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Introduction: Quality indicators (QIs) are widely used tools for antibiotic stewardship programmes. The Access,
Watch, Reserve (AWaRe) system has been developed by the WHO to classify antibiotics based on their spectrum
of activity and potential selection of antibiotic resistance. This review aimed to identify existing indicators for
optimal antibiotic use to inform the development of future AWaRe QIs.

Methods: A literature search was performed in PubMed. We included articles describing QIs for hospital and
primary healthcare antibiotic use. We extracted information about (i) the type of infection; (i) setting; (iii) target
for quality assessment; and (iv) methodology used for the development. We then identified the indicators that
reflected the guidance provided in the AWaRe system.

Results: A total of 773 indicators for antibiotic use were identified. The management of health services and/or
workers, the consumption of antibiotics, and antibiotic prescribing/dispensing were the principal targets for
quality assessment. There was a similar distribution of indicators across primary and secondary care. For infec-
tion-specific indicators, about 50% focused on respiratory tract infections. Only a few QIs included information
on review treatment or microbiological investigations. Although only 8 (1%) indicators directly cited the
AWaRe system in the wording of the indicators, 445 (57.6%) indicators reflected the guidance provided in
the AWaRe book.

Conclusions: A high number of indicators for appropriate antibiotic use have been developed. However, few are
currently based directly on the WHO AWaRe system. There is a clear need to develop globally applicable AWaRe
based indicators that can be integrated into antibiotic stewardship programmes.

classified into four groups (Access, Watch, Reserve and Not
Recommended) based on their spectrum of activity and potential
selection for resistance.” The WHO AWaRe antibiotic book
(AWaRe book) was published in 2022,° guiding the diagnosis

Background

Antimicrobial resistance (AMR) poses a significant global threat to
public health.! The inappropriate use of antibiotics both in terms

of choice and volume is an important driver behind this health
emergency and reducing inappropriate use is important in tack-
ling AMR.? Consequently, monitoring consumption and appropri-
ateness of antibiotic use is a priority as highlighted in the Global
Action Plan (GAP) on AMR (Table 1).>* Towards this, the WHO
established the Access-Watch-Reserve (AWaRe) system in 2017
as an antimicrobial stewardship tool, in which antibiotics are

and treatment of the 34 most common infections in primary
health care and hospitals, in alignment with the recommenda-
tions for antibiotics included in the WHO Model List of Essential
Medicines and Essential Medicines for Children.”®

Quality indicators (QIs) have been developed for different
healthcare areas, including antibiotic prescribing,” and are able
to reflect the degree to which an antibiotic is clinically indicated
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and appropriate. Quantity metrics are quantifiable measures
used to assess the performance, effectiveness, and overall qual-
ity of a process, service, or system such as reflecting the volume
of antibiotic use but they focus primarily on quantity rather than
the direct quality of care or single measurable elements of care.*°
QIs focus on discrete single issues or processes as measurable
elements of care that provide an indication of the quality of
care as a standardized, evidence-based measure of health care
quality using routinely available data to measure and track clin-
ical performance and outcomes. QIs generally have an asso-
ciated target or achieved ‘standard’ giving an indication of
good or poor quality, which can be used to show and track differ-
ences and changes in quality.** It is important that indicators ad-
here to essential measurement attributes to ensure clearly
defined, objective, evidence-based, measurable, reliable, valid
and feasible quality assessment!'™'® that mean that they are
likely to be valid and feasible across varying localities and coun-
tries.’® QIs are crucial components of antimicrobial stewardship
programmes (ASPs). These quality assessment tools are essential
for improving quality of care and for indicating the extent to
which a healthcare system meets the needs of patients, they en-
hance treatment outcomes, while reducing the selection of anti-
biotic resistance and limiting the costs of healthcare and
treatment regimens.

The recent publication of the AWaRe book provides an oppor-
tunity for developing a common set of agreed AWaRe QIs across
sectors and countries in combination with indicators published
in existing literature. To refine the scope of potential future
AWaRe QIs, we performed a narrative review of existing
indicators.

This review aimed to identify published QIs evaluating the ap-
propriateness of antibiotic use in hospital and primary healthcare
settings. As a secondary objective, we evaluated the proportion
of current indicators that were based directly on or reflected
the guidance of the AWaRe system.

Methods

Search strategy

We searched the MEDLINE database using PubMed for articles describ-
ing QIs for hospital and primary health care antibiotic use published
from 1 January 1996 up to 1 March 2023. The search strategy is shown
in Figure S1 (available as Supplementary data at JAC Online). The refer-
ence lists of all included articles were screened manually for additional
relevant papers. A manual search of the grey literature was also con-
ducted together with websites (in English) from 26 national and inter-
national infectious disease societies and public health organizations
(Table S1). Two reviewers (G.L. and E.F.) screened these websites using
‘indicator or metric’ with or without ‘antibiotics or antimicrobials’ as
search terms.

Screening process and data collection

Articles published in English focusing on systemic (oral or IV) antibiotic
use describing QIs were included. We included all populations; adults
and/or children attending community and/or hospital healthcare facil-
ities in high-, low- and middle-income countries (HIC and LMICs).
Articles on the use of antiviral, antifungal, antiparasitic or antituberculosis
drugs were excluded.

