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RESUMO

Introducgédo: Na Nefrologia, e em particular nos transplantes renais, houve uma substancial
evolugdo nos ultimos anos. Atualmente a Lipocalina Associada a Gelatinase dos
Neutréfilos Humanos (NGAL) é considerado um biomarcador precoce de injuria renal nos
pacientes transplantados de rim. Metodologia: A revisdo sistematica com enfoque
diagndstico — NGAL urinério e sérico versus creatinina para injaria renal aguda em rim
transplantado pela AKIN (Acute Kidney Injury Network), foram realizadas nos seguintes
bancos de dados: MEDLINE (Pubmed and OVID interface), Cochrane Central de registros
de Estudos Controlados (CENTRAL), EMBASE, LILACS, SCOPUS, Web of Science,
BIOSIS, GOOGLE ACADEMICO, entre janeiro de 2000 até 20/07/2010. Foram
procuradas também publicacdes através de busca manual, em periédicos médicos
relevantes até maio de 2010 e listas de referéncia de artigos bem como resumos de
conferéncias médicas em Congressos. Estudos comparando NGAL urinario e sérico e
creatinina no diagnoéstico da injdria renal aguda em rim transplantado, comecaram a ser
realizadas a partir de 2000. Os dados foram extraidos de forma independente por dois
revisores que aferiam a qualidade do estudo e a qualidade dos dados extraidos. A extracdo
dos dados inclui avaliar as caracteristicas clinicas de cada estudo, como tipo de
participantes, intervencdo e desfechos e tipos de exames realizados (o teste padrdo-
creatinina sérica e o teste diagndstico NGAL urinério e sérico). A qualidade dos estudos de
foi apurada por um tipo de instrumento de avaliacdo metodologica: QUADAS (Qualidade
dos estudos de Acurécia Diagnostica incluidos numa Revisdo Sistematica). Casuistica:
Foram revisados 147 estudos publicados, de janeiro de 2000 até maio de 2010, sobre
NGAL e IRA, sendo 17 escolhidos por trazer a maioria dos dados completos e destes, 7
foram selecionados para serem submetidos a anélise critica da validade metodoldgica, pois,
preenchiam os critérios exigidos. Resultados: A revisdo sistematica com enfoque
diagnostico — NGAL urinario e sérico versus creatinina sérica na avaliacdo de injdria renal
aguda em rim transplantado, somente encontrou quatro estudos de coorte e trés transversais,
mas com pobre qualidade metodoldgica. Portanto, tornou-se impossivel realizar a meta-
analise devido a diferenca entre os estudos. Devido a presenca de uma heterogeneidade
devido a aspectos metodoldgicos, clinicos ou /e estatistica, ndo se realizou os calculos de
uma meta-analise. Conclusdo: A revisdo sistematica com enfoque diagnostico nédo
encontrou evidéncias que apdiem o uso da dosagem urinaria e sérica de NGAL como uma
ferramenta diagndstica na avaliacdo da injaria aguda pos-transplante renal. Verifica-se a
necessidade de estudos com boa qualidade metodoldgica comparando o NGAL urinario e
sérico e creatinina sérica no manejo da injuria renal que pode acometer 0s rins
transplantados. Apesar de todas as nossas tentativas, através de uma revisdo minuciosa da
literatura médica em diversos bancos de dados e na Grey Literature (British Library e
Google Académico) da ultima década, de podermos eleger o NGAL como um instrumento
capaz de nos dar uma indicacéo precoce sobre os eventos agudos de perda de funcdo renal,
ndo conseguimos demonstrar nosso objetivo, pois, ndo obtivemos fundamentos que
pudessem alicercar esta afirmacdo. Desta forma depreendemos que ha a necessidade para o
prosseguimento desta investigacdo, uma vez que ao longo da revisdo bibliogréfica, este
teste se mostrou de extrema importancia no manejo precoce da injdria renal aguda que pode
acometer os rins transplantados no pds-operatorio imediato. Este é o teste em que ndo ha
qualquer tipo de intervencdo no paciente se comparado ao que o que temos hoje ainda € a



biopsia renal, que € um metodo extremamente invasivo, agredindo um érgdo com um
universo de respostas imunolégicas desordenadas e com potencial de fracasso através desta
abordagem diagnostica mais agressiva. Seria interessante dar prosseguimento a estes
trabalhos elaborando estudos prospectivos com enfoque diagndstico, aprimorados
metodologicamente, evitando determinados vieses detectados nessa revisao. Nosso trabalho
de Doutorado pretende contemplar este aspecto trazendo uma contribuicdo mais sustentavel
para o uso do NGAL na préatica Nefrologica dos Transplantes.



ABSTRACTS

Introduction: In Nephrology, and in particular in the renal transplants, there was a
substantial evolution in the last years. Nowadays Lipocalin Associate to Gelatinase of
Neutrophil Human (NGAL) is considered a biomarker precocious of renal offense in the
patients transplanted of kidney. Methodology: The systematic review with focus diagnosis
—serum and urinary NGAL versus creatinine for acute renal offense in kidney transplanted
by AKIN (Acute Kidney Injury Network), was accomplished in the next databases:
MEDLINE (Pubmed and OVID interface), Cochrane records Central of Controlled Studies
(CENTRAL), BASE, LILACS, Scopus, Web of Science, BIOSIS, GOOGLE ACADEMIC,
between January 2000 up to 20/07/2010. Also were demanded publications through seeks
manual, in important medical periodicals until May 2010 and goods reference lists as well
as summaries of medical conferences in Congresses. Studies comparing serum and urinary
NGAL and creatinina in the diagnosis of the acute renal offense in transplanted kidney,
they started to accomplished being starting from 2000. The data were extracted of
independent form for two reviewers who checked the study quality and the quality of the
extracted data. The data extraction includes evaluate the clinical characteristics of each
study, like kind of participants, intervention and outcomes and kinds of accomplished
exams (the test standard- serum creatinine and the test diagnosis serum and urinary NGAL).
Studies quality was select for a kind of instrument of methodological evaluation: QUADAS
(Studies quality of accuracy diagnostic included in a Systematic Revision). Casuistically:
They were revised 147 published studies, of January 2000 until May 2010, about NGAL
and IRA, being 17 chosen to for bring most complete data and of these, 7 were selected to
be submitted to the critical analysis of the methodological validity, because, performed the
demanded criteria. Results: The systematic revision with focus diagnosis — serum and
urinary NGAL versus creatinine in the evaluation of acute renal offense in transplanted
kidney, only found four cohort studies and three cross-sectional, but with poor
methodological quality. Therefore, it became impossible to accomplish the goal-analysis
due to the difference among studies. Due to the presence of a heterogeneity due to
methodological, clinical aspects or /e statistical, did not accomplish the calculations of a
goal-analysis. Conclusion: The systematic revision with focus diagnosis did not find
evidences that support the use of the urinary and serum dosage and NGAL as a tool
diagnostic in the evaluation of the acute offense post-transplant renal. It verifies-if the need
to studies with good methodological quality comparing NGAL urinary and sérico and
serum creatinine in the handling of the renal offense that can attack the transplanted
kidneys. Despite all our attempts, through a meticulous revision of the medical literature in
several databases and in Grey Literature (British Library and Google Academic) of the last
decade, of can choose NGAL as an instrument capable of give us a precocious indication
about the acute events of loss of renal function, do not manage to demonstrate our goal,
because, did not obtain foundations that could sustained this affirmation. Thus deduce that
there is the need for the prosecution of this investigation, once along the bibliographical
revision, this test showed of extreme importance in the precocious handling of the acute
renal offense that can attack the kidneys transplanted in immediate postoperative. This is
the test in which there is not any kind of intervention in the patient if compared to that what
we have today still is the renal biopsy, that is an extremely invasive method, attacking an



organ with an immunologic answers universe disordered and with failure potential through
of this approach diagnostic more aggressive. It would be interesting to give prosecution to
these jobs elaborating prospective studies with focus diagnosis, improved methodological,
avoiding determined bias detected in this revision. Our Doctorate work intends to
contemplate this aspect bringing a more sustainable contribution for NGAL's Use in the
practice Nephrologists of the Transplants.
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1. INTRODUCAO

Dentro da estatistica mundial as doengas renais vém crescendo de forma
epidémica (1) O rim assim como Varios outros 0rgaos que ndo tinham a grandeza do
coragdo, orgao sempre entendido como o mais vital de todos, ficou silenciosamente

escondido da visdo de todos inclusive dos médicos.

Em 1941, na Holanda ocupada pelos nazistas um médico, que administrava um
dos primeiros Bancos de Sangue da Europa, ofereceu tratamento hemodialitico através
do chamado “rim artificial” para alguns soldados vitimados por queimaduras extensas, e
que, em consequéncia destas desenvolveram insuficiéncia renal (2). Este médico que se
chamava Willem Johan Kolff (1911-2009), holandés naturalizado americano trouxe,
através desta iniciativa pioneira, um reconhecimento sobre a importancia dos rins que
comecaram a ter seu lugar de destaque na lista dos dérgdos imprescindiveis para a

manutencdo da vida (2).

Hoje, gracas a todos os avangos diagnosticos e terapéuticos, podemos reverter
situacBes medicas que até entdo seriam impossiveis de acontecer, e dentro destas esta a
insuficiéncia renal nos seus mais variados graus de severidade. Os maiores recursos
foram desenvolvidos, inicialmente, no aprimoramento de maquinas de hemodialise que
tivessem a capacidade de trazer o mais fiel possivel as condi¢cdes homeostaticas vitais.
Entretanto, a insuficiéncia renal ndo é um fim em si, e todos os nossos esforcos estdo
voltados para a recuperacdo destes rins e se tal ndo for possivel, para o transplante deste
6rgéo.

E ¢é aqui que nos deparamos com uma outra situacdo, extremamente grave que €
possibilidade de que tal insuficiéncia se faca no novo rim, colocando por terra todo o
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nosso empenho em trazer as condi¢Oes idéias para nosso paciente, fazendo-o retornar ao
tratamento hemodialitico. Nosso trabalho visa, fundamentalmente, avaliar através de
uma revisdo sistematica, a relevancia de uma nova ferramenta ndo-invasiva que
possibilitard um diagnostico precoce da injuria renal aguda no rim transplantado, nos
possibilitando uma abordagem mais focada e recuperagdo mais efetiva desta agresséo ao
rim, diminuindo assim a exposi¢do de nossos pacientes a condutas invasivas e com

drogas imunossupressoras capazes de aumentar sua morbi-mortalidade.

Para este propdsito fizemos um estudo de Revisdo Sistematica nesta area,
buscando as evidéncias que pudessem fortalecer nosso objetivo principal que é o de
determinar a acurécia diagndstica do NGAL urinario e sérico no diagndstico da injlria

renal aguda em pacientes transplantados de rim (ANEXO 1).
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2. REVISAO DA LITERATURA

De acordo com as estatisticas da Sociedade Internacional de Nefrologia (ISN)
(1) e da Fundacéo Internacional de Insuficiéncia Renal (IFKF) (2) ha ,em todo o mundo,
500 milhdes de pessoas que sofrem de problemas renais e 1,5 milhdo delas estdo em
didlise. As estatisticas revelam também que uma em cada dez pessoas no mundo sofre
de doenga renal cronica e o custo cumulativo global para dialise e transplantes para a
préxima década deve exceder US$ 1 trilhdo (3). Mais de 80% dos pacientes que fazem
hemodialise estdo nos paises desenvolvidos (2). Na india e Paquistdo, por exemplo,
menos de 10% das pessoas que precisam recebem algum tipo de terapia e na Africa
quase ndo ha acesso ao tratamento e o desfecho é sempre fatal (3). Cerca de 2 milhdes

de brasileiros sofrem de doencas renais e cerca de 60 % ndo sabem que tem o problema

(4).

O crescente nimero de doentes renais no Brasil ja o tornou o terceiro maior
mercado de hemodialise do mundo. De 2000 a 2008, o nimero de pacientes que fazem
dialise no Brasil cresceu 84% e estima-se que neste ano, de 2010, o nimero de pacientes

seja de 125 mil (4).

Segundo a Sociedade Brasileira de Nefrologia (4), em 2005, foram 32.329 novos
pacientes. A taxa de aumento de 2005 para 2006 foi estimada em 8,8% (4). Segundo as
informacdes desta Sociedade, dos 120 mil brasileiros que precisam fazer hemodialise,
apenas 70 mil estdo em tratamento. Os nimeros apontam ainda que 47% dos pacientes

em didlise estdo na fila do transplante renal e 25% dos pacientes em tratamento, sao
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diabéticos. Estima-se que em 2010 o nimero de pessoas em didlise no Brasil seja de

125 mil (4).

Conforme os dados apontados neste Gltimo censo da SBN a insuficiéncia
renal crénica (IRC) representa um problema clinico comum e devastador, com uma taxa
permanentemente alta de mortalidade e morbidade (4). O custo, ndo s6 de vidas, mas,
também econdmico muitas vezes é de tal monta que nos perguntamos, freqlientemente,
de que forma podemos evitar ou se ndo corrigir no menor tempo possivel este tipo de
situacdo, que € em principio passivel de ser revertida.

Transplante de Rim (TR) € o tratamento de escolha para a insuficiéncia renal
estagio 5 (5). Hoje, no Brasil, aproximadamente 35.000 estdo em fila para transplante,
mas, somente 3.000 conseguem ser transplantados, ou seja, apenas 10% da populagdo
necessitada (4). Se somarmos 0s pacientes transplantados (10%) aos que morrem em
hemodilise (15 a 25%) restam, anualmente 65 a 75% dos pacientes em lista de espera.
A esse grupo devem-se somar 0S novos renais crénicos que surgem todo o ano, em
torno de 35 a 50 / milhdo de habitantes (4) e assim teremos esta realidade arrasadora,
que é a da populacao sem tratamento adequado para sua patologia renal, apesar de todos
os esforcos realizados até hoje para mudar este cenario. Além disso, tais pacientes estao
mais idosos e tem comorbidades adicionais que representam uma alta taxa de
mortalidade ap6s o transplante (6). Na realidade, ha uma concordancia que o baixo
progndstico de sucesso, nesta populacdo de pacientes, é devido a interacdo entre a alta
prevaléncia dos classicos fatores de risco e condicGes inerentes ao TR (3)' A melhoria na
sobrevida dos transplantes de rim apresenta um salto de qualidade neste Gltimo ano,
incomparavel ao que até agora vinha se obtendo se pensarmos nas Ultimas trés décadas
(7). A escolha de doador, o preparo do receptor que se submete a uma ampla

investigagdo multissistémica com o objetivo de diminuir as comorbidades, o
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aperfeicoamento das técnicas cirdrgicas com um menor tempo de isquemia-reperfusao,
0 progresso nas drogas imunossupressoras, a qual nos possibilita a recuperacdo de um
rim transplantado sem que tornemos esta terapéutica de tal forma agressiva que
venhamos a salvar o rim e perder o paciente. Todos estes progressos tém nos amparado
quando da deciséo de submetermos um paciente ao transplante de rim.  Entretanto, de
todo estes progressos ainda tém uma situacdo, cujo empenho para soluciona-la, tem sido
alvo de um esforgco importante da comunidade cientifica, se incluido aqui os
laboratdrios que investigam marcadores imunol6gicos.

A injaria renal aguda resultante do atraso na recuperacdo da funcdo renal
complica de 4-10% dos rins transplantados de doadores vivos e de 5-50 % de todos 0s
transplantes efetuados com rim de cadaver (8). Entende-se por injdria renal aguda
(IRA), no transplante renal, a necessidade de procedimento dialitico dentro da primeira
semana pos-cirurgia (6) . Com a melhoria das estratégias para o aumento do pool de
doadores usando-se “doador com critério-extendido” e rins “doados pds-morte
cardiaca” a chance de aumento na incidéncia de IRA é muito maior (6) .

O transplante renal pode ser realizado com trés tipos de doadores: o doador vivo
relacionado, o doador vivo ndo relacionado e o doador cadaver. O doador vivo
relacionado inclui somente até o 4° grau de parentesco e o doador ndo relacionado, com
excecdo de cOnjuge, necessita de autorizagdo judicial (4).

A nefropatia crénica do transplante assim como a IRA é decisiva na evolucéo do

7

transplante renal e, esta dltima que é indutora de disfuncdo do enxerto renal

D~

D~

dependente da atividade transcriptional das células infiltrativas (5-11). Este conceito

D~

consistente nas pesquisas feitas por Grimm et al (10) onde a rejeicdo clinica
distinguivel da subclinica apenas pela presenca de uma populacdo ativada, de

macrofagos (5, 10).
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Embora ndo seja nossa intengdo no presente trabalho, discorrer sobre o
transplante renal propriamente dito achamos pertinente discutir alguns aspectos sobre a
fisiopatologia da rejeicao.

A maioria das causas de perda do rim transplantado séo, sabidamente, imuno-
mediadas e classificadas como devida a rejeicdo aguda (11,7%), fibrose intersticial e
atrofia tubular (IF/TA) (30,7%) com metade destes relacionados & nefropatia polidmica
(7,1%) e rejeicdo mediada por anticorpos ou celular (8,5%), ou relacionada a doenca
glomerular (36,6%--doenca recurrente (15%), de novo (6,5%) e glomerulopatia do
transplante (TG 15%) (11).

A rejeicdo do enxerto é classificada segundo caracteristicas histopatoldgicas,
usando-se a classifica¢do por critérios adotados apos reunido em BANFF (Canada), ou
do tempo em curso podendo ser hiper-aguda, aguda e cronica (12, 13). A rejeigéo hiper-
aguda é caracterizada pela oclusdo trombotica da vasculatura do enxerto que se iniciam
minutos a horas apds a anastomose vascular do enxerto no receptor. E mediada por
anticorpos pré-existentes na circulacdo do hospedeiro que se liga a antigenos endoteliais
do doador (10).

A rejeicdo aguda ocorre nos primeiros seis meses pos-transplante e €
caracterizada por um aumento abrupto dos niveis de uréia e creatinina associado a
reducdo do volume wurindrio (5) . Desde a introducdo da ciclosporina, ha
aproximadamente 20 anos, dor a palpagdo do enxerto e febre frequentemente
observados no passado, ndo sdo mais comuns (14).

A rejeicdo cronica denominada hoje como nefropatia cronica do enxerto,
apresenta-se de forma insidiosa, com aumento lento dos niveis de uréia e creatinina.
Para o seu diagnostico € importante a biopsia renal, devendo ser diferenciada das

glomerulopatias recidivadas, “de novo”, infec¢bes oportunistas e rejeicdes sub-clinicas.
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Estas Ultimas sdo caracterizadas pela presenca histolégica de rejeicdo aguda sem
alteracdo da funcdo renal (15).

Baseado nos critérios de BANFF, a bidpsia do rim transplantado pode ser
classificada em normal, rejeicdo mediada por anticorpos, rejeicdo borderline, rejeicdo
celular aguda e nefropatia cronica do enxerto (12, 13).

A rejeicdo mediada por anticorpos € caracterizada pela presenga de pelo menos
trés dentre quatro alteracGes; C4d no enxerto renal, presenca de anticorpo antidoador
(anti-HLA\), caracteristicas tissulares de rejeicdo aguda e piora de funcdo renal (13, 14).
A borderline é caracterizada pela suspeita clinica de rejei¢do celular aguda com focos e
tubulite. A rejeicdo celular aguda é caracterizada histologicamente pela infiltracdo
intersticial de células mononucleares e ocasionalmente eosinofilos e rompimento da
membrana basal tubular (tubulite) por infiltrac&o celular. A nefropatia cronica tem como
caracteristica a presenca de fibrose intersticial e atrofia tubular (13, 16)

A rejeicdo aguda é um processo de lesdo vascular e parenquimatosa mediada por
células T e anticorpos, e que geralmente se inicia apds a primeira semana do transplante.
As células T ativadas, em resposta principalmente a moléculas de antigeno de
histocompatibilidade humanos (HLA) (16) em células parenquimatosa e endoteliais,
destroem células do enxerto ou produzem citocinas que recrutam células inflamatdrias
com consequente lesdo do enxerto. As células endoteliais sdo os alvos mais precoces a
serem lesados nos enxertos renais. Endotelite microvascular ¢ um achado inicial
frequente em episddios de rejeicdo aguda. Endotelite ou arterite intimal em artérias de
tamanho médio (16) também ocorrem em um estagio inicial de rejeicdo aguda e é
indicativa de rejeicdo grave. As Células T CD4 e CD8 contribuem com a rejei¢do
aguda. Varias evidéncias sugerem que o reconhecimento e morte de células do enxerto

por linfécitos T CD8 sdo importantes mecanismos de rejeicdo aguda. As células T CD4,
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secretando citocinas e induzindo reagdes tipo hipersensibilidades no enxerto, parecem
ser também importantes na rejeicdo aguda. Os anticorpos podem também mediar
rejeicdo aguda, levando a necrose transmural da parede que ocorre na rejeicao
hiperaguda (16)

A rejeicdo cronica, também denominada de nefropatia cronica do enxerto, €
caracterizada pela fibrose e disturbios vasculares com perda da fungdo do enxerto,
ocorrendo por um periodo prolongado (16). Embora seja a principal causa de perda do
enxerto sua patogénese é menos conhecida que a rejeicdo aguda e hiperaguda. A fibrose
pode ser o resultado de reagdes imunes ou de producdo de citocinas que estimulam
fibroblastos ou representa cicatriz apds a necrose celular da rejei¢do aguda (16).

AplOs esta pequena revisdo, relataremos agora nosso trabalho sobre
biomarcadores de funcao renal no transplante de Rim, no tocante a IRA.

Entendemos que o primeiro conceito que devemos tragar, para dar seguimento a
nossa revisdo, diz respeito aos critérios da injuria renal aguda. Uma definicéo precisa e
operacional tem permanecido sujeita a mais de uma interpretacdo. Poderiamos aqui citar
todos os conceitos que vem sendo sugeridos ao longo dos anos, mas, nosso objetivo é
usar o consenso mundial.

A IRA ¢ reconhecidamente encontrada em todos os campos da pratica médica.
Infelizmente, esta sindrome tem sido difundida através de defini¢des inconsistentes,
esquemas fisiopatologicos simplistas, e ferramentas diagndsticas insensiveis. Recentes
avancos na definicdo de IRA, entendendo sua fisiopatologia, e aumentando a acurécia
diagndstica de ferramentas testes podem, eventualmente, ter impacto sobre o manejo

desta doenga e seu desfecho clinico (17).
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Este conceito se baseia numa proposta da AKIN (Acute Kidney Injury Network), que
vem ganhando aceitac&o clinica, e que usa duas opcdes para a medida da reducdo aguda

da fungéo renal (< 48 horas) (17):

1. Aumento nos niveis séricos de creatinina (absoluto, > 0,3 mg/dl) ou aumento
>150 a 200 % (1,5-2 X) do valor basal;
2. Oliguria (<0,5 ml /Kg/h por mais de 6 horas); e aqui se entende como um

volume de urina < 400mL /6 h.

O termo IRA ¢ sugerido para enfatizar a natureza reversivel da condi¢do que
acomete o rim (17), particularmente quando nosso raciocinio é em relagcdo aos
transplantes renais, pois, € uma situacdo passivel de melhora e cura, se usada terapéutica
correta e no tempo certo. 8% Os estudos que procuraram investigar a epidemiologia, o
tratamento e a prevencdo da insuficiéncia renal utilizaram defini¢cGes laboratoriais
heterogéneas, o que prejudicou a analise dos trabalhos e motivou um grupo de médicos
intensivistas e nefrologistas a se reunirem no grupo ADQI (Acute Dialysis Quality
Initiative) para o desenvolvimento de diretrizes e consensos baseados em evidéncias
para o tratamento e prevencdo da IRA, com uma defini¢do especifica e universalizada
de lesdo renal aguda, chamada de critério RIFLE (22, 23). Este critério, porém, ja sofreu
modifica¢des, propostas pela Acute Kidney Injury Network, e seré descrito a seguir.

Gracas ao critério RIFLE (18) o entendimento médico da IRA vem sendo bem
utilizado. Este acromio define IRA baseado em trés graus de aumento de severidade
(Risco, Injuria, Insuficiéncia-Failure) e dois tipos de desfecho (Perda-Loss, Estagio

final). Este sistema, complementar aquele definido pela AKIN, descreve a severidade da
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disfuncdo renal baseada no aumento dos niveis de creatinina e declinio no débito
urinario. HOSTE et al (18) observou que os trés graus que descrevem o RIFLE-risco,
injaria, perda, estdo associados com niveis de 8,8%, 11,4% e 26,3%, respectivamente
em pacientes internados em hospital.

O diagnostico precoce de IRA é tdo dificil, se ndo impossivel. Tentativa com
modelos experimentais de IRA ndo tem se mostrado adequada e tem sido pouco
conclusiva, enquanto marcador molecular de deteccdo de prejuizo da funcéo renal, em
tempo real, ainda ndo foi confirmado cientificamente (18), ou se o foram, ndo se
somaram as ferramentas de diagndstico e prognoéstico da IRA no transplante renal.

Estudos pré-clinicos da fisiopatologia da IRA tém contribuido imensamente para
0 desenvolvimento de biomarcadores para esta condicdo de injuria aguda. Esta
fisiopatologia envolve fatores tubulares, inflamatorios, e vasculares (19). Os marcadores
séricos e urinérios tradicionais (creatinina, uréia, cilindrdria, fracdo de excrecdo do
sodio, habilidade de concentracdo urinaria) que vem sendo usados por décadas nos
estudos clinicos para diagndstico e prognosticos da IRA sdo insensiveis e inespecificos
e nao refletem diretamente a injaria das células renais. Muitos destes marcadores

representam, na realidade, consequiéncias funcionais da lesdo (20).
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Figura 1: Lesdo Renal Aguda (21)

2.1 Critério RIFLE

Consiste em 3 niveis graduados de lesdo renal (RIFLE=RISK, INJURY AND

FAILURE) e 2 medidas de desfecho (LOSS and END STAGE RENAL FAILURE) :

1) RISK (Risco) = aumento em 1,5x na creatinina sérica ou decréscimo de 25% na taxa
de filtracdo glomerular ou débito urinario menor que 0,5 ml/Kg/h por 6 horas; (Risco de

morte 2,4X maior).

2) INJURY (Lesdo) = aumento em 2,0x na creatinina sérica ou decréscimo de 50% na
taxa de filtracdo glomerular ou débito urindrio menor que 0,5 mL/kg/h por 12 horas;

(Risco de morte 4,15x maior).
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3) FAILURE (Insuficiéncia) = aumento em 3X na creatinina sérica ou decréscimo de
75% na taxa de filtracdo glomerular ou débito urinario menor que 0,5 mL/kg/h por 24 h

ou anuria por 12 h; (Risco de morte 6,17x maior);

4) LOSS (Perda de funcdo) = Perda completa da funcdo renal (ie,: necessidade de

terapia de reposicdo renal) por mais de 4 semanas;

5) END STAGE RENAL DISEASE (doenca renal em estagio terminal): Perda completa

da funcao renal (ie,: necessidade de terapia de reposicdo renal) por mais de 3 meses.

Problemas com os critérios RIFLE:

1) Os niveis de creatinina, TFG e débito urinario sdo “aleatérios”, ndo baseados em
evidéncias. Em um estudo, a creatinina era um bom preditor de mortalidade na UTI,

porém isso ndo se repetia quando se analisava o débito urinario.

2) As mudancas na creatinina sérica durante um episodio de IRA ndo se correlacionam

bem com a taxa de filtracdo glomerular.

3) E impossivel calcular o risco do paciente, se ndo houver uma medida basal de

creatinina prévia.

2.2 CRITERIOS AKIN (ACUTE KIDNEY INJURY NETWORK)
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Uma modificacdo foi proposta em alguns dos critérios RIFLE pela rede AKIN

em 2007 no periddico Critical Care e é demonstrada na tabela abaixo:

Critérios da Acute Kidney Injury Netwark (AKIN) para a Lesdo Renal Aguda.

Estagio Critério de creatinina sérica Critério de débito
urindirio

1 [ Aumenio na crealinina sarca maior ou igueal a 0.3 | Menos de 0,5 mLkgh
maldL ou aumento maior gue 150 a 200%(1,5-2x) | por mais de 6 horas
do valor basal

2 | Aumenio na crealinina sérica maior ou igual a 200 a | Menos de 0,5 mLkgh
300% (2-3x) do basal por mais de 12 horas

3 | Aumenio na crealining sérica maior que 300% (=3x) | Menos de 0.3 mL%gh
do valor basal ou creatinina sérica maior ou igual a | por 24 horas ou andria
4,0 mgfdL com wm asmeanto agudo de. pelo menos, [ por 12 horas

0,5 mgldL

* Modificado do critério RIFLE (Risk, Injury, Failure, Loss, and End-stage kidney disease),
O estadiamento proposio tem alta sensibilidade e & baseado em dados recentes que
maostram que pequencs aumentos na crealinina sérica resultam em grandés influéncias
sobre deslechos clinicos. O critérioc s0 deve ser aplicado apds a olimizagdo da

hidrala¢io e da hemodinamica do paciente. Somenle um critério & Necessano para a
qualificag¢do no estagio analisado.

* Dada a grande variabilidade nas indicacbes @ no tempo de inicio da terapia de reposicio
renal (TRA), individuos em didlise sio considerados como lendo alcancado o estagio 3
independenternente do estigio em que estavam quando fol indicada a TRR

Assim, além de ser capaz de fazer um diagnostico precoce e ter valor
prognostico o biomarcador desejado deveria, também, possuir a capacidade de
diferenciar que subtipo de IRA, identificando a etiologia e predizendo o desfecho,
permitindo que sejamos capazes de fazer uma estratificacdo de risco e monitorizar a
resposta as intervengfes (21, 22). O diagnostico precoce da IRA é freqlientemente
problematico, devido a baixa aptiddo de biomarcadores precoces entre dano e fungédo
renal (24). Usando tecnologias gendmicas e de microarranjos protéicos, uma série de
moléculas tem sido identificada como potenciais marcadores para IRA (24)

Ao longo dos ultimos anos, varios biomarcadores vem sendo incluidos nesta
pesquisa sdo eles: a Interleucina 18 (IL-18), Molécula 1 da Injdria Renal (KIM),
Cistatina C (Cys), Proteina Ligadora dos Acidos Graxos tipo hepaticos (L-FABP), n-
acetil-D glicosaminidase (NAG), Fator de Crescimento do Endotélio Vascular (VEGF),
Proteina-10 induzida pela Quimiocina-Interferon (CXCL10) e Lipocalina associada a
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gelatinase nos neutrofilos humanos (NGAL); apenas um parece estar sendo capaz de
nos responder a grande maioria das perguntas, embora ndo todas (25). Como ja
comentamos, anteriormente, o diagndstico precoce da IRA é frequentemente
problematico, devido a baixa aptiddo de biomarcadores capazes da diagnosticar de
forma antecipada a diferenca entre dano e funcéo renal (26).

A urina pode conter marcadores sensiveis e especificos do dano renal e que estdo
presentes tanto devido ao prejuizo na capacidade de reabsor¢édo tubular e catabolismo
das moléculas filtradas, quanto da liberacdo das células protéicas tubulares em resposta
as injurias isquémicas ou nefrotoxicas (7). No nosso caso, em especial toda a nossa
atencdo fica voltada ao padrédo isquemia-reperfusdao que acontece no transplante renal. O
objetivo dos biomarcadores é o diagnostico precoce da rejei¢do, determinar progndstico
e adequar a terapéutica imunossupressiva a uma forma ndo-invasiva e custo-efetivo. Os
biomarcadores pesquisados tém sido focados nas areas primarias da injdria renal,
tubulos e células que os infiltram (27). A dosagem da creatinina sérica e a biopsia de
rim permanecem sendo o “padrdo ouro” para a avaliacdo dos enxertos renais. Estes
testes tém limitacGes significativas quanto a informacdo de que tal ou qual paciente
desenvolvera imuno-tolerancia ou perda do enxerto mediada pela resposta imune, ou se
havera necessidade de imunossupressao por longo tempo. Além do que a creatinina
sérica ndo nos da a medida exata da agressdo ao rim, particularmente em relacdo ao
tempo, pois, ela sé aumenta quando uma fracdo significativa da funcéo renal foi perdida
(24). Ao longo destes anos se elegeu como marcador para avaliar esta situagdo aguda, a
dosagem da creatinina sérica e o volume de diurese nas primeiras 24 horas pos-
transplante e como marcador definitivo, em relagdo a histologia da rejeicdo, a puncao
bidpsia do rim transplantado (28). Diz o bom senso, e aqui nao precisamos de qualquer

fundamento cientifico, que a agressdo advinda da introducdo de uma agulha num 6rgao
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recém transplantado, ndo se justifica como rotina.

Por tal razéo, varios sdo os estudos que vem sendo desenvolvidos pelos mais
diferentes pesquisadores, sempre com a intengdo de abreviar uma acdo que deva ser
tomada quando da IRA em um pos-transplante. Conforme ja comentamos ha uma idéia
bem estabelecida de que s6 um marcador, destes todos até entdo estudados, ndo fornece
todas as informacdes necessarias para que, com seguranga, possamos tomar uma atitude
terapéutica que realmente seja capaz de lidar com o dano ao rim. Entretanto, um destes
biomarcadores tem se diferenciado, nos multiplos trabalhos em que vem sendo usado,
como uma ferramenta Gtil no diagndstico precoce da IRA no TR.

Quando se fala em biomarcador espera-se de um que ele seja capaz de fazer o
diagndstico da lesdo, de uma forma répida, segura, de baixo impacto econémico, de
pouca ou nenhuma agresséo ao paciente de forma que possam ser repetidas tantas vezes
quantas forem necessarias, e que preceda a alteracao clinica.

Conforme Sachin Soni et al (20) como no caso de qualquer insulto celular, na
IRA inclusive, a lesdo comeca pela inducdo de modificacbes moleculares que evoluem
para o dano celular. As células iniciariam a producdo de marcadores da lesdo e a
sindrome clinica se desenvolveria posteriormente. E postulado, entdo, que o reldgio
bioldgico (expressdo do biomarcador) deveria sempre preceder o relogio clinico (20).
Assim, a deteccdo do biomarcador especifico daria uma janela, entre a manifestacao
molecular e a clinica, dando tempo de uma intervencdo direta sobre a agressao ao rim e
com isso estariamos impedindo a evolugdo deste quadro, no nosso interesse em
particular, que € de tanto ndo perder o enxerto precocemente, quanto o0 paciente por uso
excessivo, e ndo justificado de imunossupressores em dose desproporcional ao evento
que 0 causou.

Ainda, segundo Sachin Soni et al (20), as caracteristicas ideais de um
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biomarcador para a Injdria Renal Aguda (IRA) deveriam ser:

1. N&o-invasivo

2. Facilmente detectdvel em amostras acessiveis como soro ou urina.

3. Altamente sensivel e especifico para IRA.

4. De mensuracao rapida e confiavel.

5. Capaz de deteccéo precoce.

6. Com caracteristicas que possam informar a etiologia, a natureza e a duracédo da
leséo.

7. Ser um marcador de injdria e de funcdo.

8. Predizer a severidade e a reversibilidade da IRA.

©

. Ser de grande auxilio na monitorizacao e na resposta as intervencoes.
10. N&o ser afetado por outras variaveis bioldgicas.

11. Ser de baixo custo.

Usando tecnologias genémicas e de microarranjos protéicos, uma serie de
moléculas tem sido identificada como potenciais marcadores para IRA (20). As
quimiocinas sdo citocinas que apresentam papel central na fisiologia leucocitaria ao
controlar o trédfego basal e inflamatdrio (29). S&o polipeptidios de 8 a 12 kD com duas
alcas internas de dissulfeto. E classificado em familias baseadas no numero e
localizacdo de residuos de cisteinas N-terminais. As duas principais familias sdo as CC
quimiocinas, com residuos de cisteina adjacentes, e familia CXC, onde estes residuos
sdo separados por um aminoacido (16). As quimiocinas podem ser categorizadas por
qualquer estimulo que altera a homeostase celular, e 0 RNAm das quimiocinas podem
aumentar mais de 300 vezes em poucas horas de ativacdo (30). As constitutivas sdo

responsaveis pelo trafego leucocitario basal e pela formacdo da arquitetura de 6rgdos
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linfoide secundarios (30).

Segundo Cardoni et al (31), na etapa de inducdo da resposta inflamatoria do
transplante renal, células apresentadoras de antigenos, linfocitos T ativados e células
natural killers, na presenca de Interleucina 12 e 18 (IL-12 e IL-18) e Fator de Necrose
Tumoral alfa (TNFa) levam ao aumento de producdo de células T helper 1.

Consequentemente, ha um aumento da expressao de genes de CD-26 e LAG-3
(genes de ativacdo linfocitaria), e de receptores CCR5 (receptores de RANTES/CCLY5,
MIP-10/CCL3 e MIP-1B/CCL4) e CXCRS3 (receptor de IP-10/CXCL10) e varios outros
27).

No caso de estarem presentes as IL-4, IL-10, IL-13, ocorre aumento da producéo
de células T helper e estimulo de expressdao CD30, CD62L (expressdo em células ativas
leva a entrada de estruturas linféides periféricos), CCR3 (14) (receptor de eotaxina em
eosindfilos), CCR4 (receptor de TARC/CCL17, quimiocinas regulada por ativacdo e
MDC/CCL22 (quimiocinas derivadas de macrofagos), expresso em células T, killers e
células dendriticas (CD), CCR8 (receptor de 1-309/CCL1, derivado do gene 3 de
ativacao celular, que é expresso em células T e neutrofilos) e CXCR4 (receptor de SDF-
1a/B/ICXCL12, fator derivado do estroma, que é expresso em T-CD4 ativada, CD e
eosinofilos) (23).

De acordo com Hu e Knechtle (32), as quimiocinas podem influenciar pelo
menos trés aspectos da biologia do enxerto renal: 1- a restauracdo do fluxo sanguineo no
enxerto pode levar a lesdo de isquemia reperfusdo, onde quimiocinas recrutam
leucocitos; 2- respostas do receptor a infeccdo durante a supressao imune envolvem as
quimiocinas; 3- os componentes inflamatdrios na rejeicdo aguda e na nefropatia crénica
do enxerto sdo controlados por quimiocinas.

