheffield, UK.

0163-4453)0 2021 The British Infection Assoclation. Published by Elsevier Lid. All rights reserved,
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Materials and methods
Patient population and setting

We conducted a retrospective cohort study of all episodes of
presumed or definite [E treated with OPAT between September
2006 and September 2019 at Sheffield Teaching Hospitals, South
Yorkshire, England, UK. Cases of IE were defined according to the
modified Duke criteria.” Patients with an implantable cardiac elec-
tronic device (ICED) infection but without evidence of endocardi-
tis were excluded. The Sheffield OPAT service, established in Jan-
uary 2006, is one of the largest in the United Kingdom. The OPAT
service, patient selection criteria and a prospectively maintained
database have been previously described.'” Patient selection, an-
timicrobial regimen and mode of OPAT delivery were the respon-
sibility of the OPAT physicians. Patients with IE were offered OPAT
when deemed clinically stable on careful assessment by cardiol-
ogy and infectious diseases physicians. They were required to have
at least a 2-week period of inpatient care prior to starting OPAT,
since the risk of complications is greatest during this period, Pa-
tients were reviewed in person at least once a week during their
OPAT treatment and regularly by their cardiology team. Individ-
ual patient's progress was discussed at a weekly multidisciplinary
meeting.

Data collection

The OPAT databases, hospital electronic clinical and laboratory
databases were reviewed, Data extracted included patient demo-
graphics, comorbidities, risk factors for IE, microbiology culture
results, echocardiographic findings, associated ICED infection, in-
patient cardiac surgery, complications of IE, antimicrobial regi-
men, duration of inpatient and OPAT therapy. mode of OPAT de-
livery, type of vascular access, OPAT outcome, hospital readmis-
sion, and reason for and length of hospitalisation. Age (years) was
determined at the time of commencing OPAT. Weighted Charl-
son comorbidity score was calculated for each patient and was
determined at the time OPAT was commenced.'' Chronic kid-
ney disease was based upon an estimated glomerular filtration
rate of < 60 ml/min/1.73 m%"! Drug-resistant organisms included
methicillin-resistant Staphylococcus aureus and penicillin-resistant
streptococci. The study was approved by the Trust's clinical effec-
tiveness unit.

Outcomes and definitions

The outcomes were OPAT failure at 30 days and one-year ma-
jor adverse cardiac events (MACE). 30-day OPAT failure was de-
fined as unplanned cardiac surgery during OPAT, unplanned read-
mission to an acute care hospital for any reason or death within
30 days of discharge from the OPAT service, MACE were defined
as a composite of |E-related death, cardiac surgery and recurrence
of IE within the first year of completion of OPAT. IE-related death
included cardiac death and death caused by complications of endo-
carditis, Deaths unrelated to IE (e.g. death from malignant disease)
were excluded. A recurrence (relapse or reinfection) was defined
as a new episode of IE caused by the same or a different microor-
ganism occurring within one year alter completion of OPAT.

Statistical analysis

Categorical data were presented as counts and percentages. Nu-
merical data were summarised as mean with standard deviation or
median with interquartile range (IQR) depending on the degree of
skewness in the distributions. Logistic regression was used for the
analysis of risk factors of 30-day OPAT failure and one-year MACE.

t 3o
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A set of 20 potenrtial risk factors were examined, including patient-
related, infection-related and treatment-related variables selected
by clinical judgment and literature review. None of the candidate
risk factors had missing values. An initial multivariable logistic re-
gression model for each outcome was constructed with forward
stepwise selection of variables with P < 0.30 on univariate analysis.
Variables that were identified as risk factors in other studies but
did not enter the initial model were forced one-by-one into the ini-
tial model to examine the possibility of negative confounding. The
final model retained variables with a two-sided P < 0.05. The ra-
tio of cases to variables was maintained to at least 10:1 during the
model building process. Multicollinearity among model predictors
was ruled out by examining Spearman correlations and variance
inflation factors. Linearity in the log (odds) for continuous vari-
ables (age and Charlson score) was assessed using restricted cubic
splines. Potential within-patient correlation caused by having dif-
ferent OPAT episodes in the same patient was taken into account
by performing cluster-robust variance estimation relaxing the as-
sumption of independent observations. Analyses were performed
using STATA v.14 (StataCorp, College Station, TX, USA),

Results
Cohort characteristics

Over the 13-year study period, we recorded 168 episodes of
IE in 146 individual patients, Table | shows the demographic and
clinical characteristics of the cohort. The mean age of the patients
was 60 (range, 16-91) years; 78% (131/168) were male and 68%
(115/168) had native valve endocarditis, 109 (65%) episodes were
classified as definite 1E by modified Duke criteria. The most com-
mon causative pathogens isolated were viridans group streptococci
(26%; 43/168), S. aureus (21%; 36/168), and coagulase-negative
staphylococci (14%; 23/168), The median duration of inpatient an-
timicrobial therapy was 21 days (IQR, 16-30; range, 7-65 days). Pa-
tients with complications of IE such as cardiac or embolic events
received longer inpatient treatment. The median length of OPAT
therapy was 23 days (IQR, 17-31; range, 1-61 days).