Titles, abstracts, and articles were reviewed by a single investigator
(G.L.). Two investigators (G.L. and E.F.) extracted data using a standar-
dized form and eliminated duplicates and indicators not focused on anti-
biotics. Data on relevant indicators were collected and classified as
‘Clinical’ (e.g. choice of antibiotic or performance of diagnostic tests
such as ‘Outpatients with an acute tonsillitis/pharyngitis and positive
Group A streptococcal diagnostic test should be treated with antibiotics’),
‘Organizational’ (e.g. recording of data, premises/facilities management
such as ‘Prophylactic antibiotics should be added to a pre-operative
checklist’), and ‘Workforce’ (i.e. focused on health workers, e.g. ‘Each
member of the Outpatient Parenteral Antimicrobial Therapy team is re-
sponsible for personal continuing professional development relating to
best clinical practice’) indicators. This classification was carried out by a
team of seven members (M.S., C.EM., SM.C, AC, EF, G.L. and J.G.)
with additional expertise in infectious diseases epidemiology, healthcare,

Table 1. Indicators from the monitoring and evaluation of the GAP on AMR relevant to humans®

OUTCOME 4: Optimized use of antimicrobials in human and animal health

Measurement Indicator name Source of data at the global level
4.1 Use of (a) Total human consumption of antibiotics for systemic use (Anatomical ~ Global antimicrobial resistance and use
antimicrobials in Therapeutic Chemical classification code J01) in Defined Daily Doses surveillance system (GLASS)
humans per 1000 population (or inhabitants) per day Cross-sectional point prevalence survey

(b) Proportion of Access antibiotics for systemic use, relative to total
antibiotic consumption in Defined Daily Doses
(c) Relative proportion of AWaRe antibiotics for paediatric formulations
(d) Percentage of adult and paediatric hospital patients receiving an
antibiotic according to AWaRe categories
4.2 Access to antibiotics  Percentage of health facilities that have a core set of relevant antibiotics
available and affordable on a sustainable basis
Percentage of inpatient surgical procedures with appropriate timing and
duration of surgical antibiotic prophylaxis
Legislation or regulation that requires antimicrobials for human use to be
dispensed only with a prescription from an authorized health worker

Sustainable Development Goal indicator 3.b.3,
with Access antibiotics disaggregated

4.3 Appropriate use of Point prevalence surveys
antimicrobials

4.7 Optimized AMU and

regulation

Tracking AMR country self-assessment survey
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public health and antimicrobial stewardship. The final set of indicators
was divided into five subgroups based on setting: ‘Hospital facility’,
‘Primary Health Care’, ‘Both Hospital and Primary Health Care’,
‘Outpatient parenteral antibiotic therapy’ and ‘General indicators’.
Generalindicators were defined as those not specific to any particular dis-
ease and/or setting [e.g. ‘Antibiotics should not be prescribed for (most)
viral infections or self-limiting bacterial infections’'’]. To describe and
compare the identified indicators, information on the type of infection,
and the target for quality assessment were analysed. Among the latter
we identified five categories: (i) antibiotic prescribing/dispensing (i.e. indi-
cators focusing on the decision to prescribe antibiotics and/or the choice,
dose, review, and duration of antibiotic therapy), (ii) consumption of anti-
biotics/prescription rate, (i) diagnostic process (i.e. indicators focusing on
laboratory, microbiological or radiological assessment), (iv) management
(i.e. indicators focusing on the organisation of health services, health
workers, and staff tasks/workforce), (v) outcomes (e.g. ‘Pneumonia mor-
tality rate’).

Indicators that were specifically based on the AWaRe system (i.e. in-
dicators in which the AWaRe classification or the AWaRe book were ci-
ted) and indicators that reflected the contents and treatment
recommendations of the AWaRe book were included. Indicators were
defined as ‘non-AWaRe indicators’ if they were focused on topics not
explicitly taken into account by the AWaRe system such as national/
regional/local policies (e.g. ‘The local guidelines should correspond to
the national guideline but should be adapted based on local resistance
patterns’), other settings (e.g. outpatient parenteral antibiotic therapy),
specific clinical diseases (e.g. otitis externa), laboratory tests (e.g.
therapeutic drug monitoring) and/or specific therapies (e.g. topical
preparations).

Records identified from
PUBMED
N=1271

A 4

Articles read in full-text
N=158

Articles included in the
review
N =45

\ 4

<&
<

A 4

Total N of studies included
in the review
N =61

Figure 1. Flow diagram summary of the paper selection process.

Results

Search results and study characteristics

The literature search of MEDLINE identified 1271 studies. After
Title/Abstract screening, 58 potentially relevant studies were se-
lected for full-text screening. Of these, 13 were excluded as noin-
dicators assessed the quality of care (n=3) or concerned
antibiotic use (n=5) or the development of indicators (n=5).
We added 2 studies and 14 websites after screening the refer-
ence list of all included articles and the principal infectious dis-
ease societies and public health organisations’ websites
(Table S1). The selection process resulted in a total of 61 studies
and guidelines fulfilling the criteria for synthesis in this review
(Figure 1).“'317~7> Table 2 provides an overview of all papers in-
cluded in this review.

Selection and analysis of indicators

A total of 1104 indicators for antibiotic prescribing were identified,
from which 264 duplicates (23.9%) and 67 irrelevant indicators
(6.1%) were excluded: 27 were concerned with elements unre-
lated to the use of antibiotics (e.g. ‘Use of hand disinfectants in
ICU setting’), 26 with venous/urinary catheter placement and
management, 9 with drugs other than antibiotics, 3 with labora-
tory and microbiological tests, and 2 were performance indicators.

Figure 2 provides a flow diagram summary of the indicator se-
lection process. Among the final set of indicators, 282/773

\

( Records excluded after title/abstract I

| screening |

l N=1213 |

\___ - J
s T - = N

Articles excluded
N=13

quality of care
N = 5 not on antibiotic use

\
I
I
I
N = 3 did not use QIs to assess the |
I
I
N =5 no development of QIs /l

Articles added after:
- reference screening N =2
- website search N = 14

30of 15

$20Z 1890100 | £ U0 Jasn uopuo Jo Ausianiun ‘s,eb1099 1S Aq 964928//0.£8e4P/oBI/E60 101 /10p/3[01Ee-80UBAPE/ORl/W02 dNo"dlwapede//:sdlly WOl PaPEOjUMO(]


http://academic.oup.com/jac/article-lookup/doi/10.1093/jac/dkae370#supplementary-data