Estes autores (Hu e Knechle) (32), avaliando as quimiocinas e citocinas urinarias
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em transplantados renais as divide em trés grupos:

1-

Aguelas que estdo aumentadas em receptores com Rejeicdo Aguda, Necrose
Tubular Aguda, Nefropatia Cronica do Enxerto, funcdo normal do enxerto,
assim como individuos higidos: angiogenina, TIMs (tissue inhibitors of
metalloproteinase), receptor 2 de TNF solavel, ligante de receptor 3 indutor de
apoptose relacionado ao TNF);

Aquelas que tém baixa expressdo em receptores de transplante renal e
individuos higidos: IL-1beta, IL-2, IL-6, MIP-10/CCL3, MIP-13/CCL4, MIP-
30/CCL20, IL-18 e TNFa;

Aguelas que estdo mais aumentadas em receptores com rejeicdo aguda, necrose
tubular aguda, nefropatia cronica do enxerto, do que naqueles com funcédo
normal do enxerto e individuos higidos: Adiponectina, IGFBP-1 (proteina
ligadora de fator de crescimento “insulina-like”-1), IGFBP-2, IGFBP-6, IL-
8/CXCLS8, leptina, MCP-1/ CCL2, MIP-15, sTNFR1, osteoprotegerina e

receptor ativador de urokinase plasminogénio (33).

Neste sentido, Li et al (34) mostraram um método para diagnostico de rejeicao

aguda em enxertos renais mensurando RNAm de perfurina e granzima B em células de

sedimento urinario com sensibilidade e especificidade maior que 80% (31). Devarajan

(35) demonstrou promissores biomarcadores de injdria renal aguda (IRA), compostos de

NGAL (lipocalina associada com gelatinase de neutréfilos humanos) e cistatina C para

um painel plasmatico e NGAL, IL-18 (citocina induzida e clivada em tdbulo proximal)

e KIM-1 (molécula de injdria renal 1, expressa em células tubulares renais proximais)

para um painel urinério (31).

Recentemente, uma lipocalina produzida no nefrén distal, chamada Lipocalina
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Gelatinase-associada Neutrofilica (NGAL) esta emergindo como um novo biomarcador
da IRA.

As lipocalinas sdo uma familia de mais de 20 proteinas com a habilidade de se
ligar a uma grande variedade de moléculas. NGAL, também conhecida como lipocalina
2, € membro desta familia, e foi a primeira a ser isolada nos neutrofilos humanos e esta
expressa em um grande numero de tecidos humanos incluindo trato gastrintestinal,
respiratorio e urinario (25). Aumento na expressédo sistémica e tecidual de NGAL tem
sido bem documentado em muitas condi¢des caracterizadas por infec¢cdo ou inflamacéo,
incluindo diverticulite, apendicite, doenca Intestinal inflamatdria ou infecgdo urinéria,
mas, na pratica, nosso interesse esta focado na IRA (25).

Ha fortes evidéncias que baseiam a estreita correlacdo entre a IRA por diversas
etiologias (nefropatia do contraste, transplante de rim, cirurgia cardiaca, preeclampia e
sepse) e 0 aumento nos niveis plasmaticos e urinarios da NGAL (26).

Na era da medicina baseada em evidéncias, com revisfes sistematicas como a
pedra angular, os instrumentos para avaliagdo da qualidade devem estar disponiveis
(36).

As revisbes sisteméaticas tém por objetivo identificar e avaliar todas as
evidéncias disponiveis relaciondveis a um objetivo particular. Acesso a qualidade ¢ uma
parte integrante de qualquer revisdo sistematica. Se o0s resultados dos estudos
individuais derem margem por serem imprecisos entdo o trabalho como um todo estara
também com potencialidade para ndo fornecer dados que possam ser usados em
protocolos para diagndstico (36). E, portanto, essencial que a qualidade individual dos
estudos incluidos em uma revisdo sistematica seja passivel de avaliacdo sob varios
aspectos, entre eles: potencial para polarizacdo, auséncia de aplicabilidade e,

inevitavelmente sobre a qualidade da informacéo obtida.
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O estudo da qualidade (QUADAS-Quality assessment of studies of diagnostic
accuracy included in systematic reviews) (37) é tdo importante nas revisdes sistematicas
dos estudos de acuracia diagndstica quanto para outras revisdes. Entretanto, os estudos
de acurdcia diagnostica tém uma série de caracteristicas Unicas em termos de estrutura
que diferem das avaliacGes cléassicas de intervencdo. Ele ajuda a determinar o qudao bom

é um teste, em particular, na deteccdo do que se deseja provar (37).

2.3 A Biologia do NGAL

NGAL humana foi originalmente identificada como uma proteina de 25-kDa
ligada covalentemente a gelatinase dos neutrofilos (38, 39). Como outras lipocalinas,
NGAL forma uma estrutura terciaria em forma de barreira com uma porcao hidrofébica
que se liga as moléculas lipofilicas (40). Os maiores ligantes a NGAL sdo o0s
siderdforos, pequenas moléculas que sdo sintetizadas pelas bactérias para adquirir ferro,
e a NGAL exerce um efeito bacteriostatico pela deplecdo destes sider6foros (41). Por
outro lado, os sideroforos produzidos pelos eucariéticos participam da bomba de ferro
mediada pela NGAL que € critica a varias respostas celulares tais como proliferacao e
diferenciacdo (40). Embora a NGAL seja expressa s6 em niveis muito baixos nos varios
tecidos humanos, ela pode aumentar marcadamente quando ha injaria as células
epiteliais, incluindo as renais (24). A regido promotora do gene do NGAL contém locais
de ligacdo para um grande numero de fatores de transcri¢do incluindo NF-kB (29, 38).
NF-kB é conhecido por ser rapidamente ativado nas células tubulares renais ap0s
injurias agudas (28) e desempenha um papel central no controle da sobrevida e
proliferacdo celular (24). Estes achados nos indicam que ha um mecanismo molecular

em potencial desempenhado pelo NGAL nos fendétipos epiteliais, tanto durante o
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desenvolvimento do rim quanto ao que se segue a IRA (24).

Estudos transcriptonicos pre-clinicos identificaram NGAL (também chamada de
lipocalina 2 ou Icn2) como sendo um dos genes renais mais regulados no rim
imediatamente ap6s a injdria renal aguda em modelos animais (19, 42). Anélises
protedmicas eletroforéticas também revelam que o NGAL € a proteina mais facilmente
induzida no rim apds IRA nefrotoxica ou isquémica, em modelos animais (43, 44).

Um numero de estudos tem implicado, agora, um papel importante da NGAL,
como um biomarcador diagndstico precoce para a IRA em vérias situacdes clinicas
comuns. Em estudos prospectivos em criangas, com funcdo renal normal e sem qualquer
comorbidade, que se submeteram a cirurgia cardiaca, IRA (definida como um aumento
de 50% na creatinina sérica) ocorreu em, aproximadamente, 30% dos pacientes, 2-3 dias
apos a intervencgdo (39, 45). Ao mesmo tempo, a medida de NGAL pela técnica de
Enzima Imuno-Ensaio (ELISA), nestas criangas, revelou um aumento de 10 vezes ou
mais no plasma e na urina, em apenas 2-6 horas naqueles que desenvolveram IRA como
consequiéncia da cirurgia (35). Tanto o NGAL plasmatico quanto urinario se mostraram
excelentes marcadores precoces, independentes, da IRA, com uma &rea sob a curva
(AUC) de > 0,9 para as medidas de NGAL tanto na urina quanto no plasma (39, 45).
Estes achados tém sido confirmados através de estudos prospectivos de adultos que
desenvolveram IRA ap6s cirurgia cardiaca, nos quais 0 NGAL urinario estava
significativamente elevado ap6s as primeiras 3 horas pés-cirurgia (46, 47). IRA,
definida nos padrdes classicos que é um aumento da creatinina em >50% s6 veio a
acontecer 2 a 3 dias depois do evento, mostrando com isso que a NGAL pode ser um
instrumento de diagnostico precoce na IRA (48).

NGAL também tem sido avaliada como um biomarcador em transplante renal.

Nos protocolos de bidpsia de rim obtida, apds 1 hora da anastomose vascular, revelou-
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se uma correlagéo significativa entre a intensidade da coloragdo do tecido renal e o
subsequente desenvolvimento de retardo da resposta do enxerto (49). Em um estudo
prospectivo multicéntrico com criangas e adultos, o nivel de NGAL em amostras
urinérias coletadas no primeiro dia do transplante identificou aqueles que
subsequentemente desenvolveriam fungdo retardada do enxerto renal (a qual se
desenvolveu 2-4 dias apds), com uma AUC de 0,9 (50). As medidas plasmaticas de
NGAL também vém sendo correlacionaveis com enxertos renais que tem sua funcao
retardada em pacientes que receberam transplante de rim de doadores apds morte
cardiaca (47).

Nosso trabalho tem como objetivo principal, fazer uma revisao sistematica das
pesquisas desenvolvidas na Ultima década, sobre um biomarcador, Lipocalina Associada
a Gelatinase dos Neutréfilos Humanos (NGAL), que tem sido considerado como um
grande avanco no diagndstico das rejeicdes de rim transplantado, assegurando uma

evolugdo em termos diagnosticos sem prejuizo a integridade de nossos pacientes.
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3-OBJETIVO

3.1 OBJETIVO PRINCIPAL.:

e Proceder a um estudo de Revisdo Sistematica das pesquisas desenvolvidas na
altima década, sobre um biomarcador sérico e urinario, Lipocalina Associada a

Gelatinase dos Neutr6filos Humanos (NGAL).
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ABSTRACT

Background: Neutrophil gelatinase-associated lipocalin (NGAL) appears to be a
promising biomarker for the early diagnosis of acute kidney injury (AKI). Purpose: To
determine the accuracy of NGAL compared with serum creatinine in patients with acute
renal failure after kidney transplantation. Study Design: Systematic review. Data
Source: MEDLINE (through Pub Med and OVID interface), EMBASE, LILACS,
BIOSIS, Cochrane Central Register of Controlled Trials, Web of Science, IBECS,
SCOPUS and grey literature was searched for studies reporting the value of NGAL to
predict AKI in KT and renal replacement therapy (RRT) from January 2000 to July
2010. Study selection: Two reviewers scrutinized abstract and examined potentially
inclusion and independently extracted study data. Methodological quality was assessed
by using the QUADAS instrument. Results: We found 7 trials (4 cohort and 3 cross-
sectional). The statistical heterogeneity was present, because the differences in
methodological, clinics and statistical aspects, we realized a systematic review and not a
meta-analysis, concordant with Cochrane Library and PRISMA’s methodological
orientations. Limitations: Studies used different index test (serum NGAL and urinary
NGAL) and had heterogeneous findings. Conclusion: Available evidence is
inconclusive but suggests that NGAL could be superior to the serum creatinine for
identifying acute renal injury after kidney transplantation. High quality studies on their
role in the diagnostic investigation of AKI are urgently needed in KT.

Key-Words: Neutrophil gelatinase-associated lipocalin (NGAL); urine NGAL,;
qualitative systematic review; acute kidney injury (AKI); kidney transplantation (KT).
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INTRODUCTION

Renal ischemia-reperfusion injury is the leading cause of ARI in the native as
well as the transplanted kidney (1).

Acute kidney injury (AKI) represents a common and potentially devasting
problem in clinical medicine, with a persistently high mortality and morbidity (2, 3).

Measurement of serum creatinine and biopsy remains the current gold standards
for the evaluation of renal allograft. These tests have significant limitations in predicting
which patients are destined for immune tolerance or immune-mediated graft loss, and
aiding in the management of long-term immunosuppressant (4).

Indeed, understanding the early stress response of the kidney to acute injuries
has revealed a number of potential biomarkers (5). The bench-to-bedside journey of
neutrophil gelatinase-associated lipocalin (NGAL), arguably the most promising novel
AKI biomarker, is explained in turn.

NGAL has also been evaluated as a biomarker of AKI in kidney transplantation.
Protocol biopsies of kidneys obtained 1 h after vascular anastomosis revealed a
significant correlation between NGAL staining intensity and the subsequent
development of delayed graft function (6).

The purpose of this systematic review was to determine diagnostic performance
of NGAL compared with serum creatinine for diagnosis of acute kidney injury after

renal transplantation.

METHODS
Findings are reported according with to the STARD (Standards for Reporting of
Diagnostic Accuracy), PRISMA (Preferred Reporting Items for Systematic Reviews

and Meta-analysis), GRADE system (Grading of recommendations Assessment,
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Development and Evaluation) and according with Guidance on the Conduct of

Narrative Synthesis in Systematic reviews (7-10).

Search Strategy

We searched MEDLINE (PubMed and OVID interface), EMBASE, LILACS
(trough Scielo interface), Cochrane Central Register of Controlled Trials, IBECS,
BIOSIS , Web of Science, Congress Abstracts to identify potentially relevant articles or
abstracts, and Grey literature (Google scholar; British Library), from January 2000 to
July 2010. were searched using the following terms, both as text words and, as
appropriate, Medical Subjects Heading (MeSH) or equivalent subject heading
/thesaurus terms: “neutrophil gelatinase-associated lipocalin®, “NGAL”, and “Kidney
transplantation” were combined with the MeSH term “diagnosis”(sensitivity,
specificity, false positive, false negative, predicted value, reference value, ROC,
likelihood ratio, accuracy). This sensitive filter was created by combining three filters
for the identification for diagnostic studies via Boolean operator “OR” and “AND”.
The search was limited to human studies but had no languages restrictions. Reference
lists of all available primary studies were reviewed to identify additional relevant
citations. Additionally, we checked reference of relevant reviews, meta-analysis,
guidelines, and commentaries identified in MEDLINE and EMBASE. Some articles
seem to us unclear and we try to contact the authors, but we can not get answer and this

study was not included. The complete search strategy is available on request.

Study Selection
Two reviewers (G.R.L. and M.L.E.) independently screened studies identified for

inclusion and determined study eligibility. Disagreements were resolved by a third
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opinion (L.F.M.). Selection was restricted to published prospective cohort studies and
cross-sectional studies of humans investigating the diagnostic and prognostic accuracy
of NGAL level to predict graft loss after kidney transplantation. Trials enrolling patients
in interventional studies and those exclusively with AKI for other reasons were
excluded.

Articles were selected according to the following criteria:
Population: patients that were submitted kidney transplantation
Index test: Serum e urinary NGAL
Reference Standard: Serum creatinine
Target condition: grading of renal graft loss

Outcomes: Early diagnosis of the delayed graft function within 1 wk of transplantation

Data Extraction

Data extraction was performed by on reviewer (G.R.L) and checked by a second
reviewer (M.LLE). The following information was extracted for all studies when
reported: study details (identifier author, setting, year, and design), participants’ details
(age, sex, comorbidities, inclusion criteria, and donor cardiac death), test index details,
reference standard details). Acute kidney injury was described which an increase in
serum creatinine of more than or equal to 0,3mg/dL or increase to more than or equal
150 to 200 percent from baseline or less than 0,5mL/kg per hour the urine for more than

6 hours to the diagnose according RIFLE criteria (Table 1) (11).

Quality assessment
All articles meeting the eligibility criteria were assessed for their methodological

quality. Quality was assessment of Diagnostic Accuracy Studies Tool (12) recommends
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by the Cochrane Collaboration) (13). The modified version consists of 11 items on
study characteristics with the potential to introduce bias. Items were scored as positive

(no bias), negative (potential bias), or insufficient information (inadequate - ?).

Data synthesis and statistical analysis

Qualitative analysis was performed because of the heterogeneity of the studies
with regard to populations, interventions and outcome measured, we refrained from
statistical pooling. Results were considered contradictory if the overall conclusions
regarding effectiveness in different studies on the same indication were contradictory or

inconsistent (8, 9).

RESULTS

Study identification and eligibility

The process of study selections is summarized in figure 1. Our initial search
identified 157 potentially relevant articles. We excluded 140 published studies after
reviewing their titles and abstracts, because the three independent reviewers considered
that they did not relate to the question under review. Seventeen full-text articles were
retrieved and 10 were excluded after scrutiny. A complete list of excluded studies is
available from the authors. Seven primary studies included 408 patients, met the criteria
for inclusion and were analyzed (Table 2) (14-17).

Interrater agreement for study eligibility and methodological quality was 79% (x
= 0,64), indicating good agreement (18). Disagreement between reviewers occurred
during analysis of the 17 studies and they were related to inclusion or exclusion criteria
(characteristics and scoring of study quality), but it was solved by consensus. Because

the strong heterogeneity that appears in this studies that we can diagnose for different
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aspects in clinical, methodological and statistics (9), we would be realized a qualitative
systematic review and do not do the meta-analysis. This conduct is in conformity with
the methodological orientations of the Cochrane Handbook 5 (13) and PRISMA (7, 8,

10).

Study Description

Details of the participants, interventions, and quality assessments of the studies
selected for meta-analysis are summarized in Table 3. The range age of the participants
across studies was 4-61. The prevalence of delayed graft function was 14.4% (57
patients).

All studies were not-blind; four were cohort and three were cross-sectional
studies from a narrow population, but included insufficient experimental details and the
proper diagnostic tests and diagnostic reference standards. Of the 7 included studies,
there was one study with high methodological quality (at least eight of 11 qualitative
items). The results assessments of the included studies are summarized in the Table 3
using QUADAS. Figure 2 summarizes the methodological quality of the included
studies. In seven studies, the sample spectrum was representative of the examined
population. Most studies described the tests in insufficient detail to permit their
replication. However, these studies were conducted within a spectrum of patients typical
(renal transplantation). None studies performed well, receiving a positive assessment of

at least 8 of 11 items (14-17, 19-21).

Sensitivity Analysis

Sensitivity analysis was not performed because we performed qualitative systematic

review.
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DISCUSSION

We preformed a systematic review to clarify the predictive value of NGAL for
the early diagnosis of AKI in patients with transplanted kidney.

However, there are limitations to this study that apply to the field of biomarkers
in AKI in general. In spite of this affirmation after the evaluation of the studies our
conclusion was: 1. NGAL level to be a useful early predictor of AKI, both overall and
across a range of clinical settings; 2. The performance of NGAL level improved when
standardized clinical laboratory platforms with a cutoff NGAL concentration > 150 ng /
mL were used, in comparison to research-based assays; 3. NGAL level had prognostic
value for clinical outcomes, such as diminish of imunnossupression in the transplanted
patients.

In the literature, different definitions of AKI, various settings of AKI, and
varying timings of NGAL measurement with regard to a renal insult have been used to
assess the predictive value of NGAL, thus creating effective modifiers of NGAL
usefulness as a biomarker (22).

Although serum creatinine is typically used for diagnosis of AKI, it is an
insensitive and unreliable biomarker during acute changes in kidney function (23). The
serum creatinine concentration does not increase until about half of the kidney function
is lost. The lack of an early biomarker has been a major impediment in developing
newer preventive strategies for AKI (24).

The need for a simple, accurate, and minimally invasive marker of AKI has been
limiting factor in clinical nephrology research and practice. More accurate methods
would be necessary to ensure that this biomarker can be used like a relevant aspect in
the early diagnose of AKI in transplanted patients.

In the clinical routine, on the other hand, only seldom are we able to grasp
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precisely when the kidney insult took place and implement adequate countermeasures
(25).

Looking to the natural evolution of AKI, we can identify different milestones
along the timeline of the syndrome. The injury begins by inducing molecular
modifications that subsequently evolve into cellular damage. The cells start to produce
biomarkers of injury and only subsequently does the clinical picture of the syndrome
develop with the typical signs and symptoms. Therefore, it can be posited that the
molecular and cellular clocks always anticipate the clinical clock, which always runs
late. The biological clock provided by biomarkers display an intermediate time into the
progression, but it is most certainly reflective of an earlier stage when compared to the
clinical clock (25).

Nowadays our understanding of the AKI syndrome in general, and specifically
in KT, suggests that early biomarkers represent a unique possibility for timely diagnosis
and intervention to protect the kidney from further insults and to prevent tissue damage
from existing risk factors. These biomarkers might very well revolutionize the outcomes
of AKI in the near future; new preventive measures, new protective drugs or old simple
strategic approaches not adequately tested in the right patients at the right times in the
past may find interesting new applications in AKI patients, thereby modifying the
natural course of the syndrome and changing the pattern of patient response to therapy
and now, again, we empathize the importance of all of this conducts in a kidney
transplant patient because, in this particular case we do not have chance to commit a
wrong and latter therapy because this attitude can evaluate to the loose of the kidney

and sometimes the dead of our patient.
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Strengths and weakness of our review

The limitations that we can see in these studies and that will be unable for us to
make a meta-analysis was: first, the majority of reports represent a relatively small
number of patients and the results will need to be prospectively validated in a large
population. Second, the possible confounding effects of comorbid conditions on NGAL
excretion are unknown. Third, it will be important to the partner with industry to design
point-of-care kits and platforms for biomarkers panels that (1) are easy to perform at the
bedside or in a standard clinical laboratory, using easily accessible samples such as
blood or urine; (2) are highly sensitive to facilitate early detection and with a wide
dynamic range and cutoff values that allow for risk stratification; (3) are highly specific
for AKI and enable the identification of AKI subtypes, etiologies and duration; and (4)
exhibit strong biomarker properties on receiver operating characteristics curves. The
availability of such tools will enable the design of rational interventional studies that are
initiated early in the course of AKI.

However, we performed this systematic review according to the most recent
guidelines for conducting a diagnostic review as described in the Cochrane Handbook
(26). We use an extensive search strategy with different database, but using a
methodological filter. By reference checking we tried to track down those publications
that our search strategy might have failed to identify. We not use of a language
restriction during selection phase. Anticipating poor agreement on some items of the
QUADAS (12), two reviewers independently assessed all papers for methodological
quality and reached consensus by discussing disagreements on individual scores. We
performed this systematic review according grading quality of evidence strength of

recommendations for diagnostic tests and strategies (8, 10).
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RECOMENDATIONS
Diagnostic tests as first line investigation in care after kidney transplantation
need to be valid, easy to perform, well tolerated by patients, and sensitive, especially in

case of serious disease with kidney transplantation.

WHAT WE ALREADY KNOW ABOUT THIS TOPIC?

Our systematic review show us that NGAL in the AKIN’s diagnosis in patients
with renal transplantation might prove to be such tests. We therefore urgently need high
quality diagnostic cohort studies enrolling consecutive patients after renal
transplantation. In future research, NGAL should be an important factor in the analysis,
especially as tests that are able to diagnose early stages of AKIN and is important tools
to reduce the gravity which case.

“We can lose a kidney but we can make sure that the patients will survive”!!
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Table 1. Risk, Injury, Failure, Loss, and End-stage Kidney (RIFLE) classification

Risk, Injury, Failure, Loss, and End-stage Kidney (RIFLE) classification

Class Glomerular filtration rate criteria Urine output criteria

Risk Serum creatinine x 1.5 < 0.5 ml/kg/hour % 6 hours

< 0.5 ml/kg/hour x 12

Injury Serum creatinine x 2 hours

Serum creatinine x 3, or serum < 0.3 mi/kg/hour x 24

Failure creatinine > 4 mg/dl with an acute rise .
hours, or anuria x 12 hours
> 0.5 mg/dl
Loss Persistent acute renal failure = complete loss of kidney function > 4
weeks
End-stage

kidney disease End-stage kidney disease > 3 months

For conversion of creatinine expressed in conventional units to Sl units, multiply by
88.4. RIFLE class is determined based on the worst of either glomerular filtration
criteria or urine output criteria. Glomerular filtration criteria are calculated as an
increase of serum creatinine above the baseline serum creatinine level. Acute kidney
injury should be both abrupt (within 1-7 days) and sustained (more than 24 hours).
When the baseline serum creatinine is not known and patients are without a history of
chronic kidney insufficiency, it is recommend to calculate a baseline serum creatinine
using the Modification of Diet in Renal Disease equation for assessment of kidney
function, assuming a glomerular filtration rate of 75 ml/min/1.73 m? When the
baseline serum creatinine is elevated, an abrupt rise of at least 0.5 mg/dl to more than
4 mg/dl is all that is required to achieve class Failure.
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Table 2. Characteristics of included studies

Study Clinical features and Participants Study design Target condition | Index and Follow up Notes
settings and reference comparator test
standard text
Hall et al., 2010 Patients were submitted 91 patients were Prospective cohort | Patients were Urine NGAL, urine | 3 months. Impossible to

kidney transplantation.
Multicenter study
(Connecticut, Kansas,
Michigan,Ohio

Pennsylvania) in the USA.

submitted kidney
transplantation.
(34 women and

57 men). Age
mean 51
(SD+11.9). 11
patients were
submitted previous
transplant. 73 were
submitted
hemodialysis and
18 were submitted
peritoneal dialysis.
Cause of end-stage
renal disease: 30
had hypertension,
23 had diabetes
and 8 had
polycystic kidney
disease and 29 had
another cause. 34
patients were
submitted dialysis
within 1 wk of
kidney
transplantation.
There were no
clinically
suspected or
biopsy-confirmed
cases of acute

study. Patients
were separated in 3
groups:

Delayed graft
function (DGF)
patients need
dialysis within 1
wk of
transplantation);
Slow graph
function (SGF) and
immediate graft
function (IGF).

submitted kidney
transplantation.
Reference standard
was serum
creatinine (mg/dl)
in the first day:
DGF 1.9(1.2-2.7)
SGF:1.6 (1.2-2.3)
IGF: 1.5 (1.0-2.0).

IL-18 and urine
KIM-1 (kidney
injury molecule)
0Oh,6h, 12h, 18h after
surgery and first and
second
postoperative day.
Receiver operating
characteristic (ROC)
curve showed
NGAL and IL-18
were moderately
accurate in
predicting dialysis,
whereas KIM-1 was
not. There were no
significant changes
in areas under curve
(AUCs) for NGAL,
IL-18 or KIM-1
after normalization
for urine creatinine.
The value NGAL
(ng/ml) were in the
first day:

DGF:1035 (95-
3143)

SGF: 248 (22-756.1)
IGF: 60.5 (15.3-
249.2).

construction
contingency table
2x2 to compared
serum creatinine
(<1.5mg/dI>) with
urine NGAL (<150
ng/ml>) in the loss
evaluation of the
renal function.
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rejection during
the 7-d study
period.

Kusaka et al., 2008 | Patients were submitted 16 patients. 11 Prospective cohort | Patients were Serum NGAL 1 month (?) Impossible to
kidney transplantation from | patients who study. The primary | submitted kidney (ng/ml) ELISA. construction
the Department of Urology | received kidney outcome variable transplantation. Only two patients contingency table
in Fujita Health University | from living donors | was the Not describe from 11 required 2x2 to compared
Scholl of Medicine, Aichi, | and 5 patients from | development of reference standard | hemodialysis in the serum creatinine
Japan. donor with cardiac | delayed graft text. first week. They had (<1.5mg/dI>) with
death. Not describe | function (DGF), serum NGAL serum NGAL
clinics date in first | defined as the need (459427 ng/ml). All (<150 ng/ml>) in
11 patients. 5 for hemodialysis patients the received the loss evaluation
patients received within the first few kidney from cardiac of the renal
kidney from weeks after death had necessity function.
cardiac death had | transplantation. hemodialysis in the Not describe
mean age (30-60 first month (5-22 serum NGAL in
years), 2 were days). But study not the group the five
women and 3 were describe mean patients that
men. Time of serum NGAL in this received kidney
hemodialysis group. from cardiac
duration were 10- death. Only
15 years. describe that value
is high. Not
describe follow up
in adequate form.
Lebkowska, 2009 | Patients were submitted 41 patients who Cohort study. Not | Patients were Serum NGAL Not report. Impossible to
kidney transplantation from | received kidney informed if submitted kidney (ng/ml). construction
Department Vascular from donor with prospective or transplantation. Study describe contingency table
Transplantation surgery, cardiac death. Age | retrospective study. | Only describe NGAL delayed graft 2x2 to compared

Medical University,
Bialystok, Poland.

range (17-69),
mean age
(45.2£14.1). 17
were women and
24 were men.
Before
transplantation,
each subject was
treated with

The primary
outcome variable
was the
development of
delayed graft
function (DGF).

serum creatinine
on the day 1,3,6,10
after surgery:

Day 1 (5.86+1.43)
Day 3 (5.56+1.3)
Day 6 (4.01+1.37)
Day 10
(3.12+1.59)

But not describe

function on the day
1,3,6,10 after
surgery:

Day 1
(307.54+103.1)

Day 3 (279.5+106.5)
Day 6 (241.9+108.6)
Day 10
(206.1+99.2).

serum creatinine
(<1.5mg/dI>) with
serum NGAL
(<150 ng/ml>) in
the loss evaluation
of the renal
function.
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hemodialysis for a
mean time of 34.5
127.6 months.
After
transplantation
only four patients
with DGF required
hemodialysis for 3
to 5 days.

witch standard test.

Malyszko, 2009

Patients were submitted
kidney transplantation from
Department of
Nephrology, Medical
University, Bialystok,
Poland.

100 patients were
submitted kidney
transplantation.
Mean age
(45.1+14.1). 48
were women and

Cross-sectional
study.

Patients were
submitted kidney
transplantation.
Serum creatinine
was measured by
the standard

Serum NGAL
(ng/ml).

Study describe
NGAL delayed graft
function, but not
specific the time this

Not reported
(cross-sectional
study).

Impossible to
construction
contingency table
2x2 to compared
serum creatinine
(<1.5mg/dI>) with

52 were men. laboratory method | result after serum NGAL
(Jaffe) in the transplantation: (<150 ng/mlI>) in
central laboratory. | NGAL the loss evaluation
Serum creatinine (120.44+73.07) of the renal
(mg/dl) was function.
measured of the
group kidney
transplantation:

Mean (1.53+0.56).

Malyszko, 2009! Patients were submitted 80 patients were Coss-sectional Patients were Serum NGAL Not reported Impossible to
kidney transplantation from | submitted kidney study. submitted kidney (ng/ml). (cross-sectional construction
Department of Nephrology | transplantation. transplantation. Study describe study). contingency table
and Transplantology, Mean age Serum creatinine NGAL delayed graft 2x2 to compared
Medical University, (55.1£13.5). (mg/dl) was function, but not serum creatinine
Bialystok, Poland. measured of the specific the time this (<1.5mg/dI>) with

group kidney result after serum NGAL

transplantation:
Mean (1.43+0.59).

transplantation;
NGAL (129.4427.6)

(<150 ng/ml>) in
the loss evaluation
of the renal
function.

Mishra, 2006

Patients were submitted
kidney transplantation from

25 patients were
submitted kidney

Cross-sectional
study.

Patients were
submitted Kidney

NGAL antibody in
the paraffin-

Not reported
(cross-sectional

Impossible to
construction
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Nephrology and
Hypertension, University of
Cincinnati College of
Medicine, Cincinnati, OH,
USA.

transplantation.
Age (years) range
7to0 19 years. 13
were male and 12
were female.

transplantation.
Not describe
reference standard
text. Only give
information about
serum creatinine
onthedayO0, 1, 2
and 3 before and
after surgery in the
group of patients
the received the
kidney from
cadaveric donors
and living-related
donor. Four
patients from
group cadaveric
donors need
dialysis (serum
creatinine between
10.2 to 14.1).

embedded protocol
biopsy specimens
obtained at
approximately one
hour or reperfusion
after transplantation.
All samples were
viewed under the
same intensity, and
images captured
under identical
conditions. Used an
arbitrary scoring
system of O (none),
1 (mild), 2
(moderate), and 3
(intense) to NGAL
antibody in the
histological sample.
The staining
intensity was
correlated with cold
ischemia time, peak
serum creatinine and

dialysis requirement.

NGAL expression
was significant
increased in the
group that receive
the kidney from
cadaveric donor
(46% had intensity
antibody NGAL).
Over the side, 58%
that received kidney
from living donor
not showed image
capture of NGAL

study).

contingency table
2x2 to compared
serum creatinine
and NGAL.
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antibody.

Parikh, 2006

Patients were submitted
kidney transplantation.
Multicenter study
(Connecticut, Colorado,
Ohio, New York) in the
USA.

53 patients were
submitted kidney
transplantation

(25 women and

28 men). Age
range between 4 to
61 old years.

Prospective cohort
study. Patients
were separated in 3
groups: living
related donor
(LRD) kidney
transplantation and
prompt graft
function; deceased
donor (CAD)
kidney
transplantation and
prompt graph
function and
deceases donor
(CAD) kidney
transplantation
with delayed graft
function (DGF)
patients that need
dialysis within 1
wk of
transplantation.

Patients were
submitted kidney
transplantation.
Only describe
serum creatinine
on the day 0, 1,3,4
after surgery.
Patients in the
group deceased
donor (CAD)
kidney
transplantation
have delayed graft
function and serum
creatinine range
between 3.5 until
14.2. However,
serum creatinine in
the group the
patients that
received the
kidney from living
donor had serum
creatinine between
0.3to 1.4.

Urine NGAL, urine
IL-18 in the day 0,
day 1, day 2, day 3,
day 4 after surgery.
In the group that
received kidney
from deceased donor
NGAL in the day 0
had mean value
3306 ng/mg (range
17.6-5850).
However, the group
that received the
kidney from living
donor had NGAL
between 35 to 2500.

Not reported.

Not describe
follow up.

It is possible to
draw contingency
table 2x2 to
compared serum
creatinine
(<1.5mg/dI>) with
urine NGAL (<150
ng/ml>) in the loss
evaluation of the
renal function.
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Table 3. Results of risk assessment per study according to items on checklist for the quality

assessment of diagnostic accuracy studies (QUADAS)!?!

123456 7 89 10 11
Hall, 20094 + -+ + + + 2 2 + + 2
Kusaka, 2008 +o- o+ 2 - 7+ - .
Lebkowska, 2009™°] + + + + + + 2 2 - - -
Malyszko, 2009  + - - 2 2 2 2 2 2 . .
Malyszko, 2009+ 2 2 + + + 2 2 - - -
Mishra, 2006!*"! o o+ o+ + 22+ - -
Parikh, 2006 o+ o+t + + 2?2 o+ - -

(+)=no bias ;(-) =potential bias; (?)3=bias unclear.

*1=valid selection, representative patients, 2=Acceptable reference standard, 3=Acceptable delay
between tests, 4=Partial verification avoided, 5=Differential verification avoided,
6=incorporation avoided, 7= Reference standard results blinded, 8= Index test results blinded, 9=
relevant clinical information, 10=Uninterruptible results reported 11= Withdrawals explained
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Eletronic search in MEDLINE (Pubmed
and OVID), EMBASE, BIOSIS,
SCOPUS, IBESC, Web of Science,
LILACS, Google scholar.
Previews (n=174)

l—» Duplicate excluded (n=26)

Retrieved for screening of title and abstract (n=157)

Irrelevant publication excluded (n=140)

17 studies retrieved for more

Excluded (n=10)

1 different test diagnostic
—» | 1systematic review

7 reviews

1 editorial

Included in the review (n=7) [***"!

Figure 1. Study flow diagram
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Representative spectrum?
Acceptable reference standard?
Acceptable delay between tests?
Partial verification avoided?
Differential verification avoided?
Incorporation avoided?

Reference standard results blinded?
Index test results blinded?

Relevant clinical information?
Uninterpretable results reported?

Withdrawals explained?

|
DN |
. _ =
==
D |
==

0% 25% 50% 75%  100%

.I Yes (high quality) |:| Unclear .I No (low quality)

Figure 2. Reviewer judgments about methodological quality items, reported as

percentages across all included studies
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CONCLUSOES E CONSIDERACOES FINAIS
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6. CONCLUSOES E CONSIDERACOES FINAIS

Nossa revisdo com enfoque diagndstico ndo encontrou evidéncias que apdiem o uso da
dosagem urinéria e sérica de NGAL como uma ferramenta diagnostica na avaliagdo da injaria
aguda pods-transplante renal. Verifica-se a necessidade de estudos com boa qualidade
metodoldgica comparando o NGAL urinério e sérico e creatinina sérica no manejo da injaria
renal que pode acometer os rins transplantados. Apesar de todas as nossas tentativas, através de
uma revisdo minuciosa da literatura médica em diversos bancos de dados e na Grey Literature
(British Library e Google Académico) da Gltima década, de podermos eleger o NGAL como um
instrumento capaz de nos dar uma indicagéo precoce sobre os eventos agudos de perda de funcao
renal, ndo conseguimos demonstrar nosso objetivo, pois, ndo obtivemos fundamentos que
pudessem sustentar esta afirmacdo. Desta forma entendemos que ha a necessidade do
prosseguimento desta investigacdo, uma vez que ao longo da revisdo bibliografica, este teste se
mostrou de extrema importancia no manejo precoce da injuria renal aguda que pode acontecer
com 0s rins transplantados.

Este é o teste em que ndo ha qualquer tipo de intervencdo no paciente se comparado ao
que o que temos hoje ainda € a bidpsia renal, que € um método invasivo. Seria interessante dar
prosseguimento a estes trabalhos elaborando estudos prospectivos com enfoque diagnostico,
aprimorados metodologicamente, evitando determinados vieses detectados nessa revisao. Nosso
trabalho de Doutorado pretende contemplar este aspecto trazendo uma contribuicdo mais

sustentavel para o uso do NGAL na pratica Nefroldgica dos Transplantes.
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Entendemos que é de grande relevancia o estudo sobre este potencial biomarcador, pois,
se ndo temos este tipo de parametro imediato apos um transplante de rim, corremos o grande

risco de SALVAR UM RIM, MAS, DE PERDERMOS O PACIENTE.
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ANEXO 1: PROJETO DE PESQUISA

ANEXO 1: PROJETO DE PESQUISA

1. Introducéo

Conforme os ultimos censos das Sociedades Nefrolégica Mundial e Brasileira, o nimero
de pacientes com insuficiéncia renal vem crescendo muito (1, 2). Sabemos, também, que a maior
chance de recuperacao destes pacientes e seu retorno a vida é atraves de um transplante de rim.
Grandes avancos nesta area, ndo s6 sob o ponto de vista técnico-cirurgico, quanto de
entendimento do comportamento imunoldgico desencadeado por este 6rgdo “estranho”, vem
acontecendo nos ultimos anos.

Entretanto, ha varios pontos que permanecem sem resposta e um deles, ao qual
dedicaremos esta revisdo sistematica diz respeito a métodos diagnosticos ndo-invasivos e
precoces de injuria renal aguda neste rim transplantado. O surgimento de um biomarcador
conhecido como Lipocalina Associada a Gelatinase dos Neutréfilos Humanos (NGAL), tem
despertado uma grande expectativa nos pesquisadores, pois, talvez possa ser a ferramenta que
todos estavam esperando (3).