Clinical outcomes

OPAT failure was recorded in 44 (26%) episodes - mostly due
to unplanned readmission (93%; 41/44), The reasons for unplanned
readmission are shown in Supplementary Table 1. MACE occurred
in 29 (17%) episodes. Heart valve surgery was the main cause
of MACE (59%; 17/29). One-year mortality was 2% (4/168). Four
episodes of recurrence occurred within 6 months of completing
OPAT (relapse). All recurrences were caused by microorganisms of
same species that caused the initial episode Table 2,

Risk factor analysis

The results of the logistic regression analyses of predictors of
OPAT failure and MACE are shown in Table 3. Chronic kidney dis-
ease (adjusted odds ratio [aOR], 3.00; 95% confidence interval [Cl],
1.08-8.30; P = 0.034) and Charlson comorbidity score (aOR, 1.29;
95% Cl, 1.06-1.57; P = 0,011) were independently associated with
increased risk of 30-day OPAT failure, Previous |E (aOR, 3.60; 95%
Cl, 1.49-8.70; P = 0,004), cardiac complications {aOR, 3.85; 95% 1,
1.49-993; P = 0.005) and cardiac surgery during the initial hos-
pitalisation for IE (aOR, 0.34; 95% Cl, 0.12-0.22; P < 0.001) were
independent predictors of one-year MACE.

Discussion

Our study highlights the fact that patients with [E treated with
OPAT are at risk of treatment failure and poor outcomes. We have
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Table 1

Baseline characteristics of patients and episodes of infective endocardi-

tis (N = 168),
Characteristic n{%)
Age (years), mean + SD (range) 60 = 176 [16-91)
Male sex 131 (78.0)
Comorbidities
Pre-existing renal failure’ 32 (19.0)
Heart Rallure 35 (20.8)
Charlson comorbidity score, median (IQR) 1(0-2)
Predisposing factors
Any predisposing factor 95 (56.5)
Congenital cardiac abnormality 42 (25.0)
Previous endocarditis 31 (18.5)
Rheumatic heart disease 4(24)
Intravenous drug use 3(18)
Diagnostic cnteria (modified Duke critersa)
Possible 59 (35.1)
Definite 109 (64.9)
Cardiac structure imvolved
Aortic valve 71 (42.3)
Mitral vaive 58 (345)
Tricuspad valve 20(119)
Pulmonary valve 4(24)
Multivalvalar 9(54)
Other cardiac structures’ 6136)
Type of endocarditis
Native 115 (68,5)
Prosthetic 53 (31.5)
Size of vegetation
< 10 mm 81(482)
= 10 mm 30(178)
Affected side
Left-sided 140 (83.3)
Right-sided 26 (15.5)
Double-sided 1(06)
seliology
Streptococci 62 (369)
Viridans group streptococc 43 (25.6)
Beta-haemolytic streptococc 10 (6.0)
S. gallolyticus 4(24)
Nutritionally variant streptococc 2(12)
Other streptocooct 3(18)
Staphylocoect 59 (35.1)
Staphylecoccus aureus 36 (21.4)
Meticillin-sensstive S. aureus 35 (20.8)
Meticillin-resistant S. aureus 1{086)
Coagulase-negative staphylococci 23(13.7)
Enterococci 17 (10.1)
Culture negative 14(83)
Gram-negative bacilli 10 (6.0)
HACEK organisms 71(42)
Non-HACEK 3(L8)
Fungi 1(06)
Other organisms’ 5(3.0)
Multidrug resistant organism 3(1L8)
Associated ICED infection 22(13)
Embolic complications 47 (28.0)
Cardiac complications 72(429)

Data are presented as n (%) unless otherwise indicated.
HACEK, Haemophilus, Aggregatibacter, Cardiobacrerium, Eikenella and
Kingella species.
ICED, implantable cardiac electronic device: IQR, interquartile range;
SO, standard deviation.