Review

Downloaded from https://academic.oup.com/jac/advance-article/doi/10.1093/jac/dkae370/7826456 by St George's, University of London user on 31 October 2024

panunuo)

yoJpas

sipudsoy auljlapInb jpuoiDbUIAIUI ainpadoud
91dimnwi wouy suadxs g1 4o jsund +(ANITQIW) malnas  1ydisg aNvy-palipow
VN G (S)NPD) 1UN 3JDD dAISUIU] Aoundidsipiinw (Yding) |ouoion 2IN1DJ311| 21IDWIRISAS punoJ-ino4 128107 ‘U3]IDY
s3npo
(snpp) bunias jpudsoy s|pudsoy ul 11N pa1pdlduiod ainpaco.d
33 Ul 94D2 UOI3I34UI 91dinwi wouy suadxs €1 Jo jsund Jojuswipany  1ydjaQ payipow-aNyy
VN €1 12041 Aupuun pajpoldwo) Kipundipsipinui (YnQ) 1oUoibN Joy aunapinb \puonpN doys-9aiyl 62800 ‘SOpIUDULIBH
(s3npp) bunias jpudsoy 92IApD Wadxa ‘sapdnjod
Ul DUBILD (SOAI) UdUMS spadxa jo |padsoy jpnpiAipul ainpaco.d
(3N) 1pUOIDN 1 PJ0-03-AT 10IGOJDIWINUY 12und Aipuldidsipiinw (M) JOUOIRDN ‘M3INDJ 24N1DIRIT 1ydjaqg dais-ino- <.£20T “Aonioy
s3npo pazipudsoy
Ul 24D 3spasip Aipuowind sauljapinb jpuoipUISIUI
9AI3ONJISGO DIUOIYD puD |pUODU ainpaso.d
10 SIHIY2UOIG dluodyd Jo +(pawand) mainal  1ydjaqg payIPOW-aNYY
VN GT UOIIDQIIIDXd 3INID PUD dyy)  SHadxa 1T jo jaund Lipundidsipiiniy 2IN1DJ311] J1IDWIRISAS dais-ino4 4,700 ‘UsINOYdS
(pIsauopur)
S913UN0D sjuanpd pazjpudsoy s|pydsoy ajdiinw wouy syadxa L,z 10319
buidojanap ul 2402 pluownaud 81 Jo 19und Aipundidsipiinw uaINoYdS Aq S1031021pUl ainpadoud
9UI0dUI-9]PPIN 9 paJinbop-Ajunwiwio) (DISBUOPU]) |PUOIIDN +Sauljepinb jpuoiIpN 1ydiag punos-om| £zG10T ‘OpUD4
(JusWwaa1bD WD
|pudsoy Kanod 1020) ‘saunapinb Koundidsiprinwi)
(3N) 1pUOIDN o€ buias Juanndug N dUOo Ul Wpal AoundidSIpRINA- |DUOIIDU ‘MBIASJ 94NIDJSYI poylaw 1ydiag-uon +2¢10T 110D
(s103D21pUl
2in1oNnis
Aoy salunod upadoing (paquasap—
0T 40 395 uoipNipAa sawwpiboad # WOJ} S}adxa |puUoIIpUISIUI ainpadoid dais-aa4y3)
adoing pwiuiw) 8G  dIyspIpmals 1DIGOIDIWINUY €1 40 12und Aipundpsipniy MBIADJ 9IN10IDIIT poylawi 1ydjsg-uonN 12£107 ‘©1Ang
(Us4p1Iy> +s3INPD)
SUOI12394Ul WD3JISP0o0Iq suoinpsiunbio $95DgDIDP
Pa10]2.-1919Y31D SNOUSA juaInd |pJapay JO SaAIIDIUSSaIdaY JPUOIDUISIUI |PUCIIIPPD poyiaw
(Aubwiian) 1DJ3US2 Jo Juswabpupwl Z+suadxs €1 jo jsund +(3SVaW3) mainal ssauajplidoiddo
IDUORDN 143 pup uonuanaid Aipudpdsipiinu (Aubwiian) |DUCIDN 91N}0J3}] J1IDWSISAS V1DN/ANVY PIYIPON 02ST0T ‘PI3ysawnIg
(siDah 91
<abo-synpo) yun s|padsoy ajdiinwi wiosy 19und (paNgnd pIA anbiuyda]
VN 9 94DD AAISUSIUI Ul 940D sisdag Apundidsipiinw (Yaing) 1ouoiidN  INITAIN) M3IAS4 24n30Ja1 7 dnoJo DUILION PaLIPO 61£00T ‘Z3104udleg
SaIpN3s JaYl0 PuUD SSddD
JouonDUIRIU] S VN VYN 34l U0 paspg $i010d1pu] VN 01610 @iy
24D2 103IdSOH
(pauydads S103D21pUl (paydads uaym) JUDWIAA|OAUI J9POYDHDIS 3sDQ 2oUdPIAT SpOY3IaW SNSUASU0) Ipak “Joynp 3s4i4
uaym) uoipolddy JO 'ON uonpindod/snao4

9sn 2noiqiup a1pldoiddp Joy I buiodal ssIpNIs JO MIINIBAQ °Z @19PL

4 of 15



C

J

Review

Downloaded from https://academic.oup.com/jac/advance-article/doi/10.1093/jac/dkae370/7826456 by St George's, University of London user on 31 October 2024