O diagnoéstico precoce da injaria renal aguda que acontece, também, nos rins
transplantados tem sua importancia mais do que fundamentada através do questionamento que se
apresenta quando da necessidade de aumentarmos ou diminuirmos as drogas imunossupressoras
(4).

Entendemos que este estudo se justifica por tentar mostrar os mecanismos que podemos
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ter a nosso alcance quando uma situacdo de tal monta se apresenta nesta populacéo de pacientes,

extremamente vulneravel a qualquer intercorréncia.

2 - Objetivos
2.1. Geral:
. Avaliar a acurécia diagndstica do NGAL urinario com a creatinina sérica

apos o transplante renal, mostrando que os valores da Lipocalina traduzem, de forma

mais precoce, a injuria renal aguda que pode acontecer nos transplantes renais,

obrigando-nos a uma atitude imediata.

2.2. Especificos:

e Proceder uma revisao sistematica de estudos com enfoque diagnéstico, que

avaliem as medidas urinarias e séricas do NGAL e creatinina, respectivamente,

associada a injuria renal aguda pds-transplante renal.

e Auvaliar a prevaléncia de injuria renal em pacientes transplantados de rim.

e Avaliar a sensibilidade de NGAL no diagnostico da injdria renal em

pacientes pds-transplante de rim.
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e Avaliar a razdo de verossimilhanca positiva e negativa do NGAL no

diagnostico de injuria renal em pacientes pds-transplante de rim.

e Avaliar a probabilidade pds-teste positiva e negativa do NGAL no

diagndstico da injaria renal pés-transplante de rim.
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3 - Método

3.3.1 — Critérios para Considerar Estudos da Revisao Sistematica

3.3.1.1 — Tipo de Delineamento dos Estudos

Serdo incluidos todos os estudos de coorte e transversais que considerem os dois

testes diagnosticos — NGAL urinario e creatinina sérica - para a abordagem da injuria renal

aguda nos transplantes renais.

3.3.1.2 Critérios para inclusdo dos estudos:

. Estudos comparativos entre a dosagem urinaria de NGAL dentro das

primeiras 6-48 horas desde o inicio do transplante de rim com o aumento da creatinina

sérica de mais ou igual a 0,3 mg/dL ou aumento igual ou maior a 150 a 200 vezes o valor

do momento zero do transplante.

3.3.1.3 Critérios para exclusdo dos estudos:

. estudos que difiram significativamente na investigacdo clinica;

. estudos de revisao;

. o0 desfecho de interesse néo foi estudado;

o estudos que ndo informam a média, o desvio padrdo ou o intervalo de
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confianga de 95% para as variaveis quantitativas;

. testes diagndsticos que nao foram descritos de forma adequada

3.3.1.4 — Tipo de Participantes

Critérios de inclusao:

. Pacientes transplantados de rim com acompanhamento laboratorial pds-

operatdrio imediato, sem alteracdes nas dosagens classicas de injuria renal aguda.

Critérios de exclusao:

. Pacientes submetidos a Bidpsia Renal no pés-operatdrio imediato.

3.3.2 - Tipos de testes diagndsticos avaliados

3.3.2.1 Teste diagndstico padrdo: A técnica laboratorial usada nas dosagens de
creatinina sérica devera ser a mesma em todos os trabalhos. A creatinina € obtida através da
técnica do picrato alcalino (Método de Jaffé) classico. Valores considerados alterados no teste
diagnostico da creatinina sérica para diagndéstico de injuria renal:

Segundo David S. Jacobs et al (5) insuficiéncia renal é definida por uma concentragéo de

creatinina sérica > 1,5 mg/dL.

3.3.2.1 Teste diagndstico: a técnica laboratorial deverd ser a mesma em todos oS
trabalhos separando-se apenas os que usaram NGAL urinéria e sérica. Serdo medidas através do

kit de ensaio imuno-enzimatico (enzyme-linked immunoassay - ELISA) comercializado por
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BIOPORTO DIAGNOSTICS A/S, Gentofte, Denmark. Este protocolo utiliza um anticorpo
monoclonal especifico para determinacdo da quimiocina estudada, fornecido pelo
fabricante.Valores considerados alterados no teste diagnostico para injuria renal o valor de cut-
off de NGAL considerado 6timo para predizer precocemente a injuria aguda renal no rim

transplantado é, aproximadamente, 150 ng/mL (6).

3.3.3 - Estratégias de Busca dos estudos da Revisao Sistematica

As publicacbes com enfoque na injdria renal aguda pos-transplante de rim foram
pesquisadas no banco de dados do PUBMED, EMBASE CENTRAL, MEDLINE-OVID,
LILACS, biblioteca da COCHRANE LIBRARY, IBECS, BIOSIS, em referéncias dos préprios
artigos e em literatura menos cientifica (GREY LITERATURE-Google scholar; I1SI-Web of
science; British Library;) de janeiro de 2000 até final desta revisdo. Sem restri¢cdo de lingua ou

qualquer outro tipo de limitacéo.

3.3.1. Estratégias de busca no MEDLINE-PUBMED (de maio de 2000 até final da
revisdo, 2010)
1. “sensitivity and specificity” [all fields]
2. “sensitivity and specificity/standards” [all fields]

3. “specificity” [all fields]

4, “screening” [all fields]
5. “false positive” [all fields]
6. “false negative” [all fields]
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#16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24

7. #1 OR #2 OR #3 OR #4 OR #5 OR #6
8. “accuracy” [all fields]
9. “predictive value” [all fields]
10.  “predictive value of tests” [all fields]
11.  “reference value” [all fields]
12.  *“reference values” [all fields]
13.  “reference standards” [all fields]
14. #B8 OR #9 OR #10 OR #11 OR #12 OR #13
15.  “roc” [all fields]
16.  “roc analysis” [all fields]
17.  *roc and” [all fields]
18.  “roc area” [all fields]
19.  “roc auc” [all fields]
20.  “roc characteristics” [all fields]
21.  “roc curve” [all fields]
22.  “roc curve method” [all fields]
23.  “roc curves” [all fields]
24.  “roc estimated” [all fields]
25.  “roc evaluation” [all fields]
26.  “likelihood ratio” [all fields]
27.
OR #25 OR #26
28. #7 OR #14 OR #27

77



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

animals[mh] not human [mh]

#28 NOT #29

Renal transplantation [mh]

Kidney transplantation [mh]

Kidney disease [mh]

Kidney*[tw] AND injury*[tw]

Renal*[tw] AND transplant*[tw]

#31 OR #31 OR #33 OR #34 OR #35
Biomarkers [tw] AND renal [tw]

Biomarkers [tw] AND kidney [tw]

Biomarkers [tw] AND renal [tw] AND transplant*[tw]
Biomarkers [tw] AND kidney [tw] AND transplant*[tw]
#37 OR #38 OR #39 OR #40

Acute renal disease

Acute kidney disease

Acute*[tw] AND renal [tw] AND disease [tw]
Acute*[tw] AND kidney [tw] AND disease [tw]
Acute*[tw] AND renal [tw] AND injury*[tw]
Acute*[tw] AND kidney [tw] AND injury*[tw]
#42 OR #43 OR #44 OR #45 OR #46 OR #47
#36 OR #41 OR #48

NGAL kidney

NGAL acute kidney injury
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52.  NGAL AND kidney

53.  NGAL AND renal

54.  #50 OR #51 OR #52 OR #53
55.  #49 AND #54

56. #30 AND #55

3.3.2 -Estratégia de busca no EMBASE: (de 2000 até final da reviséo, 2010)

1. sensitivity and specificity

2. sensitivity and specificity$ AND standards
3. specificity

4.  screening

5. false ADJ positive

6. false ADJ negative

7.  (#1OR #2 OR #3 OR #4 OR #5 OR #6)

8.  accuracy diagnostic

9.  (predictive ADJ value)

10. ( predictive ADJ value ADJ tests)

11. (reference ADJ value)

12. (reference ADJ values)

13. (reference ADJ standards)

14. (#8 OR #9 OR #10 OR #11 OR #12 OR #13)

15. Roc



16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

(roc ADJ analysis)

(roc ADJ area)

(roc ADJ auc)

(roc ADJ characteristics)

(roc ADJ curve)

(roc ADJ curve ADJ method)

(roc ADJ curves)

(roc ADJ estimated)

(roc ADJ evaluation)

(likelihood ADJ ratio)

(#15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #25)
(#7 OR #14 OR #26)

Nohuman

(animal not human)

(#28 OR #29)

(#27 NOT #30)

Renal AND transplantation

Kidney AND transplantation
(kidney ADJ disease)

(kidney ADJ injury)

(renal ADJ disease ADJ transplant$)
(renal ADJ injury ADJ transplant$)

(kidney ADJ disease ADJ transplant$)
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39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

(kidney ADJ injury ADJ transplant$)

#32 OR #33 OR #34 OR #35 OR #36 OR #37 OR #38 OR #39

(Biomarkers ADJ renal)

(Biomarkers ADJ kidney)

(Biomarkers ADJ renal ADJ transplant$)
(Biomarkers ADJ kidney ADJ transplant$)
(biomarkers ADJ renal)

(biomarkers ADJ AND kidney)

#41 OR #42 OR #43 OR #44 OR #45 OR #46
acute AND “renal disease”

acute AND “kidney disease”

(acute ADJ renal ADJ disease)

(acute ADJ kidney ADJ disease)

(acute ADJ renal ADJ injury)

(acute ADJ kidney ADJ injury)

#48 OR #49 OR #50 OR #51 OR #52 OR #53
#40 OR #47 OR #54

NGAL AND kidney

NGAL AND renal

#56 OR #57

#55 AND #58

#31 AND #59
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3.3.3. Estratégias de busca do OVID (de 2000 até final da reviséo, 2010):

1. sensitivity and specificity/
2. (sensitivity and specificity).tw.
3. specificity/

4.  screening/

5. (false positive).mp.

6. (false negative).mp.

7. OR/1-6

8. (accuracy).mp.

9.  (predictive value).mp.

10. ( predictive value tests).mp.
11. (reference value).mp.

12. (reference values).mp.
13. (reference standards).mp.
14. OR/8-13

15. (Roc).mp.

16. (roc analysis).mp.

17. (roc area).mp.

18. (roc auc).mp.

19. (roc characteristics).mp.
20. (roc curve).mp.

21. (roc curve method).mp.



22

23

24

25

26

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

(roc curves).mp.
(roc estimated).mp.
(roc evaluation).mp.

(likelihood ratio).mp.

. OR/15-25

(#7 OR #14 OR #26)

Nohuman

(animal not human)

(#28 OR #29)

(#27 NOT #30)

Exp Renal transplantation/

(Kidney$ adj transplantat$).tw.
(kidney adj disease).tw.

(kidney adj injury).tw.

(renal adj disease adj transplant$).tw.
(renal adj injury adj transplant$).tw.
(kidney adj disease adj transplant$).tw.
(kidney adj injury adj transplant$).tw.
OR /32-39

(Biomarkers adj renal).tw.
(Biomarkers adj kidney).tw.
(Biomarkers adj renal adj transplant$).tw.

(Biomarkers adj kidney adj transplant$).tw.
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45.

46.

47.

48.

49.

50.

(biomarkers adj renal).tw.
(biomarkers adj kidney).tw.
OR/41-46

(acute adj renal adj disease).tw.
(acute adj kidney adj disease).tw.

(acute adj renal adj disease).tw.

3.3.4. Estratégia de busca na COCHRANE LIBRARY-Cochrane Controlled Trial

(CCTR), National Research Register (NNR), LILACS, BIOSIS, GREY LITERATURE and

Clinical Trials (de 2000 até final da revisdo, 2010).

- Acute Kidney Injury (and/or)

- Kidney Transplantation (and/or)

- NGAL (and/or)

- Biomarker (and/or)

3.3.5 — Método da Revisao

Avaliacdo da Qualidade Metodoldgica e Extracédo dos Dados

Os estudos selecionados serdo identificados de forma independente por dois revisores

(G.R.L. e M.LE). A inclusdo ou exclusdao sera feita usando a tabela QUADAS (7).

Discordancias sobre inclusdo ou exclusdo serdo feitas inicialmente resolvidas através de
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consenso, e quando isto ndo for possivel, elas serdo resolvidas por um revisor (L.R.M.). A
concordancia estatistica entre os revisores sera computada.

Todos os artigos encontrados pelo critério de elegibilidade terdo suas qualidades
metodologicas avaliadas. Essa avaliagdo envolve escrutinar o desenho clinico do estudo e dados
relevantes sobre a populacdo em estudo, teste diagndstico e teste de referéncia (8, 9). Estas
caracteristicas incluem os métodos como os dados foram coletados, como foi realizada a selecéo
dos pacientes, a descri¢do do método laboratorial empregado, e a presenca de viés (10, 11). Os
resultados da avaliacdo da qualidade dos artigos serdo sumarizados através do QUADAS
(Quality assessment of studies of diagnostic accuracy included in systematic reviews (7). Serdo
avaliadas determinadas caracteristicas dos estudo, segundo QUADAS, e as informag6es foram
categorizadas como: presente (+), ausente (-) e duvidosa (?) com as seguintes indagagoes:

1. O espectro de pacientes foi representativo dos pacientes que
receberam o teste diagnostico (NGAL)?

2. O teste de referencia padrdo (creatinina sérica) classifica corretamente
a condicdo de doenca do paciente?

3. O tempo entre a execucdo do teste de referencia padrdo e o teste
diagnostico (NGAL) foi suficiente para que ndo houvesse modificacdo na
condicdes do paciente e na modificacdo dos dois testes?

4. Toda amostra recebe a avaliacdo do teste de referencia padrdo
(creatinina sérica)?

5. Todos pacientes receberam o mesmo teste de referéncia padrdo
(creatinina sérica) independente do resultado do teste diagndstico (NGAL)?

6. Teste de referéncia padrdo (creatinina urinaria) era independe do teste
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diagndstico (NAGL), isto é o teste diagnostico ndo faz parte do teste de referéncia
padrao?

7. Foi o teste diagnostico (NGAL) interpretado sem o conhecimento do
resultado do teste de referéncia padrdo (creatinina sérica)?

8. Foi o teste de referéncia padrdo (creatinina sérica) interpretado sem o
conhecimento dos resultados do teste diagndstico (NGAL)?

9. Estavam os dados clinicos disponiveis quando os resultados dos
testes forem interpretados e podem estar disponiveis quando o teste for usado na
pratica?

10. Os resultados que ndo forem interpretados, ou que forem
inconclusivos, foram reportados?

11. Se houve descricdo das razdes para retirada de participantes do

estudo?

3.3.6 - TIPOS DE DESFECHOS ANALISADOS

. correlagdo entre 0 aumento de NGAL urinéria e sérica com aumento da
creatinina sérica, no pés-transplante imediato (6-48h);

. correlacdo entre o aumento de NGAL urindria e sérica com uma
diminuigdo do volume urinério de 0,5 mL/kg por hora por mais de 6-48h);

. correlacdo entre o aumento de NGAL urindria e sérica com uma

diminuicao do volume urinario de 0,5 mL/kg por hora por mais de 6 horas;
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3.3.7 - Sintese dos Dados e Analise Estatistica

Para avaliar a concordancia entre a eligibilidade e a qualidade metodoldgica assim como
a concordancia entre os resultados do NGAL urinario e a creatinina serica, serdo calculadas as
percentagens de concordancia e o coeficiente «k (8). Em cada estudo sera construida uma tabela 2
x 2 na qual os resultados do NGAL e da creatinina seréo classificadas como valores < 150 >
ng/mL e creatinina sérica < 1,5 > mg/dL, e serdo calculados os indices de valores positivo-
verdadeiros (sensibilidade) e indice falso-positivo (1-especificidade), as razGes de
verossimilhanga positiva ou negativa e a probabilidade pds-teste para cada estudo com seus
respectivos intervalos de confianga (ICs). Quando em alguma tabela 2 x 2 houver o valor de 0,
sera acrescentado o valor de 0,5, que serd também adicionado aos outros valores das demais
caselas.

A associacao entre sensibilidade e especificidade serd calculada pelo teste de Sperman de
correlacdo entre duas variaveis continuas para os trés tipos de resultados:1. negativo: (NGAL >
150ng/mL e creatinina > 1,5 mg/dL); 2. positivo: (NGAL < 150 ng/mL e creatinina < 1,5
mg/dL); 3. Inconclusivo: (NGAL < 150 ng/mL e creatinina > 1,5 mg/dL) (8). Se ndo ocorrer
correlacdo positiva, serdo estimativas a sensibilidade e a especificidade porque se tera dois tipos
de categoria — os resultados com desfecho positivo ou negativo do teste — e ndo existe
variabilidade no limiar do teste diagndstico (12). Razdes de verossimilhanca poderdo ser
estimadas a partir do sumario das estimativas de sensibilidade e especificidade usando-se as
seguintes formulas: para razdo de verossimilhanca positiva, sensibilidade/1-especificidade e para

razdo de verossimilhanca negativa, 1-sensibilidade/1-especificidade (13).

Razdo de verossimilhanca indica que quanto maior o valor dado para a dosagem urinaria
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de

NGAL maior ou menor é a probabilidade do resultado final de o diagndstico ser positivo,
negativo ou inconclusivo para injuria renal aguda no rim transplantado (13).

Em adicdo, sera calculado o somatorio da probabilidade pré-teste (prevaléncia) usando o
numero de verdadeiros positivos de injuria renal aguda mais falso negativo de injuria renal
divididos pelo nimero total de pacientes submetidos transplante renal. A heterogeneidade da
sensibilidade e especificidade sera calculada usando-se o teste estatistico Cochran’s Q onde o
valor do P serd obtido comparando-o com o teste estatistico de distribui¢cdo do qui-quadrado com
N-1 graus de liberdade (12).Caso a sensibilidade e a especificidade forem homogéneas, serdo
usados modelos de efeitos fixos para os calculos do somatério geral, também com intervalo de
confianca de 95% (12-14). A analise estatistica seré realizada com software Meta-Disc® (versao
1.4) (15). Em caso de ocorrer importante heterogeneidade e inconsisténcia dos dados, em
decorréncia de aspectos metodoldgicos, clinicos e estatisticos, realizar-se-4 uma revisdo
sistematica narrativa sem realizar a metanalise estando nossa conduta de acordo com as
orientacdes metodoldgicas do Handbook Cochrane 5 (16) (ANEXO 7) e do Guidance on the
Conduct of Narrative Synthesis in Systematic Reviews (ANEXO 6) (17) e do PRISMA
(ANEXO 8) (18).

A analise de subgrupo seréa feita separando os artigos que avaliarem o NGAL sérico e o
NGAL urinario comparando com a creatinina sérica. E também avaliando as doac¢des de doador
vivo e doador cadaver quanto a perda da funcdo renal e os resultados do NGAL urinario e serico

e a cretinina sérica nestes grupos.

Andlise Sensibilidade
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Para avaliarmos a robustez dos nossos dados iremos realizar analise de sensibilidade
elegendo os artigos de melhor qualidade metodol6gica como aqueles que tiverem pelo menos

oito avaliacOes positivas pelo QUADAS (7).
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Abstract

Introduction The lack of a standard definition for acute kidney
injury has resulted in a large variation in the reported incidence
and associated mortality. RIFLE, a newly developed international
consensus classification for acute kidney injury, defines three
grades of severity - risk (class R), injury (class 1) and failurs
(class F) = but has not yst been evaluated in a clinical series.

Methods We performed a retrospective cohort study, in seven
intensive care units in a single tertiary care academic center, on
5,383 patients admitted during a one year pariod (1 July 2000~
30 June 2001).

Results Acute kidney injury occurred in 67% of intensive care
unit admissions, with maximum RIFLE class R, class | and class
Fin 129, 27% and 28%, respectively. OFf the 1,510 patients
(289%) that reached a level of risk, 840 (56%) progressed.
Patients with maximum RIFLE class R, class | and class F had
hospital mortality rates of 8.896, 11.4% and 26.3%, respectivaly,

compared with 5.5% for patients without acute kidney injury.
Additionally, acute kidney injury (hazard rmatie, 1.7, 95%
confidence interval, 1.28-2.13; P<0.001) and maximum RIFLE
class | (hazard ratio, 1.4; 95% confidence interval, 1.02-1.88; P
= 0.037) and class F (hazard ratio, 2.7; 95% confidence
interval, 2.03-3.55; P < 0.001) were associated with hospital
mortality after adjusting for multiple covariates.

Conclusion In this general intensive care unit population, acute
kidney 'risk, injury, failure', as defined by the newly developed
RIFLE classification, is associated with increased hospital
mortality and resource use. Patients with RIFLE class R are
indeed at high risk of progression to class | or class F. Patients
with RIFLE class | or class F incur a significantly increased
length of stay and an increased risk of inhospital mortality
compared with those who do not progress past class R or those
who never develop acute kidney injury, even after adjusting for
baseline severity of iliness, case mix, race, gender and age.

Introduction

Acute kidney injury is well recognized for its impact on the out-
come of patients admitted to the intensive care unit (ICU). Ill-
ness severty scores such as the Acute Physioclogy and
Chronic Health Evaluation version Il (APACHE IIl) scoring sys-
tem [1] and the Sequential Organ Failure Assessment score
(SOFA) [2] both weight kidney dysfunction heavily (20% and
16.6% of the total scores for acute physiology). Yet thera is no
consensus on the amount of dysfunction that defines acute

kidney injury, with more than 30 definitions in use in the litera-
ture today [3]. The variety of definitions used in clinical studies
may be partly responsible for the large varations in the
reported incidence (1-31%) [4-6] and the associated mortal-
ity (19-83%) [3,6-9] of acute kidney injury. Indeed, the lack of
a uniform definition for acute kidney injury is believed to be a
major impediment to research in the field [10]. Acute kidney
injury is generally defined as 'an abrupt and sustained
decrease in kidney function'. Until recently there has not bean

APACHE lll = Acute Physiclogy and Chronic Health Evaluation, version lll; class F = failure, according to the RIFLE classification; class | =injury,
according to the RIFLE classification; class R =risk. according to the RIFLE classification; Cry,nqr, = serum creatinine based upon the MDRD equa-
tion; ICU = intensive care unit; MORD = Modification of Diet in Renal Disease; RIFLE = Risk, Injury, Failure, Loss, and End-stage Kidney, SOFA =
Sequential Organ Failure Assessment score; SOFA, ..., = SOFA score without points for renal insufficiency.
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a consensus on how best to assess kidney function; namely,
what markers best reflect kidney function, and what values of
those markers discriminate normal from abnormal kidney
function,

To establish a uniform defintion for acute kidney injury, the
Acute Dialysis Quality Initiative formulated the Risk, Injury, Fail-
ure, Loss, and End-stage Kidney (RIFLE) classification [11].
RIFLE defines three grades of increasing severity of acute kid-
ney injury — risk (class R}, injury (class |} and failure (class F) =
and two outcome classes (loss and end-stage kidney disease)
(see Table 1). A unique feature of the RIFLE classification is
that it provides three grades of severity for acute kidney injury
based on changes in either serum creatinine or urine output
from the baseline condition. This allows classification of
patients with acute kidney injury into one of the three RIFLE
severity classes (Table 1).

RIFLE represents a new classification system issued from a
process of formal evidence appraisal and expert opinion
[11,12). Three studies were recently published that used the
RIFLE classification to evaluate the occurrence rate and/or
outcome of acute kidney injury in two relatively small cohorts
(207 ICU patients treated with renal replacement therapy and
183 ICU patients with acute kidney injury) and one larger
cohort (813 patients after cardiac surgery) [13-15]. The clini-
cal characteristics and predictive ability of this classification
have not, however, been clinically validated in a large general
ICU population. The aims of this study were therefore to char-
acterize acute kidney injury defined by the maximum RIFLE
classification, to examine the progression between stages of
the classification, and to relate this classification to the length
of stay and mertality in a large cohort of critically ill patiants.

Patients and methods

Study population

We constructed a retrospective cohort of all adult hospitaliza-
tions during a 12 month period (1 July 2000-30 June 2001)
at the Univarsity of Pittsburgh Medical Center that were admit-
ted to one of its seven ICUs during their hospital stay. We
excluded patients receiving chronic hemodialysis (n = 146)
from the study cohort, and we only considered the first admis-
sion for patients who were readmitted to the ICU during the
study period (n = 327). The University of Pittsburgh Medical
Center is a tertiary care academic medical center with seven
ICUs and more than 120 ICU beds serving medical, surgical,
naurological, trauma and solid organ transplant patients.

Data collection

The study was approved by the Institutional Review Board of
the University of Pittsburgh Medical Center. Data from differ-
ant sources were merged by a non-investigator data manager
(such as, an honest broker) and were stripped of all identifying
information to preserve patient anonymity and to comply with
local and federal regulations. Demographic data were
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retrieved from the electronic hospital database, laboratory
data were retrieved from the laboratory database, and patient
data were retrisved from the electronic hospital records. After
merging data from the different sources, we performed auto-
mated and manual data verification. The patient data included
demographic, administrative, physiclogic, laboratory and hos-
pital outcome information. Ethnicity, reported as white, black
or other, was reported by the admitting nurse, and was used
to calculate the glomerular filtration rate assessed by the Mod-
ffication of Diet in Renal Disease (MDRD) equation [186]. High-
density (every two hours) physiclogic data were only available
while patients wera in the ICU, while other data sources cov-
ered the entire hospitalization. Urine output was recorded at
least once evary two hours, and serum creatinine was meas-
ured at least once daily.

RIFLE criteria

We classified patients according to the maximum RIFLE class
(class R, class | or class F) reached during their hospital stay.
The RIFLE class was determined based on the worst of either
glomerular filtration rate criteria or urine output criteria. We
used the change in serum creatinine level and urine output to
classify patients according to the RIFLE criteria.

Patients who met any of the criteria of the RIFLE classification
were classified as acute kidney injury patients. For patients
without chronic kidney insufficiency as reported in the medical
history, we calculated a serum creatinine level using the
MDRD equation [16] (Cr,prp) as recommended by the Acute
Dialysis Quality Initiative, by solving the MDRD equation for
serum creatinine assuming a glomerular filtration rate of 75 ml/
minute/1.73 m?, We then used the lowest creatinine value
among the hospital admission creatinine, the ICU admission
creatinine or the Cryynp creatinine as the baseline value.
Approximately one-half of patients were classified using the
Crypep as a baseline. None of these values differed by very
much, however (mean difference between creatinine on
admission and Cr, o, =0; interquartile range -0.3 to 0.8), and
our results are not qualitatively different regardless of which
bassline is used. For patients with a history of kidney insuffi-
ciency (but not on chronic dialysis) we used their hospital
admission creatinine as their bassline. We did not evaluate the
outcome classes of RIFLE (loss and end-stage kidney disease
criteria) in this study.

Severity of iliness

The APACHE Il [1] and the SOFA [2] scores were calculated
based on the worst variables recorded during the first 24
hours of ICU admission. The nonrenal total SOFA score was
calculated from the total SOFA score minus the points for kid-
ney insufficiency. In addition, we calculated the SOFA score
and the nonrenal SOFA score on basis of the worst variables
recorded during the 24 hours preceding the maximum RIFLE
class.
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Table 1
Risk, Injury, Failure, Loss, and End-stage Kidney (RIFLE) classification

Class Glomerular filtration rate criteria Urine output criteria

Risk Serum creatinine x 1.5 < 0.5 mlfkgrhour x & hours

Injury Serum creatinine x 2 < 0.5 mlfkg/hour x 12 hours

Failure Serum creatinine x 3, or serum creatinine = 4 mg/dl < 0.3 ml/kg/heour x 24 hours, or anuria x 12 hours

with an acute nge > 0.5 mg/dl
Loss Parsistent acute renal failure = complete loss of kidney function > 4 weeks
End-stage kidney disease End-stage kidney disease > 3 months

For conversion of creatinine expressed in conventional units to Sl units, multiply by 88. 4. RIFLE dass is determined based on the worst of either

glomerular filtration criteria or urine output criteria. Glomerular filtration criteria are cal

Serum cf above the

las
baseline serum creatinine level. Acute kidney injury should be both abrupt {within 1-7 days) and sustained (more than 24 hours). When the
baseline serum creatinine is not known and patients are without a history of chmnlc kidney |ns|.|fﬁmancy itis recommend to calculate a baseline

serum creatinine using the Medification of Diet in Renal Disease

of kidney function, assuming a glomerular filtration rate

of 75 ml/min/1.73 m2. When the baseline serum creatinine is elevated, an abtupt rise of at least 0.5 mg/di to more than 4 mg/d| is all that is

required to achieve class Failure.

Statistical analysis

The central tendency for continuous data is expressed as the
mean * standard deviation or the median (interquartile range).
We tested continuous variables for normality by distribution
plots. We compared means using the Student's ¢ test when
normally distributed, and the Mann-Whitney U test when not.
Comparisons across multiple groups were performed using
the Ftest, with Benferroni correction for multiple comparisons
[17]. When data were not normally distributed, we used the
Kruskal-Wallis H analysis of variance test; significant changes
over the observation period were tested with the Mann-Whit-
ney U test,

Woe performed univariate and multivariable logistic regression
to assess the impact of different baseline characteristics
found to be significantly different over the four groups, on the
occurrence of acute kidney injury and on maximum RIFLE
class F. In the multivariable model, all covariates were entered
simultaneously (enter method). We analyzed for collinearity by
assessing correlation between covariates, For continuous var-
iables we analyzed the relationship between the cutcome and
the variable with locally weighted scatterplot smoothing in
order to assess whether categorization was necassary. Finally,
the goodness of fit of the model was tested by means of the
Hosmer-Lemeshow statistic.

Woe analyzed hospital survival across groups using the chi-
square and the Kaplan-Meier methods, and we tested differ-
ences between groups using the log-rank test. Patients alive
at hospital discharge were censored. We performed a Cox
proportional hazards regression analysis to examine whether
the maximum RIFLE class and the incidence of acute kidney
injury (defined as patients who fulfiled one of the RIFLE
classes) were associated with mortality.

To comect for differences in patient characteristics, we
included simultaneously age, gender, race, the main reason for
ICU admission, the medical or surgical admission category,

and the nonrenal SOFA score on ICU admission or at the max-
imum RIFLE class in the model (enter method). The nonrenal
SOFA score was chosen as a covariate to control for multicol-
linearity betweean the RIFLE classification and scoring systems
that include points for kidney insufficiency such as the
APACHE Ill and SOFA scores. Interactions between the ‘'main
reason for admission' and the maximum RIFLE class were
explored, and were found not to be significant.

We tested whether it was appropriate to treat continuous var-
iables as continuous by a residuals plot. We tested the
assumption of proportionality of hazards by plotting hazard
rates against time for the four different categories, as well as
by the numerical method proposed by Lin and colleagues [18]
derived from cumulative sums of martingale residuals. We
found no evidence of viclating the proportional hazards
assumption. Finally, we tested the qualitative goodness of fit of
the model with residual plots. A double-sided P value less than
0.05 was considered significant. Analysis was performed with
the statistical software package SPSS 11.0.1 (SPSS Inc,,
Chicage, IL, USA).

Results

Characteristics of patients with acute kidney injury

A total of 5,383 patients was evaluated. The baseline charac-
teristics of the patient cohort are presented according to the
maximum RIFLE class in Table 2. The four groups differed in
age, race, pre-existing chronic kidney insufficiency, admission
type, severity of illness on admission and at the time of maxi-
mum RIFLE class, APACHE Il score, SOFA score and the
nonrenal SOFA score, and the proportion of patients already
admitted inhospital to another non-1ICU ward.

Results of the regression analyses examining the impact of the
different baseline characteristics on the appearance of acute
kidney injury and maximum RIFLE class F are presented in
Table 3. Increasing age, greater severity of illness (APACHE
lll, SOFA and nonrenal SOFA scores), pre-existing chronic
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Table 2
Baseline characteristics of patients classified ding to the maximum Risk, Injury, Failure, Loss, and End-stage Kidney (RIFLE)
class
No acute kidney Risk Injury Failure
Inpury
n 1,766 (32.8%) B70 (12.49%) 1,436 (26.7%) 1,511 (28.19%)
Sex (male) 98B (55.9%) 372 (55.5%) 841 (58.6%) 570 (57.0%)
Age (years)* 56,6 (18.2) 63.4 (17.0) 626 (16.6) 62.1 (16.4)
Race (n=15101}"
White 1,421 (89.5%) 587 (91.3%) 1,237 (80.7%) 1,255 (87.99%)
Elack 146 (8.8%) 45 (7.0%) 111 (8.19%) 156 (10.99)
Other 29 (1.79%) 11 {1.7%) 16 (1.2%) 17 {1.2%)
Chronic kidney insufficiency® 17 (1.0%) 4 (0.8%) 17 {1.2%) 121 (8.0%)
Admission type” (n = 5,375)
Medical 778 (44.2%) 277 (41.4%) 566 (39.4%) 545 (36.1%)
Surgical 984 (55.8%) 392 (58.6%) 870 (60.6%) 963 (63.9%)
Reason for admission according to organ
system® {n = 5,375)
Cardiovascular disease 446 (25.3%) 236 (35.3%) 446 (31.1%) 513 (34.0%)
Naurological disease 311 (17.79%) 109 (16.3%) 314 (21.9%) 327 (21.7%)
Pulmonary disease/infection 226 (12.8%) 101 {15.1%) 232 (16.2%) 291 (19.3%)
Trauma 317 (18.0%}) 85 (12.7%) 203 (14.1%) 163 {10.8%)
Malignancy 117 (6.6%) 34 (5.19%) 38 (2.6%) 35 (2.3%)
Gastrointestinal disease 67 (3.8%) 22 (3.3%) 32 (2.2%) 28 (1.7%)
Other 278 (15.8%) 82 (12.3%) 171 (11.9%) 153 (10.1%)
APACHE lll score*® {n = 3,400) 36 (26-47) 46 (35-57) 46 (36-58) 56 (41-73}
SOFA scora” 5.1(33) 6.3 (4.0) 6.8 (4.1) 7.8 (4.5)
SOFA,ona SCOTE" 4.5(3.1) 5.3 (3.5 5.6 (3.5) 59 (3.9)
SOFA RIFLE,,,, score” (n = 4,984) 3.7 (3.2) 53 (3.8) 5.9 (3.8) 8.7 (4.3)
SOFA,.enu RIFLE, , score® (n = 4,994) 3.2(28) 4.5 (3.5) 5.0 (3.4) 5.0(3.7)
Inhospital before ICU admission™ 527 (20.8%) 243 (36.3%) 476 (33.1%) 592 (39.29%)
Pre-ICU LOS" (days) 1{1-4) 2 (1-4} 2 (1-5) 2 (1-8)}
Time to RIFLE, " (days) 2(1-3) 2 (1-4) 2(1-7)
RIFLE class on glomerular filtration rate criteria® 463 (62.1%) 929 (64.79%) 1,110 (73.5%)

Continuous variables are presented as the mean (standard deviation) when ncn‘na]liI distributed or as the median (interquartile interval) when not

normally distributed. Categernical variables are presented as percentages. No acute
criteria; APACHE Ill, Acute Physiclogy and Chronic Health Evaluation, version lll; SOFA

dney injury is those patients without any occurrence of RIFLE

nonnonan Sequential Organ Failure Assessment score

without points for mna] |n.ufﬁc16rlcy SOFA RIFLE,,, Sequentlal Organ Failure Assessment score at the time of maximum RIFLE class; pta -ICU
1 TP

ts who were in hospital before int care unit ad

LOS, length of hospital stay before int care unit {only for p

0.001, ™F=0.035.

kidney insufficiency and a preceding admission to a non-ICU
ward in the hospital were associated with increased risk for
oceurence of acute kidnay injury and maximum RIFLE class F.
In addition, black patients had increased risk for development
of maximum RIFLE class F. Medical admissions were less likely
to result in acute kidney injury or RIFLE class F compared with
surgical admissions.
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Progression of acute kidney injury to maximum RIFLE
class

The progression of acute kidney injury during the ICU stay to
the maximum RIFLE class is shown in Figure 1. On the first day
of ICU admission, 1,182 patients (21.9%) already had acute
kidney injury, defined by the RIFLE cnteria. During the entire
ICU stay, 3,617 patients (67.2%) had an episode of acute kid-
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Table 3
Impact of b li h teristics on the of acute kidney injury {multivariate logistic regression analysis)
Characlanstc Covanates associaled with ocourrence of acule kidney C 1 with o ol RIFLE
injury class tailure
Odds mtio (95% confidonce miaval) P Odds rabio (95% conhdonce ntorvall P
Aqga (per year older} 1.02 (1.02-1.03) <0001 1.01 {1.00-1.01) 0.001
Race (reforance white) 0.130 2.001
Black 1.20 (0.96-1.50) o111 1.50(1.21-1.86) < 0.001
Othar 0.73 (0.44-1.23} 0.237 0.78 {0.41-1.38) 0397
Chronic kidnay insufficiancy 4,19 (2.48-7.10} <0.001 8,86 (6.01-13.05) <0.001
Madical admussion {referance surgical) 0,79 {0,69-0.90) <001 0.76 {0.66-0.87) < 0,001
Raason for admission acoording to organ <0.001 <000
systam { i cular di }
Trauma 0.64 (0.53-0.749) < 0.001 0.64 {(052-0.80) < 0.001
Newrological disease 0.03 (0.78-1.13) o.a81 1.02{0.85-1.2) 0.830
Pulmonary disease and infection 1.08 (0.88-1.32} 0.461 1.16{0.06-1.40} 0120
Gastrontestnal disease 0.51 (0.35-0.73) <0001 0.51 {0.32-0.66) 0,004
Malignancy 0,36 (0,27-0.49) <0001 0.45 (0.31-0.86) <0001
Olhar 0.57 (0.47-0.70) <0.001 0.60 {0.48-0.74) < 0.001
SOF A, goganu (P00 point greater) 119 (116121} <0001 1,08 {1.06-1,10) <0.001
In hospital befora ICU admission 1.18 (1.03-1.38) 0.015 1.19{1.04-1.36) 0.012

SOFA,

e Sequential Organ Failure Assessment score without points for kidney insufficiency; ICU, intensive care unit. The odds ratios were

caloulated with logistic regression analysis. The goodness of fit of the multivariable regression model was tested by the Hosmer-Lemeshow
statistic; P = 0.080 for the model with acute kidnagri.zjuq as the endpeint, and P = 0.019 for the model with maximum Risk, Injury, Failure, Loss,
nt

and End-stage Kidney (RIFLE} class failure as the endpoint.

ney injury defined by RIFLE criteria. One-half of the patients
reached the maximum RIFLE class within 2 days after ICU
admission (Table 2).