* Estimated glomerukar filtration rate < 60 ml/min/1.73 m*.

® Dther cardiac structures included: atrial septal defect (i = 1), mu-
ral endocardium (a = 3), ventricular septal defect (n = 1) and Water-
ston shunt (n - 1)

© Other organisms incladed: Actinomyces, Lactococous, Propianibac-
terium, Tropheryma species and mixed culture (1 each).

previously found that patients with endovascular infection (includ-
ing IE) treated with OPAT are at increased risk of unplanned read-
mission.” In this study, we explore factors associated with 30-day
OPAT failure and one-year poor outcomes. Our definitions of OPAT
failure and MACE are supported by previous studies.'* '° We found
two factors, which are readily available at the time of commencing

Journal of Mnfection §3 (2021) 644-649
Table 2
Treatment characteristics and outcomes (N - 1681
Characteristic n(X)
Pre-OPAT {inpatient} cardiac surgery 46 (27.4)
Dauration of pre-OPAT (inpatient) antimicrobial therapy 21 (16-30)
(dayx), median (IQR)
Duration of OPAT {days), median (IQR) 23 (17-31)
Mode of antimicrobial (OPAT) delivery
Self{carer administration 79 (470)
Visiting nurse 56 (33.3)
Daily attendance 313{1986)
Class of antimicrobsal (OPAT) agent”
Cephalosporin 76 (40.4)
Penicillin 44 (234)
Glycopeptide 33 (19.6)
Cydlic lipopeptide 2117
Aminoglycoside 9(48)
Other agents” 41(24)
Concurrent IV antimicroblal therapy 19(11.3)
Use of central venous access 160 (95.2)
Outcomes
30-day OPAT failure 44 (262)
Unplanned readmission 41 (244)
Cardiac surgery 2(12)
Death 1(0.6)
One-year MACE 29017.3)
Cardiac surgery 17 {10.1)
|E-related death 4(24)
Recurrence 8 (48)

Data are presented as n (X) unless otherwise indicated.
1E, infective endocarditis; JQR, interquartile range: IV, intravenous; MACE: magor
adverse cardiac events: OPAT, outpatient parenteral antimicrobial therapy.
* Some patients received more than one parenteral antimicrobial agent, Thus, to-
tal pumber of antimicrobial agents is greater than toeal number of patient episodes.
" Other agents included: antifungal (n = 1) and carbapenem (r = 3).

OPAT, to be important predictors of OPAT failure: pre-existing re-
nal failure and Charlson comorbidity index score, In addition, pa-
tients with a history of previous IE and those who developed car-
diac complications, such as severe valvular insufficiency, perivalvu-
lar abscess or intracardiac fistula, were more likely to have worse
long-term outcomes. However, patients who had cardiac surgery
prior to OPAT were found to have favourable long-term outcomes,