panujjuo)
(usJpiyd)
DPDUD) Ul UOIIDN|DAD sipaudsoy duipipand
sauwwniboid diyspipmals 9)dinwi wou suadxe g¢ Jo jsund ainpaco.d
JpuOIIDUISIU] y |DIqoJDIWIIUY JUIDIpand  Aupundidsipilinw (DpouD)) JDUOIDN MBI DINIDIBYIT 1ydia@ payipo 29107 ©2Ua1dS
S213UN0d
(synpp) / WoJj suadxs |puonpuIaiul SIO sjuanpdul 2inpadoud
|ouonDUIAIUT 4 juswindaq Aduablawl €1 Jo19und Aioundidsipiniy  pup sjuanpdino gy-IAINA  1ydiag pauipouwl-anvy ,£120T ‘usRyoYdS
swial
ISIPPRYd
SEMIEY
6C+ (sjusuuod g ul yd40as
SUENIEIE! uonpNPAS sawwlpiboid  sBLIUNOD £1) S14adXa JpUOIDUISIUI 9IS @M+ (INITAIN) aJnpadoud 1ydiag
|ouonDUIAIUT 2l0d /  diysplomais |piqoidiuunuy G1 o 1aund Asoundidsipiiniy MBI DINIDIBIT pauipow dais-aa4y| 4¢6107 ‘UPINg
suonduosaid
J1301qIUD \PoUIdwa saunapinb uo (3uawaa4bp WDa3)
VN S Jua1IDdUl JO JUBWISSASSY  S}4adXd SISDASIP SNOIIIBJUI € JO 1DUDd  PASNI0S MIIAI DINIDIAT poyiawl 1ydjag-uon <£8007 ‘UI2INg
VSN pup uolun unadoin3
a1 Ul saulapinb “p 19
uonpNIPAS sawwiniboid spadxa |puonpuISIUL KanpQ Aq s101001pul ainpacoid 1ydjiaq
N3 pup ¥sn ¢¢  diyspipmais |pIgodIWInUY 07 jo 1aund Aipundidsipiniy 10 1SI] “M3IADJ 2IN1DIIT pauipow-y1dN/ANYY ,£910Z “D)od
salpnis salpnis
|DUOIIPUIAIUT 9  J9Yylo uo pasbq Si0Ip2Ipu] YN J9Y310 U0 pasng S10IndIpul VN 6107 ‘Y1040
(sunpy)
sixnjAydoud 1p21bins (NDI salpnis
|DuOIIDUIRIUT ¢ buipnpui) buniss jusipdug YN J2U30 UO pPasbq SI0Indipul VN 26810 ‘0g2AnpQ
VSN pub
uonpNIPAS sawwniboid  DPDUD) WO} S1adxXa JpUOIIDUISIUL ainpadoud
|puoIIDUIBIU] G diyspiomais |piqosoiuwnuy 01 jo 1aund Apundidsipiniy MaIND] 2INDIRYT  1ydia@ payipow-aNyy 1£CT0T ‘Shiop
(UJPYIYD +S3NPD) Sa13UN0d YoJDas 2)is ainpadoud
sixpjAydoud 1p2164nS “(NDI GT Woyj spadxa jouonpuIzIll  gam+ (INITAIW) maInal  1ydiaa paLIpoL-aNYY 0e(@V-IALNQ)
|DUOIIDUIRIUT 15 bBuipnpui) buipas Juaiodul 16 40 12upnd Aipundpsipniy 2JN310J331] 21IDWISAS do3s-ino4 8107 “I91UUOp
sauljapinb
JOUOADN “(WED) 2sIp
s|pudsoy supIpa Abojoig puiyd
(uaJpqiyd) saund 91dinwi wouy suadxs ¢z 4o jsund ‘(dUDJyYd20) ‘ISYdINg 2inpadoud
(puIYd) 1PUOCHDN 1¢ pup sjojdsoy ui 3102 dv) Aioundipsipynu (oulyd) JoUOON  ‘PINGN) UDIDIS 2INIDIDYT 1ydia@ punos-aaiy 62£107 1
sipyudsoy (dUDIY20) “ISYAIN3 ainpasoud
(UJpIYD + S NPD) a)dinw wouy syadxs sz jo jaund ‘PaNgNd) M3l 1ydiag payipow-aNyy
(p240Y]) |PUOIIDN 8 sixnjAydoud ‘syuanpdu] Kipundidsipiinuw (paJoy]) |pUoDN 2IN1DJ3Y] 21IDUIRISAS dos3s-4no4 ¢z 10T Wiy
(paydads s101021pul (payipads uaym) JUSWIAA|OAUI J9PIOYdYDIS 3sbq 2oUapIng Spoyiaul sNSUasuo) Ipak “JoyInp 1sii4
uaym) uonpolddy JO 'ON uonpindod/snao4

panunuo) g 31qeL

5o0f 15



Review

Downloaded from https://academic.oup.com/jac/advance-article/doi/10.1093/jac/dkae370/7826456 by St George's, University of London user on 31 October 2024

panunuo)