More than 50% of the patients with RIFLE class R progressed
to RIFLE class | or class F, and more than one-third of the
patients with RIFLE class | progressed to class F. The time to
progress to class | was 1 (0.5-3.6) days and the time to
progress to class F was 4 (1.4-9.5) days. Patients who pro-
gressed to a higher RIFLE class during the ICU stay were
older compared to patients whose renal function did not dete-
riorate, (62.4 + 16.6 years versus 58.5 + 18.0 years, P <
0.001) and were already more severely ill on admission, as
illustrated by the greater APACHE Il score (47 (36-62) ver-
sus 41 (29-56), P < 0.001) and the greater nonrenal SOFA
score (5.7 (3.6) versus 4.8 (3.4), P<0.001),

Mortality, length of stay and renal replacement therapy

Less than 1% of patients with maximum RIFLE class | and
14.2% of patients with maximum RIFLE class F received renal
replacement therapy {Table 4). Increasing severity of acute
Kidney injury was associated with an increasing length of ICU
stay and hospital stay, and higher mortality (Table 5 and Figura
2), Patients with maximum RIFLE class R, class | and class F
had hospital mortality rates of B.8%, 11.4% and 26.3%,
respectively, compared with 5.5% for patients without acute

kidney injury. Patients with maximum RIFLE class F based on
glomerular filtration rate criteria had a somewhat higher inhos-
pital mortality compared with patients who had a maximum
RIFLE class F on urine output criteria (27.9% versus 21.9%, P
= 0.020). The unadjusted hazard ratios (95% confidence
interval) for hospital mortality for acute kidney injury and RIFLE
class R, class | and class F were, respectively, 2.1 (1.67-2.57,
P<0.001),1.3(091-193, P=0.142), 1.9 (1.45-2.48, P<
0.001) and 3.4 (2.64-4.29, P<0.001). After adjustment for
covariates, acute kidney injury was still associated with an
almost twofold increased hazard for hospital mortality (Table 5,
panel A). Maximum RIFLE class | and class F were both asso-
ciated with mortality in the covariate-adjusted Cox regression
model (Table 5, panel B). These results were unchanged when
the nonrenal SOFA at the time of maximum RIFLE class was
substituted for the nonrenal SOFA at ICU admission.

Discussion

We found that acute kidney injury, defined by the RIFLE clas-
sification, had a high incidence (67.2%) and was associated
with an increased risk for hospital mortality compared with
those who never developed acute kidney injury. The incidence
of almost 70% may appear at odds with the existing literature
[5]. Even when limiting cases to those with RIFLE class F
(28%) we found a higher rate for ICU patients than typically
reported. Fourteen percent of class F patients received renal
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Figure 1
Total Col
5383
cu v
Admission No AKI Risk Failure
4201 (78.0%) 434 (8.1%) 365 (6.8%)
| |
| |
*
Risk
Ever Risk
1076 (20.0%) 1510 (28%)
Injury
1141 (21.2%)

/I‘alals: Maximum Risk 670 (12%); Maximum Injury 1436 27 %); Maximum Failure 1511 (28%)/

Fow chart of tha clinical course of patients until the maximum RIFLE class. Data expressed as patient numbers who were identified at each level, and
the percentage of the total number of patients. Patients who appear to skip a grade (class risk or class injury} do so because they did not remain at
a transition state for at least 24 hours. 'Ever Risk' and 'Ever Failure’ refers to the number of patients who could be identified at this stage. AKl, acute
kidney injury; ICU, intensive care unit; RIFLE, Risk, Injury, Failure, Loss, and End-stage Kidney Dissase.

replacement therapy, however, leading to a rate of 4-5%
among ICU patients, consistent with previous reports [9,18].
Indeed, our study highlights the potential for under-reporting
when renal replacement therapy is used to 'defing’ acute kid-
ney injury. Importantly, even milder degrees of kidney dysfunc-
tion, RIFLE class R or class |, were still associatad with excess
mortality compared with patients who maintained normal func-
tion. RIFLE provided a well-balanced classification system for
determination of patients with different severity of acute kidney
injury, at least as far as risk of mortalty or nead for renal
replacement therapy is concernad,

Mot surprisingly, the occurrence of acute kidney injury and
maximum RIFLE class F were associated with increased base-
line severity of illness and older age (Tables 2 and 3). Patients
devaloping acute kidney injury were slightly older and had
higher APACHE Ill and SOFA scores, even when kidnay dys-
function was not counted, However, the saverity within acute
kidney injury was not so affected by these factors. Patients
progressing to RIFLE class | and class F were no older and
their nonrenal S0OFA scores no greater than patients remain-
ing in RIFLE class R. Although, Herget-Resenthal and col-
leagues have also described the progression of acute kidnay
injury in a salectad cohort of 85 ICU patients [20], this is to our
knowledge the first time that the progression of acute kidnay
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injury has been examined in a large dataset of general ICU
patients.

RIFLE class R would appear to be aptly named. More than
one-half of the patients of class R progressed to more severs
RIFLE classes, yet those that did not were not at increased risk
of hespital morality, Future studies could targst this popula-
tion for prevention. RIFLE class | may also have been fortui-
tously named, for this is the stage at which risk for hospital
mortality increases even after controlling for covariates, It was
commenly held until fairly recently that patisnts die 'with, and
not of, acute renal failure’. Medication (for example, erythropoi-
etin and diuratics) and ranal replacement therapy wers
thought to replace’ the loss of kidney function. It has already
been demonstrated in critically ill patients that severe acute
renal failure, defined as the need for renal replacement therapy
or oliguria, is indepsndently associated with mortality
[4,5,19,21]. In addition, in a cardictheracic surgery population
and in a cohort of hospitalized patients, both with a lower
bassline mortality compared with genaral ICU patients, small
changes in serum creatinine were associated with a worse
outcome [22,23]. In the present study we confirm the associ-
ation of acute kidney injury with increased hospital mortality in
a general ICU population. This is a remarkable finding consid-
ering how commeoen this condition appears to be — 55% of all
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Qut for all patients and for patients classified according to the maximum Risk, Injury, Failure, Loss, and End-stage Kidney

(RIFLE) class

Mo acute kidney injury  Risk (n = 670)

Injury (n=1,438) Failure {n = 1511) Allinjury (n = 5,383)

(n =1,768)
Renal replacement 1 (0.19%) 0 (0%) 4 (0.3%) 214 (14.2%) 219 (4.19)
therapy*
Hospital LOS after 5(3-10) 5 (3=-10) 7 (4=-14) 11 (5-23) 7 (3=14)
reaching maximum
RIFLE class (days)"
ICU LOS (days)* 3{2-4) 3 (2-8) 5({3-10) 2 (4-21) 4 (2-8)
Hospital LOS (days)* 6 (4-10) a(5-14) 10 (8-19) 16 {9-31) 9 (5-19)
Hospital mortality™ 97 (5.5%) 52 (8.8%) 163 (11.4%) 398 (26.3%) 717 (13.3%)

Continuous variables presented as the median (interquartile interval) and categorical variables presented as the percentage, LOS, IFe{?m of stay;

ICU, intensive care unit, *P=0.001 between the four subgroups no acute kidney injury, RIFLE class risk, RIFLE class injury and RI

failure.

patients had RIFLE class | or class F. Furthermore, there was
increasing mortalty risk over RIFLE classes, despite the fact
that these ICU patients had similar comerbidity, as reflected by
the nonrenal SOFA score.

The finding that moderate degrees of kidney dysfunction pose
a significant risk of death is particularly notable given that we
know very little of why this should be. Acute kidney injury may
simply be colinear with unmeasured elements of comorbidity,
or it may be causally related to the increased mortality. Future
studies should consider exploring whether alternative man-
agement of patients with mild degrees of kidney dysfunction
could change the outcome. If the problem is actually the kid-
ney, then possible mechanisms underlying the excess mortal-
ity associated with acute kidney injury are likely to be found in
the pathophysiologic changes resulting from kidney insuffi-
ciency and adverse effects of renal replacement therapy
[24,25]. Salt and water retention resulting in volume overload,
hyperkalemia and acid-base derangements [26], perhaps
leading to decreased blood pressure, cardiac output, hepatic
and renal blood flow [27], to insulin resistance and protein
breakdown, and even to alterations in innate immunity [28], all
may contribute to the excess mortality in this group of patients.
Furtharmore, patients with acute kidney injury have a high inci-
dence of infectious complications [29-31] and frequently
develop anemia. Finally, acute kidney injury itself can lead to a
non-infectious, proinflammatory response with activation of
leukocytes, secretion of proinflammatory cytokines and recruit-
ment of neutrophils and macrophages with resultant lung
injury, as has been demonstrated in animal models of
ischemia-reperfusion-induced acute renal failure [32,33]. All
these changes may occur prior to, or even in, patients never
receiving renal replacement therapy. These same mecha-
nisms, however, may explain why patients who are treated with
a lower dose of renal replacement therapy have a worse sur-
vival [34-36].

class

Our study has certain limitations. First, we did not attempt to
compare RIFLE with other classification systems; nor did we
compare urine output and creatinine criteria, but rather used
the criteria as proposed by the Acute Dialysis Quality Initiative
workgroup, as the worst classification by each criterion. It is
possible that urine output and creatinine criteria provide com-
plementary information, which is lost when these criteria are
combined.

The Acute Dialysis Quality Initiative recommendad the use of
a baseline serum creatinine, yet a true bassline is often
unknown for patients admitted to the ICU. Several possible
baseline values existed for our patients (hospital admission,
ICU admission, or a calculated baseline from the MDRD equa-
tion). Our use of the lowest of these values for any given
patient may have lead to a higher estimate of change and
therefore a higher estimate of the incidence of acute kidney
injury. Although the MDRD equation was developed and vali-
dated on a large number of patients, conflicting results have
been published regarding the validation of this equation in dif-
farent patient populations. We acknowledge that this equation
is only a substitute for the actual glomerular filtration rate, but
validation of this equation or developing an alternative for the
MDRD-derived baseline creatinine was beyond the scope of
this study.

We also acknowledge that some members of our research
group have contributed to the consensus process by which
RIFLE was developed and by which MDRD recommendations
ware made. In addition, patient follow-up in our study was lim-
itad to hospital discharge information.

Some patients may have died shortly after hospital discharge.
As shown in Figure 2, the curves continue to separate, partic-
ularly for those in the class F group. Longer follow-up would
also be required to examine the RIFLE endpoints 'loss' and
'end-stage disease’. Early renal replacement therapy may the-
oretically influence the criteria, and patients that would have
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Table 5

Association of Risk, Injury, Failure, Loss, and End-stage Kidney (RIFLE) criteria with mortality

Hazard ratio (95% confidence interval) P
Panel A: association of AKI, defined by meeting any RIFLE
criteria, with mortality
AKI (reference no AKI) 1.7 (1.28-2.18) < 0.001
SOFA, yuna BC0re (per point} 1.1 {1.10-1.18} <0.001
Age (per 10 years) 1.1(1.07-1.18) <0.001
Sex (femala) 0.9 (0.78-1.07) 0,252
Race (reference white) 0528
Black 1.1 (0.88-1.45) 0324
Other 0.8 (0.41-1,68) 0.608
Medical admission (reference surgical admission) 2.9 (2.44-3.40) < 0.001
Main reason for admission (ref e cardio lar di ) < 0.001
Trauma 0.2 (0.66-1.09) 0,198
Neurological disease 1.3 (1.03-1.52) 0.028
Pulmonary disease, infection 0.8 (0.65-1.03} 0.087
Gastrointestinal disease 0.5 (0.21-1.25} 0.140
Malignancy 0.2 (0.04-0.63) 0.008
Other 0.4 (0.22-0.62) < 0.001
Panel B: association of maximum RIFLE class with mortality
RIFLE,.,, (reference no AKI) < 0,001
Risk 1.0 (0.68-1.58) 0.896
Injury 1.4 (1.02-1.88) 0,037
Failure 2.7 (2.03-3.55) < 0.001
SOFA, ...y SCOTE (per point) 1.1 (1.10-1.14) < 0.001
Age (per 10 years) 1.1 (1.08-1.20) <0.001
Sex (female) 0.9 (0.76-1.08) 0190
Race (reference white) 0873
Black 1.1 {0.87-1.45) 0.389
Other 0.2 (0.44-1.87} 0.844
Meadical admission (refer gical admission) 2.7 (2.27-3.21) <0.001
Main reason for admission (ref @ cardi lar di ) < 0.001
Trauma 0.2 (0.62-1.18) 0.463
Neurological disease 1.3 (1.06-1.60) 0.011
Pulmonary disease, infaction 0.8 (0.66-1.07) 0.154
Gastrointestinal disease 06 (0.24-1.41) 0.230
Malignancy 0.2 (0.04-0.59) 0013
Orther 0.3 (0.20-0.60 <0.001

i 4

C te-adj Cox p ional hazard r
RIFLE,,.,, maximum RIFLE class; SOFA ... ...
from the first 24 hours of admission.

Page 8 of 10
{page number not for etation purposes)

i an:gsis. AKI, acute kidney injury, patients meeting at least one of the RIFLE criteria;
%equeniia] rgan Failure Assessment score without points for kidney failure, determined on data
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Cumulative survival

0,0

0 20 40 60

Length of hospital stay after RIFLEmax (d)

Kaplan-Meaier curves for survival (inhospital) by maximum RIFLE class.

Patiants discharged alive wera d. Log-rank statistic, P < 0.001.
AKI, acute kidnay injury; RIFLE,,, maximum Risk, Injury, Failurs, Loss,

and End-stage Kidney Disease (RIFLE) class during the intensive care
unit stay (days).

reached class F could be classified in our study as class R or
class |. Only four class | patients were treated with renal
replacement therapy, however, and reclassification of these
patients to class F does not influence our results.

Although our study is relatively large and included seven ICUs,
it was conducted at a single medical center whose case mix
and referral patterns may not be representative of other cent-
ers. The case mix of this study cohort could have hindered the
detection of specific conditions that influence the develop-
ment of acute kidney injury. Finally, our retrospective study
design, using existing medical records, limited our ability to
look outside the ICU and to collect information on potential
machanisms of injury. Our design also prohibited the use of
more sophisticated measures of kidney function. Indeed, our
assessment of time to progression of acute kidney injury may
have been artificially lengthened due to daily measurement of
creatinine — some patients appeared to skip class R orclass |
because of this limitation.

Conclusion

In this general ICU population, acute kidney 'nisk, injury, failure’
as defined by the newly developed RIFLE classification is
associated with increased hospital mortality and resource use.
Patients with RIFLE class R are indeed at high risk of progres-
sion to class | or class F. Patients with RIFLE class | or class F
incur a significantly increased length of stay and an increased

com/content/10/3/R73

online http://ccf

risk of inhospital mortality compared with those who do not
progress past class R or those who never develop acute kid-
ney injury, even after adjusting for baseline seventy of illness,
case mix, race, gender and age.

Key messages

* The RIFLE classification is a very sensitive definition of
acute kidney injury: acute kidney injury defined by the
RIFLE classification occurred in two thirds of general
ICU patients.

* RIFLE classes injury and failure are independently asso-
ciated with increased risk for in-hospital dead.

+  Patients who meet the very sensitive RIFLE "risk" crite-
ria, are at significant risk for progression to injury or fail-
ure, and therefore in-hospital dead.

Competing interests
The authors declare that they have no competing interasts.

Authors' contributions

EAJH designed the study, analyzed the raw data set, per-
formed the statistical analysis and contributed to writing of the
paper. GC set up the raw data set, helped to design the study
and contributed to writing of the paper. AK helped analyze the
raw data set and helped in the design of the study. RV and
DCA helped to design the study and contributed to writing the
paper. DOB helped with the statistical analysis. JAK designed
the study, analyzed the data and contributed to writing the
paper. All authors read, edited and ultimately approved the
final manuseript.

Acknowledgements
Paﬂ of this work has bsan presented in abstract form at the 24th Inter-
|5 ium on | ive Care and E Medicine, Brus-

gency

sels, Belgium, 2004. This study was conducted without external
financial support.

References

1. Knaus WA, Wagner DP, Draper EA, Zmmearman JE, Bargner M,
Bastes PG, Siric CA, Murphy DJ Lotring T, Damiano A, et al.: The
APACHE Il it Risk prediction of hospital
mortality for crltlc.all;r i hospltallzed adults Chest 1991,
100:1619-1636.

2. Vincent J-L, Moreno R, Takala J, Willatts S, de Mendonga A, Bruin-
ing H, Reinhart CK, Suter PeterM, Thijs LG: The SOFA (Sepsis-
related Organ Failure A score to describe organ
dysfunction/failure. On behalf of the ka]ng Grnup on Sep-
sis-Related Probl of the E of |
Care Medicine. Infensive Care Med 1896, 22: 707-710.

3. Kellum JA, Levin N, Bouman C, Lameire N: Developing a consen-
sus classification system for acute renal failure. Curr Opin Crit
Care 2002, 8:509-514.

4. Chetow GM, Levy EM, Hammemaeister KM, Grover F, Daley J:

tassc 1 acute renal failure and mor-
tal{ty following cardiac surgery. Am J AMed 1998, 104:343-348.

5. de Mendonca A, Vincent JL, Suter PM, Moreno R, Dearden NM,
Antonelli M, Takala J, Sprung C, Cantraine F: Acute renal failure
In the ICU: risk factors and outcome evaluated by the SOFA
score. Infensive Care Med 2000, 26:915-921.

Page 8 of 10

(page number not for citation purposes)

103



Critical Care Vol 10 Ne 3  Hoste et al.

10.

20.

1.

22.

23.

24,
25,
26,

27.

Vivino G, Antonelli M, Mora M, Cottini F, Conti G, Bufi M, Cannata
F, Gasparetto A: Risk factors for acute renal failure in trauma
patients. Intensive Care Med 1998, 24:808-814,

Mash K. Hafeez A, Hou S: Hospital-acquired renal insufficiency.
Am 1 Kidney Dis 2002, 39:930-936,

Mora Mangano C, Diamondstone LS, Ramsay JG, Aggarwal A,
Herskowitz A, Mangano DT, for the Multicenter Study of Perioper-
ative lschemia Research Group: Renal dysfunction after myocar-
dial revascularization:; risk factors, adverse outcomes, and
hospital resource utilization. Ann Intern Aed 18998,
128:194-203,

Guerin C, Girard R, Selli JM, Perdrix JP, Ayzac L: Initial versus
delayed acute renal failure in the mlﬁnsm} care unit. A multi-
center prospectiv i I | study. Rhone-Alpes Area
Study Group on Acute Renal Failure. Am [ Respir Crit Gare
Med 2000, 161:872-879.

Bellomo R. Kellum J. Ronco C: Acute renal failure: time for
consensus. [nlensive Care Med 2001, 27:1685-1688,

Bellomo R, Ronco G, Kellum JA, Mehta RL, Palevsky P, the ADCI
workgroup: Acute renal failure - definition, outcome measures,
animal models, ﬂuid Iherapy and lnformaﬂon leehnology
needs: the d 1 C Conference of the
Acute Dip?lvsls Quality Initiative (ADQI) Group. Crit Care 2004,
BR204

Kellum JA: The Acute Dialysis Quality Initiative: methodology.
Adv Ren Replace Ther 2002, 9:245-247,

Bell M, Liligstam E, Granath F, Fryckatedt] Ekbom A, Marﬂlng CR
Optimal follow-up time after renal

therapy in actual renal failure patients siratified with the RIFLE
criteria. Nephiol Dial Transplant 2008, 20:354-360.

. Abosaif NY, Tolba YA, Heap M, Russell J, Bl Nahas AM: The out-

come of acute renal failure in the intensive care unit according
to RIFLE: model application, sensitivity, and predictability. Am
J Kidney Dis 2006, 46:1038-1048,

Kuitunen A, Vento A, Sucjaranta-Ylinen R Pettila V: Acute renal
failure after cardiac surgery: evaluation of the RIFLE
classification. Ann Thorac Swg 2006 B1 542 546

K/DOal clinical i kidney dis-
ease: evaluation, dssstﬁcsnon and sualihmhan Am | Kidnay
Dis 2002, 39:51-266,

Bland JM, Altman DG: Multiple wgruﬁcanca tests: the Bonfer-
roni method. Sidf 1995, 310:17

Lin DY, Wei LJ, Ying Z: Checklng Ihe Cox model with cumula-
tive sums of Martingale-based residuals. Biomefrika 1293,
B0:557-672,

. Metritz PG, Krenn GG, Steltzer H, Lang T, Ploder J, Lenz K. Le Gall

JR. Druml W: Effect of acute renal failure requiring renal
replacement therapy on outcome in critically ill patients. Crnr
Care Med 2002, 30:2051-2058.

Herget-Rosenthal S, Marggraf G, Husing J, Goring F, Pietruck F,
Janssen O, Philipp T, Kribben A: Early detection of acute renal
failure by serum cystatin C. Kidney Int 2004, 66:1115-1122.
Hoste EA, Lameire NH, Vanholder RC, Benoit DD, Decruyenaere
IM, Colardyn FA: Acute renal failure i in patients with sepsisina
surgical ICU: prediclive factors, i bidity, and
oulcome. J Am Soc Nephrof 2003, 14:1022-1030.
Lassnigg A, Schmidlin D, Mouhieddine M, Bach
W, Bauer P, Hiesmayr M: Minimal ch of serum
predict prognosis in patients after cardiothoracic surgery: a
prospective cohort study. J Am Soc Nephrol 2004,
15:1597-1605.

Chertow GM, Burdick E, Honour M, Bonventre JV, Bates DW:
Acute kidney injury, mortality, length of slay, and costs in hos-
pitalized patients. f Am Soc Nepfirol 20085, 16:3365-3370.
Klahr S, Miller SB: Acute oliguria. N Engl J Aed 1998,
338:871-675.

Hoste EA, Kellum JA: ARF in the critically ill: impact on morbidity
and mortality. Contrib Nephrof 2004, 144:1-11.

Rocktaeschel J, Morimatsu H, Uchino S, Goldsmith D, Poustie S,
Story D, Gutteridge G, Bellomo R: Acid-base status of critically
ill patients with acute renal failure: analysis based on Stewart-
Figge methodology. Crit Care 2003, T:RE0-RE6.

Gunnerson KJ, Song M, Kellum JA: Influence of acid-base bal-
ance in patients with sepsis. In Yearbook of Intensive Care and
Emergency Medicine 2004 Edited by: Vincent JL, Berlin: Springer-
Verlag; 2004:58-87.

i LM, Druml

Page 10 of 10
{page number not for citation purposes)

28.

29.

30.
a.

32,

33.

24.

38,
36.

Kellum JA, Song M, L| J: Lactic and h]rdlochlorlc acids |nduca

different in LPS-sti

RAW 264.7 cells. J"ln: J Physiof chu.f Integr Comp Physiol 2004,

286:R686-RE92,

Hoste EA, Elot Sl Lameire NH, Vanholder RC, De Bacquer D

Colardyn FA: Effect of

the outcome of critically ill patients with acute renal lazlure

treated with renal replacement therapy. J Am Soc Mephrof

2004, 15:454-462,

Woodrow G, Turney JH: Cause of death in acute renal failure.

Nephrof Dial fianspc'an! 1992, 7.230-234.

Thakal C\" Yared JP, Wolley S Cotman K, Paganini EP: Renal

and after open-heart surgery.

Kidney Int 2003, 64:232-246.

Kramer AA, Postler G, Salhab KF, Mendez G, Garey LC, Rabb H:

Renal ischemia/reperfusion leads to macrophage-mediated

increase in pulmonary vascular permeability. Kidney /nf 1999,

55:2362-2367.

Donnahoo KK, Shames BD, Harken AH, Meldrum DR: Review

article: the role of tumor necrosis factor in renal ischemia-

reperfusion injury. J Urof 1999, 162:196-203.

Renco C, Bellome R, Homel P, Brendolan A, Dan M, Ficeinni F, La

Greca G: Effect of different doses in continuous veno-venous
filtration on out: of acute renal failure: a prospec-

tive randomised trial. Lancet 2000, 356:26-20.

Sehiffl H, Lang SM, Fischer R: Daily hemodialysis and the out-

come of acute renal failure. N Engl J Med 2002, 346:305-310.

Phu NH, Hien TT, Mai NT, Chau TT, Chuong LV, Loc PP, Winearls

G, Farrar ), White N, Day N: Hemofiltration and peritoneal dial-

ysis in infection-associated acute renal failure in Vietnam.

Engl | Med 2002, 347:895-902.

104



ANEXO 3: AKIN

105



Avallable online http://ccf leontent/11/2/R31

Research

Acute Kidney Injury Network: report of an initiative to improve

outcomes in acute kidney injury
Ravindra L Mehta', John A Kellum?, Sudhir V Shah?, Bruce A Molitoris4, Claudio RoncoS,
David G Warnock®, Adeera Levin? and the Acute Kidney Injury Network

! Department of Medicine, University of California San Diego Medical Center 8342, 200 W. Arbor Drive, San Diego, CA 92103, USA
“Department of Critical Care Medicine, University of Pittsburgh, 35650 Terrace Street, 608 Scaife Hall, Fittsburgh, PA 15261, USA
“Division of Nephrology, UAMS College of Medicine, 4301 West Markham, Slot 501, Litfle Rock. AR 72205, USA
‘Department of Medicine, Indiana University, Indianapolis, IN, USA

“Department of Nephrology Dialysis & Transplantation, San Bortolo Hospital, Vicenza, ftaly

“Department of Medicine, University of Alabama, 1900 University Blvd, Birmingham, AL, USA

"Department of Medicine, University of British Columbia, St Pauls Hospital, 1180 Burrard St, Vancouver BC, VBZ1Y8, Canada

Gorresponding author: Ravindra L Mehta, rmehta@ucsd.edu
Received: 8 Dec 2006 Revisions requested: 28 Dec 2006 Revisions received: @ Feb 2007 Accepted: 1 Mar 2007 Published: 1 Mar 2007

Critical Care 2007, 11:R31 (doi:10.1186/cc5713)

This article is online at: http://ccforum.com/content/11/2/R31

© 2007 Mehta ef al,; licensee BioMed Central Ltd,

This is an open access article distributed under the terms of the Greative Commons Attribution License (hitp.//creativecommons orgllicenses/by/2.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original werk is properly cited.

Acute Kidney Injury Network participants: Arvind Bagga, Aysin Bakkaloglu, Joseph V Bonventre, Emmanuel A Burdmann, Yipu Chen, Prasad Devar-
gjan, Vince D'intini, Geoff Dobb, Charles G Durbin Jr, Kai-Uwe Eckardt, Claude Guerin, Stefan Herget-Rosenthal, Eric Hoste, Michael Joannidis, John
A Kellum, Ashok Kirpalani, Andrea Lassnigg, Jean-Roger Le Gall, Adeera Levin, Raul Lombardi, William Macias, Constantine Manthous, Ravindra L
Mehta, Bruce A Molitoris, Claudio Ronco, Miet Schetz, Frederique Schortgen, Sudhir V Shah, Patrick SK Tan, Haiyan Wang, David G Warnock and
Steve Webb.

Abstract

Intreduction Acuts kidney injury (AKI) is a complex disorder for
which currently there is no accepted definition. Having a uniform
standard for diagnosing and classifying AK| would enhance our
ability to manage these patients, Future clinical and translational
research in AKl will require collaborative networks of
investigators drawn from varicus disciplines, dissemination of
information via multidisciplinary  joint confersnces and
publications, and improved translation of knowledge from pre-
clinical research. We describe an initiative to develop uniform
standards for defining and classifying AKI and to establish a
forum for multidisciplinary interaction to improve care for
patients with or at nsk for AKI,

Methods Members representing key socisties in critical care
and nephrology along with additional experts in adult and
pediatric  AKl participated in a twe day conference in
Amsterdam, The Netherlands, in September 2005 and were
assigned to one of three workgroups. Each group's discussions
formed the basis for draft recommendations that ware later
refined and improved during discussion with the larger group.
Dissenting opinions were also noted. The final draft

recommendations were circulated to all participants and
subsequently agreed upon as the consensus recommendations
for this report. Participating societies endorsed the
recommendations and agread to help disseminate the results.

Results The term AKl is proposed to represent the entire
spectrum of acute renal failure. Diagnostic criteria for AKl are
proposed based on acute alterations in serum creatinine or urine
output. A staging system for AKl which reflects quantitative
changes in serum creatinine and wurine output has been
developad.

Conclusion We describe the formation of a multidisciplinary
collaborative network focused on AKL We have proposed
uniform standards for diagnosing and classifying AKI which will
need to be validated in future studies. The Acute Kidney Injury
Network offers a mechanism for proceeding with efforts to
improve patient cutcomes.

ADQI = Acute Dialysis Quality Initiative; AKI = acute kidney injury; AKIN = Acute Kidney Injury Network; ARF = acute renal failure; ASN = American
Society of Nephrology; CKD = chronic kidney disease; GFR = glomerular filtration rate; ISN = International Society of Nephrology: NKF = National
Kidney Foundation; RIFLE = Risk, Injury, Failure, Loss, and End-stage kidney disease; RRT = renal replacement therapy.
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Introduction

Acute renal failure (ARF) is a complex disorder that occurs in
a variety of settings with clinical manifestations ranging from a
minimal elevation in serum creatinine to anuric renal failure, It
is often under-recognized and is associated with severe con-
sequences [1-4]. Recent epidemiclogical studies demon-
strate the wide variation in etiologies and risk factors [1,5-7],
describe the increased mortality associated with this disease
(particularly when dialysis is required) [1,4,6,8,9], and suggest
a relationship to the subsequent development of chronic kid-
ney disease (CKD) and progression to dialysis dependency
[1.4.8,10-12]. Emerging evidence suggests that even minor
changes in serum creatinine are associated with increased in-
patient mortality [13-20]. ARF has been the focus of exensive
clinical and basic research efforts over the last decades. The
lack of a universally recognized definition of ARF has posed a
significant limitation. Despite the significant progress made in
understanding the bioclogy and mechanism of ARF in animal
models, translation of this knowledge into improved manage-
ment and cutcomes for patients has been limited.

During the last five years, several groups have recognized
these limitations and have worked to identify the knowledge
gaps and define the necessary steps to comect these deficien-
cies, These efforts have included consensus conferences and
publications from the Acute Dialysis Quality Initiative (ADQI)
group [19,21-25], the American Society of Nephrology (ASN)
ARF Advisory group [26], the International Society of Nephrol-
ogy (ISN), and the National Kidney Foundation (NKF) and
KDIGO (Kidney Disease: Improving Global Outcomes)
groups [27]. Additionally, the critical care societies have devel-
oped formal interscciety collaborations such as the Interna-
tional Consensus Conferences in Critical Care [28].
Recognizing that future clinical and translational research in
ARF will require multidisciplinary collaborative networks, the
ADQI group and representatives from three nephrology socie-
ties (ASN, ISN, and NKF) and the European Society of Inten-
sive Care Medicine met in Vicenza, ltaly, in September 2004,
They proposed the term acute kidney injury (AKI) to reflect the
entire spactrum of ARF, recognizing that an acute decline in
kidney function is often secondary to an injury that causes
functional or structural changes in the kidneys. The group
established the Acute Kidney Injury Network (AKIN) as an
independent collaborative network comprised of experts
selected by the participating societies to represent both their
area of expertise and their sponsoring organization. AKIN is
intended to facilitate international, interdisciplinary, and inter-
societal collaborations to ensure progress in the field of AKI
and obtain the best outcomes for patients with or at risk for
AKI.

This report describes an interim definition and staging system
for AKl and a plan for further activities of the collaborative net-
work which were developed at the first AKIN conference held
in Amsterdam, The Netherlands, in September 2005.

Page 2of 8
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Materials and methods

Representatives of the major critical care and nephrology soci-
eties and associations and invited content experts were
assigned to workgroups to consider three topics: (a) the
developmant of uniform standards for definition and classifica-
tion of AKI, (b) joint conferance topics, and (c) the interdisci-
plinary collaborative research network. Each workgroup had
an assigned chair and co-chair to facilitate the discussion and
develop summary recommendations of the workgroup. The
draft recommendations were then refined and improved during
discussion with the larger group. Key points and issues were
noted and then discussed a second time if no resolution was
reached initially. When a majority view was not evident or
when the area was felt to be of extreme importance, votes
were tallied. Dissenting opinions were also noted. The final
recommendations were circulated to all participants and sub-
sequently agreed upon as the consensus recommendations
for this report. After an iterative process of revisions, the final
manuscript was presented to each of the respective societies
for endorsement. Societies were asked to facilitate dissamina-
tion of the findings to their membership through presentations
in society conferences and publication of summary reports in
society journals, Web sites, and other forms of
communication.

Results

1. Proposal for uniform standards for definition and
classification of AKI

Definition and diagnostic criteria of AKI

For any condition, the clinician needs to know whether the dis-
ease is present and, if so, where and when the patient falls in
the natural history of the disease. The former facilitates recog-
nition whereas the latter defines time points for intervention.
Unfortunately, there has been no uniformly accepted definition
of AKl. Studies describe ARF or AK| based on serum creati-
nine changes, absolute levels of serum creatinine, changes in
bleod urea nitrogen or urine output, or the need for dialysis
[1,11,20,29-36]. The wide variation in definitions has made it
difficult to compare information across studies and popula-
tions [37].

Diagnostic criteria

Recognition of AKl requires the delineation of easily measured
criteria that can be widely applied. Serum creatinine levels and
changes in urine output are the most commeonly applied meas-
ures of renal function; however, they are each influenced by
factors other than the glomerular filtration rate (GFR) and do
not provide any information about the nature or site of kidney
injury. The proposed diagnostic criteria (Table 1) were based
on consideration of the following concepts:

1. The definition needs to be broad enough to accommoedate
variations in clinical presentation over age groups, locations,
and clinical situations.
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Diagnostic criteria for acute kidney injury

An abrupt {within 48 hours) reduction in kidney function currently defined as an absolute increase in serum creatinine of more than or equal to 0.3

mg/dl (z 26.4 umol/l), a percentage increase in serum creatinine of more than or

ual to 50% (1.5-fold from baseline), or a reduction in urine

output {documented oliguria of lass than 0.5 mi/kg per hour for more than six hours).

The above criteria include both an absolute and a

1o Ao

tage change in

related to age, gender, and body

mass index and to reduce the need for a baseline creatinine but do require at least two creatinine valuas within 48 hours, The urine output criterion

was included based on the predictive im)
intensive care unit settings. It is assum

ance of this measure but with the awareness that urine cutputs may not be measured routinely in non-
that the diagnosis based on the urine ou

t criterion alone will require exclusion of urinary tract

obstructions that reduce urine output or of other easily reversible causes of reduced urine output. The above criteria should be used in the context

of the clinical presentation and following adequate fluid resuscitation when

licable, Note: Many acute kidney diseases exist, and some (but not

all} of them ma&result in acute kidney injury (AKI). Because diagnostic criteria are not documented, some cases of AKI may not be diagnosed.

Furthermore, A

2. Sensitive and specific markers for kidney injury are not cur-
rantly available in clinical practice. Several groups are working
on developing and validating biomarkers of kidney injury and
GFR which may be used in the future for diagnosis and
prognosis.

3. There is accumulating evidence that small increments in
serum creatinine are associated, in a variety of sattings, with
adverse ocutcomes [13-20] that are manifest in short-term mor-
bidity and mortality and in longer-term outcomes, including 1-
year mortality [15-17]. Current clinical practice does not focus
much attention on small increments in serum creatinine, which
are often attributed to lab variations. However, the coefficient
of variation of serum creatinine with modern analyzers is rela-
tively small and therefore increments of 0.3 mg/dl (25 pmol/l)
are unlikely to be due to assay variation [38]. Changes in vol-
ume status can influence serum creatinine levels [39).
Because the amount of fluid resuscitation depends on the
underlying clinical situation [40], the group agreed that appli-
cation of the diagnostic criteria would be used only after an
optimal state of hydration had been achieved.

4. A time constraint of 48 hours for diagnosis was selected
based on the evidence that adverse outcomes with small
changes in creatinine were observed when the creatinine ele-
vation occurred within 24 to 48 hours [15,16] and to ensure
that the process was acute and representative of events within
a clinically relevant time peried. In the two aferementioned
studies, there was no distinction of underlying CKD or de novo
AKIL. However, in the study by Chertow and colleagues [13],
the odds ratio for mortality with a change in creatinine of 0.3
mg/dl (25 umol/l) was 4.1 (confidence interval 3.1 to 5.5)
adjusting for CKD. There is no requirement to wait 48 hours to
diagnose AKI or initiate appropriate measures to treat AKL
Instead, the time period is designed to eliminate situations in
which the increase in serum creatinine by 0.3 is very slow and
thus is not 'acute.’

5. It was recognized that AKl is often superimposed on pre-
aexisting CKD. Further validation will be required to detarmine
whether the criterion of a creatinine elevation of 0.3 mg/dl (25
wumol/l) is applicable to these patients (that is, whether a cre-
atinine increase of more than 0.3 mg/dl from an elevated base-

| may be superimposed on or lead to chronic kidney disease.

line represents AKI and has the same risks as a creatinine
increase from a normal baseline).

6. The need for including urine output as a diagnostic criterion
is based on the knowledge of critically ill patients in whom this
parameter often heralds renal dysfunction before serum creat-
ining increases.

A minority of group members, both intensivists and nephrolo-
gists, felt that a urine output reduction of less than 0.5 mi/kg
per hour over the span of six hours was not specific enough to
lead confidently to the designation of AKL It was recognized
that the hydration state, use of diuretics, and presence of
obstruction could influence the urine volume, hence the need
to consider the clinical context. Additionally, accurate meas-
urements of urine output may not be easily available in all
cases, particularly in patients in non-intensive care unit set-
tings. Despite these limitations, it was felt that the use of
changes in urine offers a sensitive and easily discemible
means of identifying patients, but its value as an independent
criterion for diagnosis of AKl will need to be validated.

The propesed diagnostic criteria for AKl are designed to facil-
itate acquisition of new knowledge and validate the emerging
concept that small alterations in kidney function may contrib-
ute to adverse outcomes. The goal of adopting these explicit
diagnostic criteria is to increase the clinical awareness and
diagnosis of AK|. It is recognized that there may be anincrease
in false-positives, so that some patients labeled with AKI will
not have the condition. There was consensus that adopting
the more inclusive criteria is preferable to the current situation,
in which the condition is under-recognized and many pecple
are identified late in the course of their iliness and potentially
miss the opportunity for pravention or application of strategies
to minimize further kidney damage.