The rates of unplanned readmission (24%) and one-year mor-
tality (2%) in our cohort were comparable to other OPAT stud-
jes.” 37141719 penal failure and multimorbidity have been shown
to be associated with OPAT failure in patients with IE.':'* Patients
with multimorbidity were likely to be readmitted due to the un-
derlying comorbidities and related complications.”” For some pa-
tients, the risk of OPAT failure may be a direct consequence of their
non-cardiac comorbidities rather than cardiac pathology. In non-
OPAT related studies, recurrent endocarditis and cardiac compli-
cations have been associated with long-term adverse cardiac out-
comes.”' """ Hence, these risk factors observed in our study may
not be directly related to the OPAT therapy. In our cohort, antibi-
otic dosing was appropriately adjusted according to renal function
based on established guidelines. Although we did not explore the
effects of antimicrobial concentration on clinical outcomes in pa-
tients with impaired renal function, serum drug levels were closely
monitored to ensure therapeutic levels were achieved where re-
quired (i.e. aminoglycoside and glycopeptide therapy). We did not
find any association between an antimicrobial agent and OPAT fail-
ure.
Similar to Pericas et al., we found that cardiac surgery during
the initial hospitalisation for IE is independently associated with
favourable long-term outcomes.' Although we did not assess the
timing of cardiac surgery, a number of non-OPAT related studies
have shown that early valve surgery improves the prognosis of
IE in certain groups of patients.'®?.2% In our study, four patients
were readmitted during their OPAT treatment for cardiac surgery.
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Table 3
Risk factors for 30-day outpatient parenteral antimicrobial therapy failure and one-year magor adverse cardiac events (N = 168).
30-day OPAT failure 1-year MACE
Univariate Multivariable Univariate Multivariable
Vi OR (95% C1) P A0R [95% (1) P OR (95% C1) 4 A0R (957 Q) P
Age, per 10 years 1.14 (09 - 1.37) 0172 - - 098 (0.72 - 1.33) 0883 - -
Age, restricted cubic
splines”
Spline 1, per 10 years 125 (085 - 1.84) 0251 - - 0.76 (0,52 - 1.10) 0147 - -
Spline 2. per 10 years 0.88 (0.59 - 1.30) 0516 - - 1,46 (0.78 - 2.74) 0.239 - -
Male sex 0.80 (0.37 - 1.69) 0553 - - 281 (0.79 - 993) 0.109 - -
Comorbidities
Pre-existing renal failure 6.49 (2.84 - 14.81) «<0.001 3.00(1.08 - 830) 0034 0.44 (0.10 - 2.01) 0288 - -
Heart failure 165 {0.78 - 3.48) 0191 - - 158 (0.51 - 492) 0429 - -
Charlson comorbidity 1.50 (1.26 - 1.78) < 0.001 129 (1,06 - 1.57) oo 0,74 (0.49 - 1.12) 0.157 - -
score, per unit
Predisposing factors
Congenital cardiac 059 (0.25 - 1.40) 0231 - - 3.70(1.47 - 930) 0.005 - -
abnormality
Previous endocarditis 1.19 {051 - 279) 0.685 - - 3.64 (151 - 876} 0.004 3.60 (149 - 870) 0.004
Cardiac structure involved
Aortic valve 093 (0.47 - 1.83) 0828 - - 134 (0.53 -~ 343} 0537 - -
Mitral valve 097 (0.48 - 1.98) 0943 - - 1.00 (0.37 - 2.68) 0997 - -
Tricuspid valve 046 {(0.13 - 1.67) 0238 - 0.23 (0.03 - 1.80) 0.160 - -
Prosthetic vaive 1.34 (068 - 267) 0.398 - - 1.41 (052 - 3.79) 0.495 - -
endocarditis
Lefr-sided IE vs, 0.74 (030 - 1.81) 0513 - - 0.54 (0.16 - 1.82) 0322 - -
right-sided IE
aetiology
Streprococcus species 064 (032 - 1.29) 0216 - - 0.88 (0.35 - 2.20) 0.785 - -
Staphylococeus aureus 1.84 (0.82 - 4.13) 0.138 - - 095 (0.33 - 2.76) 0922 - -
Enterococcus species 0.85 (030 - 2.40) 0.764 - - 304(0.70 - 13.11) 0137 - -
Associated ICED mnfection 1.07 (035 - 321) 0910 - - - - - -
Embolic complications 1.29 {0.63 - 2.65) 0493 - - 0.98 (0.31 - 3.12) 0968 - -
Cardiac complications 1.02 {052 - 2.00) 0958 - - 308(1.14 - 831) 0.026 385149 - 993) 0.005
Other sites of infection 137 (066 - 2.82) 0393 - - 0.91 (0.29 - 2.90) 0874 - -
Pre-OPAT (inpatient) 060 {0.27 - 137) 0228 - - 0.50 (0.18 - 1.41) 0.189 034 (012 - 022) <0.001
cardlac surgery
Mode of antimicrobial
(OPAT) delivery
Selfjcarer administration 1.00 - - 1.00 - - -
Visiting nurse 083 (0.38 - 1.85) 0658 - - 0.89 (0.30 - 2.61) 0831 - -
Dally attendance 1.20 {0.53 - 2.72) 0661 - - 1.03 (0.28 - 3.76) 0962 - -
Class of antimicrobial
{OPAT) agent
Cephalasporin 0.79 {040 - 1.53) 0483 - - 058 (023 -« 1.44) 0243 -
Penicitlin 1.26 (0.59 - 2.67) 0549 - - 1.09 (039 - 3.08) 0871 - -
Glycopeptide 107 (046 - 248) 0872 - - 0383 (0,22 - 3.12) 0778 -
Concurrent IV 1.35 (0.47 - 3.88) 0579 - - 0.53 (0.12 - 243) 0416 - -

antimicrobial therapy

20R, adjusted odd ratios; CT; confidence interval; 1ECD, implantable cardiac electronic device; 1V, intravenous; MACE: major adverse cardiac events; OPAT, outpatient par-
enteral antimicrobial therapy: OR. odds ratio.
* Age was modelled using restricted cubic splines with slopes defined at quartiles (47, 62 and 73 years).
* None of the patients with assodiated ICED infection experienced a I-year MACE

Two of the cardiac surgeries were pre-planned and were not con-
sidered as OPAT failure. The optimal timing of surgery in IE is
not fully understood.”” Studies are required to optimise the use of
surgery, especially in higher risk patients.