(s43SIApD |D21INRIDWIDYd
puD |021paW A}IOYIND

DID0P (1DVd) 1503
pup sisAjpup buiguosaid

2inpadoud

(MN) JouonoN 4 9211004d J0J4aUSY yyoay) jaund Apundipsipiniy ‘s31pN1s SNOIN3I 1ydio@ punou-om| 6,000Z N18gdwn)
(3UDIY20)
‘3SvdIN3 ‘Pawand aInpaso.d
(paznuoud sHadxa |puonpUISIUI DIA INITQIW) mainsd  1ydjog PaYIPOW-ANYY
|puoIIDUIRIU] 1) €€ (SWNPD) 1¥dO 61 40 1ound Aipundidsipniy 94N104311] 21IDWISISAS dais-ino4 ,070T ‘S120n3119g
(JusWaa4bD WD)
(MN) JouonoN 1 9211o04d jpJaudn  siauoidpid |pIauab YN g Jo 1auDd sauljapinb jpuoilbN poyiaw 1ydjag-uon ,»,9661 ‘UbWa1Dg
saulapinb buriods
]9DJS] pPUD Sa13UN02 Upadoing ‘s199(04d pup sdnotb 4O SpUNoJ Z ‘poyisi
(ualipniya 7 WoJj spadxs |puonpuIsiul U2JD3SaJ JUDJ441p ssaua3pudoiddy 95(1ON-DVS3)
adoing T1¢  +S)npp) buiias usnpdino 40 19upnd Aipundsipiniy - wiody syadxa Jo doysyiop v1DN/ANVY 1107 ‘suassuapLpy
24pd A1o1DINqUUY
S9SDaSIJ SNOI1dU]
40 dnoub bupiom
no1 01 ysiuods g sauiepinb
VYN 0T Pa3wpD syuanod 11 Ajponud VN PUD MOIASI 9INDIDIT VN <7107 ‘DISA
s9L3unod unadoin3 ainpaso.d
(sunpy) ND1I 9 wWouy spadxa |ouonpUISIUI (3svaw3  1ydiea payipoul-anNvy
|ouonDPUIAIUT 11 Buipnpxa ‘buinas uanodug /1 j01aund Apundidsipmniy ‘pawgnd) MalAdJ 24N de1s-1no4 ,,S10T ‘Y2S0g USP UDA
(sNnpy) sisdas yum
DI 40 pJom |DdIpaW sjpudsoy sjuannd pazipyidsoy ainpadoid
(SpuDlIdYIaN) |pJauab ul pazipudsoy 91dinwi wouy suadxs #1 o jsund ul asn 1piqosdiwnup  1ydiaQ payipow-aNyy
JouoiIpbN o sjuannd ul 24pd sisdas Aoundidsipiinw (Yding) |ouoiion J1oj aujjapinb JpuoiIpN days-anly  (,#T0T ‘Yosog usp uoA
Bunias juanpdul
331 Ul JuswWabpupwi s|padsoy ainpaco.d
(Aubwiian) U0234ul puUD dIYspIpmals 91dimnul woJy suadxs jo 1aund saulapInb Jpuoibu 1ydia@ payipow-y1dN
JouonbN 14 pigoJdiwinuD pidsoH  Aipundidsipiinw (AUDULISD) IDUOIDN  ‘M3IASJ 2IN1DJSYI| SAISUDIXT JANVY do1s-9a1y] 297107 ‘WYL
(synpo)
sjuannd pazipydsoy
Ul DILWIBDISIIDG (ISsvamw3
snainp sn22020jAydbis spadxa |puonpUISIUL ‘INITIAIW) Mainal ainpadoud
VN Q1 40 JusWabpUD 0€ 40 13und AipundsipN a4njpJa1)] 2npwsAs  1ydjsa payipow-aN vy 1,610 4930 U1
(synpo)
sixnjAydoud 1p216ins “(NDI salpnis
|DUOIIPUIRIUT ¢ buipnpui) bumias yusnpdug YN J2Y30 UO paspq Si0IndIpul VN 0,120 ‘DUDSOYS
YoJDas d}is ainpasoud
SI9P10ySXDIS jpUOHDUIBIUI gam+(INITQIW) maInai  1ydiag paLipow-aNyy 6¢(AV-IATNQ)
|puoIDPUISIUT 4l Bunmias Juanpdug £ 40 1ound Kipunddsipriniy 21N104331] 21IDWAISAS da1s-ino4 8107 2Iuag 2Iup1s
(paypads S101021pul (paypads uaym) JUSWIAA|OAUI J9P]OYXDIS 3sbq 2oUapIng SpoYy1aW SNSUasuo) Ipak “JoyInp 1sii4
uaym) uoipoiddy 4O 'ON uonpindod;/snaoA

panujuo) 'z 3\qeL

6 of 15



C

J

Review

Downloaded from https://academic.oup.com/jac/advance-article/doi/10.1093/jac/dkae370/7826456 by St George's, University of London user on 31 October 2024

panuijuo)
ST1Y J0 Juswaboubw poyiawi
(4owuaq) (UaJpya suadxe 6 Jo 1ound J1oj saulapinb ssauajplidoiddo
JouonbN 05 +S3)NPD) 92110D.d |pJdUaD  AlpuldidsIpijnu (FADWUSQ) |DUOADN  |DUOIIDUISIUI PUD |DUOIIDN VION/ANYY 0oL 10T 1SNDS
(si0ak 91< abD spadxa ¢ jo jaund saunapinb jpuonbuIRIUl
(92UDJ4) pUOIIDN 9  —S|npy) 221100id |psduan  Aipundidsipilinwi (3UDJ4) DUOIDN +M3IA3J 2JN1DJIBYT VN 6<€10T ‘uI2INd
(sbumias yoJpas
3WO0DUI-MO) Sa13UN0d 91IS gaMm + (PaWgnd
-3|ppiw ~ybiy) (U34pIIY2 +S3NPD) 1VdO #T WOl S13dXd |oUOIDUII] DIA INTTAIW) MBIASI a1npado.d ,1(QV-3ATNQ)
JpuolPWIAU]  (1¥dO Z1) Z€ buipnipul bunias Juanpding G 40 12und Aipundpsipiniy 2Jn304931) 2IPWASAS  1ydjag pauipow-aNYy 8107 ‘IPY294D| 7
(sbuneaw

bues Aioipjnqun suadxs jo jaund

saunapinb
Y1oaH Jo Aisiuiy

JO SpunoJ 231y}

JBA0 JUBWD316D WD)

Aioundipsipmnu)