Staging/classification

The goal of a staging system is to classify the course of a dis-
ease in a reproducible manner that supports accurate identifi-
cation and prognostication and informs diagnostic or
tharapeutic interventions. The group recognized that a number
of systems for staging and classifying AKI are currently in use
or have been proposed [41]. The RIFLE (Risk, Injury, Failure,
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Table 2

Classification/stagi i

for acute kidney injury?

Stage Serum creatinine criteria

Urine output criteria

1 Increase in serum creatinine of more than or equal to 0.3 mg/dl (= 26.4 pmol/) or

Less than 0.5 ml'kg per hour for more than & hours

increase to more than or equal to 150% to 200% (1.5- to 2-fold) from baseline

26 Increase in serum creatinine to more than 200% to 300% (> 2- to 3-fold) from

baseline

Less than 0.5 mi/kg per hour for more than 12
hours

3 Increase in serum creatinine to more than 300% (> 3-fold) from baseline (or serum  Less than 0.2 mi/kg per hour for 24 hours or anuria
creatinine of more than or equal to 4.0 mg/dl [= 354 umol/l] with an acute increase  for 12 hours

of at least 0.5 mg/dl [44 pumol/])

Madified from RIFLE (Risk, Injury, Failure, Loss, and End-stage kidney disease) criteria [26]. The staging system proposed is a highly sensitive

ge in serum creatinine influences outcome. Only one criterion

interim staging system and is based on recent data indicating that a small ch:

(ereatinine or urine output) has to be fulfilled to qualify for a stage. 2009 to 300% increase = 2- to 3-fold increase. “Given wida variation in
indications and timing of initiation of renal replacement lhsrﬂ RRT), individuals who receive RRT are considered to have met the criteria for
R

stage 3 irrespective of the stage they are in at the time of A

Loss, and End-stage kidney disease) criteria [25] proposed by
the ADQI group were developed by an interdisciplinary, inter-
national consensus process and are now being validated by
different groups worldwide [36,37]. However, according to
data that have emerged since then, smaller changes in serum
creatinine than those considered in the RIFLE criteria might be
associated with adverse outcomes [13-18]. Additionally, given
the consensus definition for AKI (Table 1), RIFLE criteria have
bean modified so that patients meeting the definition for AKI
could be staged (Table 2). The proposed staging system
retains the emphasis on changes in serum creatinine and urine
output but includes the following principles:

Table 3

1. Although diagnosis of AKl is based on changes over the
course of 48 hours, staging occurs over a slightly longer time
frame. One week was proposed by the ADQI group in the orig-
inal RIFLE criteria [25].

2. There was a conscious decision not to include the therapy
for AKI (that is, renal replacement therapy [RRT]} as a distinct

stage because this constitutes an outcome of AKI.

3. The new staging system maps to the RIFLE stages as
follows:

3a. RIFLE 'Risk’ category should have the same criteria as for

Potential topics identified for future consensus conferences

Subject Topics

1. Epidemiclogy of AKI

What is a ‘nomenclature’ that is based on simple, universally available data and that can identify
all patients globally with AK| imespective of location and age?

What are the data to help determine eticlogy once AK is identified?
What are the correlates of AKl in regard to pathology/physislogy?

Isthere a

method for

ing severity of AKl separate from multiple organ failura?

What is the relationship between degree of severity and outcomes?

2. Outcomes from AKI

Frevention
Treatment

Nen-dialytic
Dialysis

3., Strategies to change outcomes

Timing of intiation

What are the clinically meaningful cutcomes that are important in clinical studies of AKI?

Modality selection (CRRT, IHD, FD)
Intansity of therapy (dosa)

C ion of renal repl

t therapy

4. Dataneeded to advance knowledge in AKI Datasets collected at contact with health care system
Intensive care unit admission
Biclogical sample repositorias

& Process outcomes

Measures of effectiveness of current p for changing behavior/attitude of caregivers and

ultimately patient outcomes from AKI,

AK|, acuts kidnay injury; CRRT, continuous renal replacemant therapy; IHD, intermittent hamaodialysis; PD, paritonaal dialysis.
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Avallable online http://ccf leontent/11/2/R31

B dati fo b liahi

for

a collaborative network for acute Kidney injury (AKI) research

Component

Principles and approach

1. Identify the key roles of the participating groups  a. The collaborative effort should be inclusive and open to all interested societies/

organizations.

b. icipation in the collaborative organization will require commitment of time, expertise,
and/or resources as appropriate to the specific initiative and in accordance with the means
of the organization/group.

. An organizational structure will be required to coordinate the activiies.

d. Work products from the collaborative effort will require a mechanism for recognizing the
contributions of each group.

2. Scope of collaborations

a. |dentify topics in AKI areas of mutual interest and of wide application.

b. Develop consensus statements for best practice where there is limited or no evidence
and where, due to accepted practices, it will be difficult to get evidence.

¢, Davelop tocls to standardize the managament of AKI.

d. Develop evidence through clinical research where feasible.

e. Develop practice recommendations/guidelines.

f. Implement guidelines.

3. Define infrastructure needs

a. ldentify key components needed (for example, database, protocols for Web-based
information transfer).

b. Establish the requirements for sharing information with regulatory agencies.

<, Define training needs for developing researchers and the resources that are required and
define what hurdles will need to be overcome.

d. hlema_ﬁ?nal ¢01|$:[{iﬂion \gvi'll require identification of peer-reviewed, public, and

support,
y of current collaborative efforts and establish rel hips with

e Develop an i

these existing networks.

4. Identify common unifying principles that would
form the basis of ongoing collaboration units.

a. Establish protocols for consistent data entry that allows benchmarking of participating

b. dentify questions that interest the majonty of the participants.
¢. Initiate @ short-term collaborative project to validate proposed AKI definition as an initial

project.

the diagnosis of stage 1 AKI.

3b. Those who are classified as having 'Injury’ and 'Failure’ cat-
agories map to stages 2 and 3 of AKI.

3c. The 'Loss’ and 'End-stage kidney disease’ categoeries were
removed from the staging system and remain outcomes.

3d. Given the variability inherent in commencing RRT and due
to variability in resources in different populations and coun-
tries, patients receiving RRT are to be included in stage 3
(analogous to stage 5 CKD, GFR of less than 15, or dialysis).

2. Future joint conference topics and key collaborative
research questions

There is a need to ensure that collaborative and integrated
joint conferences are planned to facilitate the dissemination of
knowledge, clarify clinical practice, and enhance research,
Many organizations are currently in the process of planning
meetings on ARF/AKI These meeting take various forms:
knowledge exchange/scientific mestings, consensus contro-
versies, and research initiatives. The group described five key
topics that should be addressed by any of the professional
communities involved in the care of patients with AKI. The par-
ticular venue and the process and products of these confer-
ences were not discussed in detail. An overview of the topics
and issues that would be well served by a multidisciplinary

consansus orf controversies conference is presented in Table
3. These topics reflect important areas in which there is a need
for ongoing research to develop evidence. A key step for
future conferences will be to determine which research ques-
tions are most important and pressing to advance the fisld and
improve outcomes from AK.

3. Need for an international collaborative network

AKl is a global problem with varying etiologies and manifesta-
tions, but the outcomes are similar [1-4,6]. Given the wide glo-
bal variation in the natural history and management of AK, it is
essential that mechanisms for sharing information and for col-
laboration among centers be developed. It was felt that the
establishment of an international collaborative research effort
for AKI would contribute to international research and educa-
tion about AKI. The group proposed four major topics that
would need to be addressed by this initiative (Table 4).

Conclusion

AKl is a complex disorder for which there is no currently
accepted uniform definition. Having a standard for diagnosing
and classifying AKI would enhance our ability to improve the
management of these patients. We have described the forma-
tion of a multidisciplinary collaborative network focused on AKI
and have proposed uniform standards for diagnesing and clas-
sifying AKI. The proposed standards will need to be validated
in future studies. These standards build upon existing knowl-
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Tables
Acute Kidney Injury Network ting participants and kgroup
Mame Representabon Joant = Y« Intatim s T | locty.
research network diagnosis, classification, and staging
beol Schalz Acute Dealysss Cuality Inibative X
Sudhir V Shah ASN * {oo-chair)
Bruce A Malitoris ASN X
Aysin Bakkaloghu IPHA X
Arvind Bagga IPNA X
Prazad Davarajan Amencan Society of Pediatnic Nephrologists X
Raul Lombardi SLANH X
Emmanual A Burdmann SLANH X
Ka-Uwe Eckardt Europaan Dinlysis and Transplant X {co-char)
“uropaan Ranal A
Claudio Ronca Intemational Socety of Mephralogy X
Ravindra L Mahta Ints ional Society of Mephrology X {co-chair)
Mdaarn Lavin MKF X
David G Wamock HNKF X
Ashok Kipalam Indian Society of Mephrology X
Haryan Wang CSN X
Yipu Chan SN X
Vince [¥inting Asuan Pacilic Sociaty of Naphrology X
Michael Joannicks Euwropean Soaety of Intensve Care X
Madicing
Charles G Durbin Jr. Society of Gritical Gare Madicine X {co-chair)
Patrick SK Tan Asin Pactlic Associabon of Cnltical Care X
Madcirg
Constanting Manth A Thomas Socaly X {oo-chanh
Claude Guerin Franch Society X
Frodenque Schortgen French Society X
John A Kellum Amarican College of Chaest Physicians * {co-chair)
Steve Webb ANZICS X
Geofl Dobb ANZICS X
Jean-Roger Le Gall Expent X
Enec Hosta Expart x
Andrea Lassnigg Expart x
William Macias Expert X
ﬁgﬂmﬂmmﬂl Expert X
Joseph V Bonventra Expant X
ANZICS, Australian and New Zealand Intensive Care Society; ASN, American Society of Nephrology; CSN, Chinese Society of Nephrology;
IPMA, International Pediatric Nephrology Association; NKF, National Kidney Foundation; SLANH, Sociedad A demdoga e

Hipertensao.

adge and permit individuals using current staging systems (for
example, RIFLE) to transition to the new system without loss
of comparabilty. These recommendations have been
endorsed by the participating societies, which represent the
majority of the critical care and nephrology socisties world-
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wide and which have been asked to disseminate the results via
presentations at the national and regional society conferences
and through publication of summary reports in society journals
(see Table 5 for society endorsement details). We believe that
these recommendations provide a stepping stone to standard-
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izing the care of patients with AKl and will greatly enhance our
ability to design prospective studies to evaluate potential pre-
vention and treatment strategies. One of the limitations of con-
sensus recommendations is that they are often not adopted.
Woe anticipate that the broad support and commitment
obtained through society involvement will significantly
enhance the ability to disseminate the results to the worldwide
community and to address this limitation. Future clinical and
translational research in AKI will require the development of
collaborative networks of investigators drawn from various dis-
ciplines to facilitate the acquisition of evidence through well-
designed and well-conducted clinical trials, dissemination of
information via multidisciplinary joint conferences and publica-
tions, and improvement of the translation of knowledge from
pre-clinical research. We anticipate that the AKIN will provide
an effective mechanism for faciltating efforts to improve
patient outcomes.

Key messages

* AKl is a complex disorder, and we have proposed uni-
form standards for diagnosing and classifying AKl on
the basis of existing systems (that is, RIFLE}. These pro-
posals will require validation.

+  Our recommendations have been endorsed by partici-
pating societies that represent the majority of critical
care and nephrology societies worldwide.

* These recommendations provide a stepping stone to
standardizing the care of patients with AKI and will
greatly enhance our ability to design prospective stud-
ies to evaluate potential prevention and treatment
strategies.

+  Future clinical and translational research in AKI will
require the development of collaborative networks. The
AKIN was formed to provide an effective mechanism for
facilitating such efforts,
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Table |: Questionnaire for evaluation of QUADAS

http:/fwww. biomedcentral.com/1471-2288/6/9

a) Review details
b} Centent of the tool:
« Did QUADAS cover all important items?
+ Were any QUADAS items omitted, added or modified?
¢) Background document:
+ Was the background document easy to understand?
« Were scoring instructions understandable?
* Should any items have been scored differently?
d) Technical points
*+ How long did it take to complete QUADAS!
+ Was inter-rater reliability assessed?
e) Overall conclusions

* Reviewers were asked to rate coverage, ease of use, clarity of instructions, and validity (whether QUADAS helped to distinguish between

studies of different qualities) on a five point scale
* Would you us QUADAS again?
f) Additional questions
+ How ware the results of quality incorporated into the review!?

+ Was a training session organised to ensure reviewers applied the tool consistently?

+ Reviewer details, including age, experience, professional background

+ Have you previcusly been involved in the quality assessment of studies included in a systematic review?!

g) Final comments

evidence and a Delphi procedure involving a panel of
experts in diagnostic research [1]. Like all quality assess-
ment tools, QUADAS is a measurement, implying that its
characteristics have to be evaluated: does it measure what
it aims to measure, how well does it do this, and are
results reproducible between different observers [2]7 The
objective of this study was to evaluate QUADAS by deter-
mining agreement between reviewers and the consensus
rating and variability among raters, and gathering feed-
back on reviewers' experiences of using QUADAS.

Methods
A t of the consistency and reliability of QUADAS
Three reviewers were asked to use QUADAS to independ-
ently rate the quality of 30 studies as part of a systematic
review on the diagnosis of peripheral arterial disease. One
QUADAS item, the use of an appropriate reference stand-
ard, was not assessed as studies were only included in the
review if they used a specified reference standard.

The three reviewers had different backgrounds and levels
of experience. Reviewer 1 had previously carried out sev-
eral diagnostic systematic reviews and had used QUADAS;
she also had a background in primary diagnostics.
Reviewer 2 was a new reviewer — this was the first review
thatshe had worked on, but she had previously worked in
primary diagnostics. Reviewer 3 was an experienced
reviewer who had worked on a number of systematic
reviews. This combination of reviewers with was chosen
to reflect the spectrum of likely QUADAS users.

Alimited amount of information specific to the diagnosis
of peripheral arterial disease was provided to help with

the scoring of QUADAS, this applied to items 1 (spectrum
composition), 4 (disease progression bias), and 12 (avail-
ability of clinical information). For all other items, the
guidelines on scoring provided in the QUADAS back-
ground document were briefly summarised |3]. Although
reviewers did have access to the background document
they were not specifically requested to read this or use it
when assessing study quality.

Our main interest was in the amount of agreement
between the rating of each reviewer and the consensus rat-
ing, calculated as the proportion of studies for which each
reviewer agreed with the consensus rating. In addition, we
also examined inter-observer variability by calculating the
kappa statistic. Both analyses were carried out for all
QUADAS items combined and for each individual item.
We chose to focus on the proportion of agreements
between reviewers and the final consensus, as kappas can
be misleading in certain circumstances [4].

Piloting QUADAS in ongoing reviews

Reviewers who had used QUADAS in their reviews com-
pleted a short structured questionnaire asking how they
used QUADAS and what their opinions of its usefulness
were. Details of the questionnaire are provided in Table 1.
A narrative synthesis was used to summarise results,

Results
A

nt of the i y and reliability of QUADAS
Table 2 summarises the agreement between reviewers.
Agreement between reviewers 1 and 2 and the final con-
sensus rating was very good at 91 and 90%, and was
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Table 2: Overall agr bety iewers and agr

combined

with

http:/hwew. biomedcentral.com/1471-2288/6/9

for each of the QUADAS items and for all items

QUADAS item

Agreement with ¢

confidence interval)

2

gnosis (%) (95%

R wariability
(1) (95% confidence
interval)

All items
combined

I WWas the spectrum of patients representative of the
patients
whao will receive the test in practice! (spectrum
composition)*

2 Were selection criteria clearly described? (selection
criteria)

3 Js the reference stondard likely to correctly clossify
the targel condiion? (reference fard)*

4 Is the time period between reference standard and
index
test short enough to be reasonably sure that the
target condition
did not change between the two tests? (disease
progression biasy*

5 Did the whele sample or a random selection of the
sample,
receive verification using a reference standard of
diagnosis? (partial verification)

& Did patients receive the same reference standard
regardless
of the index test result? (differential verification)

7 Was the reference standard independent of the
index test {i.e. the index test did not form
part of the reference standard)! (incorporation bias)

8 Was the execution of the index test described
in sufficient detail to permit replication of the test!
{index test execution)

9 Was the execution of the reference standard
described
in sufficient detail to permit its replication?
(reference standard execution)

10 Were the index test results interpreted
without knowledge of the results of the reference
standard!
(test review bias)

I Were the reference standard results interpretad
without
knowledge of the results of the index test!
(reference standard review bias)

12 Were the same clinical data available when test
results were interpreted as would be
available when the test is used in practice? (clinical
review bias)*

13 Were uninterpretable/ intermediate test resufts
reported?
(uninterpretable test results)

4 Were withdrawals from the study explainad?
(withdrawals)

* Iverns for which review specific details were added to QUADAS

91 {88-94)

90 (73-98)

90 (73-98)

87 (69-%6)

87 (69-96)

97 (83-100)

100 {88—100)

97 (83-100)

93 (78-99)

90 (73-98)

93 (78-99)

90 (73-98)

83 (65-94)

90 (73-98)

*The item relating to reference standard was not assessed for this review

90 (86-93)

BT (69-96)

83 (65-94)

90 (73-98)

90 (73-98)

97 (83-100)

100 (88-100)

100 (88-100)

93 (78-99)

87 (69-986)

93 (78-99)

93 (78-99)

70 (50-85)

83 (65-94)

85 (81-89)

83 (65-94)

73 (54-88)

83 (65-94)

93 (78-99)

97 (83100}

93 (78-99)

87 (69-96)

93 (78-99)

97 (83-100)

93 (78-59)

50 (31-69)

B7 (69-96)

80 (61-92)

0.66 (0.63 to 0.67)

0.73 (0.60 1o 0.76)

055 (033 to 0.61)

0.68 (0.63 to 0.86)

027(-006 1o 0.39)

031 {-0.01 to 0.46)

-0.02 (-0.03 to -0.01)

0.60 (033 10 0.73)

0.81 (0.60 to 0.87)

055 (-0.04 to 0.75)

0.68 (0.46 o 0.76)

0.18 (-0.13 to 0.36)

032 (0.18 to 0.44)

038 (0330 051)
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slightly lower (85%) for reviewer 3. Overall reviewer vari-
ability was good |5] with a kappa of 0.65.

Agreement between reviewers and the final consensus rat-
ing was over 8§0% for all but four items: selection criteria,
availability of clinical information, uninterpretable test
results and withdrawals. The poor agreement for the avail-
ability of clinical information was related to reviewer 3
who had a very poor level of agreement (50%) with the
final consensus rating; the other reviewers showed over
90% agreement with the final consensus. This suggests
that reviewer 3 was interpreting this item differently to the
other reviewers. The other three items, selection criteria,
uninterpretable results and withdrawals, showed moder-
ate agreement between each reviewer and the consensus
rating suggesting that there may be difficulties in applying
these itemns.

Piloting QUADAS in ongoing reviews

Twenty reviewers used QUADAS in their reviews and pro-
vided feedback via the structured questionnaire (Table 3).
Fifteen reviewers came from the UK, two from Australia,
two from the Netherlands, and one from Switzerland. Of
those from the UK, seven were employees of the Centre
for Reviews and Dissemination (CRD), which is where
some of the researchers who developed QUADAS were
based. The topics covered by the reviews included the
diagnosis of: tuberculosis, urinary tract infection in chil-
dren, haematuria, Dengue fever, prostate cancer, shoulder
pain, epilepsy seizure focus, angina and myocardial inf-
arction, infected diabetic foot ulcers, bacterial infections,
lumbar fusion, multiple sclerosis, and osteoporosis. Diag-
nostic tests under evaluation included laboratory tests,
imaging and physical examination. The number of studies
included in the reviews ranged from 1 to 208 (median
28).

Content of tool

The feedback from 20 reviewers on the content of the tool
was generally positive: eighteen reviewers thought that
QUADAS covered all important items, seventeen did not
omit any items, sixteen did not add any items, and nine-
teen did not modify any itemns.

Two reviewers thought that QUADAS did not cover all
important items, one felt that it did not adequately cover
population characteristics (description of spectrum, age,
setting, prevalence), that questions regarding therapy, the
positivity threshold of test results, and swmdy design
should have been included as separate items. These com-
ments were mainly related to the desire o have informa-
tion on these items so that they could be explored in
subgroup analysis. The other reviewer thought that the
tool should cover whether data could be extracted into a
2 » 2 table.

http:/fwww. biomedcentral.com/1471-2288/6/9

Three reviewers omitted items from QUADAS. One stated,
“on occasions there were no withdrawals”. One reviewer
omitted items on: reference standard, disease progression
bias, partial verification bias, differential verification bias
and incorporation bias as these were not applicable to the
topic area because there was no reference standard (the
review was on prostate biopsies). The other reviewer omit-
ted the item relating to disease progression bias as this did
not apply to studies included in their review. Another
reviewer stated that they did not omit any items but that
as most of the studies included in their review were diag-
nostic case control studies, items on the availability of
clinical information and withdrawals were difficult to
answer, and in most cases the issue of follow-up was not
relevant.

Four reviewers added items to QUADAS: one added clini-
cally relevant items specific to their review, one added
"Do you have plans to characterise data which are unsuit-
able for primary analysis?", one added "Was the raw data
available?" and one added a number of items relating to
the availability of 2 = 2 data, confidence intervals, a
description of the index and reference tests and a descrip-
tion of the test threshold.

One reviewer modified the items on uninterpretable
results and withdrawals to add a "not appropriate"
response, She stated that if there were no uninterpretable
test results it was unclear how to rate this item.

Background document

All but one reviewer found the background document
easy to understand, two did not understand the scoring
guidelines, and one reviewer thought that the items con-
cerning differential and partial verification bias should
have been scored differently. One reviewer found the item
on disease progression bias difficult to understand. How-
ever, this difficulty appeared to be related to how to score
this item specifically for their review rather than a prob-
lem with the instructions provided in the background
document. Two reviewers stated that they added topic
specific information to the background document to help
determine exactly how to score items for their review.

Despite efforts to keep the wording of QUADAS simple to
increase international applicability, two non-native Eng-
lish speakers had some difficulty in understanding the
QUADAS background document. They found the item on
the availability of clinical information difficult to under-
stand and did not know what was meant by uninterpreta-
ble or indeterminate data or results, and felt that the
background document did not clarify this. In future revi-
sions, clarity of phrasing will be a key consideration.
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The reviewer who thought items should have been scored
differenty felt that the items relating o verification bias
should have been formulated differently and suggested
"was verification bias avoided? (i.e. did the whole sample
or a random selection of the sample receive verification
using a reference standard)".

Technical points

The time taken to complete QUADAS ranged from less
than 10 minutes to over an hour. Five reviewers reported
that it took them <10 minutes, five that it ook 10-15
minutes, seven that it wok 15 to 30 minutes, two that it
took 30 to 60 minutes and one that it took more than an
hour. Some of the reviewers included the time to read the
whole paper and carry out data extraction and completing
QUADAS in this time, whereas others only included the
time taken to complete QUIADAS. None of the reviewers
assessed inter-rater reliability.

QOverall conclusions

Reviewers' ratings of QUADAS for coverage, ease of use,
clarity of instructions and validity were generally good,
especially for coverage, which was rated as good or very
good by all reviewers, and ease of use, which was rated as
at least average by all reviewers. One reviewer rated the
clarity of instructions and the validity of QUADAS as
being poor; she had earlier stated that she did not under-
stand the instructions for scoring QUADAS. She also felt
the studies in her review were of fairly poor quality but
still fulfilled at least half the QUADAS items. All reviewers
stated that they would use QUADAS again, although one
stated that she may not use all 14 items next time and
another stated that this was because there is currently no
better tool available.

Additional comments

A major theme in reviewers' additional commenits related
to the poor quality of reporting of primary studies and the
fact that this often limits the quality assessment. Another
theme was that it is important to have an understanding
of the clinical context while scoring some of the items.
One reviewer suggested that it might be helpful to group
the questionnaire using subheadings such as "general”,
"reference standard®, and "index test". Another comment
was that initial training on how to use the tool would be
helpful.

Discussion

Principal findings

This evaluation has shown good agreement between
reviewers and the final consensus rating for most QUA-
DAS items and very positive feedback from reviewers who
have used QUADAS. Two items, uninterpretable results
and withdrawals, were found to be problematic, There
was poorer agreement among reviewers and between

http:/fwww. biomedcentral.com/1471-2288/6/9

reviewers and consensus for these items than for other
items; feedback from reviewers also suggested problems
with these items. One reviewer suggested that this might
be because it is difficult to know what o do it if it is
unclear if there are any uninterpretable results or with-
drawals. Our own use of QUADAS supports this: we have
found it very difficult to know how to score this item if the
study does not report whether there were any uninterpret-
able results/withdrawals, and if all patients who entered
the study appear to be accounted for. In such situations it
is often unclear whether the study authors simply
excluded uninterpretable results or withdrawals from
their reports, or if there truly were no uninterpretable
results or withdrawals. We have handled this problem by
giving more explicit instructions for scoring these QUA-
DAS items: we have stated that they should be scored as
yes if it appears that all patients who were entered into the
study completed the study.

The assessment of inter-rater reliability also highlighted
possible problems with the items on the availability of
clinical information and selection criteria, The item on
clinical information is very specific to each review and it is
therefore essential that clear guidelines on scoring this
item be provided, outlining exactly what information
should be available to the person interpreting the results
of the index test, This definition should be agreed a priori.
This was done for the review used for this evaluation and
is reflected in the very high levels of agreement between
two of the reviewers and the final consensus. It is unclear
why the third reviewer showed much poorer agreement
(50%) with the final consensus rating. It is unclear why
the item on selection criteria showed poorer agreement
with the consensus rating. This item was not highlighted
as problematic in the feedback from reviewers. It may be
related to the fact that no review specific information was
provided for this item.

All additional items suggested for inclusion in QUADAS
were considered as part of the development of QUADAS
but were items that were not selected by the panel of
experts for inclusion in the final wol. One of the items
suggested for inclusion, the item relating to the threshold
for the index test could be covered as part of item 8
(description of index test details). This is something to
consider including in the guidelines for scoring this item
when making guidelines specific to your review.

There was substantial variation in the time taken to com-
plete QUADAS, ranging from less than 10 minutes o over
1 hour. This may be explained by the fact that some
reviewers counted the time taken for the whole process of
data extraction, including reading the paper, whereas oth-
ers only counted the time taken to complete QUADAS.
Despite this, half the reviewers took less than 15 minutes
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Raviewer Coverage! Omit Add Modify Easy to Scoring! Different  Time to Inter- Coverage® Easeof Clarity of  Validity* Use
MNumbar ltems?  ftams?  item?  understand? scoring!  compl use®  instruction® agunt®

| com/1471

Ikt v b

BMC Medical Research Methodology 2006, 6:9

lete ratar
(minutes) nld'lﬁlq'

| - . + = - - = 30-60 3
2 * - - + * * - =10 4
3 - B i 3 + - 3 <Ip 4
4 - . + . - - - 30-60 4
5 - . . - - - . 15-30 4
& - - - - . - - 15-30 3
7 - - . - - . . 15-30 - 4
8 ¥ . . - + - . 15-30 - 4+
9 - 3 - + + 60 5
10 - - - - - <10 5
1 . . + 9 - - - 15-30 3
[}] 2 2 . = - . - 15-30 3
13 + . - . . - - 10-15 3
14 * - - - - - - 10-15 4
15 - - - - - * - 10-15 4
16 - = = - * * - 10-15 3
17 - = 2 5 - + % <ip 4
18 - < . » - + s <Ip 5
19 - - - . - - - 10-15 4
0 + - - - . - - 15-30 4

“*Each of these items were rated from |-5 where | is strongly disagree (very poor) and 5 i strongly sgree (excellent)
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Table 4 Proposed modifications to the QUADAS background document*

A

13. Were uninterpretable/inter test results reported?

€ How 1o score this item

Ty T

A

If it is elear that all test resules, including

. ™
Thinate/

are reported then this item should be scored as "yes". If the

hlafind 5 I

i

authors do not report any

pretabl

e results, and if results are reported for all patients who

were described as having been entered into the study then thls item should also be scored as “yes". If you think that such results
oceurred but have not been reported then this itern should be scored as "no™. If it is not clear whether all study results have been reported then

this item should be scored as "unclear”.
14. Were withdrawals from the study explained?
¢ How to score this item

If it is clear what happened to all patients who entered the study, for example if a flow dmgnm of study participants is reported, then this itern

should be scared as "yes". If the authors do not report any withdrawals and if resul

ilable for all p

who were reported

to have been entered into the study then this item should also be scored as "yes". Ilf it appears that some of the participants who
entered the study did not complete the study, i.e. did not receive both the index test and reference standard, and these patients were not
accountad for then this item should be scored as “no”, If it is not clear whether all patients who entered the study were accounted for then this

itern should be scored as "unclear”,
* Proposed changes are highlighted in bold

*Each of these items were rated from |-5 where | is strongly disagree (very poor) and 5 is strongly agree (excellent)

and 17/20 took less than half an hour to complete QUA-
DAS suggesting that QUADAS is relatively quick to com-
plete.

Cs b

and k of the study

The ma}ur strength of this study is that we carried out a
detailed evaluation of QUADAS, which specifically
included the views and experience of users. We are una-
ware of any other quality assessment tools for diagnostic
accuracy studies that have undergone any process of eval-
uation.

Ideally, we would have liked to assess the "construct valid-
ity" of the tool - “the degree to which a test measures what
it claims, or purports, to be measuring” [6]. As QUADAS
aims to provide an indication of the quality of a study one
way to assess this would be to take a set of "high" quality
studies and a set of "low quality" studies and determine
whether QUADAS can distinguish between these. This is
known as “extreme groups" [6]. The problem with this
process is determining which studies are high quality and
which are low quality: there is no objective way of doing
this. In addition, a systematic review is likely to include
studies covering a range of quality, A quality assessment
tool needs to be able to distinguish subtle differences
across this full range of study quality, not just the
extremes. We therefore decided against this method of
evaluation.

Unanswered questions and future research

We originally proposed to carry out a meta-epidemiolog-
ical regression analysis to investigate the association of
individual QUADAS items with estimates of test perform-
ance. However, due to limited time and resources such an
evaluation was not feasible. This is an area where future
research would be beneficial. The Cochrane Collabora-
tion is planning to extend its database to include diagnos-
tic test accuracy reviews and is in the process of producing

a handbook providing guidelines for the conduct of such
reviews. The recommendations on quality assessment
include a modified version of QUADAS (items 2, § and 9,
the items relating to reporting rather than quality have
been removed), and this will be built into the new
Cochrane software. All diagnostic reviews included in the
new Cochrane Database will therefore include an assess-
ment of QUADAS with the results entered into the Review
Manager Software in a structured way. In the future, once
a number of Cochrane Test Accuracy Reviews have been
completed, a meta-epidemiological regression analysis
can be pursued.

Conclusions - Suggestions for modifications to
QUADAS

We do not feel that major modifications to the content of
QUADAS itself, in terms of items included, are necessary.
However, the evaluation highlighted particular difficulties
in scoring the items on uninterpretable results and with-
drawals. We therefore recommend that the guidelines for
scoring these items in the QUADAS background docu-
ment be modified as shown in Table 4. In addition, we
would like o highlight the importance of tailoring the
guidelines for scoring items to each particular review, and
of ensuring that all reviewers are clear on how studies
should be scored for each of the items. Itis not possible to
provide a generic description of what should be consid-
ered an "appropriate patient spectrum”, or what should
be considered an “"appropriate reference standard". It is
therefore essential that all reviewers using QUADAS care-
fully consider how each individual item should be
applied to their review and adapt the background docu-
ment to make the guidelines for scoring specific to their
review. This should be done in close collaboration with a
clinical expert in the area of the review. Reviewers should
also carefully consider whether all QUADAS items are rel-
evant to their review, and also whether there are addi-
tional quality items not included in QUADAS which may
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be of importance to their topic area and which they
should assess as part of their review, Consensus should be
established on all of these issues before starting the qual-
ity assessment. Lastly, an improvement in the quality of
reporting, by endorsing the standards for reporting of
diagnostic accuracy studies, the STARD initative [7],
should occur. This will allow reviewers to assess study
quality rather than the quality of reporting.
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CHAPTER 1: ABOUT THE GUIDANCE

Do domestic smoke alarms save lives? Can young offenders be 'scared straight' through tough penal
measures? What factors should be considered when designing and implementing a multi-sectoral
injury prevention pragramme in a local area? Making sense of large bodies of evidence drawn from
research using a range of methods is a challenge. Ensuring that the product of this synthesis process
can be trusted is important for policy makers, for practitioners and for the people research is intended
to benefit. There are a number of ways in which research evidence can be brought together to give
an overall picture of current knowledge that can be used to inform policy and practice decisions.
However, the trustworthiness of some of these methods remains problematic.

The guidance we set out here focuses on a particular approach - narrative synthesis. Variants of
this approach are widely used in work on evidence synthesis, including Cochrane reviews, but there is
currently no consensus on the constituent elements of narrative synthesis and the conditions for
establishing trustworthiness — notably a systematic and transparent approach to the synthesis
process with safeguards in place to avoid bias resulting from the undue emphasis on one study
relative to another — are frequently absent. This guidance therefore aims to contribute to improving
the quality of narrative approaches to evidence synthesis.

1.1 Telling stories — the nature of narrative synthesis

Marrative synthesis is sometimes viewed as a 'second best' approach for the synthesis of findings
from multiple studies, only to be used when statistical meta-analysis or another specialist form of
synthesis (such as meta-ethnography for qualitative studies) is not feasible. In fact, even when
specialist methods are used to synthesise findings from multiple studies, those who want to increase
the chances of a scientific synthesis being used in policy and practice are likely to find a narrative
synthesis helpful in the initial stages of a review, Recognising this, the guidance on undertaking
systematic reviews produced by The Centre for Reviews and Dissemination at the University of York
suggests that reviewers should first undertake a narrative synthesis of the results of the included
studies to help them decide what other methods are appropriate.'

Narrative synthesis is a form of story telling. We are part of a story telling culture, and bringing
together evidence in a way that tells a convincing story of why something needs to be done, or needs
to be stopped, or why we have no idea whether a long established policy or practice makes a positive
difference is one of the ways in which the gap between research, policy and practice can start to be
bridged. Telling a trustworthy story is at the heart of narrative synthesis.

1.2  Narrative synthesis, narrative reviews and evidence synthesis

‘Narrative’ synthesis’ refers to an approach to the systematic review and synthesis of findings from
multiple studies that relies primarily on the use of words and text to summarise and explain the
findings of the synthesis. Whilst narrative synthesis can involve the manipulation of statistical data,
the defining characteristic is that it adopts a textual approach to the process of synthesis to ‘tell the
story’ of the findings from the included studies. As used here ‘narrative synthesis' refers to a process
of synthesis that can be used in systematic reviews focusing on a wide range of questions, not only
those relating to the effectiveness of a particular intervention.

Narrative review is a phrase some commentators have used to describe more traditional literature
reviews and they are typically not systematic or transparent in their approach to synthesis.? Narrative
synthesis - the focus of this guidance - in contrast, is part of a larger review process that includes a
systematic approach to searching for and quality appraising research based evidence as well as the
synthesis of this evidence. A narrative review can also be another name for a description, and I1s
used in fields as diverse as performance review of staff* to assessing familial patterns in colorectal
cancer.! Narrative reviews in the sense of traditional literature reviews can be distinguished from
narrative synthesis as the latter refers specifically to a specific approach to that part of a systematic
review process concermed with combining the findings of multiple studies.

Evidence synthesis includes, but is not restricted to, systematic reviews. Findings from research
using a wide range of designs including randomised controlled trials, observational studies, designs
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that produce economic and gqualitative data may all need to be combined to inform judgements on the
effectiveness, cost-effectiveness, appropriateness and feasibility of a wide range of interventions and
policies. Evidence syntheses may also addresses many other types of questions including, for
example, questions about the current state of knowledge on the causes of particular health or social
problems. They are also undertaken in diverse fields from health services research and sociology to
engineering and urban planning.

1.3  Why this guidance has been produced?

The Cochrane Collaboration, established in 1993, is an international non-profit and independent
organisation, dedicated to making up-to-date, accurate infermation about the effects of healthcare
readily available worldwide. It produces and disseminates systematic reviews of healthcare
interventions and promotes the search for evidence in the form of clinical trials and other studies of
interventions.

Since its inception, there have been major developments in methods for the systematic review of
research evidence which have increased the reliability of the evidence about effectiveness available
to decision makers by combining findings from good quality studies which evaluate policies, specific
interventions or professional practices. However, even in reviews focusing on effectiveness, meta-
analysis is often an inappropriate approach to synthesis. Additionally, there has been increasing
recoghition of the need for review and synthesis of evidence to answer questions other than those
focusing on effectiveness, particularly those relating to the local implementation of interventions
shown to be effective in experimental contexts. Methods for the synthesis of evidence on
effectiveness when meta-analysis is not appropriate or for the synthesis of more diverse evidence
are, however, not well developed.

Unlike meta-analysis, narrative synthesis does not rest on an authoritative body of knowledge or on
reliable and rigorous techniques developed and tested over time. In the absence of such a body of
knowledge there is, as the Cochrane handbook argues®

‘a possibility that systematic reviews adopting a narrative approach to synthesis will be prone o bias,
and may generate unsound conclusions leading to harmful decisions’

This problem is not confined to narrative synthesis - statistical technigues have produced misleading
results in the past (and continue to do so from time to time). However, given the widespread use of
narrative synthesis in systematic reviews there is a pressing need for the methodological foundation
of this approach to be strengthened, if systematic reviews produced to inform the choice and
implementation of interventions are to be credible. This is the aim of this guidance.

1.4 What the guidance is about

The guidance provides advice on the conduct of narrative synthesis in the context of systematic
reviews of research evidence and describes some specific tools and techniques that can be used in
the synthesis. The (synthesis) product, at a minimum. is a summary of the current state of knowledge
in relation to a particular review question. This question might relate to effectiveness or cost
effectiveness, to issues of efficacy, appropriateness (to need), feasibility of implementation, or to
some or all of these.

We recognise that narrative synthesis can be utilised in reviews addressing a wide range of
qguestions. However, for practical reasons, we have focused this guidance on the conduct of the
narrative synthesis of research evidence in the context of two types of systematic review which have
particular salience for those who want their work to inform policy and practice: those addressing
questions concerned with the effects of interventions and those concerned with the implementation
of interventions shown to be effective in experimental settings.