OPAT has been shown to be safe and effective for intravenous
drug users (IVDUs).""-** However, the number of IVDUs in our
study is too small to draw meaningful conclusions. Active IVDUs
are often excluded from our OPAT service due to a number of
challenges including vascular access and social issues. Neverthe-
less, carefully selected and closely monitored IVDUs with |E may
be safely treated with OPAT. Long-active antimicrobial agents, such
as dalbavancin and oritavancin, which could be administered once
a week, may offer a novel outpatient treatment option for IE in V-
DUs and other hard-to-reach groups.””~"" In our study, one patient
was successfully treated (sequential treatment) for Streptococcus 1E
with dalbavancin.

There has been increasing interest in oral therapy for infections
traditionally treated with prolonged courses of parenteral antibi-
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otics,” Sequential oral antimicrobial therapy may be a suitable al-
ternative to OPAT in carefully selected patients with uncomplicated
left-sided IE caused by staphylococci, streptococci and enterococci
(POET study)."* Whilst further works are required before recom-
mending routine use of oral antimicrobials for IE, OPAT remains
a safe and effective alternative to inpatient treatment, especially
when oral therapy is not appropniate due to drug interactions, in-
tolerance, poor adherence, antibiotic resistance or poor oral ab-
sorption. In addition, patients with complications of [E such as em-
bolic or cardiac abscess may require prolonged parenteral therapy.
It is possible that oral antibiotic therapy for IE could be adminis-
tered within an OPAT setting to allow close monitoring and timely
follow-up."

OPAT failure and poor long-term outcomes have been associ-
ated with S, aureus IE and glycopeptide therapy.”'*'** However,
we did not identify these risk factors as significant. In our study,
poor outcomes were also not associated with most of the factors
{e.g. aortic valve disease, prosthetic value disease and IE caused by
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virulent organisms) deemed to be associated with increased risk
of complications and preclude use of OPAT by Andrews and von
Reyn.”® As a general rule, it seems logical to consider OPAT for all
medically stable patients without major IE complications after an
initial period of inpatient therapy. During OPAT therapy, patients
should be carefully monitored for early detection of complications,
treatment failure, or clinical deterioration, which may necessitate
further interventions including readmission.

This study has limitations that should be acknowledged. This
was a single-centre, retrospective analysis with no hospitalised
comparators, The data were originally collected prospectively,
which reduces the risk of measurement bias or poor accuracy of
data records. Despite extensive analysis of factors previously re-
ported to be associated with OPAT failure in IE, we cannot be cer-
tain that we have not missed other important risk factors or the
influence of unrecorded confounders on our findings. Although our
epidemiologic data are comparable to other cohort studies, the rel-
atively low incidence of IE suggests that large multicentre studies
are needed to confirm our findings and comprehensively explore
risk factors for poor outcomes in IE treated with OPAT,

Conclusions

Our study adds to the growing evidence that OPAT for IE is a
safe and effective alternative to inpatient treatment. It also demon-
strates that patients deemed to be at higher risk of complications,
such as prosthetic valve IE or S. aureus [E, may be successfully
treated in outpatient settings. However, careful patient selection
and monitoring of patients with pre-existing comorbidities and
cardiac complications are recommended to optimise clinical out-
comes.
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Abstract