(p1USY) JDUOIIDN 1 Ul SI1N 40 Juawaboupyy Kioundidsipiinu (DIUY) JDUCIHDN  UDAUSY ‘MaIARI 24N30JRYIT poyiawl 1ydjag-uon </ 10T WOI0Y
(suoabins saunapinb joo1uld
(uaJpiyd |DIDDJO)|IXDW PUD |DIO ‘SISIIUDP) ‘(dUDJIY20) ‘ISVYAW3 poyiaw
(Aupuiian) +s3npp) Aisiusp spadxa |pjuap 1T 4o jound ‘INITAIN) MaInaJ ssauaiplidoiddo
JPUONDN ST ul $21301g13UD dIWBIsAS  Aupundidsipinw (Aubwian) [puoHON 21n1pJ3)] NPWSISAS Y12N/ANVY ,<L 10T ‘UI8SSNH
S213UN0d saul@pinb jpuonbu
(USIP)IYD +SHNPY) €T WoJj Sadxa |puoIIpUISIU ‘spadxe jo doysyiom ainpaso.d
|DUOIIDUIRIU] 14 2211204d J0Jauab Ul ST1Y /7 40 19und Kipundipsipiniy ‘MaIADJ 2INDIRYT  1ydjag PUNOI-Z PRLIPON 50107 ‘USSUDH
(uaJpiyd
+S3INPY) SPUDLIBYISN (P3qU2sap—
(SpupliaYIaN) ay3 ul 9211004d 9013004d 1psausb 4oy aunpadoud deis-9a4y3)
JouoiIpbN 9 pJ2uab SINoY-j0-InQ  siauoi}3dpId |pIsusb ydINQ 9 40 19UD4  SBUNSPIND |PIIUI JDUOIIDN poylawi 1ydjag-uonN /00T ‘Udsal
SNSUasuod padxa (Juawaa1bD wpa)
SILN PUD SI1¥ Jo suiayind ‘suia130d 92UDISISA Aipundisiprnwi) <8007
(UIpds) JpUOIIDN G buiguosaid 9213004d |pIBUSY suadxs Jo jaund Aipundpsipiniy 1020 ‘saunapinb JpuoipN poyiaw Iydiag-uoN  ‘ounsniin zapupuia4
(uswaalbp Wpa)
adoin3 ¢ (uaip)iyd) bumss Jusnpding VN SNSUasU0d Jadx3 poyiaw 1ydjag-uoN <9107 ‘°1g 9p
(uaJpniyd) shiisuol poyaw
UM s3uanpd d13pipand Jo suadxe 17 4o jsund sauljapinb jpuopUIRIUI ssauajplidoiddo 2<(ShIsuoy)
VN G Jusawabpupw pup sisoubpig  ApundidsipiNW (DpoUDD) |DUOIIDN ‘M3IADI DINIDIIIT Y1DN/ANVY 0707 1241100
(SWnpo)
SI}ISNUISOUIYJ 1D1IR312Dq poyiaw
91n2D yum sjusind jo saunapinb jpuoipulalul ssauajplidoiddo Lc(Stisnuisourys)
JDUOIDUWIRIU] 7 Juswabpupw pup sisouboiq  suadxa 6 Jo 1und AipundidSIpIN ‘M3INDI 2INJDIRIT vIDN/ANVY 0707 112410D
buniods jo
sa13unod upadoun] uoidwinsuod SpunoJ omj ‘poyiawl
Z1 WoJy s311adxa |puoiipuIdul 31301gI3UD UO DIDP ssauaipudoiddo 0c(19N-DVS3)
adoing Z1  (sunpo) bupies jusnoding 22 40 12und Aipundpsipmnil- Dvs3 ‘suadxe jo doysyiom YIDN/ANVY £00T ‘U3us0)
(payads SJ03D2IpUl (payads uaym) JUSUIBA|OAUL JSPIOYDHDIS 9sDQ 92UIPINT SPOYIaW SNSUISU0) D3k “Joynp 3sii4

uaym) uoipoiddy

40 'ON

uonpindod;/snaoA

panujuo) 'z 3\qeL

7 of 15



Review

c
()
<
2
c
o
3
o}
R
S
Q.
<
G
o
[}
=z
[
o
3
S
)
Q.
(]
Q.
=
%)
>
[v]
(]
[
=
(]
S
£
2
S
O
~N
2
)
-

specified)

(when specified) indicators

Stakeholder involvement

Consensus methods Evidence base

First author, year

12 National (UK)

Literature review, National Multidisciplinary panel of 9 experts  General Practice (adults+

Expert elicitations (2)

Smith, 2018°*

children)

guidelines

and anonymous
online prescriber

survey

van Roosmalen, 20072 Non-Delphi method

7 National

General practice (adults+

National clinical guidelines NA

(Netherlands)

children)

by the Dutch College of
General practitioners

(multidisciplinary

team agreement after
iterated consensus

rating procedure—not

described)
RAND-modified Delphi

International

6

Outpatient setting (adults)

Multidisciplinary panel of 23

Systematic literature

Versporten, 2018

international experts from 4

continents

review (MEDLINE) +web

site search

procedure

(DRIVE-AB)®*

NA, not available; GPPS, Global Point Prevalence Survey; UK, United Kingdom; UTIs, urinary tract infections; CAP, coommunity-acquired pneumonia; ICU, intensive care unit; USA, United

States of America; OPAT, outpatient parenteral antimicrobial therapy; RTIs, respiratory tract infections.

indicators (36.5%) referred to a specific type of infection, of which
135/282 (47.9%) were related to respiratory tract infections
(RTIs), 55/282 (19.5%) to bloodstream infections, and 46/282
(16.3%) to urinary tract infections (Figure 3).

177/773 indicators (22.9%) were related to hospital facilities,
137/773 (17.7%) to primary health care, 44/773 (5.7%) to both
hospital and primary health care, 60/773 (7.8%) to outpatient
parenteral antibiotic therapy, and 355/773 (45.9%) were general
indicators. Regarding the target for quality assessment, 206/773
indicators (26.6%) focused on antibiotic prescribing/dispensing
(e.g. ‘Proportion of patients with no relevant comorbidities
presenting with acute bronchitis that should be prescribed oral
antibiotics’), 163/773 (21.1%) on the consumption of antibio-
tics/prescription rate (e.g. ‘Antimicrobial prescribing rates for
men and non-pregnant women with asymptomatic bacteriuric’),
67/773 (8.7%) on the diagnostic process (e.g. ‘Number of
patients with acute tonsillitis/pharyngitis treated with antibiotics
with negative StrepA test’), 33/773 (4.3%) on the outcome
(e.g. ‘Community Acquired Pneumonia Admission Rate’), and
304/773 (39.3%) on the management (e.g. ‘Indication for anti-
microbial use (AMU) documented in the patient notes’) (Table 3).