1.5 Who the guidance is for
The guidance is intended to be accessible to a range of people involved in systematic reviewing.
However, whilst users of the guidance will not need to be systematic review experts, they will need a
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reasonable level of research literacy and we would advise anybody without experience of systematic
review work to collaborate with more experienced colleagues.

The phrase evidence synthesis can be used to mean many different things. At its most simple,
synthesis will involve the juxtaposition of findings from multiple studies, perhaps with some analysis of
common themes or findings across studies. More sophisticated approaches to synthesis involve the
integration or interpretation of results from multiple studies, with the aim of producing new
knowledge/findings. It has been suggestec? that different types of evidence syrthesis can be located
along a continuum from quantitative approaches, which involve the pooling of findings from multiple
studies (e.g. meta-analysis), to qualitative approaches, which involve an interpretative approach (e.g.
meta-ethnography). The guidance provided here lies between these two. Narrative synthesis will
always involve the 'simple’ juxtaposition of findings from the studies that have been included in the
review. However, it may also involve some element of integration and/or interpretation, depending on
the type of evidence included. These methods necessarily require some familiarity with research
processes if they are to be done well.

1.6  When might the guidance be used?
The process of evidence synthesis is not linear, so reviewers may use a number of different
approaches to synthesis in an iterative way. Narrative synthesis might be used:

o Before undertaking a specialist synthesis approach such as statistical meta-analysis or meta-
ethnography

o |nstead of a specialist synthesis approach because the studies included are insufficiently
similar to allow for this

o ‘WWhere the review question dictates the inclusion of a wide range of research designs,
producing qualitative andfor quantitative findings for which other approaches to synthesis are
inappropriate.

1.7 Developing the guidance

The methods used in the development of the guidance are described in detail in the appendix and
summarised here. The process began with a systematic search of the methodological literature in an
attempt to identify existing guidance on the conduct of narrative synthesis and any specific tools and
technigues that could potentially be used in the narrative synthesis process. The search process and
results are shown in Figure 1.

The search included three elements: i) a database search, ii) a search of internet sites and iii)
identification of relevant text by members of the research team, This generated 1,309 items. ©n the
basis of an initial review of titles and, where available, abstracts by at least two members of the
research team 264 of these items were retrieved and read in full by at least two members of the
research team. This process resulted in 69 articles, reports and/or books being included in the
methodological review. MNone specifically related to narrative synthesis although some elements of
guidance on established methodologies such as meta-ethnography and ‘case survey' method, for
example, were judged relevant to the conduct of narrative synthesis.

Methodological guidance on the conduct of various different approaches to review and synthesis were
used to identify common generic elements of an evidence synthesis process. Other text provided
‘tips' on aspects of the evidence review process in general, such as how to structure results andfor
present data and described a number of specific tools and technigues for the management,
manipulation and presentation of quantitative and/or qualitative data. This material formed the basis
of an initial draft of the guidance on narrative synthesis. The guidance was then applied to two
‘demonstration’ syntheses. one focusing on the effectiveness of intervention(s); the other on the
implementation of intervention(s). These demonstration syntheses have been incorporated into the
final version of the guidance to illustrate how the guidance may be used to inform decisions about
which specific tools and techniques to use in the context of a particular review.

131



Total included texts n =85

Figure 1. Search process and results

1.8 What the guidance does not do

The guidance does not describe a new approach to the synthesis of qualitative or mixed method
research. Instead this guidance seeks to provide an over-arching framework to guide the conduct of
a narrative synthesis and suggests ways in which current approaches to narrative synthesis may be
further enhanced and developed. Similarly, the guidance is not intended as a source of detailed
methodological advice on the systematic review process as a whole. Whilst there is some limited
discussion, for example, of search strategies and study quality appraisal, the guidance does not
provide details of specific methods for these, We include references to detailed methodological
advice in these and other areas in Appendix 2.
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CHAPTER 2: THE SYSTEMATIC REVIEW PROCESS - AN
OVERVIEW

The pracess of undertaking a systematic review has been well documented and there is broad
agreement about the main elements involved. Six main elements are identified here including the
process of synthesis, the focus of this guidance. The other five elements of a systematic review are
not described in detail. References to detailed methodological advice on systematic reviewing are
included in Appendix 2. This chapter provides a framework to aid understanding of where the
synthesis occurs in the systematic review process.

2.1 Identifying the review focus, searching for and mapping the available
evidence

Getting the question(s) ‘right’ is critical to the success of the systematic review process overall. The
review question has to be both refevant to potential users of the review and in theory at least
answerable. In some instances the question is clearly formulated at an early stage. More often,
however, whilst an initial focus for the review is identified, a ‘mapping’ of the available relevant
evidence sneeds to be carried out before the specific question(s) for the review can be clearly
specified.

The mapping exercise can be used to assess the need for a systematic review and/or to guide and
refine the scope of the review. It is especially useful in situations where a broad question is of
interest, such as “how effective are interventions to prevent unintentional injuries?’ By mapping the
available literature addressing this topic it is possible to:

® Describe the types of interventions that have been evaluated
e Describe the sorts of study designs used in these evaluations and
* Assess the volume of potentially relevant literature.

Based on this initial mapping the scope of the review can be refined, so that the questions to be
addressed are both answerable and relevant. The search for studies should be comprehensive and
appropriate to the question posed so a mapping exercise may also help to refine a search strategy.

2.2 Specifying the review question

It will take time to get the review question right. In the context of reviews of the effectiveness of
interventions, there is general agreement that a well-formulated question involves three key
components: the people (or participants) who are the focus of the interventions, the interventions, and
the outcomes. Sometimes a fourth component that relates to type of study design is also included. If
the review intends to focus on the factors shaping the implementation of an intervention then the
question will also have to include components related to this, such as aspects of the context in which
the intervention was implemented.

2.3 Identifying studies to include in the review

Once the precise review question has been agreed, the key components of the guestion form the
basis of specific selection criteria, each of which any given study must meet in order to be included in
the review. |t is usually necessary to elaborate on the key compaonents of the review question so as
to aid process of identifying studies to include in the review and make sure that decisions made are
transparent to users of the review. These might include, for example, being more precise about the
age groups of participants to be included in the review or about aspects of the intervention design.

2.4 Data extraction and study quality appraisal

Once studies are selected for inclusion a process of study quality appraisal and data extraction takes
place. Decisions about which data should be extracted from individual studies should also be guided
by the review question. Inthe context of a systematic review addressing a question about the effect
of a particular intervention, for example, the data to be extracted should include details of: the
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participants, the interventions, the outcomes and, where used, the study design. For reviews focusing
on implementation, it would be important to extract detailed data on the design of the intervention, the
context in which it was introduced and on the factors andfor processes identified as impacting on
implementation. The specific data and/or information to be extracted and recorded are usually those
which could affect the interpretation of the study results or which may be helpful in assessing how
applicable the results are to different population groups or other settings. This may be referred to as
applicability, generalisability or external validity.

Study appraisal - also called validity assessment, assessment of study quality and critical appraisal -
usually refers to a process of assessing the methodological quality of individual studies. This is
important as it may affect both the results of the individual studies and ultimately the conclusions
reached from the body of studies - although ‘quality’ in general and validity in particular are defined
differently in relation to different types of study designs. In the context of effectiveness reviews study
quality is often used as a criterion on which to base decisions about including or excluding particular
studies, although this does depend on the approach taken by the reviewers. Whatever the focus of
the review, reviewers may choose to exclude studies from the synthesis on grounds of
methodological quality; others may opt to include all studies, but in this case it is important to
differentiate clearly between more and less robust studies. There are many different appraisal tools
available for use in relation to both quantitative and qualitative study designs and details of how to get
information about some of these are provided in Appendix 2.

25 The synthesis

The key element of a systematic review is the synthesis: that is the process that brings together the
findings from the set of included studies in order to draw conclusions based on the body of evidence.
The two main approaches are quantitative (statistical pooling) and narrative, and sometimes both
approaches are used to synthesise the same set of data. One approach - narrative synthesis - is the
focus of detailed attention in this guidance.

2.6 Reporting the results of the review and dissemination

Once the review is complete the findings need to be disseminated to potential users, although
communication needs to be considered from the start often with the involvement of policy, practice
and end point users and throughout the review process. We have included some useful references to
the ‘art’ of dissemination - an often neglected component of the systematic review process in
Appendix 2.

10

134



CHAPTER 3: GUIDANCE ON NARRATIVE SYNTHESIS — AN
OVERVIEW

As we have noted this guidance focuses on the conduct of narrative synthesis in systematic reviews
of research-based evidence on:

® The effects of interventions andfor
¢ The factors shaping the implementation of interventions.

Although we have restricted our focus in this way, the guidance may also be helpful for people
focusing on other types of review questions, for example, about the needs and/or preferences of
particular population groups or the causes of particular social and/or health problems,

Qur aim is to provide broad guidance on ways in which the process of narrative synthesis can be
made more systematic and transparent and on how bias introduced by the evidence itself (as a result
of methodelogical shoertcomings in the included studies) andfor by decisions made by reviewers (for
example, through the process of inclusion and exclusion) can be minimised. The guidance does not
provide a set of definitive prescriptive rules on the conduct of narrative synthesis. In our experience
the most appropriate approach and the selection of specific fools and techniques for data
management and manipulation depends on the nature of the particular review being conducted.

In this chapter we describe a generic framework that identifies four elements of the narrative
synthesis process and various tools and techniques that can be used to manage data, manipulate
and synthesise findings from multiple studies and present the results of the synthesis. In the following
two chapters we describe in detail the practical application of the guidance and particular tools and
technigues to the synthesis of two bodies of research-based evidence: one concerned with the effects
of an intervention the other concerned with factors influencing the implementation of an intervention.

3.1 A general framework for narrative synthesis
For the purpose of this guidance we have identified four main elements to a narrative synthesis
process:

Developing a theory of how the intervention works, why and for whom
Developing a preliminary synthesis of findings of included studies
Exploring relationships in the data

Assessing the robustness of the synthesis

Figure 2 describes the purpose of each of these four elements of a synthesis in relation to a
systematic review focusing on (1) the effects and (2) the factors impacting on the implementation of
an intervention/programme.

We are not suggesting that narrative synthesis should proceed in a linear fashion with these elements
being undertaken sequentially. In practice, reviewers will move in an iterative manner among the
activities we have suggested make up these four elements. We have separated them out and
presented them sequentially simply to provide a structure to the guidance. In the following sections
we focus on these elements in turn in order to explain the aims of each in more detail. We then
provide brief descriptions of tools and/or technigues that may be utilised in the conduct of a narrative
synthesis before moving on in the subsequent chapters to demonstrate the practical application of the
narrative synthesis framework and the specific tools and technigues.
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Main elements
of synthesis

Effectiveness Reviews

Implementation Reviews

1. Developing a
theoretical model
of how the
interventions
work, why and for
whom

Purpose:

» To inform decisions about the review
question and what types of studies to
review

= To contribute to the interpretation of the
review's findings

* To assess how widely applicable those
findings may be

Purpose:

* To inform decisions about the review guestion
and what types of studies to review

* To contribute to the interpretation of the review's
findings

* To assess how widely applicable those findings
may be

2 Developing a Purpose: Purpose:
preliminary + To organise findings from included + To organise findings from included studies in
synthesis studies to describe patterns across the order to:
studies in terms of; o ldentify and list the facilitators and barriers to
o The direction of effects’ implementation reported
o The size of effects o Explore the relationship between reported
facilitators and barriers

3. Exploring Purpose: Purpose:
relationships in » To consider the factors that might explain | » To consider the factors that might explain any
the data any differences in direction and size of differences in the facilitators andfor barriers to

effect across the included studies

successful implementation across included
studies

* To understand how and why interventions have
an effect

4. Assessing the
robustness of the
synthesis product

Purpose:
» To provide an assessment of the strength
of the evidence for:
o Drawing conclusions about the likely
size and direction of effect
o Generalising conclusions on effect
size to different population groups
andfor contexts

Purpose:

» To provide an assessment of the strength of the
evidence for drawing conclusions about the
facilitators and/or barriers to implementation
identified in the synthesis. Generalising the
product of the synthesis to different population
groups andfor contexts

Figure 2. The main elements in a narrative synthesis

Element1:

The role of theory in evidence synthesis

Although not all reviewers may choose to do this, it can be useful to develop a model of what Weiss
refers to as an intervention’s “theory of change” to inform a systematic review, The "theory of change”
describes “the chain of causal assumption that link programme resources, activities, intermediate
outcomes and ultimate goa!s"_T It is concerned with how the intervention works, why, and for whom.
Reviewers would normally develop their theory of change at an early stage of a review before the
synthesis proper begins. If done early enough an understanding of the theory behind the intervention
can inform decisions about the review question and the types of studies to include. In terms of the
narrative synthesis, a "theory of change” can contribute to the interpretation of the review’s findings
and will be valuable in assessing how widely applicable those findings may be. Information on
programme theory may come from explicit statements in study reports on the goals of the intervention
(who it is intended to affect, in what way and how) and from other reviews. The theory can be
presented in nharrative form or as a diagram like the one reproduced below in Figure 3.

Theory building and theory testing is a neglected aspect of systematic reviews. Shadish (1996) has
pointed out that meta-analysis for example has focused too much on descriptive causation (simply
describing the size of an effect) and too little on the development of explanatory theories.” Yet
systematic reviews - whether of gualitative or quantitative research - are likely to be much more
powerful than single studies for these purposes. In turn systematic reviews can contribute to
developing and testing the limits of theories, by examining how contextual or temporal variables
moderate outcomes. Theories themselves can also be the subject of systematic reviews,*"*

' The notion of ‘effects' should not be taken for granted. In some reviews the synthesis process will involve the
reviewers in a process intended to help to understand what the effects of a particular interventions or programme
are. This is particularly the case when the effects are presented in narrative form rather than in numerical form or
derived from structured questionnaires/indicators.
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Students work harder ~ Teachers teach more effectively

Increased student achievement

Figure 3. Example of a Programme Theory model: mechanisms by which higher teachers’ pay
may be linked to increased student achievement (from Weiss, 1998)

Element2: Developing a preliminary synthesis

Whatever the focus of the review, the purpose of the preliminary synthesis is to develop an initial
description of the results of included studies. Itis important to remember that the product of this initial
process will only be preliminary, rather than an end in itself. It will always be necessary to
interrogate the preliminary synthesis to identify factors that have influenced the results reported in
included studies i.e. to begin to construct an explanation of how and why a particular intervention had
the effects reported, of how and why particular factors/processes impinged on implementation, and to
test the robustness of the results of the synthesis. This is the purpose of other elements of the
synthesis process described below.

During the preliminary synthesis, reviewers focusing on the effects of an intervention will need to
organise the results of the included studies so they are able to describe patterns across them in terms
of both the direction and size of the effects reported. In relation to a review on implementation, the
studies need to be organised so that patterns in the factors/processes that are reported as impacting
in some way on the implementation of an intervention can be identified across the studies. Assuming
that study quality appraisal has been carried out at the same time as data extraction these details will
be available during the whole of the synthesis process although quality was not examined in our
demonstration synthesis reported later until near the end of the synthesis.

13

137



Element3: Exploring relationships within and between studies
As patterns across study results begin to emerge from preliminary attempts at a synthesis reviewers
should begin to subject these to rigorous interrogation in order to:

e |dentify any factors that might explain differences in direction and size of effect across the
included studies or in the type of facilitators and/or barriers to successful implementation

e To understand how and why interventions have or do not have an effect or why particular
barriers andfor enablers to implementation operate

At this point in the synthesis the reviewers move beyond identifying, listing, tabulating and/or counting
results to exploring relationships within and across the included studies. The relationships of interest
are of two broad types:

o Those between characteristics of individual studies and their reported findings
* Those between the findings of different studies

Some of the studies included in a review may have reported information about relationships between
study characteristics and reported findings, in which case the job of reviewers is to compare and
contrast the ways in which the relationships have been identified and analysed across the studies. In
other cases little attention may have been paid to these relationships. The practical work involves
using data previously extracted from primary studies to look at the relationships between study resuilts
and key aspects of the primary studies, and comparing and contrasting these relationships across the
studies. This element of a narrative synthesis can be very time consuming but it is critical to the
guality of the process as a whole.

Exploring the influence of heterogeneity is important at this stage of the synthesis process. We have
already noted that a primary reason for choosing a narrative approach to synthesis in a systematic
review about the effects of an intervention is because there is considerable heterogeneity in the
included studies in terms of methods, participants, interventions and via other unknown sources.
There are also likely to be differences between studies in terms of their findings — whether guantitative
or gualitative. This too may be due to known differences between the studies, including
methodological differences, and differences in the baseline characteristics of populations being
studied.” Narrative methods have long been recognised as useful for investigating heterogeneity
across primary studies and developing an understanding of which aspects of an intervention may be
responsible for its success * or investigating the possibility that study variation is attributable to
theoretical variables, "

Many social or behavioural interventions are complex because of the characteristics of the
interventions, study Populatioru’s, outcomes, or other methodological issues relating to the conduct of
the primary studies. ® Further complexity is introduced because any effects of the interventions ma
be modified by context, and the intervention itself may vary when it is being implernf:nted_”'1
Because of these variations, reviewers of complex interventions may expect considerable
heterogeneity across studies and need to consider this when synthesising resuits.

"Social" heterogeneity may incorporate not only socio-demographic and individual differences, but

also histarical, cultural, spatial and other differences that may affect both the delivery and impact of

the interventions being reviewed. Some of the main scurces of variability that reviewers need to

consider when "testing' the robustness of the patterns emerging from the included studies are outlined

Eel(l)dv)v 2éadapted fram guidance produced by the Cochrane Health Promotion and Public Health
ield).

Variability in cutcomes

In systematic reviews of clinical interventions variation in outcomes is termed clinical heterogeneity.
Variation also exists in social research, however, given the longer causal chains for many social
interventions (including public health interventions), proximalfimmediate, intermediate, and distal/long
term outcomes may be reported. Whilst the synthesis would ideally seek to address all these
outcomes in practice it is often not feasible to do this.

Variability in study designs

Methodological diversity is common in systematic reviews of social interventions. Where the main
potential sources of variation are known, heterogeneity between effects can be explored by means of
subgroup analysis, based for example on theories about how the intervention works, and for which
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groups. For many social and public health interventions, theories about mechanisms and interactions
may be under-developed and the exploration and interpretation of heterogeneity complex. It may
therefore be difficult to anticipate the main sources of heterogeneity a priori.

Variability in study populations, interventions and setfings

The content of complex social interventions may vary between specific settings or populations. Some
of the wariability may be intentional as interventions are tailored to local needs (including
characteristics which may influence the outcomes of interest such as race, gender, and socio-
economic position).

As noted earlier an understanding of the interventions ‘theory of change' will be particularly valuable
when exploring the influence of heterogeneity especially when interpreting differences between
subgroups of studies (post-hoc sub group analyses). The findings of individual studies will vary with
study characteristics such as intervention type, quality and extent of implementation, and the study
setting, and may vary between different subgroups of participants. Developing plausible explanations
for these differences (some of which will be due to chance) is difficult but sub-group findings that are
supported by an a priori rationale (that is, which have been described in the programme theory) are
more plausible than those which are not.

The extent to which reviewers are able to consider the impact of context in systematic reviews
evaluating the effects of interventions or factors impacting on implementation will depend on the
availability of relevant information in the included studies. Typically, reviews focusing on effects do
not consider the context in which an intervention is implemented in great depth. Given that
implementation studies are focusing specifically on how dimensions of context (alongside other
factors) impinge on implementation, the data available in these studies should be much richer.
However, research has suggested that there may be a particular problem with inadequate reporting of
research methods in these studies.*’ The dimensions of context which might be relevant to exploring
differences in the reported results of included studies will depend on the nature of the intervention
with which the review is concerned.

Other factors to be considered in this exploration of factors mediating the impact of an intervention, or
explanations of how or why it has a particular impact, may not be able to be extracted from studies as
'data’. These include information about the general approach taken by the researchers both in terms
of theory and methods.

Element4:. Assessing the robustness of the synthesis

The notion of robustness in relation to evidence synthesis is complex. Most straightforwardly
robustness can be used to refer to the methodological quality of the primary studies included in the
review and/or the trustworthiness of the product of the synthesis process. Obviously, these are
related. The trustworthiness of a synthesis will depend on both the quality and the guantity of the
evidence base it is built on. If primary studies of poor methodological quality are included in the
review in an uncritical manner then this will affect the trustworthiness of the synthesis.

The trustworthiness of the synthesis will also depend on the methods used in the synthesis. This will
depend on the measures taken to minimize bias, ensuring, for example, that studies judged to be of
equal technical quality are given equal weight or if not providing a sound justification for not doing so.
Ancther less straightforward aspect of robustness that can impact on the trustworthiness of the
synthesis is the extent to which reviewers have enough information to judge that individual studies
meet the criteria for inclusion. This can be a significant problem with reviews of complex
interventions. Authors of primary studies often fail to provide adequate information on the intervention
they are focusing on and there can be incensistency between studies in the definition of what
constitutes a particular intervention. It is particularly important that reviewers give detailed information
about the interventions they plan to include and exclude from a review: for example, stating that
‘psychological interventions are eligible’ is unlikely to be adequate.

Towards the end of the synthesis process, therefore, the analysis of relaticnships within and between
studies described above should lead into an overall assessment of the strength of the evidence
available for drawing conclusions on the basis of a narrative synthesis. This should include
systematic attention to all three elements of robustness discussed above.
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It is particularly important that the results of any appraisal of the methodological guality of included
studies be considered in a systematic manner. Whilst there are well-established methods for
assessing the quality of intervention studies, this is not the case in relation to studies of
implementation processes, qualitative research or mixed methods research in general so there are no
approaches to quality assessment that can be recommended in these situations. Additionally, the
results of the appraisal process may or may not have been used to exclude some studies on
methodological grounds. Whatever approach to quality appraisal is adopted, (probably at an earlier
stage of the review process) this information should inform the assessment of the strength or weight
of the evidence available to support conclusions drawn on the basis of the synthesis process.”

3.2 Tools and techniques for narrative synthesis

In this section we provide brief descriptions of the tocls and technigues we have identified which can
be used in the process of narrative synthesis. We have divided these into those which appear to be
most appropriate for use in each of the three analytical elements of the synthesis.

At the beginning of each sub-section below the main tools and techniques are listed in a table. As we
have noted, decisions about which of these are appropriately used in a specific synthesis will be
determined by the nature of the evidence being synthesised as will be illustrated in the practical
applications of the guidance.

Before describing the tools and technigues a general comment about the visual representation of data
from included studies is warranted. Many of the specific tools and techniques described involve
visual representation and this can be invaluable at all stages of a synthesis. However, it is important
to recognise that visual representation of data is not sufficient in itself as a synthesis. As Evans™ has
argued, for example, tabulation and other visual representations of data tend to reduce studies to their
key characteristics neglecting aspects that could be important in understanding the patterns revealed.
He draws a distinction between 'descriptive synthesis’ and 'interpretive synthesis’ and is critical of the
heavy reliance placed by some reviewers on synthesis by tabulation. For commentators such as
Ewvans, the relationship between the visual representation of data (the descriptive synthesis) and the
narrative elaboration of the patterns identified (the interpretative synthesis) is critical to the quality of a
narrative synthesis.

Element 1: Tools and techniques for developing a theory of change

We have not idertified specific tools or techniques for use in the development of a theory of change
although some of those described for use at other points in the synthesis process may also inform
theory development and elaboration - as highlighted in the practical application of the guidance in
chapters four and five.

Element 2: Tools and techniques for developing a preliminary synthesis

Textual descriptions of studies

Groupings and clusters

Tabulation

Transforming data into a commen rubric

Vote counting as a descriptive tool

Translating data; thematic analysis

i =0 e B o] [l

Translating data; content analysis

Textual descriptions

A simple starting point in a preliminary synthesis is to produce a descriptive paragraph on each
included study - it may also be useful for recording purposes to do this for all excluded studies as well.
In many reviews this will have been completed at an early stage in the review process and it can be
done for any type of study. It is important that these narrative descriptions are produced in a
systematic way, including the same information for all studies if possible and in the same order.
Some reviewers have suggested that studies considered more important in terms of what they offer
the review may be discussed at greater length, while briefer discussion may be afforded to less
central or informative studies. ® In theory this is a way of giving mare weight to higher quality or larger
studies within a narrative synthesis. However, it is difficult to determine how much "weight” in terms of
description/discussion should be allotted to individual studies and how this should vary with
methodological quality, for example. Additionally, if textual descriptions are produced at an early
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stage of the review process it will not be possible to give more weight to one study over another and
hence a fuller description because methodological quality and other aspects of relevance will not yet
have been assessed. Whilst textual descriptions are a useful way for reviewers to become familiar
with the included studies and to begin to compare and contrast findings across studies, it can be very
difficult to discern patterns across studies from these textual descriptions, particularly when there are
a large number of studies.

Groupings and clusters

There can be considerable variation in the number of studies included in systematic reviews., Some
Cochrane reviews, for example, conduct the synthesis on a very small number of studies, often
because of very tightly defined inclusionfexclusion criteria and/or to a paucity of research addressing
the question of interest. Other reviews include large numbers of studies in the pool to be
synthesised. In most cases the number of studies included will be determined by the size and quality
of the existing literature. Whilst including findings from large numbers of studies can be labour
intensive, the analytical process involved in statistical meta-analyses can readily manage large
numbers. This is not the case with narrative synthesis. Usually therefore, a process of narrative
synthesis will involve organising the included studies into smaller groups to make the process mare
manageable. Although the reviewers may start to group the included studies at an early stage of the
review, it may be necessary to refine these initial groups as the synthesis develops.

Crganising the included studies into groups can also be a useful way of aiding the process of
description and analysis and looking for patterns within and across these groups. It is important to
use the review gquestion(s) to inform decisions about how to group the included studies. Studies can
be grouped according to one or a combination of the following: the type of intervention being studied,
the setting or context for the intervention (school or community based interventions for example); the
group at whom it is being directed (different age groups, for example); the study design; and/or the
nature of the results being reported (different outcome measures for example, or different types of
factors impacting on implementation).

Tabuiation

Tabulation is a common approach used in all types of systematic review to represent both quantitative
andfor qualitative data visually - indeed many of the examples of approaches to description included
in this guidance are presented in tabular form. Tabulation can be useful at any stage of the
preliminary synthesis process according to the preference of reviewers. It can be particularly useful in
helping to develop an initial description of the included studies and to begin to identify patterns across
studies. They are typically used to provide details of study design, results of study quality
assessment, outcome measures and other results. These data may be presented in different
columns in the same table or in different tables. Used thoughtfully, tabulation can be a valuable tool
in the preliminary synthesis of results across studies and can provide important building blocks for
future elements of the synthesis process.”™ ™

Some authors stress the need to take care with the layout of tables, arguing that the way in which
data are tabulated may affect readers’ impression of the relationships between studies. For example,
‘placing a results column adjacent to any of the characteristics or quality columns could invite
speculation about correlation and association’.® These notes of caution fOi!‘It to the importance of
the reviewers' attempting some narrative interpretation of tabulated data **

Transforming data: Constructing a common rubric across quantitative studies

The results of studies included in a review may take different numerical and/or statistical forms.? In
these situations reviewers need to transform results into a common numerical/statistical rubric if
possible. When extracting data from quantitative studies, it is standard practice to extract the raw or
summary data from included studies wherever possible, so a common statistic can be calculated for
each study, e.g. converting dichotomous data into odds ratios or relative risks and continuous data (if
from different measurement scales) inte standardised mean differences (SMD). In a review of
effectiveness which incorporates a statistical meta-analysis these results would be pooled to provide
a single estimate of effect. Ina narrative synthesis study results will not be pooled statistically, so the
process cannot provide a new single estimate of effect. However, transforming study results info a

* The distinction being made here, between numerical and statistical, relates to the possibility that figures
provided as percentages, for example, would not accurately be described as statistics.
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common rubric will allow reviewers to develop a meaningful summary of study results and a more
robust assessment of the range of effects that would be anticipated from a particular intervention.

Vote-counting as a descriptive tool

Although some commentators” have argued strongly against 'vote counting' calculating the
frequency of different types of results across included studies can be a useful way of producing an
initial description of patterns across the included studies.” Indeed, it could be argued to be an
intrinsic element of the preliminary stages of any narrative synthesis. In the case of reviews
evaluating the effects of an intervention, a simple approach to vote-counting might involve the
tabulation of statistically significant and non-significant findings. Some reviewers have developed
more complex approaches to vote counting, both in terms of the categories used and by assighing
different weights or scores to different categories.

The interpretation of the results of any vote counting exercise is a complex task. According to some
methodologists writing about vote counting, the category with the most studies "wins® 2 Similarly in
the context of reviews of effects, some commentators argue that the statistical significance category
‘containing the largest number of studies represents the direction of the true relationship‘.au However,
it has also been argued that, this approach to synthesis "tends to give equal weight to studies with
different samg:nle sizes and effect sizes at varying significance levels, resulting in misleading
conclusions”*' There are examples where vote counting has been compared with other methods of
synthesis and major differences in findings have been reported.**** So, whilst vote counting can be a
useful step in a preliminary synthesis the interpretation of the results must be approached with caution
and these should be subjected to further exploration of relationships between data/findings within and
across the included studies.

Transiating data: thematic and content analysis

Where results are presented in the form of themes or concepts, as is the case in qualitative research
or some surveys, studies focusing on similar topics may have conceptual overlaps, even if these are
not apparent from the way the results are reported. Alternatively, apparently similar concepts in
different studies may actually be referring to different phenomena. In this context a process of
‘translation’ of primary themes or concepts reEorted across studies can be used to explore similarities
andfor differences between different studies.®™ Where studies involve both gualitative and guantitative
data reviewers may decide to construct a common rubric for the synthesis — this could involve
transforming qualitative findings into quantitative form or vice versa. Both thematic analysis and
content analysis can help in this process of ‘translation’ or ‘interpretation’ as it is sometimes referred
to.

Thematic analysis

Thematic analysis, a common technique used in the analysis of qualitative data in primary research,
can be used to identify systematically the main, recurrent and/or most important (based on the review
question) themes and/or concepts across multiple studies. Although usually used with gualitative
data some people have argued that it could be used with studies involving quantitative data or data
from mixed method studies. For example the variable labels included in survey research may be
extracted as 'themes' in the same way as conceptual themes are extracted from qualitative research
reports.*® Thematic analysis provides a means of organising and summarising the findings from
large, diverse bodies of research. The analysis would typically, but not invariably, be developed in an
inductive manner, i.e. without a complete set of a priori themes to guide data extraction and analysis
from the outset Thematic analysis tends to work with, and reflect directly, the main ideas and
conclusions across studies, rather than developing new knowledge although this is possible.

There are problems with thematic analysis from the perspective of a systematic review. The process
can, for example, be associated with a lack of transparency — it can be difficult to understand how and
at what stage themes were identified. The results of the synthesis might look very different if an
entirely a priori, theoretically-driven approach had been used as against an inductive approach. In
this context it is important that reviewers give as much detail as possible about how a thematic
analysis was conducted.

Content analysis

Content analysis was developed as an analytical approach for primary research, but it is readily
applied to the synthesis of findings from multiple studies. Content analysis has been defined as ‘a
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systematic, replicable technique for compressing many words of text into fewer content categories
based on explicit rules of coding.® Unlike thematic analysis, it is essentially a quantitative method,
since all the data are eventually converted into frequencies, though qualitative skills and knowledge of
underlying theory may be needed to identify and characterise the categories into which findings are to
be fitted.

Element 3. Tools and techniques for exploring relationships
1. Graphs, frequency distributions, funnel plots, forest plots and L'Abbe plots

Moderator variables and sub-group analyses

Idea webbing and conceptual mapping

Translation : reciprocal and refutational

Qualitative case descriptions
Investigator/methodological triangulation

il R B o [

Conceptual triangulation

Graphs, frequency distributions, funnel plots, forest plots and L'Abbe plots.
There are several visual or graphical tools that can help reviewers explore relationships within and
between studies, although these are typically only useful in the context of quantitative data. These
include:

presenting results in graphical form

plotting findings (e.g. effect size or factors impacting on implementation) against study

quality

* plotting confidence intervals; and/or plotting outcome measures

Frequency distributions, funnel plots, forest plots, and L'Abbé plots are other possibilities. These
fools do not provide any overall interpretative synthesis of the data presented in the plot. There may
be good reasons for reviewers not to provide an overall interpretative synthesis of the data presented
graphically but it is normally good practice to do so and if not done then it is important that reviewers
‘explain’ their reasons for not presenting an overall narrative synthesis of these types of
representations of data.

Moderator variables and subgroup analyses

There is a growing consensus that when evaluating the impacts of interventions the important
questions are “what works, for whom, and in what circumstances”. One approach to answering these
questions when findings are quantitative is by means of analysing moderator variables — variables
which can be expected to moderate the main effects being examined by the review. This can be
done at the study level, by examining characteristics that vary between studies (such as study quality,
study design or study setting) or by analysing characteristics of the sample (such as groups of
outcomes, or participants), based on some underlying theory as to the effects of those variables on
outcomes. An analysis of moderator variables can be guided by questions such as:

What are the moderators that the authors of the primary studies identify?

What are the contributing factors that appear to recur across the studies even if they have
not been explicitly identified by authors as moderators?

How much difference do the likely moderators appear to make to the study results?

What possible relationships are there among the moderators?

One approach currently used to explore moderators is to examine the effects of interventions across
different social groups. Systematic reviewers have argued for some years for the importance of
exploring moderator effects in systematic reviews.® %3 Methodological groups working within the
Cochrane Collaboration have also contributed extensive empirical and other work on these issues.
For example the Cochrane Methods Group in Subgroup Analysis has demonstrated some of the
methodological and epistemological pitfalls. A new Joint Cochrane Campbell Methods Group has
also been formed focusing on equity issues in systematic reviews and exploring the effects of socio-
economic moderators will be an important focus for this group. Explorations of effects in subgroups
can also play an important role in testing and developing theory in systematic reviews. They can be
an important tool for assessing the strength of relationships, for testing the limits of theoretical
concepts and explanations, and can contribute to the development of new theories."® **
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Developing conceptual models

There are a number of approaches to exploring relationships within and across the studies included in
a systematic review that can be broadly described as conceptual models. The basic idea
underpinning these approaches is (i) to group findings that reviewers decide are empirically and/or
conceptually similar and (i) to identify (again on the basis of empirical evidence and/or
conceptualtheoretical arguments) relationships between these groupings. The approaches often
involve visual methods to help to construct groupings and relationships and to represent the final
product of this process. Three specific approaches were identified in the methodological literature
review conducted to support the production of this guidance: idea webbing, conceptual mapping and
conceptual triangulation. Although we describe them separately below they are very similar as we
discuss in the demonstration syntheses reported in chapter 4 and 5. It is perhaps worth noting that
these tools can also be used to develop review guestions and to begin to identify moderator variables
to be explored in more detail before the synthesis begins but we do not discuss these uses in this
guidance.

ideas webbing

ldeas webbing suggested by Clinkenbeard® as a method for conceptualising and exploring
cennecticns among the findings reperted by the studies included in a review. This approach uses
spider diagrams to develop a visual picture of possible relationships across study resuits.

Concept mapping

Mulrow, Langhorne & Grimshaw*® describe a similar process which we refer to as concept mapping.
Their approach involves linking multiple pieces of evidence extracted from across individual studies
included in a review to construct a model highlighting key concepts or issues relevant to the review
question and representing the relationships between these. This approach uses diagrams and flow
charts to visually represent the relationships being explored. The notion of conceptual triangulation
described by Foster appears to be very similar in that it is concerned to explore relationships between
data drawn from within and between studies.*' Foster argues that this approach alleviates 'concerns
about combining numbers and text because both qualitative and quantitative results can be portrayed
conceptually”. The approach relies heavily on tables to facilitate the analysis and produces a number
of possible models through which the phenomenon of interest may be better understood on the basis
of the diverse sources of evidence synthesised.

Transialion as an approach to exploring relationships

Translation as a process for synthesis is typically associated with the work of Noblit & Hare on meta-
ethnography.® It is a way of using qualitative research techniques to synthesise findings from
multiple studies. The term ‘meta’ in this context refers to the franslation of studies into one another.
Although developed for use with qualitative research, the approach could be used with a mixture of
qualitative and quantitative evidence. Translation focuses on seeking a common rubric for salient
categories of meaning, rather than the literal translation of words or phrases. Noblit and Hare identify
two different types of ‘translation’

1. Reciprocal translation (accounts are directly comparable)
2 Refutational transfation (the accounts are oppositional)

In practice there are few examples of refutational translation in the literature. Having translated the
studies into one another, they suggest that reviewers should develop a 'line of argument’ drawing
inferences from the results of the translation. The line of argument is developed by examining
similarities and differences between cases to integrate them in a new interpretation that 'fits’ all the
studies. Meta-ethnography is a specialist approach to synthesis (akin to statistical meta-analysis with
quantitative studies) and not therefore an approach to be utilised in full in the context of a narrative
synthesis. However, the translational process may be of value as a way of exploring relationships
across studies. The inductive nature of the process means it is emergent, the initial question or area
of interest may be adapted or redirected, and there are numerous judgement calls along the way. Cf
course the same can be argued for cther types of synthesis.

Qualitative case descriptions

As Light and Pillemer note, formal statistical procedures may be able to detect subtle differences in
effectiveness but they do not necessarily explain them." These authors argue that ‘qualitative case
descriptions’ are particularly valuable in helping with the interpretation of statistical findings. However,
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they give relatively little practical advice about how one would go about doing this type of case
description. In general terms qualitative case description would seem to include any process in which
descriptive data from studies included in a systematic review are used to try to explain differences in
statistical findings, such as why one intervention outperforms another (ostensibly similar) intervention
or why some studies are statistical outliers. As an example of this process they suggest that in a
review of the effectiveness of educational programmes the reviewers might use a range of information
from the included studies to seek to answer questions such as:

What are the characteristics of successful implementations?
How were the teachers trained?

How were parents involved?

What were the details of the educational programme?