Necrotising otitis externa (NOE) is an uncommon but life-threatening infection that requires prolonged systemic antimicrobial
therapy. This study aims to identify factors associated with treatment response and outcome in patients with NOE treated
through outpatient parenteral antimicrobial therapy (OPAT). We performed a retrospective analysis of patients with NOE
treated over a 4-year period (January 2018-January 2022) at a tertiary referral hospital in Derbyshire, UK. We defined OPAT
failure as unplanned readmission within 30 days of discontinuation of OPAT. Prolonged duration of therapy was defined
as length of parenteral antimicrobial treatment of more than 8 weeks. A total of 46 cases of NOE were reviewed. OPAT
failure and prolonged therapy were recorded in 9 (19.6%) and 23 (50.0%) episodes respectively. Facial nerve involvement
(odds ratio [OR], 14.54; 95% confidence interval [Cl), 2.76-76.60; p=0.002), dementia (OR, 7.65; 95% Cl, 1.23-47.46.
p=0.029), Charlson comorbidity score (OR, 1.41 per unit increase; 95% CI, 1.00-2.00; p=0.049) and peak CRP level (OR,
1.03 per unit increase; 95% CI, 1.00-1.06: p=0.027) were associated with increased risk of treatment failure, Facial nerve
involvement (OR, 16.30; 95% CI, 2.60-102.31; p=0.003) and pcak CRP level (OR, 1.04; 95% CI, 1.01-1.07;: p=0.016)
were also associated with an increased need for prolonged antimicrobial therapy. In addition, extent of discase (based on
imaging findings) was linked to prolonged therapy (OR, 22.89; 95% CI, 3.62-144.76; p=0.001). NOE could be effectively
managed as outpatient via OPAT, However, vigorous antimicrobial treatment and close monitoring of patients with pre-
existing comorbidities, facial nerve paralysis, extensive disease and markedly elevated inflammatory markers are essential
to optimise clinical outcomes.
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Necrotising otitis externa (NOE) (also termed malignant oti-
tis externa) is an uncommon and potentially fatal infection
of the external auditory canal and surrounding structures,
which typically occurs in elderly diabetic and immunocom-
promised patients. Although there are currently no estab-
lished treatment guidelines for NOE, it is often treated with
prolonged courses of parenteral antimicrobials which may
necessitate lengthy inpatient stays. Outpatient parenteral
antimicrobial therapy (OPAT) has been shown to be a safe
and effective alternative to hospitalisation for treatment of a
wide range of infections [ 1. 2]. However, studies on OPAT
for NOE are very limited.

We aimed to identify factors that might be associated with
increased risk of treatment failure and prolonged antimi-
crobial therapy in patients with NOE treated at an OPAT
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service based in a large tertiary referral teaching hospital in
Derbyshire, UK.

Materials and methods
Patient population and setting

This study is a single-centre, retrospective cohort study of
all episodes of confirmed NOE treated with OPAT at Royal
Derby Hospital (Derbyshire, England. UK) between Janu-
ary 2018 and January 2022, Cases of NOE were clinically
and radiologically confirmed (with computed tomography
(CT) and/or magnetic resonance imaging (MRI) scan) and
referred for OPAT by their Ear, Nose and Throat (ENT) spe-
cialist following initial inpatient management. The Derby
OPAT service. established in 2013, is run by a multidiscipli-
nary team of infection specialists, clinical pharmacists and
specialist nurses. The OPAT service maintains an electronic
database to prospectively record patient demographics, clini-
cal diagnosis, antimicrobial agents and duration of antimi-
crobial treatment. The clinical responsibility for patients
receiving OPAT and their follow-ups were shared between
the referring clinicians and the OPAT team, unless otherwise
agreed. Patients were regularly reviewed in person during
their OPAT treatment, and their progress was discussed at
a weekly multidisciplinary meeting. Patient selection and
individualised OPAT treatment plans were the responsibil-
ity of the OPAT infection specialists. In summary, patients
with confirmed NOE received 6 to 8§ weeks course of intra-
venous (IV) antimicrobial therapy and had repeat imaging
(usually gallium scan) to assess for resolution of infection.
Patients with active infection after the 6-8 weeks of treat-
ment received extended courses of therapy with modification
of the antimicrobial regimens. Follow-up examinations and
radiological imaging were repeated as required until disease
resolution.

Data collection

We reviewed the OPAT, hospital electronic clinical and
laboratory databases. Data extracted included patient demo-
graphics, comorbidities, microbiology culture results, peak
white cell count (WCC), erythrocyte sedimentation rate
(ESR) and C-reactive protein (CRP) levels, imaging findings,
complications of NOE, antimicrobial regimens, duration of
inpatient and OPAT therapy, mode of OPAT delivery, OPAT
outcomes, hospital readmission, and reasons for and length
of hospitalisation. In patients with diabetes mellitus, mean
blood glucose levels and haemoglobin Alc (HbAlc) were
also analysed. Poor diabetes/glycaemic control was defined
as HbA Tc above 53 mmol/mol (7%) and required inpatient
diabetes team review [3]. Age (years) was determined at the
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time of commencing OPAT. Weighted Charlson comorbidity
score was calculated for each patient and was determined
at the time OPAT was commenced [4]. Clinical cure was
defined as complete resolution of clinical symptoms, nor-
malisation of inflammatory markers and negative findings on
follow-up imaging. Chronic kidney disease was based upon
an estimated glomerular filtration rate of <60 ml/min/1.73
m” [5]. All patient data were anonymised prior to analysis.
The study was approved by the local clinical audit/effective-
ness unit as part of ongoing commitment to service develop-
ment and clinical governance.