Among the antibiotic prescribing indicators (n=206), 93 con-
cerned the type of antibiotic, 54 the duration of therapy, 45 the
timing of administration, 45 the route of administration, 26 ther-
apy revision (i.e. reduction of the spectrum and/or switching from
IV to oral therapy), 23 the decision to prescribe antibiotics and 5
the dose. 25/67 indicators (37.3%) focused on the diagnostic pro-
cess related to microbiological investigations.

Only 8/773 indicators (1%) directly cited the AWaRe system
in the wording of the indicator (Table S2). However, 445/773 indi-
cators (57.6%) reflecting the contents and treatment recom-
mendations of the AWaRe book were identified (Table S3). In
total, 320/773 indicators (41.4%) were defined as ‘non-AWaRe
indicators’ because they focused on: national/regional/local
policies (203, 63.4%), settings (60, 18.8%) or infectious diseases
(21, 6.6%) not included in the AWaRe book, patients with special
conditions (19, 5.9%), laboratory tests (15, 4.7%) or therapies
(2,0.6%) not included in the AWaRe book (Table S4). The detailed
list of indicators included in our review is available in Tables S2-S4.

Reported method of indicator development

The majority of studies documented in Table 2 utilized a consen-
sus methodology for the formulation of indicators. Most studies
(n=23), used a RAND/UCLA Appropriateness Method,”® 7 studies
used a Delphi Technique procedure,””-”8 11 studies developed QIs
through other consensus methods with a description of how con-
sensus was obtained (e.g. multidisciplinary team agreement),”®
6 studies did not describe the consensus method used.

Discussion
Principal findings

We identified 773 indicators for appropriate antibiotic use of
which only 1% were directly and 57.6% were indirectly related
to the AWaRe system. Around 50% of infection-based indicators
focused on RTIs, while for some serious infections (e.g. osteoarti-
cular and abdominal infections) no indicators were identified.
There was a similar distribution of indicators across primary
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I Excluded (not }
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N v
_________ ~
| Duplicates ll
—> N=264 |
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v |
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Final set of indicators
N=773
A4 ¥ 4
Clinical Workforce Organisational
indicators indicators indicators
N =444 N=6 N=323
Non Non Non
AWaRe AWaRe AWaRe
N=49 N=4 N =267

AWaRe
N=7
Indirectly
AWaRe
N =388

Indirectly
AWaRe
N=2

AWaRe
N=1

Indirectly
AWaRe
N=55

AWaRe
indicators
N =453

Figure 2. Flow diagram summary of the indicator selection process.

and secondary care, with a high percentage of general indicators
(45.9%) which can be used independently of the setting. Most of
the indicators not included in the AWaRe book relate to the man-
agement of health services, health workers, and/or staff tasks,
contrasting with those directly or indirectly related to the
AWaRe system, which mostly focused on the consumption of
antibiotics (frequency and/or volume of antibiotic use without
reference to the indication) and antibiotic prescribing/dispensing.
Among the latter, only 26 indicators included information on

Non AWaRe
indicators
N =320

Policy N =203
Setting N = 60
Disease N =21
Patients with special conditions N = 19
Laboratory test N = 15
Therapy N =2

therapy review. 8.7% of indicators focused on the diagnostic pro-
cess, and among them, 37.3% were based on the results of
microbiological investigations.

Comparison with the previous literature

Improving the quality of care and reducing avoidable harm re-
quires reliable, valid and comparable data.*® Quality assessment
leads to a steady improvement in antibiotic prescribing, allowing
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Dental infections
N =15 (5.3%)

N

UTls
N =46
(16.3%)/

Bloodstream/

Skin infections Gastrointestinal
N =6 (2.1%)

infections
N =1(0.4%)
- N=5(18%)

Other

RTIs
N =135
(47.9%)

infections
N =55 (19.5%) [

Total N = 282 ]

Figure 3. Indicators related to a specific type of infection. RTIs, respiratory tract infections; UTIs, urinary tract infections; Other, two or more different

types of infection.

Table 3. The final set of indicators related to the classification, setting and target for quality assessment

Indicators reflecting the
AWaRe system/book

AWaRe indicators

Indicators not related to
the AWaRe system/book

(N=8) (N=445) (N=320) Total (N=773)
Classification N (%):
Clinical 7 (87.5) 388 (87.2) 49 (15.3) 444 (57.4)
Organisational 1(12.5) 55 (12.4) 267 (83.4) 323 (41.8)
Workforce 0 (0) 2 (0.4) 4 (1.3) 6 (0.8)
Setting N (%):
Hospital facility 0(0) 110 (24.8) 67 (20.9) 177 (22.9)
Primary health care 0 (0) 118 (26.5) 19 (5.9) 136 (17.6)
Both 0 (0) 34 (7.6) 10 (3.1) 5(5.8)
OPAT 0 (0) 0 (0) 60 (18.7) 60 (7.8)
General 8 (100) 183 (41.1) 164 (51.4) 355 (45.9)
Target for quality assessment N (%):
Antibiotic prescribing/dispensing 0 (0) 180 (40.4) 26 (8.1) 206 (26.6)
Consumption/prescription rate 7 (87.5) 156 (35.1) 0 (0) 163 (21.1)
Diagnostic process 0 (0) 63 (14.2) 4(1.3) 7 (8.7)
Outcome 0(0) 25 (5.6) 8(2.5) 33 (4.3)
Management 1(12.5) 21 (4.7) 282 (88.1) 304 (39.3)

OPAT, outpatient parenteral antibiotic therapy.