This kind of descriptive information may or may not be reported in the original study reports. The
textual descriptions of studies described earlier would be a potential resource for this type of work,

investigator triangufation and methodological triangulation

Approaches to triangulation focus on the methodological and theoretical approaches adopted by the
researchers undertaking the primary studies included in a systematic review. Consideration of how
these differ across the included studies may be helpful in exploring the nature and impact of
moderators in quantitative research or broader relationships in qualitative research. Some authors
argue that by working with a number of different triangulation approaches reviewers can develop a
better understanding of how the various factors invelved in the intervention and its evaluation may
have impacted on the results reported in included studies.*?

Investigator triangulation was developed by Begley to explore the extent to which heterocgeneity in
study results may be attributable to the diverse approaches taken by different researchers.”? The
approach involves analysing the data in relation to the context in which they were produced, notably
the disciplinary perspectives and expertise of the researchers producing the data *? Begley is
focusing on primary research but this approach could be valuable for evidence synthesis too. It works
from the understanding that each disciplinary approach may have produced different kinds of findings.
Considering what kinds of evidence and what kinds of outcomes emerge from studies conducted by
researchers from particular disciplinary and epistemological positions is potentially an illuminating way
to think about possible sources of heterogeneity. This approach will be easier if the review is being
undertaken by a multidisciplinary research team “allowing data to be subjected to a range of
disciplinary gazes” g

Methodological triangulation was developed by Maggs-Rapport and offers a broadly similar
approach.*® Both of these approaches serve as a reminder that the evidence being synthesised in a
systematic review does not offer a series of discrete 'answers’ to a specific guestion. Rather, each
‘piece’ of evidence offers a partial picture of the phenomenon of interest. The product of the
systematic review, particularly in the case of narrative synthesis, may not be a ‘meta-answer' to the
review question, but a theoretical insight and/or a new model that informs understanding about the
mechanisms underlying the results reported.

Element 4: Tools and techniques for as ing robustness of the synthesis

Weight of Evidence — e.g. the EPPI approach

Best Evidence Synthesis

Use of validity assessment — e.g. the CDC approach

Reflecting critically on the synthesis process

O P 0 (] =

Checking the synthesis with authors of primary studies

Weight of Evidence — the EPFI approach

The Weight of Evidence approach developed by staff of the EPPI-Centre is used in many EPPI-
Centre reviews *® In the EPPI approach relevance criteria are set for a particular review and studies
are then assessed for relevance using these. Those that are judged to be relevant are then assessed
for methodclogical quality.
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Best Evidence Synthesis (BES)

BES deals with the robustness in terms of the methodological quality of included studies though the
application of inclusion criteria. This is based on an approach described by the educational
researcher Robert Slavin***’ In BES, only studies that meet minimal standards of methodological
adequacy and relevance to the review are included, and information is extracted in a common
standard format from each study, with a systematic approach to the assessment of study guality and
study relevance. This approach is not prescriptive about the study designs which can to be included
in a review — this can vary, depending on the review question. BES aims to identify and synthesise
sources of evidence no matter how diverse. It has been suggested however that BES Is simply an
example of good systematic review practice albeit with some problems. Suri, for example, suggests
that in extracting data from the primary studies BES tends towards calculating the median effect size,
rather than calculating a weighted mean effect size, as is standard meta-analytic practice_31

Although BES accounts cover the whole review process the approach focuses in particular on the
selection of studies into a systematic review rather than focusing on the synthesis, thus emphasising
that decisions about study quality should be taken early in the review process to ensure that the
review is based on robust evidence. The decision about “strength of evidence” is therefore made
early in the review process, and its practical application can be seen in the inclusion and exclusion
criteria.  For this reason the demonstrations of the application of the narrative synthesis guidance
reported in the next two chapters were not able to utilise the approach to check the robustness of the
synthesis findings,

Use of validity assessment — Centre for Disease Control (CDC) approach

Cther approaches to assessing the strength of evidence included in evidence synthesis have been
developed. For example, specific rules may be used to define explicitly what is meant by “weak”,
‘moderate” or "good’ evidence. There are numerous examples of this form of synthesis but few from
the social sciences. One recent example from healthcare comes from the CDC Community Guide to
Preventive Services. ** In this approach, the reasons for determining that the evidence is insufficient
are: A. Insufficient designs or executions, B. Too few studies, C. Inconsistent, D. Effect size too small,
E. Expert opinion not used. The categories are not mutually exclusive. While the criteria can be
debated, the grounds on which the decision about strength of evidence is made are at least explicit.
Many other healthcare evidence grading systems use a similar approach.

Reflecting critically on the synthesis process
Busse et al*® recommend that in reporting the results of a systematic review a summary discussion
section should be provided including the following:

s NMethodology of the synthesis used (especially focusing on its limitations and their
influence on the results)

e Evidence used (quality, validity, generalisability) — with emphasis on the possible sources
of bias from the sources of evidence used and their potential influence on results of the
synthesis
Assumptions made

Discrepancies and uncertainties identified (the way that any discrepancies in findings
between included evidence were dealt with in the synthesis should be discussed and
wherever the evidence is weak or non-existent, areas where future research is needed
can be highlighted)

Expected changes in technology or evidence (e.g. identified ongoing studies)
Aspects that may have an influence on the implementation of the technology and its
effectiveness in real settings

e  Such a summary would enable the analysis of robustness to temper the synthesis of
evidence as well as indicating how generalisable the synthesis might be.

Checking the synthesis with authors of primary studies

In the context of their meta-ethnography of qualitative research Britten et al suggest consulting the
authors of included primary studies in order to test the validity of the interpretations developed during
the synthesis and the extent to which they are supported by the primary data.®® This is most likely to
be useful where the number of primary studies is small but the authors of the primary studies may
have useful insights into the possible accuracy and generalisability of the synthesis.
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3.3 Conclusion

In this chapter we have provided an overview of the four main elements of the narrative synthesis
process that we have identified and briefly described various tools and techniques that can be used at
different points in the synthesis process. In the next two chapters we describe in detail the practical
application of the guidance, including the use of particular tools and techniques, to the synthesis of
two bodies of research evidence. Chapter four focuses on a narrative synthesis of the findings of the
11 RCTs included in the Cochrane systematic review of interventions for promoting smoke alarm
ownership and function.®’ The original Cochrane review involved a meta-analysis which means we
are able to compare the results/conclusions of the two approaches to synthesis. Chapter five focuses
on the narrative synthesis of studies of the implementation of domestic smoke alarm promotion
interventions. This is linked to an earlier pilot review and some comparisons with the outcomes of this
earlier work are made " %
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CHAPTER 4: APPLYING THE GUIDANCE 1: A NARRATIVE
SYNTHESIS OF STUDIES OF THE EFFECTIVENESS OF
INTERVENTIONS FOR PROMOTING SMOKE ALARM OWNERSHIP
AND FUNCTION

4.1 Introduction
The aims of this chapter are to:

o |llustrate in practical terms the decision making processes involved in the application of
the guidance to a specific narrative synthesis

e |dentify factors that should inferm choices about the use of particular tools and technigues
in the context of a specific synthesis

s Provide examples of how particular tools and technigues can be used in the synthesis of
evidence on effectiveness
Demonstrate the type of outcomes achieved by a narrative synthesis

Compare the outcomes of a narrative synthesis of the effect of an intervention with those
produced by meta-analysis.

The review selected for comparison was a Cochrane review investigating the effects of interventions
for promoting smoke alarm ownership and function.® This review was selected because it was
methodologically sound, had incorporated a meta-analysis, had analysed a ‘'manageable’ number of
studies (11 RCTs) and because it complemented the systematic review of the implementation of
smoke alarm promotion interventions that was also being resynthesised in a concurrent ‘testing' of the
guidance.

Developing a theory of how the intervention works, why and for whom
Developing a preliminary synthesis

Exploring relationships within and between studies

Assessing the robustness of the synthesis

Within each of these sections, the guidance presents a number of related tools and techniques that
can be used to complete the various stages of the synthesis. To apply this guidance to the narrative
synthesis, each of the sections was read through in sequential order, and for each element the tools
andfor technigues that appeared to be useful and relevant to the synthesis at hand were selected.
The reasons for selecting or rejecting a tool or technique are given within each section. Where
possible, the tools and technigues employed were used to derive conclusions about the effects of
interventions for promoting smoke alarm ownership and function. Where tools or technigues proved
fo be less useful, this is discussed. A flow chart summarising the synthesis process is presented in
figure 4.
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4.2 Developing a theory

The majority of studies aimed to increase smoke alarm ownership and function through the use of
educational interventions with or without the addition of free or discounted smoke alarms for
participants. The primary studies did not clearly describe the theoretical basis of the evaluated
interventions, but the implicit theory underlying most educational interventions was that education can
increase knowledge of potential fire/lburns risks, change risk perceptions and lead to behaviour
change (i.e. acquisition of smoke alarms). The use of discounted or free smoke alarms as an
intervention to increase ownership and function (usually in lower income families) suggests that
authors consider cost to be a barrier to smoke alarm acquisition.

4.3 Developing a preliminary synthesis

It is stated in the guidance that “how a reviewer approaches the preliminary synthesis... will depend in
part on whether the evidence to be synthesised is quantitative, qualitative or both”. In the case of this
example, the data to be synthesised were anticipated to be predominantly quantitative and, more
specifically, derived entirely from randomised controlled trials. With this in mind each of the tools and
technigues presented in the ‘preliminary synthesis' section of chapter three were evaluated as to
whether they would be relevant for the synthesis at hand (see table 1 below).

Table 1: Selection of tools and techniques in developing a preliminary synthesis

Name of Thoughts/ideas/comments in relation to Should this

toolitechnique current synthesis tool/technique
be applied
here?

Textual descriptions

Need to determine which aspects of each study will
be drawn from the reports.  These might be the
same as the table headings

Possibly, but not
necessarily as a
first step

Groupings and clusters

It possible, organise studies by intervention type,
conhtext, target population, study design, outcomes.
Maybe have ‘primary clusters' e.g. (intervention type,
population) and have 'secondary clusters' (e.g. study
design, context) within these

Yes

Transforming data:
constructing a common
rubric

QOdds ratios or relative risks for dichotomous data,
weighted or standardised mean difference for
continuous data

Translating data

Inappropriate given predominantly quantitative data
and the effectiveness focus of this review

Tabulation

Describe study characteristics and results. Will
quality be assessed here? How? Predefined
categories or just voicing methodological concerns
that occur when reading the studies? Present these
intext, tables, or both? Perhaps use the text
descriptions to highlight any important aspects about
individual studies that might not be apparent from the
tables (issues across studies are more likely to fit into
the next section on ‘exploring relationships’)

Vote-counting as a
descriptive tool

Would be possible here if all data had been
converted to odds ratios/relative risks/mean
differences

Consequently, five of the six tools/techniques described in the guidance were applied to the synthesis
and were carried out in the order described below.

Tabulating the data

It was decided that extracting data from the primary studies in tabular form might be the most natural
starting point for the synthesis. This was done by using the same format as the Cochrane review's
‘characteristics of included studies' table (participants, interventions, outcomes, notes) and adding
further information, including country of origin, duration and provider of the intervention, number of
participants in each group, context in which intervention was delivered, and results (see Table 4).
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Study wvalidity/quality is not addressed in detail in this section of the guidance. However, the
Cochrane review did report some aspects of study validity (e.g. concealment of allocation) in the data
extraction tables, It seemed sensible at this stage of the narrative synthesis (where the papers were
being read in detail and some broad judgements about their content are starting to be made) to
consider study quality. Consequently, a column including data on methods/quality was included in the
table and structured comments were included regarding individual papers, based on Jadad et al's
scale for evaluating RCTs.*

It became apparent that there were some discrepancies between the outcomes extracted for
tabulation in the narrative synthesis and those in the Cochrane review. However, upon contacting the
Cochrane review's authors, all these discrepancies could be explained by the inclusion of unpublished
data or statistical adjustments for clustering. In these cases, to ensure comparability, data from the
Cochrane review were used in the narrative synthesis.

At this stage, it became clear that the majority of studies were concerned with child safety, and that
most included some measure of smoke alarm ownershipffunction as a main outcome. Only two
studies™ * looked at injuries as an outcome, but neither of these presented separate data on
firefsmoke/burn related injuries.

Textual descriptions

It was not entirely clear what these might add to the preliminary synthesis over and above the
information presented in the data extraction tables. |mmediately after having constructed the data
extraction tables, this seemed like an unnecessary duplication of effort, though it was considered that
‘textual descriptions’ might actually be useful for describing the interventions in more depth than can
be usefully given in the tables. Consequently, the use of this technigue was delayed until a later
stage of the synthesis process.

Groupings and clusters

The presence of natural groups or clusters of studies was investigated, primarily to determine whether
studies could be clustered according to the characteristics in the data-extraction tables (such as
intervention, participants, setting, outcomes etc). The most obvious difference between studies in
terms of the populations included is that all the studies deal with children and/or their families, with the
exception of the Ploeg study that includes only participants aged 65+ years.ss This study was
therefore excluded from later comparisons. Secondly, studies could be clearly be grouped according
to which of the four smoke alarmfownership outcomes (specified a priori in the Cochrane review) they
reported.

Developing a common rubric

As mentioned previously, data were only available for the four smoke alarm ownershipfunction
outcomes. As these data were dichotomous, odds ratios and relative risks were calculated. Absolute
risks differences and percentage smoke alarm ownership in the control group were also calculated for
each smoke alarm ownership outcome and tabulated (an example for the ffinal smoke alarm
ownership' outcome is shown in table 5).

These tables showed that the effects of most interventions were generally fairly small for most smoke
alarm ownership and function outcomes (absolute differences ranged from 0% to 12.4%). However,
they generally favoured intervention over control (only two of the 10 studies that measured final
smoke alarm ownership were negative for this outcome and one of the four studies reported a very
small negative finding (absolute difference —0.1%) for 'smoke alarms acquired'.

Smoke alarm ownershig in the control groups of each study was generally quite high, with one clear
exception (Kelly et al},”™ 11%). As might be expected, there was greater range of odds ratios than
corresponding relative risks for each outcome, as odds ratios are frequently more extreme (i.e. further
from 1) than relative risks.

This approach proved a useful first step in comparing the effects observed across the included
studies.
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Table 2: Characteristics of included studies

Reference Intervention F Setting/context | Out Methods/quality Other
notes
Barone {1988) | Content Couples of Classes conducted | Home 1) Final smaoke alarm Allocation by coin toss
I: Usual safety plus | ¥ al icn 6 i within pared classes
usa slides and handouts on burn attending hospital, family months after | | =32/34
prevention, mator vehicle safety | “Parenting the | homes class C=26/20 Qutcome assessment not
education and video, bath water | toddler” blnded
thermometer; hot water gauge. | classes 1) Final 2) Final functioning
(n=41) smoke alarm | smoke alarms: Withdrawals:
C: Usual safety education (n= ownership I=39/41 27% of parents attending
38) 2} Final C=34/38 randomised classes did
functioning not enral in trial
Duration; smoke alarms | | = 32/34
4 x 2h weekly meetings. C = 268/28
Delivered by Ho significant difference
Unclear between groups
Clamp (1988) | Content: Families of Delvered during Telephone! 1) Smoke alarms Allocation by random
|: Safety advice, leaflets, children <5 yrs | child health mail survey § | acquired: numbers table numbered
UK discount safety devices for low | on GP list surveillance weeks after =883 1-185, the first 83
income families (n=83 families) consultations, visit: =082 numbers on the list were
C: Routine child health opportunistically 1) Smoke allocated to the
surveillance and routine during other alarms. 2) Functioning smoke intervention group.
consultations without consultations, or acquired alarms acquired Allocation was done by a
intervention (n=82 families) the family was 2 1=7/83 researcher blinded to the
asked tomake an | Functioning C=4182 number given to each
Duration: appeintment smoke alarms. family at the time of
Unclear specifically for the | acquired 3) Final smoke alarm allocation
intervention 3} Final ownership:
Delivered by smoke alarm | I: 8283 Qutcome assessment not
Health visitors/practice nurses ownership C: 782 blinded
4) Final
functioning 4) Final functioning Withdrawals:
smoke alarms | smoke alamms: Mone
I: B0/83, C: 71182
2
Reference | Intervention F p Setting, Le] Methods/quality Other
notes
Davis Content: Children in Schoaol In school Final smoke alarm Method of random The study
(1987) |: Fire safety lessons with grade 4.8 survey, ownership: allocation unclear uses
warkbook, demanstrations, classes immediately repeated
usa teacher training, materials, take after class: | = 2211314 Outcome assessment hypothesis
home materials for parents C = 195/200 not blinded testing
(n=438] 1) Final smoke
C: Usual lessons (n=418) alarm ownership | | = Withdrawals:
C=2721418 1=1%
Duration; C=0%
G x 1-hour lessons
Delivered by:
Teacher
Jenkins Confent: Families of Delivered at Interview in Final smoke alarm Allocation by random 48% of
(1696) |: Discharge teaching book about chitdren <17 discharge from clinic at first ownership: numbers table read by | children in
burn care and prevention; routine years in bum bum unit follow-up visit independent persan the study
Canada discharge teaching (n=62 families) | unit (time since | = 45162 were of
C: Routine discharge teaching intervention C = 4661 Qutcome assessment Mative
(=61 famidies) unclear): blinded American
Indian
Duration; Final smoke Withdrawals: origin.
‘One session alarm ownership 13% overall (unclear for | Families
each group) were less
Delivered by: Iikely to
Physical therapist, occupational have safety
therapist or nurse devices, and
less likely to
speak
Englishas a
first
lnguage
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Reference | Intervention F p Setting, Le] Methods/quality Other
notes
Kelly (1887) | Content’ Families of Family home 1) Final smoke 1) Final smoke alarm Method of random
|: Developmentally criented child children aged alarm ownership | ownership: allocation unclear
usa safety education, hazard B manths seen (from home | = 855
assessment and handout at 6, 8 for well child inspection, 1 C=854 Outcome assessment
and 12-manth well child visits. care month after 12. Mo significant difference | blinded.
(n=55 families) menth visit) between groups
C: Usual 8, 8 and 12-month well Withdrawals:
child visits {n=54 families) 2) Accidents 2) ERfprimary care 1=35%
andfor visits for accidents: C=37%
Dration: hospitalisations | | = 15/55
Each visit approx 15 mins (from hospital C=11/54
record review)
Delivered by: Accidents requiring
| = Principal investigator treatment:
C = primary caretaker (paediatric | =355
resident, fellow, faculty member, or C=4/54
nurse practitioner Hespitalisations for
accidents:
1=1/55
C=1/54
Kendrick Content: Children aged | Community a) Record 1) Smoke alarms Allocation by random Hot all
(18a0) |: Age specific advice, cheap 312 months review of acquired: numbers table by participants.
safety equipment fior low income injuries | =15/274 investigator blind to the | received all
UK tamilies, home safety checks, first C=11277 identity of the practices | aspects of
aid training. Checklists, b) Postal survey the
infarmation sheets and literature of safety 2) Functioning smoke O
provided throughout (18 centres at25 | alarms acquired: blinded
randomised, n=1124) month follow-up; | | =
C: Usual care (no further 1) Srmoke C=141277 Withdrawals:
description) (18 centres alarms acquired 1=67%
randomised, n=1028) 2) Functioning 3) Final smoke alarm C=84%
smoke alarms ownership:
Duration: acquired | = 2541274
Unclear. 3) Final smoke | C = 2481277
alarm ownership
Delivered by 4) Final 4) Final functioning
Health visitors and practice nurses functiening smoke alarms:
smoke alarms | = 2430274
C=24u277
A
Reference | Intervention F p Setting/ Outy Result: Methods/quality Other
notes
King (2001} | Content Families of Family home Home 1) Smoke alarms Allocation by cpening Though
|: Home safety inspection and children aged inspection at 1 acquired: sealed, senally generally
Canada tailored education, safety device <8 years year follow-up: | = 141478 numbered, cpaque not given
i {by i C = 14/464 envelopes feadback
telephone) at 4 and & months, plus | injuries 1) Smoke after home
a letter from the local project alarms acquired | 2) Functioning smoke Outcome assessment safety
dwector (n=4582 families) 2) Functioning alarms acquired: blinded. inspection,
C: Home safety inspection and smoke alarms | = 44/440
general safety pamphlet only acquired C = 36435 Withdrawals: group
(n=482 families) 3) Final smoke 1= families
alarm ownership | 3) Final smoke alarm C=18% were
Durafion; 4) Final ownership: informed if
Unclear functiening | = 4600479 non-
smoke alarms C = 454/485 functaning
Delivered by: smoke
“Home visitor” 1.45 (0.84, 2.22), alarms were
p=0.05 discovered
4) Final functioning
smoke alarms:
| = 4121450
C = 401/447
1.01 (0,79, 1.30)
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Reference | Intervention Particip Setting/ [=] Methodsiquality Other
notes
Mathews Content: Mathers of Family home Home 1) Smoke alarms. First eight parbicipants
(1988) I: Home safety inspection, video, toddiers (12- inspection 2 | acquired: allocated in odd-even
handouts, modeliing re: safety and | 14 months at weeks after | | =012 manner, remainder
usa managing dangerous child first contact) home visit c=0M2 using open random
behaviour, hot water from clinics, numbers table
thermometers, choke tube. (n=12 | day care 1) Smoke 2) Functiening smoke
families) centres alanms alarms acquired: Blinding unclear
C: Home visit with video, acquired | =0M12
handouts, medelling on language 2 c=0M2 Withdrawals:
simulation (n=12 famiies) Functioning 8% in total
smoke 3) Final smoke alarm
Duration: alarms ownership:
Home visits 1.5 — 2 howrs, acquired Pre-test
intervention 45-60 mins 3) Final I=10M2
smoke C=8aM2
Delivered by alarm
Psychalogist hip 4) Final
) Final smoke alarm
functioning ownership:
smoke I=812
alarms C=6M12
There were no
significant differences
between groups or trials
on these outcomes
o
Reference | Intervention Participants | Setting/context | Outcomes | Results Methodsiquality Other notes
Ploeg (1994) | Content: English Debvered during a | Telephone Smoke alarms Allocation by random
|- Safaty [+ i wvisit to the client's survey after | acquired: numbers table read by
Canada safety checklist developed from public health home 2-3months: | | = 3148 independent person
the injury prevention literature, clients aged C=1n97
used with clients to discuss 65 or over Smoke Qutcome assessment
personal, home and community alarms blinded
safety and to address strategies to | Mean age 77.2 acquired
improve safety. (n=148) years, 67% Withdrawals:
C: Influenza immunisation female 1=1%
promation (n=211) C=7%
Duration:
One visit Duration unclear
Delivered by:
Public health nurses
Thomas el Wolunteer Hospital? Home Final smoke alarm Randomised using cain | Smake alarm
(1984) |: Well-baby classes with standard | parents of i o) | i 4 i toss. ownership was
safety information plus bumn infants. B weeks | = 27128 wery high in
usa prevention education lecture, enrolled with a after class: C=21125 Blinding unclear bath groups
pamphlet, handouts and discount | single HMO {actual
coupon for smoke alarm purchase Final smoke Mo withdrawals numbers not
(9 classes: n=29) Mo further alarm mentioned given for C
C: Well-baby classes with infarmation ownership group)
standard safety information (B provided
classes: n=26)
Duration
1C: 1 x 90min session
Delivered by
Paediatric nurse practitioners
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Reference Intervention F Setting/ o Methods/quality Other
notes

Williams Content: Mew mathers. Unclear Home Dutcome data nat Allocaton by random
(1988) I: Usual safety education plus 1 entified while inspection 4- | available numbers table by

hour lecture, handouts on burn attending 70 weeks independent statistician
usa prevention; mator vehicle safety prenatal after The authors state that

education and video (n=40) classes delivery: there was no di Outcome

C: Usual safety education plus 1 between | and C not blinded

hour lecture, handouts on infant 1) Final groups, with bath

stimulation and feeding {n=35) smoke alarm | groups showing usage | Withdrawals.

ownership rates for smoke alarms | 55% of women
Drration: of over 77% attending randomised
Unclear classes did not enrol in
trial

Delivered by:

“Trainer”
| = Infervention group
C = Centrol group
Table 3: Final smoke alarm ownership (commeon rubric and vote count)
Reference Absolute Relative risk (95% | Odds ratio (85% Cl) | Vote count RR Vote count OR % smoke alarm

difference | Cl) ownership  in
control group

16 | 1.01) -

8. 1.11_(0.74, 1.68] 1.87 (0.22, 12.

124 1.15 (0.95, 1.38) 5.14 (0.53, 48.5

Mo stats Mo stats. No stats Mo stats Mo stats

Key to table colour coding
Il significantly favours intervention
Trend towards intervention
No difference
Trend towards control
Il significantly favours control




Vote counting as a descriptive tool

Tables showing two approaches to vote counting were developed: (i) only using ticks where the effect
of the intervention was positive and statistically significant; (i) using colours (superimposed on the
rows of the table) to grade both the direction and statistical significance of each outcome (see table 5
for an example showing the ‘final smoke alarm ownership' outcome).

In terms of the vote-count there were no differences between the relative risks and odds ratios
calculated previously, The study by Williams®’ reported that there was no statistically significant
difference between the experimental and control groups but did not provide data to calculate the
measures in this table. For the subsequent steps, the relative risk and the more “informative" (colour
coded) vote count were both used.

The wvote-count supported the observations previously made by looking across the absolute risk
values. Where several studies report the same outcome, the majority of these studies show a
tendency to favour the intervention over control, though the relative risk is usually small. Only one
study reported any statistically significant differences between intervention and control groups (Clamp
reported statistically significant éjositive effects of intervention on final smoke alarm ownership and
final functioning smoke alarms). g

In this case, the colour-coded descriptive vote-count allows the reader to see the outcome data as
either a simple vote-count or as a statistical value, depending upon the Tocus' they adopt when

examining the outcome table.

4.4 Exploring relationships within and between studies

Toolsftechniques described in this section of the guidance are described in the table below.

Table 4: Selection of tools and techniques for exploring relationships between studies

Name of Thoughtsfideas/comments in relation to current | Should this
tool/technique synthesis tool/technique
be applied
here?

Moderator variables Most likely sources of potential moderator variables are Yes
and subgroup analyses | likely to be variations in intervention, population or

possibly setting
Idea This may help structure the investigation of moderator Yes
webbing/conceptual variables
mapping
Conceptual This approach would be more appropriate to a synthesis | No
triangulation of implementation studies, in which more qualitative

information is likely to be available and there is greater

scope for model development
Reciprocalirefutational | Insufficient qualitative evidence in this review Mo
translation
Qualitative case This appears to be essentially the same as the ‘textual Yes
descriptions descriptions' described earlier. However, here the

approach is presented in the context of investigating

differences between, rather than simply describing, the

studies. Might be worthwhile to revisit the studies and

extract detailed data from them, with an eye to any

potential moderator variables
Visual representation This is possible given the guantitative data available for Yes
of relationship between | each study
study characteristics
and results
Investigator and Maore applicable to qualitative studies. As all studies here | No
methodological were RCTs, there should not be any systematic
triangulation difference in results between authors from different

disciplines (if there was, bias would be a very serious

concern). Data on the disciplinary perspectivel/expertise

of investigators was not available for all studies

o
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The four main tools and technigues for exploring relationships within and between studies were
conducted in the order described below.

Moderator variables and subgroup analyses

It would be useful to know any variables that might moderate the main effects being examined by the
review. Two further types of table were drawn up to help investigate whether there were any clear
moderators of effect. The first table was constructed to show the various components that make up
the intervention for each study and the overlap between the different interventions in terms of these
components (table 5).

The table indicates that there is little overlap between the studies in terms of the specific components
employed within the interventions they evaluate. Seven of the ten studies concerned with children
and/or their families used handouts and four used ‘burn education’, money-off coupons or discounted
devices and home safety inspections. However, this lack of overlap is possibly due to the fact that
studies were, on the whole, very poorly described. Even when sufficient information was reported
allow extraction, there was still variation in the terms and definitions used by different authors, making
direct comparisons even more difficult.

The second set of tables is an adaptation of the outcomesivate count table, with further information
taken from the data extraction table and the intervention components table described above (table 6
gives an example for the final smoke alarm ownership' outcome). Intervention, population and
setting columns were included to identify potential subgroups/moderators. These are described as
briefly as possible (1-5 words) to allow visual comparison across the table. The description of the
intervention is broken into 3 separate cells to facilitate such visual comparisons for the complex
interventions.

Looking at the outcome of final smoke alarm ownership’ (for which the majority of studies provide
data), four studies stand _out from the majority of positive but statistically non-significant findings:
Williams (sno {:Iii"ferern::e),s'Ir Clamp (significantly [::c:ﬁiti\.rej,s‘a Jenkins and King (both non-significantly
negativeg. 5 williams reports that “there were no differences between experimental and control
groups”, ? though whether this means there was truly no difference between the groups or that any
observed differences were not statistically significant is unclear. Either way, it is difficult to determine
why the studied intervention had little or no effect based on this one study alone. The intervention
studied by Clamp included safety advice, discounted safety devices and handouts and resulted in a
significant increase in final smoke alarm ownership and function.® However, these particular
intervention components were common to cther studies that differed from Clamp’s study in terms of
both magnitude and statistical significance of effect The two negative studies on the ownership
outcome (Jenkins and King) evaluate two different interventional approaches.™ ™ However, these
studies do share a common characteristic that is not present in the ‘positive’ studies. the intervention
was delivered to the families of children that had been previocusly hospitalised for an injury.

Qualitative case reports/textual descriptions

The two 'tools' ‘textual descriptions’ and ‘qualitative case descriptions’ would seem to be very similar,
It was decided that writing a short summary of each study at this stage of the synthesis (i.e. having
already organised, described and examined them) would provide an opportunity to check the previous
stages for accuracy, and allow the reviewer to draw out in detail any aspects of individual studies that
may not have seemed relevant at the start of the synthesis, but have become of interest during the
subsequent stages of describing and exploring the study data. These summaries were structured
such that they provided details of the setting, participants, intervention, comparison, and outcomes,
along with any other factors of interest (for an example of one such description see Box 1),
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Table 5: Table showing various components of the evaluated interventions
Bum Slides | Handouts | Safety | Discount | First Home Taillored Reinforcement | Video | Modelling | Free School | Chid

education advice | devices aid safaty education thermometer | fire safaty
feoupens | training | inspection fchoke tube | safety | education
lessons

Williams | v o« v v

*Above studies relate to childrenffamilies. Ploeg (included only ptps aged >65yrs)

3
Table 6: Final smoke alarm ownership (p
Reference | Intervention Population Setting Absolute % smoke alarm
difference (%) | ownership in
control group
Burn education Slides Handouts Parents of teddlers | Hospital, 45 o0
Fire safely lessons Take home Children School 52 B5
material for
parents.
me book on Children <17yrs H'I:pill burn | -2.8 75
Child safety education Home safety Families of babies Family home | 3.4 EE]
inspection <Bmths
Handouts
Kendrick Safety advice Discount devices Home safety Families of babies 3- | Community 3.2 20
First aid traini inspectian 12mths
King (2001) | Tallored education Discount coupons | Home safely | Famibes of Family home | 16 7]
‘M
Mathews Video Frea thermometers | Home safety Mothers of toddlers | Family home | 8.3 75
(1988) Modeling re safety and choke tube. inspection (12-18mths)
Handouts
Thomas Well-baby classes plus burn | Discount smoke Handouts Parents of infants. Hospital(?) 124 B4
(1984) prevention education alarm coupon Pamphiet
lecture.
Williarms Burn prevention lecture Handouts Pregnant women Unclear No stats =77
(1988) (last timester)
Key to colour coding:
Il Significantly favours intervention
Trend towards intervention
Mo difference
Trend towards control
Il Ssignificantly favours control
a0
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A number of questions arose from the process of writing these summaries:

¢ Does the immediate on-site availability of smoke alarms in the intervention setting

increase uptake?

¢ Are |lower income families more likely than higher income families to respond to

interventions incorporating discounted smoke alarms?

¢ Does having experienced a child injury prior to intervention increase uptake of the

recommendations given in the intervention?

* [o interventions that focus on burn injuriesffire prevention have different effects to

interventions that relate to safety more generally?

¢ Does advice being age-specific alter outcomes? Would advice regarding fire safety

always be the same, independent of child age?
Does attrition have an effect?
Is length of follow-up an important factor?

Is sample size important? Studies may be powered to detect differences on other

outcomes.

* Several studies attribute any lack of effect to the fact that an active effort is reguired to
install smoke alarms. Is there a relationship between intervention effectiveness and

amount of active effort required?

Box 1 — Example of textual descriptions/qualitative case descriptions of included studies

Barone (1988)
Setting: US suburban hospital.

Participants: Individuals or couples attending a continuing-education series on "Parenting the Toddler”.
Couples were predominantly of middle- and upper-middle class socioeconomic status and generally
well educated.

Intervention: Parenting information, with specific information and materials on burn prevention and
child restraints. Included a slide presentation on falls, strangulations, drownings, poisonings, and fire
hazards, plus additional slides on the hazard of hot tap water, use of smoke detectors and the
advantages of child car seats. 4 weekly sessions, each of 2 hours duration. 41 participants.

Comparison; Parenting information, with general child safety information. Included a slide presentation
on falls, strangulations, drownings, poisonings, and fire hazards. 38 participants.

Outcomes: A researcher inspecting participants' homes looked for and tested any smoke alarms, 6
months after the classes.

Other:
The protocol for this intervention is very similar to that described by Williams (both are
from the same University in the same year).
—  The author suggests that the very high rate of smoke alarm ownership might be due to
previous health promotion efforts.

— The author also suggests that it would have been possible for participants in the control
group to be ‘warned’ in advance what the researchers were looking for and testing during
home inspections by other participants whose homes had already been inspected.

This suggests that the production of summaries can be a helpful prelude to identifying and assessing

impact of moderator variables, building on data extraction and developing conceptual models.

Developing conceptual models/idea webbing/concept mapping

These three tools/technigues are also very similar although the implementation narrative synthesis
illustrates differences between them. The aim of using these techniques in this example was to make
transparent the logic behind the subgroup analyses/investigation of moderator variables (see figure
3). Inworking through this process it became apparent that it also incorporates aspects of grouping
and clustering. The resulting figure is also in part a way to link the previously described processes
and the resulting issues/ideas together in order to structure the synthesis. It represents the product of
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a process whereby variables or patterns are identified in one of the previously described tables or
documents and then re-examined from the viewpoint of the remaining tables/documents. For
example, the characteristic most fully explored in the figure is that of the included study population, as
described in the table of potential moderator variables and in the textual descriptions. Studies of
childrenffamilies were grouped by age of the included children according to the moderator tables.
Within these groups, further participant variables such as socioeconomic status were identified from
the textual descriptions.

The 'outcomes' and ‘quality’ nodes are connected to one another via 'loss to follow-up’. The
withdrawal rates vary substantially across this group of studies, from 0% to 67%. Where high dropout
rates are discussed in these studies, it is attributed non-attendance over time or unavailability of
participants at final follow-up.

Though identified as potential moderators, no clear or consistent effect on smoke alarm ownership
could be seen across studies for intervention variables such as the use of home inspections or
free/discounted devices, or for fire/burn-specific education alone versus general safety information
that incorporates fire/burn material.

Initially idea webbing was very useful approach to guiding the synthesis. However, the ad hoc use of
the approach led to a natural impulse to seek out any association, no matter how spurious. Given this
it may be better to use these types of approaches early on in the synthesis (or even protocol
development) process to identify a priori the characteristics to be investigated and fo structure the
synthesis before seeing the data itself,

Alternatively, it might be useful to employ this approach at both points in the review process (protocol
development and exploring relationships in the final synthesis), placing more “weight"' on
investigations from the a priori idea web (i.e. using it to help develop conclusions about effects and
moderators), and using the idea web constructed after interrogating the data purely for suggesting
areas in which further research might be worthwhile.
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Figure 5: Conceptual mapping/idea webbing
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Visual representation of relationships between study characteristics and results
Funnel plots to examine the relationship between study sample size/vanance and effect size were
constructed by plotting relative risk against standard error (see figure ). Due to the small number of
studies reporting data on the outcomes of interest, these proved to be largely uninformative. The plot
for "final smoke alamm ownership' shows that the study with the lowest precision is that with the most
strongly positive effect, but this alone does not provide strong evidence for publication bias.

These proved unhelpful but may be more useful in larger reviews where snough guantitative data are
reported to allow a visual display. However this may not be the case for many systematic reviews of
social interventions.

Forest plots showing the point estimates and 95% confidence intervals for each study for each of the
main outcomes (but without a pooled estimate ) were also drawn, as suggested in the guidance (figure
7)1 These provide a clear visual representation of the relative risks and associated 95% confidence
intervals previously presented as intable 5.

Figure 6: Funnel plots showing standard error versus relative risk for each outcome

a)

Final smoke alarm ownership

oo SEflog RA) L)
o
<02 .
L4
L
06
08
' ' ' ‘ ‘ |
o1 02 05 1 2 Bl 10
RR (fixed)
k)
Final functioning smoke akarms
00 SEfing RR)
1
*
>
+01
+0z2
+03
0.4 o
+ + + + J
01 0z 0.5 1 2 Bl 10
RR (fixed)

43

162



<)

Smoke slarms acouired

<00 SEflag AR)
404 »: .
tos
L1z L2
-
118
" | " | } |
01 02 0s 1 2 5 10
RR (foxed)
d)
Functioning smoke alarms acouired
<00 SEjiog RR)
102 -
*
104
tos .
tos
" " " } | |
04 02 05 1 2 5 10
RR (fixed)
44

163



Figure 7: Forest plots (without pooled data) for each outcome
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4.5 Assessing the robustness of the synthesis
Tools and techniques described in this section are presented in the table below.

Table 7. Selection of tools and techniques to assess the robustness of the synthesis

Name of Thoughtsfideas/comments in relation to Should this
tool/technique current synthesis tool/technique
be applied
here?
Best evidence Mot really appropriate since this technique is primarily | Mo,
synthesis concerned with the selection of studies, and all
studies in this synthesis are RCTs
Use of validity EPPI approach may be possible, using internal Yes (EPPI).
assessment (EPPI- validity data presented in the summary tables. CDC
centre approach, COC | approach needs further clarification before it could be | No (CDC).
approach) applied {e.g. what is a "sufficient” effect size?)
Checking the synthesis | Not possible given the time available for this Mo,
with authors of primary | synthesis.
studies.
Reflecting critically on Although partly done throughout this process, it might | Yes.
the synthesis process be useful to have a dedicated section discussing
issues that arose from the synthesis.