Outcomes and definitions

The outcomes were *OPAT failure” at 30 days and “pro-
longed duration’ of IV antimicrobial therapy. OPAT fail-
ure was defined as unplanned readmission to an acute care
hospital for any reason, recrudescence of infection or death
within 30 days of discontinuation of OPAT. Prolonged dura-
tion of therapy was defined as length of IV antimicrobial
treatment of more than 8 weeks.

Statistical analysis

Numerical data were summarised as mean with standard
deviation (SD) or median with interquartile range (IQR)
depending on the degree of skewness in the distributions.
Categorical data were presented as frequency counts and
percentages. Risk factors of OPAT failure and prolonged IV
antimicrobial therapy were assessed using logistic regres-
sion with penalized maximum likelihood estimation (Firth's
method) to account for small sample size [6]. A set of 30
potential risk factors were examined, including patient-
related. infection-related and treatment-related variables,
based on clinical judgement and literature review. None of
the candidate risk factors had missing values. Non-linearity
in the log (odds) for continuous variables was examined
using lowess smoothed logit plots and was modelled with
restricted cubic splines [7]. Due to the small effective sample
size, multivariable analysis was not possible. Data were pro-
cessed and analysed using STATA v.17 (StataCorp, College
Station, TX, USA).

Results
Cohort characteristics

We identified 46 episodes of NOE treated through OPAT
during the study period with a mean age of 81 (range,
56-96) years. Thirty-three percent (15/46) were female.
Table | shows the demographic and clinical characteristics
of the cohort. Sixty-seven percent (31/46) were diabetic;
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Table 1 Bascline patient

characteristics (n=46)

943

Characteristic n (%)
Age (years). mean + SD (range) 80.7 +9.7 (56-96)
Male sex 31(674)
Diabetics 31(674)
Diabetic control [based on HbA Ie (mmol/mol))

Good control (HbAlc<353.0) 11(23.9)

Poor control (HbA ¢ > 53.0) 20(43.5)

HbAI¢ (mmol/mol), mean £ SD (range)*

64.3+17.6 (33.0-106.0)

Random blood glucose (mmol/L), mean = SD (range)” 30.1 £26.4(1.0-99.0)
Duration of diabetes (years), mean £ SD (range) 10.5+£4.2(4.8-203)
Previous NOE 4(8.7)
Charlson comorhidity index score, mean =SD (range) 29221 (0-T)
Comorbidities
Congestive heart fuilure/coronary artery disease 15(32.6)
Peripheral vascular disease 5¢(109)
Cerebrovascular discase 4(8.7)
Dementia 5(109)
Chronic obstructive pulmonary disease 5(109)
Diabetes without complication 13(28.3)
Diabetes with complications 18(39.1)
Moderate or severe renal discase 18(39.1)
Tumour without metastasis 4(8.7)
Moderate or severe liver disease 1(2.2)
Microbiology result
No growth/normal skin fora 1021.7)
Psewdomonas acruginosa 34(73.9)
Other pathogens” 2(4.3)
Polymicrobial culture® 1021.7)
Extent of Discase
EAC/SF 31(674)
JF/PA 15(32.6)
Facial nerve involvement 13(28.3)
Skull base osteomyelitis 5(109
Intracranial complications 3(6.5)
Presence of elevated inflammatory markers (CRP. WCC or ESR) 39 (34.8)
Peak CRP (mg/L), mean+ SD (range) 301 £264(1.0-99.0)
Peak WCC (x 10"1), mean = SD (range) 9.3+29(4.7-17.0)

Peak ESR (mmvhr), mean + SD (range)” 30.4+29.1(1.0-73.0)

Data are presented as mean £ SD for continuous measures, and » (%) for categorical measures unless other-
wise indicated

CRP, C-reactive protein; FAC, external auditory canal. ESR, erythrocyte sedimentation rate; HbA e, hae-
moglobin Alc; JF, jugular foramen; NOE, necrotising otitis externa: PA, petrous apex: SD, standard devia-
tion; SF. stylomastoid foramen: WCC, white cell count

*HbA I¢ and random blood glucose were only recorded in patients with diabetes mellitus (n=31)
"Other pathogens included: Staphylococcus aureus and Klebsiella pneumoniae