institutions to track their progress towards targets over time and
to compare with other health facilities.®°®’ In accordance with
the literature,>*¢*%8 our review highlighted the increasing num-
ber of QIs for appropriate antibiotic use developed in recent dec-
ades, with considerable emphasis on RTIs. This finding could be
due to the high prevalence of patients with RTIs and the relatively

high percentage of antibiotic prescriptions for this condition both
in primary and secondary care, despite the predominantly viral
nature of RTIs.897?? In recent years, the high rate of inappropriate
antibiotic prescriptions in this patient category has resulted in
RTIs becoming the focus of ASPs, especially in primary care in
LMICs.?? Skin/soft tissue and intra-abdominal infections are

10 of 15

$20g 1990100 L§ U0 Jasn uopuoT jo Aysianiun ‘s,061099 1S Aq 9G1928/2/0/Eae)p/oRl/S60 1 0 L/10p/a01e-aoueApe/oel/woo dno-olwapeoe//:sdyiy wolj papeojumoq



Review

JAC

also among the main indications for prescribing antibiotics in
hospitals and ambulatory care,®® despite the almost total ab-
sence of indicators for these types of infections.®*88

To optimize antibiotic use, several aspects of care must be
considered. A multi-faceted strategy based on the development
of national/local guidelines, the allocation of adequate resources,
and the creation of an experienced and competent team are key
to responsible antibiotic use.!*3®72939% Indicators focused on
antibiotic prescribing and/or dispensing remain a fundamental
tool to monitor appropriate antibiotic use. Among these, the re-
view of therapy, closely linked to the performance of microbio-
logical investigations, is a crucial aspect of the appropriate use
of antibiotics. As highlighted by national guidelines,’’ differences
in local resistance patterns and antibiotic availability (or lack of
availability) may prevent the use of the same class of antibiotics
as empirical therapy worldwide. Nevertheless, switching from IV
to oral therapy at an appropriate time and using pathogen-
directed therapy as soon as possible are associated with a reduc-
tion in the length of hospital stay®> and antibiotic use.?%’

In our review, not surprisingly we identified only a few indica-
tors directly citing the relatively new AWaRe system. In 2019, the
monitoring and evaluation framework for the GAP on AMR pro-
vided a core set of indicators measurable by countries, including
the use of the AWaRe system in monitoring national antibiotic
consumption (Table 1).* To date, no indicators that prioritize
the quality, rather than the volume, of antibiotic use in alignment
with the AWaRe book contents have been developed.

Bias and limitations

This study has clear limitations. A formal systematic review was
not conducted, and only English language publications were in-
cluded, so some studies may have been missed. Secondly, only
the MEDLINE database was searched, a limitation which was mi-
tigated by screening the reference lists of all included articles and
exploring the grey literature by including relevant websites.

Next steps

Many countries are now implementing national action plans
(NAPs) on AMR although at different stages of implementa-
tion,'*9%:99 with the optimization of antibiotic use a key priority.
Generating standardised, quality assured, globally comparable
data is essential to the continuous improvement of ASPs and
NAPs. QIs for antibiotic prescribing allow data to be collected
on both the consumption and the quality of antibiotic care. The
AWaRe book provides essential educational elements, including
clinical diagnosis and treatment of the most frequent infections
in health care and is a key instrument for ASPs.'%° The introduc-
tion of disease-specific QIs based on the AWaRe system and
book, both in therapeutic and diagnostic terms, could provide dis-
crete and measurable elements of quality that could be used glo-
bally and be comparable between countries.®* Designed with the
overarching goal of reducing the inappropriate use of antibiotics,
the AWaRe book champions a targeted risk-based approach, ad-
vocating for ‘no antibiotic care’ when appropriate. At the core of
its recommendations lies the emphasis on the appropriate use of
the Access group antibiotics. Following the principles of the
AWaRe system and stratifying total AMU by the AWaRe groups,
allows overall monitoring of national and global progress

towards a country-level target of at least 60% of total antibiotic
consumption being Access group antibiotics, as outlined in the
WHO 13th General Programme of Work.'°*

The small number of existing indicators related directly to the
AWaRe system/book identified in this review suggests the next
step is to develop new AWaRe QIs as essential tools to improve
future antibiotic use.

Consensus techniques are fundamental and effective tools for
quality improvement, enabling the evaluation and enhancement
of different aspects of care where evidence is contested or
not used appropriately. Most of the studies included in this re-
view (50%) used the RAND/UCLA Appropriateness Method to de-
velop new indicators. The Delphi Technique and RAND/UCLA
Appropriateness Method are both widely used for the formulation
of indicators, but the latter has been described as the only system-
atic method of combining expert opinion and evidence,” resulting
in widespread use’”3%:37:3946:50.63 gnd it is important to adhere to
optimal use and reporting of feedback in a Delphi Technique.’®

With this purpose, a Delphi Technique has been conducted
with panellists across WHO regions and both Higher Income
and Lower- and Middle-Income countries to assess the appropri-
ateness and feasibility in local settings of indicators based on the
findings of this review. This will be followed by a formal RAND/
UCLA Appropriateness Method with leading international experts
to assess the clarity, appropriateness, and feasibility of all the QIs
globally, in all countries. Because indicators identified using a
narrative literature review do not assess validity and the outcome
of a consensus technique such as a Delphi Technique or RAND/
UCLA Appropriateness Method provides only face validity,** fu-
ture research activities will then seek to validate and test the in-
dicators using an indicator testing protocol including content
validity, reliability and feasibility to underpin their potential pur-
pose applied at both the local context and at a global level for
quality assessment and improvement based on the WHO
AWaRe system.*102

Conclusions

Being able to measure the quality of antibiotic prescribing is an
essential prerequisite to promoting the appropriate use of anti-
biotics, reducing unnecessary prescribing, and mitigating anti-
biotic resistance. Despite the global awareness of the urgency
of this issue and the efforts made so far, our review revealed
the lack of discrete and dedicated QIs based on the WHO
AWaRe system. These findings highlight the need to develop
and test indicators based directly on the AWaRe system focused
on their feasible integration and implementation into both local
and national ASPs.
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