“Polymicrobial culture included: P aeruginosa with one or more other organisms (anacrobes. Candida
spp.. Cutibacterium acnes, Enterococcus faccalis, Streptococcus agalactioe and Streprococcus anginosus)

YESR was recorded in only 8 patient episodes

20 (65%) of them had poor glycaemic control. The mean 10(SD, 4) mmol/L and 64 (SD. 18) mmol/mol respectively.
diabetes duration was 21 (SD, 16: range, 5-76) years. The  Pseudomonas aeruginosa was the most common causative
mean blood glucose and HbA l¢ levels at presentation were  pathogen isolated (74%: 34/46). All but three P. aeruginosa
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isolates were sensitive to ciprofloxacin, Fungi were isolated
in four episodes; they were all established 1o be commensal
organisms and antifungal therapy was not required. Details
of peak CRP, WCC and ESR levels are shown Table I, ESR
was checked in only 8 (17%) episodes. Elevated inflamma-
tory markers were recorded in 39 (85%) episodes,

CT or MRI findings were categorised according to extent
ol the discase. All 46 episodes had external auditory canal
(EAC) involvement. The petrous apex was also involved
in 14 (30%) episodes. Facial nerve palsy was observed in
13 (28%) episodes; other cranial nerves were not affected.
Eleven percent (5/46) had skull base osteomyelitis. Other
intracranial complications of NOE (brain abscess and throm-
bus) occurred in 3 (7%) episodes. Piperacillinftazobactam
was the most frequently prescribed parenteral antimicrobial
agent (59%; 27/46), Combination antimicrobial therapy was
prescribed in 18 (39%) episodes.

The mean duration of inpatient antimicrobial therapy was
10 (SD, 5; range, 2-25) days. The total number of days of
patient care (bed-days saved) delivered through OPAT was

2802 (median 48 days; 1QR, 33-86; range, 12-260 days),
with an estimated saving of £996,500 (one hospital bed day
on an ENT unit is approximately £356).

Clinical outcomes

Follow-up imaging showed complete resolution of infection in
39 (85%) episodes. In six (13%) episodes follow-up scans were
not performed, Three of these patients died from other causes
(not related to MOE) before the imaging. Two could not tolerate
the scans due to chronic back pain and claustrophobia, and treat-
ment discontinuation was based on clinical improvement and
normalisation of inflammatory markers. The treatment charac-
teristics and clinical outcomes are presented in Table 2, OPAT
failure was recorded in 9 (20%) episodes — mostly due to
unplanned readmission. The reasons for unplanned readmission
are shown in Online Resource 1. Infection persisted beyond the
initial 6-8 week treatment period in half (50%) of the episodes
which necessitated additional antimicrobial treatment. Despite
prolonged course of antimicrobial therapy, two patients had

Table 2 Treatment

2ees Charactenstic
characteristics and vutcomes

n (%)

(n=46) Duration of pre-OPAT (inpatient} antimicrobial therapy (days). mean +SD (range) 95+48102-25)
Duration of OPAT (days), median (IQR) 47.5(33-86)
Total length of IV antimicrobial therapy (weeks), median (IQR}) 8.9(7.0-15.1)
Mode of antimicrobial (OPAT) delivery

Selffcarer administration 43 (93.5)

Visiting nurse 3(6.5)

Use of central venous access 23 (50.0)
Antimicrobial regimen
Antipseudomonal penicillin-based

IV piperacillin/tazobactam monotherapy 19(41.3)

TV piperacillin/tazobactam plus oral ciprofloxacin 7(15.2)

IV piperacillin/tazobactam plus oral metronidazole 1(22)
Cephalosporin-based

IV ceftazidime monotherapy 6(13.0)

1V ceftazidime plus oral ciprofloxacin 8 (17.4)

IV ceftazidime plus oral amoxicillin 1(2.2)
Carbapenem-based

IV meropenem monotherapy 2(4.3)

IV meropenem plus 1V teicoplanin 1(22)

Cyelic lipopeptide (1V daptomycin) 1(22)
Outcomes

OPAT failure 9(19.6)

Prolonged IV antimicrobial therapy 23 (50.0)

Recurrence within follow-up period 4(8.7)

Duration of follow-up for recurrence (months). mean + SD (range) 16.7415.1 (1-46)
Data are presented as mean + SD and median {IQR) for continuous measures, and n (%) for categorical
measures unless otherwise indicated
IOR, interquartile range: /V, intravenous: (OPAT, outpatient parenteral antimicrobial therapy: S0, standard
deviation

2 springer

t I 3%n @