Strength of evidence (EPPI approach)

The guidance states that “four criteria are used to appraise each study: (1) the study's methodological
soundness, (2) the appropriateness of the study design to answering the review guestion, (3) the
study relevance, and (4) an assessment of the overall weight of evidence which the study provides,
The first three criteria contribute to the assessment of (4) study “weight’. These are described
elsewhere by EPPI review authors as (1) Trustworthiness, (2) Appropriateness, (3) Relevance, and
(4) Overall weight. An afttempt was made to tabulate these characteristics for the studies included
here (table 8), with criterion (1) based upon the validity evaluations in the first data extraction table (as
these are derived from the Jadad scale, scores of 3-5 are considered 'high’ quality. In this example, a
score of 2 was described as ‘'medium’ and a score of 0 or 1 as ‘low’).

Of the ten studies of children or their families, three received an overall ‘high’ weight, five were
classified as ‘medium’ and two were given an overall weight of 'low'. These ‘overall weights’
corresponded exactly to the ‘trustworthiness' scores that relate to internal validity. This is because
there was little to distinguish between the studies in terms of appropriateness (all were RCTs — a
design appropriate to this kind of evaluative research) and relevance (studies were selected for
relevance early in the review by the application of inclusion criteria). The only study that was nat
considered ‘highly’ relevant in its focus was by Davis, as this was delivered to exclusively to
schoolchildren, whereas other studies involved parents in the intervention.

It is possible that these ‘overall weights’ overemphasise the differences between the included studies.
All of the studies scored 1, 2 or 3 on the Jadad scale and were consequently labelled 'low', 'medium’
and ‘high’' respectively. All of the studies described themselves as RCTs, and (partly because of the
nature of the intervention) none were double-blind or used an indistinguishable control intervention.
Therefore, overall study weighting was dictated solely by whether the studies included descriptions of
allocation concealment and/or withdrawals.

Three studies received an overall weighting of *high® (Clamp, Kendrick and King).*® ** * However,
these were conducted in different settings and, for final smoke alarm ownership, reported differing
results from one another. Consequently, this quality assessment approach does not greatly impact
on the current synthesis, though could prove more useful in syntheses where there is greater variation
in the quality of the studies being synthesised.
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Table 8: Weighting of studies by quality, according to four criteria

Study A B c D
Trustworthiness Appropriateness Relevance Overall weight

Barone (1988) Mecdium High High Medium
Clamp (1998) High High High High
Davis (1987) Medium High Medium Medium
Jenkins (1996) Medium High High Medium
Kelly (1987) Medium High High Medium
Kendrick (1999) High High High High
King (2001) High High High High
Mathews (1888) Low High High Low
Thomas (1984) Low High High Low
Williams (1988) Medium High High Medium

4.6 Reflecting critically on the synthesis process

Methodology of the synthesis used

There were some limitations to the approach taken in this synthesis, relating to the potential for bias.
For example, the selection and arrangement of intervention compeonents included in the moderator
table was to some extent subjective. Similarly, the themes emerging from the textual descriptions that
seemed most important were chosen at least partly subjectively. This is another argument for ‘down-
weighting' conclusions based on moderators only identified through extensive examination of the
primary studies.

In the case of this particular synthesis, only RCTs were included. Subsequently, there was less
methodological heterogeneity than in many narrative syntheses. This precluded the use of several
technigues (although it is unlikely that any synthesis would be able to make use of all the tocls and
techniques described in the guidance). As all the studies were RCTs, the techniques that were
appropriate were often variations on those used when undertaking a meta-analysis. It also meant that
the variation in quality between studies was relatively small and difficult to incorporate usefully into the
synthesis.

4.7 Conclusions

Interventions that provide safety information directly to families of young children appear in general to
have a small beneficial effect on smoke alarm ownership and function. No conclusions can be made
about the effect of such interventions in terms of fire-related injury or burn prevention, as these
outcomes were not reported separately. It is unclear from the synthesis of RCTs presented here how
specific fire-related safety education compares with general safety advice. MNeither is there a clear
relationship between the incorporation of home inspections or discount devices/coupons and the
effect of interventions on smoke alarm ownershipfunction.

However, examination of the studies indicated several implications for the conduct of research in this
area:

Implications for research on smoke alarms

® Future RCTs of similar interventions should measure relevant fire-related injury and burn
outcomes after an appropriately lang follow-up, preferably from hospital record review or
similar method that reduces the potential for bias and attriion inherent in the
questionnaire methods employed in several of the currently published RCTs.

o Any future studies should provide full and detailed descriptions of the intervention being
evaluated and each of its components.

s Theory should be incorporated into the design and evaluation of any such intervention.
Those designing evaluations of this type of intervention should consider the causal
pathways between providing the intervention and the outcomes, and the barriers to its
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adoption, and ensure that data is provided on each of the steps (or events) in the
pathway.

¢ Randomised studies should take into account confounding due to concurrent community-
wide initiatives and legislation to increase fire injury awareness and smoke alarm
ownership.

e The rates of smoke alarm ownership at baseline might be investigated as a potential
variable that influences intervention effectiveness within the target population.

e The only studies with negative findings in this synthesis were those in which participants
were children, or the families of children that had been hospitalised for an injury. Whether
this was a chance finding or indicative of a true lack of effect for these interventions in
families of previously injured children may be of interest.

Comparison of narrative synthesis and meta-analysis

The Cochrane re:\.rie\«.r,f'1 based on the meta-analysis of the same group of RCTs, reached very similar
broad conclusions to the narrative synthesis. The Cochrane authors reported that fire-related injury
outcomes were not available and the main meta-analyses of RCTs showed that "smoke alarm
ownership at follow-up appeared somewhat more likely in the intervention group (OR = 1.26; 95%
C.l., 0.87 to 1.82). Similarly modest positive, statistically non significant effects on functioning smoke
alarms, and on new acquisitions of smoke alarms and functioning smoke alarms, were found”. They
summarised that there were “only modest potential benefits from education to promote smoke
alarms”.

As in the narrative synthesis, the apparent lack of effect of intervention in the two trials involving
families of injured children was noted in the Cochrane review. The Cochrane authors state that
“exclusion of these trials from the meta-analyses results in a stronger, statistically significant
intervention effect on alarm ownership (OR = 1.43; 95% C.J, 1.07 to 1.90) and other alarm
outcomes®. In the narrative synthesis, this was considered an area of potential interest for future
research. The Cochrane authors suggest in the discussion section of their review, “Having an injured
child may lead to safety behaviour changes so large that they obscure any safety education effects”,
but they do not mention this as one of their implications for future research,

In addition, the Cochrane review concluded that smoke alarms delivered as part of child health
surveillance may be more effective. The effects on final smoke alarm ownership were statistically
significant (OR = 1.96; 95% C.I., 1.03 to 3.72), with strong, non-significant effects on the other
ownership and function outcomes. The authors state that these subgroup analyses were based on
few trials and were heavily influenced by a single trial.(Kendrick)Es

The relationship between offering discount devices/coupons and the effect of interventions on smoke
alarm ownership/function was not obvious in the narrative synthesis. The results of a subgroup meta-
analysis suggested that offering discounted alarms had a modestly stronger effect on smoke alarm
ownership (OR = 1.83; 95% C.|.,, 0.63 to 5.28) than did education alone, but the trial results were
significantly heterogeneous (p=0.015). Ancther subgroup meta-analysis indicated that the removal of
the one study in which a research assistant delivered the intervention® resulted in a stronger positive
effect of intervention on three of the reported outcomes.

The Cochrane authors concluded that the quality of the available evidence is limited, with sensitivity
analyses showing that pooled trials with blinded outcornes assessment indicated little apparent effect
on ownership or function, whereas unblended studies indicated strong effects.

Recommendations derived from the meta-analyses were similar to those in the narrative synthesis:
"Further trials to evaluate the effect of smoke alarm promotion as part of child health surveillance in
primary care... should assess their impact on fire-related injuries, using adequate allocation
concealment and blinded outcomes assessment’. These recommendations did not stretch to
improvements in outcome measurement, description of interventions, use of theory in designing
interventions, or adjusting for potential confounding from concurrent fire safety initiatives/policies, as
they did in the narrative synthesis.

On the whole, the findings of the narrative synthesis and the meta-analyses were very similar.
However, the differences mentioned above appear to be atfributable to two main factors: the
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possibility of undertaking sensitivity and subgroup pooled analyses in the meta-analyses and the
close scrutiny of studies undertaken in the narrative synthesis. Consequently, conclusions about the
impact of moderators on effect appeared to be firmer when derived from the meta-analysis than from
narrative synthesis, whereas implications for future research appeared to be more extensive and
detailed when derived from the narrative synthesis. However, the Cochrane review authors mention
caveats in relation to some of the ‘additional’ findings derived from subgroup analyses (e.g. that the
apparent increase in effect attributable to offering discounted alarms was based on a meta-analysis of
highly heterogeneous studies). Meta-analysis allowed the authors of the Cochrane review to observe
the impact of specific aspects of study validity (allocation of concealment and blinded outcome
measurement) on results. In the narrative synthesis, validity was considered more broadly and
showed no obvious correlation with study results. Although the differences in the conclusions of the
two syntheses were relatively minor, it is unclear whether it would be possible to eradicate them
altogether, considering that by definition narrative synthesis precludes statistical pooling.

The process of comparing these two syntheses has highlighted the impartant contribution that the
guidance makes to increasing the transparency of the narrative synthesis approach. As a reader, it
was possible to check the conclusions derived from the narrative synthesis by examining the
synthesis itself and the associated tables and figures, much as it is possible to examine and interpret
data presented in a series of forest plots.
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CHAPTER 5: APPLYING THE GUIDANCE 2: A NARRATIVE
SYNTHESIS OF STUDIES INFORMING THE IMPLEMENTATION OF
DOMESTIC SMOKE ALARM PROMOTION INTERVENTIONS.

5.1 Introduction

This chapter, like the previous one, provides a practical example of a narrative synthesis. In this
case, however, the focus is on the synthesis of evidence on factors influencing the implementation
of interventions rather than effectiveness. The specific aims of the chapter are fo:

o |llustrate in practical terms the decision making processes involved in the application of
the guidance to a specific narrative synthesis

* |dentify factors that should inform choices about the use of particular tools and technigues
in the context of a specific synthesis

¢ Provide examples of how particular tools and technigues can be used in the synthesis of
evidence on the implementation of specific interventions

Demonsstrate the type of outcomes achieved by a narrative synthesis

* Comment on the way in which the present synthesis compares with the earlier work on
which we drew

The evidence on implementation synthesised in this chapter is drawn from an earlier, exploratory
review of evidence on the implementation of interventions aiming to promote the use and functioning
of domestic smoke alarms and broader community based injury prevention interventions ®' The focus
of the narrative synthesis reported here has been restricted to domestic smoke alarm interventions. A
new search was conducted to update the studies identified for the original review and a purposive
sample of seven papers judged by the review team to provide relatively rich data on factors
influencing the implementation of the interventions was selected for inclusion in the narrative
synthesis. Details of the seven papers, and the interventions reported on, are shown below in Table 9.

Table 9. The seven papers

Paper/report authors | Location of Type of trial/ Type of intervention
trial/initiative initiative

1. Campbell DeLong | Oregon, USA MNon RCT Fire safety awareness
Resources Inc. campaign (aimed primarily
(2003)” at landlorels)

2, Camit, M. (1 998)lju MNew South Wales, | Non RCT Provision of discounted

Australia smoke alarms, plus
written fire safety
inforrmation and alarm
demonstration

3. Camit, M. (2002)™ | New South Wales, | Non RCT Provision of discounted

Australia smoke alarms, plus
written fire safety
information and alarm
demonstration

4, DiGuiseppi, C., London, UK RCT Provision and installation
Slater, 5., of free smoke alarms, plus
Roberts, |, written fire safety
Adams, L., information
Sculpher, M.,

Wade, A. and
McCarthy, M.
(1999)*

5. McConnell, C.F,, Memphis, USA Mon RCT Fire safety education
Dweyer, W.O. and (including use of video,
Leeming, F.C. written and other material)
(1996)™

51

170



6. Roberts, H., London, UK RCT Provision and installation
Curtis, K., Liabo, of smoke alarms, plus
K., Rowand, D., written fire safety
DiGuiseppi, C. inforrmation
and Roberts, |.
(2004)7
7. Young, M., Camit, | New South Wales, | Non RCT Provision of discounted
M. and Mihajlovic, | Australia smoke alarms, plus
M. (1999)% written fire safety
information and alarm
demonstration

Before describing the NS work undertaken, we first consider the nature of the research evidence likely
to be included in reviews of factors shaping the successful implementation of particular interventions.

5.2 A note on extracting data on implementation.
There are at least four issues that reviewers have to deal with when extracting data on
implementation from reports of interventions. These are:

* Locating the data in the text

¢ Establishing the nature and type of implementation data
o Ascertaining their provenance and reliability

e Extracting the data in preparation for analysis

In relation to the first, it should be noted that reports of interventions tend not to contain a great deal of
detail on process issues - implementation is rarely the focus of reports of interventions. This may be
because interventions are often reported in journal papers, and there is not the space to describe the
factors affecting implementation. If there are no additional documents available describing the
implementation of an initiative some of these data may be found interspersed throughout the text, but
are more likely to be located predominantly in the discussion section of papers, where authors usually
attempt to provide an explanation for the effectiveness or otherwise of an intervention.

Once data have been identified the reviewers need to establish the nature and type of implementation
data found in the text. Most data of this kind consist of simple narrative observations made by
authors of the factors affecting the campaign or initiative. It is relatively rare for primary data (direct
quotations from users, for instance) to be found to support these observations.

Ascertaining the provenance and reliability of data on implementation can be the most difficult and
frustrating part of the process of extracting data on implementation. It is rare to find details of where
these data (either in the form of narrative author observations or quotations) come from, or what they
are based on. Are authors drawing on fieldworkers' observations? Or unreported focus group
findings? Are these just ‘hunches’? Where data are ‘thicker' (perhaps where qualitative data have
been presented) additional maybe unused andfor unreported data on implementation may be
available.

Finally, how should those attempting a synthesis extract the data in preparation for analysis? Where
authors have made simple observations about implementation, these can be taken whole from the
text {and the presentation/reporting of this will depend on the number and complexity of such
cbservations). Quotations or other gualitative data can also be taken directly from the text and the
data entered into tables with appropriate headings (for example: author/paper; location of
implementation data in the report; type and nature of data).
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5.3 The narrative synthesis
The guidance is structured around four elements in the synthesis process:

¢ Developing a theory of how the intervention works, why and for whom
¢ [Developing a preliminary synthesis

= Exploring relationships within and between studies

* Assessing the robustness of the synthesis

In the NS reported here no prima facie attempt was made to develop a theoretical basis for the work
so this element of the guidance was not applied. The NS was carried out separately by two different
members of the study team, each using the draft guidance to test its usefulness and clarity. One
reviewer worked with all seven papers, and the other worked with only three papers.

The guidance presents a number of related tools and techniques that can be used to complete the
various elements of the synthesis. To apply the guidance to the narrative synthesis of implementation
evidence, each of the sections was read through in sequential order, and for each element the tools
andfor techniques that appeared to be useful and relevant to the synthesis at hand were selected.
The results of this exercise are shown in Table 10. The tools and techniques were either used in the
worked examples (Yes), not used and probably not relevant (No), or not used but potentially relevant
(Potentially yes). The reasons for selecting or rejecting a tool or technique are discussed in more
detail within each section. Where tools or technigues proved to be less useful, this is also discussed.

Table 10. Tools and techniques for the implementation syntheses

Tools and techniques Useful for NS of
implementation data?

Preliminary Synthesis

Textual descriptions Yes
Tabulation Yes
Groupings and clusterings Yes
Constructing @ commen rubric MNo

Thematic analysis Yes

Content analysis No

Vate counting No

Exploring relationships

Variability in outcomes Patentially yes
Variability in study design Potentially yes
Variability in study population Potentially yes
Moderator variables and subgroup analyses No

Idea webbing and subgroup analyses Yes
Conceptual triangulation Potentially yes
Translation Yes

Case descriptions Potentially yes
Visual representation MNo
Investigator triangulation and methodological triangulation Potentially yes
Assessing robustness

Weight of evidence Potentially yes
Best evidence synthesis Potentially yes
Checking with authors Potentially yes
Critical reflection Yes

In the following sections, we illustrate the practical application of the various tools and technigues
discussed in earlier chapters providing a worked example of a narrative synthesis of data on the
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factors affecting the implementation of interventions aiming to increase the uptake of domestic smoke
alarms. A flow chart summarising the synthesis process as a whole is presented in figure 8 below.
Some of the worked examples have been limited by the relatively small size of the evidence base as
several of the tools and techniques are only relevant when synthesising a large body of literature.

7 papers on implementation of smoke alarm interventions

Mot

Constructing a
commen rubric
Vote counting as a
descriptive tool
Content analvsis

h 4

applicable
l—| Developing a pr

eliminary synthesis |q-

Moderator variables
and subgroup analyses
Visual representation

Mot

Relevant tocls

L and techniques

Textual descriptions
Tabulation

Groupings and clustering
Thematic analysis
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Fi

Exploring relationships within and
between studies

Relevant tools
and techniques

Variability in outcomes, study
design & study population
|dea webbing and conceptual
mapping

Conceptual triangulation
Translation
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Investigation triangulation and
methodological triangulation

Assessing the robustness

}

Weight of evidence
Best evidence synthesis
Checking with author
Critical reflection

Conclusions and Recommendations

Figure 8: Synthesis process
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Developing a preliminary synthesis

Textual description

This was used by both reviewers at an early stage, and was found useful as a way of summarising
the papers and beginning to extract information in a systematic way. Textual descriptions offer the
potential to include more details than, for example, tabulations.

Examples of textual description:

Example 1

Example 2

Tabuiation

In McConnell et al,*® the target population was new heads of households in public
housing residences of the Memphis Housing Authority (MHA), USA and they were
predominantly female Afro Americans living with children. The MHA paolicy is to ensure
that a functioning smoke detector is in every unit when rented, but a spot check of 325
units in 1992 found that less than 8% had a working smoke detector. The 35 minute
intervention (delivered during mandatory orientation sessions for new MHA heads of
househald) consisted of the following components: a pre test; videotape accompanied by
lecturettes delivered by cne of 36 uniformed fire fighters, one MHA supervisor or one
civilian educator; behavioural contract, post test, and fire-safety reminder card. The
outcomes were fire incidence data (after possibly 15 months, timescale not clear);
residents’ evaluations of the programme; changes in their fire safety knowledge; and
their commitments to fire safety behaviours. The method of evaluation was an
uncontrolled comparison between trained and untrained residents, using contemporary
and historical comparison groups. The evaluation data were all quantitative. The results
showed a lower incidence of fires in trained residents compared with untrained residents
(1 fire for every 4312 renter months in trained residents compared with 1 fire for every
780 renter months in untrained residents; a relative risk of 5.5). Comparing trained
residents with untrained residents over the 9 year baseline period gave a relative risk of
4.8. Comparisons between newer and older residents from the MHA records suggested
that newer residents were more likely to experience fires, thus countering the suggestion
that the results can be explained by the fact that the trained residents were also new
residents. Mo data were provided on the proportion of working smoke detectors post
intervention.

Young et al (1999),%® Camit (2002)* and Camit (1998)%° report on the effectiveness and
implementation of a smoke alarm promotion campaign in NSW Australia oriented to the
needs of Arabic, Chinese and Vietnamese communities. Qualitative data were collected
in focus groups and interviews. Survey data were alsc collected. Their main
observations in relation to implementation are that among the target community there was
a lack of awareness of the need for smoke alarms. Living in rented property where the
landlord was thought to be unsympathetic to the need for a smoke alarm also created
barriers to the installation of smoke alarms.

Both reviewers felt that tabulation and textual descriptions were very similar, possibly using the same
headings but laid out differently. In a table, however, it was easier to compare data across different

studies.
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Table 11. Example of tabulation

Author & year Location & Target population | Method Main findings
setting
Roberts et al Lendon, UK All residents on estate | Focus groups Problems with smoke
(2004)"" Urban (n=40000 and interviews | alarms (sensitivity,
households) false alarming)

identified as major
barriers to
implementation

Camit (2002)"

NSW, Australia

Chinese, Vietnamese,

Focus groups

Implementation

(2003)%

speaking

(sample population
varied according to
element of
intervention)

Young et al Mixed Arabic-speaking (not successful using

(1998 o given) multi-faceted,

Canmit (1998)" language appropriate
appreach

Campbell De Oregon, USA All residents, but Interviews Successful

Long Resources Mixed focus on Latino- implementation

heavily dependent on
landlords’ attitudes

Groupings and clusters

This technique is more useful when there are larger numbers of papers. The type of groups identified
is likely to depend on the reviewers categorisations, but may also depend on the document type (is it
describing a trial or a campaign, for example). The result is similar to tabulation, except that the
relationships (or differences) between groups of studies can be made more explicit when they are

clustered in this way.

Table 12. Example of grouping

Grouping according to:

Location

Focus of report

Population

UK (DiGuiseppi et
al 1989; Roberts et
al 2004)

Broad, general
factors affecting
programme
(DiGuiseppi et al
1999; Camit 1998;
Camit 2002)

Ethnically mixed (Camit, 1998,
Camit, 2002; Young et al, 1999)

USA: (Campbell
De Long Inc 2003;
McConnell et al,
1996)

Australia: Camit
1998; Camit 2002;
Young et al 1999)

Individual-factors
affecting programme
(Young et al, 1999;
McConnell et al
1996; Roberts et al,
2004; Campbell de
Long Inc 2003)

Ethnically mixed and low income
(Campbell de Long Inc, 2003;
McConnell et al 1996; DiGuiseppi
et al 1999; Roberts et al 2004

Transforming the data: constructing a common rubtic
This technique was not found useful by the reviewers, as there was no unit of measurement that
could form the basis of a common rubric. The data from the intervention studies in this review
(installation rates of purchased smoke alarms, fire incidence data, and percentages of working smoke
alarms) did not lend themselves to transformation in this way, though it may be feasible for other
reviews where the outcomes are more homogeneous.
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Translating data: thematic analysis

Different reviewers, and the same reviewer at different times, identified different themes.

These

themes were identified on an inductive basis by reading and re-reading the papers. They fell into two
categories: those aspects of the interventions that seemed to act as barriers or facilitators, in the view
of the author or the reviewer, and themes identified by the authors from their qualitative data.

Example of thematic analysis

Example 1
® The smoke alarm
® The individual and
® The community

Table 13: Example 2

McConnell™ ‘l'oungEn Roberts”
Facilitators | Aspects of intervention: Early warning in the event of fire
Mandatory orientation sessions and increased sense of security
Formal written commitment Feeling at high risk for fire
Involvement of fire service Fitting of the smoke alarms by
Tailored intervention; installers
involvement of residents in its
design
Reminder card
Penalties for arson and disabling
smoke detectors explained
Testing of knowledge
Smoke detectors already
installed
Commitment of landlord (MHA)
Barriers Lack of awareness Concerns about strangers

Lack of awareness of the need
for smoke alarms
Unsympathetic landlords
Tendency to overestimate
installation costs
Underestimation of fire risk
Lack of awareness of danger of
smoke

Perception that fire is a hazard
only for wooden homes

Mot relating potential benefits to
their own circumstances
Rented accommodation
Landlorels holding resicents
liable for installation damage
Frequent moving

Having to leave alarms behind
when moving

Landlorels withholding
permission

Difficulty of applying to estate
agents

Installation

Lack of time

entering their home
Suspicion of an intervention
provided free

Feeling oneself “too old to be
worth spending money on”
Alarms as a source of stress
Problems with maintenance
Alarm sensitivity

Alarms as nuisance

Alarms as a threat to immediate
well-being
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Table14: Example 3

» Barriersflevers to the acquisition of smoke alarms
* Barriersfevers to the installation of smoke alarms
* Barriersfevers to the continued use of smoke alarms

1) Barriers/levers to acquisition of smoke alarms
General

Barriers

Suspicion of ‘autharity’ or local government
Specific to smoke alarm campaigns

Lack of awareness of benefits of smoke alarms
Percetved cost of smoke alarms

Perception that household is not at risk of fire (due to type of
house or istics of

2) Barriersflevers to installation of smoke alarms
General
Bamers
Anxiety about damage to property

Specific to smoke alarm campaigns
Inabiltylunwilingness to install alarm

3) Barriers/levers to continued use of smoke alarms
Barmiers
False alarms
Problems with maintenance

Levers
Gaining trust of key community ‘players’ and leaders

from sth

with trusted
partners

Running well i . y approp

Giveaway of availabilty of reduced price alarms

Awareness campaign

Levers

Landiord
installaticn

B permission for liation, or landlord example of

Instaliation of alarm by project worker

Levers
Education about tniggers for false alarms/re-installation of atarm
Project workers offer to maintain about
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The differences over time or between reviewers do not suggest that the synthesis is flawed but rather
draws attention to different ways of interpreting the same data. Both reviewers identified a typology
including facilitators and barriers as did some of the study authors. Whether the data are seen
ecologically or in stages, the idea of barriers and facilitators are common to both. In a final synthesis,
specific factors that act as barriers/levers, the notion of stages (temporality) and the organisation of
these factors within domains at different levels (ecological perspective) could be brought together.

Translating the data: Content analysis
This technique was not found useful by either reviewer as the data did not lend themselves to
conversion into frequencies.

Vote counting as a descriptive tool

Similarly, this technique was not found useful by either reviewer. The description of vote counting in
the guidance focuses primarily on effectiveness reviews. Although in theory it could be used to ‘count’
up facilitators and barriers it would probably only be appropriate with a larger number of studies
included in the review and reviewers would need to be aware of the disadvantages of using this
technigue inappropriately as discussed earlier in this guidance.

Exploring relationships within and between studies

Exploring the influence of heterogeneity®®

Only one reviewer attempted to use this technigue, which focused attention on the characteristics of
the different studies and their potential relationships to the findings. The other reviewer did not find
this technigque useful.

Example of variability in outcomes

The guantitative outcomes of the three studies relate to three different stages of the
trajectory of a domestic fire: installation of a smoke alarm; continued working of a smoke
alarm; incidence of domestic fires. In the Young paper, installation rates varied from
65% to 35% after 10-15 days (with some suggestion that these rates rose after 2
months}.ﬁs Given that the installation rate in the Roberts paper“ was 100% for all
respondents, but the proportion of working alarms at 15 months was only 51%, this
suggests that the proportion of working alarms in the Young study would have been even
lower, It seems unlikely that these proportions of working alarms would have produced
the relative risk results of the McConnell paper (assuming of course that their relative risk
figures are robust). Given that the McConnell paper®® did not measure the proportion of
working alarms in their trained and untrained groups, this is speculative; it may be the
case that in such environments, low proportions of working alarms can deliver
measurable improvements in the incidence of domestic fires. This is supported by
McConnell's data on pledges made about fire safety behaviours: only 24% of the pledges
made by trained residents were commitments to keep smoke detectors in working order.
However one of the five points on the reminder card in the McConnell paper was "Keep
your smoke detector working and check it often”. | would have to lock beyond these
papers to try and assess the comparability of the outcomes of these papers. My own
working assumption is that the intervention evaluated in the McConnell study was more
successful, perhaps because it showed an improvement in the target (fire incidence), as
well as proxy (residents’ fire safety knowledge), outcomes.

Example of variability in interventions

The interventions were different: an educational intervention for residents with already
installed smoke alarms (McConnell); the sale of smoke alarms (Young); and the free
installation of smoke alarms (Roberts). However one aspect of the interventions is
potentially explanatory. The intervention in the McConnell study was drawn up following
focus groups and individual residents in which they were asked about the best
approaches to be used; the Roberts paper concluded that “It may well be that a more
appropriate design would have started with qualitative work, improving take up and
maintenance instructions”. The Young study was not drawn up in consultation with the
local community. Thus the involvement of the local population and the development of a
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tailored intervention may well have influenced the success of the McConnell study. The
5.5 minute videotape in the McConnell study “depicted actual MHA residents, apartments
and structures" and was described by MHA residents who previewed it as “extremely
powerful and likely to make a lasting impression”. The McConnell intervention was
underpinned by a model of community psychology, the goal of which is "to optimise the
well being of communities and individuals with innovative and alternative interventions
designed in collaboration with affected community members and with other related
disciplines inside and outside of psychology'. Other components of the McConnell
intervention seem likely to have influenced its success. the mandatory ocrientation
sessions which meant that all new residents received the intervention whether they
wanted to or not, the formal written commitments obtained at the end of the educational
session; the involvement of the fire service who delivered some of the interventions
themselves; and the reminder card.

Moderator variables and subgrotp analyses
These were not found useful by either reviewer, as they are primarily helpful in effectiveness
syntheses.

Idea webbing and conceptual mapping

We found it impassible to distinguish between these two techniques and so have combined them.
The use of figures/diagrams was found to be helpful for exploring issues on implementation. One
reviewer does not usually use these kinds of visual methods and only did so to test the guidance; but
then felt that it had helped her to think about the relationships between the themes rather more than
she would have done otherwise.

Much depends on how complex and detailed the figures are, and how easy they are to 'read’. There
may be too much information in them (lots of bubbles or balloons making it hard to see what the
message is). The structure of the figures tended to replicate themes identified by the thematic
analysis. Ina sense these figures represented an early product of the synthesis. It was clear that at
this stage they were specific to smoke alarms and could not necessarily be applied to other types of
intervention.
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Figure 9. Examples of idea webbing
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b)
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Conceptual triang ufation
Neither reviewer found this technigque useful for this exercise but felt that it would be useful with a
larger number of studies.

Transialion as an approach to exploring relationships

One reviewer with no previous experience of meta-ethnography attempted unsuccessfully to use it.
The other reviewer, who does have previous experience of meta-ethnography, felt that translation
was the most useful technique at this stage.

Example of reciprocal translation

There are three concepts that seem to offer themselves for translation across studies.
The first is the one of landlord commitment/lack of commitment. The difficulties with
landlords discussed in the Young paper seem to be the exact opposite of the
commitment demonstrated by the MHA in the McConnell paper, but not explicitly
commented on by the authors. The second concept is risk perception: feeling oneself at
high risk (Roberts), or underestimating the risk of fire (Young). The McConnell
intervention presumably increased residents’ estimates of their own risk but no
information is provided about this. The third and less robust concept is residents' level
of trust (or something like that). In the McConnell paper, residents were involved in the
development of the intervention and presumably this generated a certain amount of trust
(even though the education was mandatery). In the Roberts paper, the fact that some
residents were uncomfortable with strangers coming into their homes to fit smoke
alarms, and suspicious of anything offered for free, suggests a lack of trust. These three
concepts may just represent the potential for translation between the three studies.
However they may also start to characterise the elements necessary for a successful
intervention: landlord commitment, risk perception, and residents’ level of trust.

This kind of translation could eventually lead to an explanation or theory, which might form one output
of the synthesis and which might itself inform future interventions.

Qualitative case descriptions

Neither reviewer found this useful, partly because there was little practical advice about how to use it
and partly because it appeared similar to the earlier technique of textual description. It could be
useful in building up some kind of composite picture of successful interventions and providing the kind
of detail that could be useful for those wanting to design interventions themselves.

Visual representation of relationships between study characteristics and results
These techniques seemed to be appropriate for statistical data rather than the kinds of data in the
implementation studies.

{nvestigator triangulation and methodological trianguiation
Meither reviewer used these technigues due to lack of sufficient data in the primary studies, but both
felt that they could be useful if there were more data available.

Assessing the robustness of the synthesis

Comparison with earlier review

The results achieved usin'g the guidance were compared to the earlier review referred to at the
beginning of this chapter.® This involved a simple thematic analysis of the data, with no attempt at
synthesis using other tools or technigues. The conclusions identified features present in papers
containing a 'thicker' description of implementatiocn processes. The authors concluded that where
interventions had been successfully implemented, the programmes were likely to have the following
features:

¢ A relatively detailed deseription of the intervention, its strengths and weaknesses and its
suitability for the targeted population:

o The type of intervention used, and its appropriateness for the target
population, affects the outcome of trials and other initiatives.

® Some consideration of the context within which the trials take place.

64

182



o This is frequently limited to a discussion of the problems encountered by
those implementing the programme rather than those receiving it and rarely
substantiated by reference to data collected during the trial (or, indeed, any
other data). From a methodological perspective, this constrains the use of
these insights.

e Some recognition of the discrepancy between the design and orientation of an
intervention and its implementation in an everyday setting.

e Some exploration of the reasons for anomalous results and findings.

* Some description of the factors that affect implementation.

o Includes: the importance of understanding the people and the community
receiving the intervention; the need to consider the role of community leaders
and other key local figures to programme success, recognition that the
characteristics of the community affect programme success.

These are useful though rather general insights into factors affecting implementation. In fact, this is
less a synthesis than a list of insights about implementation drawn from the papers/reports.

Weight of evidence
This was not used as no assessment was made of the quality of individual studies. This technique
could be useful if there were more primary studies available for review.

Best evidence synthesis
Similarly, this technique was not used for the worked example but could be useful if there were more
primary studies.

Checking with the authors of primary studies

This is potentially useful if time allows, but depends on the accessibility and generosity of authors in
providing further information. (Those we identified in the original study were helpful.) Given the
general paucity of information relating to implementation of interventions in the demonstration studies,
it would have been very useful to gain more details about the interventions and the contexts in which
they were implemented.

Critical reflection

The synthesis of the implementation studies was based on a small number of studies, better suited for
an exercise like this one where we are considering the processes of narrative synthesis than for
providing a definitive synthesis product or “answer” (though it should be remembered that at present,
many, perhaps most reviews are based on similarly small numbers of studies with similarly scant data
on implementation).

By comparing the work of two reviewers we can examine inter-researcher differences. They used the
different tools and technigues in parallel ways, not necessarily identifying precisely the same themes
or concepts. Indeed, the reviewer working with all seven studies carried out two thematic analyses at
different times, and identified different themes in her later reflections. The product of the synthesis
will reflect the experience of the reviewers as well as their familiarity with tools and technigues. The
reviewer with previcus experience of meta-ethnography for example, found it easy to use the
technigue of translation to compare the concepts of different studies. Mo attempt was made in the
demonstration project to achieve consensus between the reviewers, as we were interested in
documenting their separate attempts and describing differences.

In comparison with the earlier exploratory review, the guidance enabled a more systematic overview
of the different papers and a more nuanced appreciation of the evidence. As a justification for
narrative synthesis is based in part on its claim to address the potential for bias, this demonstration
review has shown that the use of specific tools and techniques can provide transparency of process.
A more robust product is likely to be achieved if at least two reviewers work independently and then
compare their findings to produce a mutually agreed (or a transparently divergent) final version.
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CHAPTER 6: THE NEXT STEPS

Marrative approaches to synthesis are widespread in systematic reviews yet as we have noted these
approaches do not rest on an authoritative body of knowledge. The guidance presented here has
been developed on the basis of an extensive review of methodological literature and it has been
applied to two contrasting bodies of evidence — one focusing on the effects of interventions to
promote the use of domestic smoke alarms and the other focusing on evidence to inform the
implementation of such interventions. In undertaking these demonstration syntheses detailed notes
were kept of all major decisions taken and the reasoning behind them. This approach of
prospectively documenting the synthesis process was a helpful aid to transparency and recall. We
would recommend this to all reviewers adopting a narrative approach.

We do not claim to have produced the definitive guide to narrative synthesis — there is much work still
to be done to develop and refine this approach to evidence synthesis. However, we do believe that
the guidance offers both a general framework and specific tools and techniques that can help to
increase the transparency and trustworthiness of systematic reviews involving narrative synthesis. We
would also stress that whilst the guidance describes a range of tools and technigues that if used
appropriately will improve the process of narrative synthesis these will not remove the need for
reviewers to combine sound methodology with creative interpretative work.

We hope that people will find the guidance useful and that they will let us have feedback so that we
can revise the guidance in light of this. The guidance is to be made available on the project website
(address to be added) and comments can be sent by email to | popay@lancaster.ac.uk
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APPENDIX 1: METHODS USED IN THE PRODUCTION OF THE
GUIDANCE

Literature Search

It was suggested by the funders that rather than reviewing the literature in this area systematically,
the applicants could use their existing knowledge of this question to identify the relevant
methodological literature relating to narrative synthesis of research based evidence. The team
compiled an initial list of 52 works, but subsequently reviewed the decision to search in this way and
initiated a limited literature search of key databases and the websites of relevant organisations. |t
was expected that this search might retrieve literature beyond that already identified, and that it would
reduce bias introduced by a reliance on references known to the research team.

Furthermore, it was expected that relevant literature was more likely to be found in textbooks, reports
and guidelines than in journal articles (it should be noted that many electronic bibliographic databases
only index journals). A complication, which made devising a search strategy problematic, was the
lack of a definitive terminology for ‘narrative synthesis’. Searching for 'systematic review’ or ‘meta-
analysis’ would have been too sensitive and produced unmanageable results. An attempt was made
to find definitions and search terms in the database indexes, textbooks and journal articles already
identified, and through citation searches, but little additional information was found. There were many
possible terms, none of which was consistently used.

Because of the difficulties encountered retrieving useful references from searching electronic
databases, an internet search was also undertaken. It was expected that there would be more
success looking at potentially relevant sites associated with conducting systematic reviews/meta-
analyses, centres interested in evidence based health and social care research (and research
methodology), health technology assessment organisations, and similar sites. Further searches of
conference proceedings, reference lists, bibliographies and other resources identified while searching
the Internet were undertaken. The public catalogues of the British Library and the Library of
Congress were searched for general systematic review/meta-analysis books. Finally, a search using
general search engines (Copernic and Google) and information gateway sites (OMNI and SOSIG)
was undertaken.

Terminology

A number of books and journal articles were searched for definitions or descriptions of ‘narrative
synthesis'. Some citation searching was also undertaken. Terms found included ‘realistic evaluation',
‘realist synthesis’, ‘collective interpretation’, ‘interpretative synthesis’, and 'explanatory synthesis’, as
well as methods of synthesis such as 'meta—ethnography' and ‘triangulation’. The books and articles
searched included the following:

* Busse R, Orvain J, Velasco M, ef al. Best practice in undertaking and reporting health
technology assessments. Working group 4 report. Int J Technol Assess Health Care
2002,18:361-422.

» Cooper H, Hedges LV. The handbook of research synthesis. New York: Rusell Sage
Foundation, 1994.

« Egger M, Davey Smith G, Altman DG. Systematic reviews in health care: meta analysis in
context. 2nd ed. London: BMJ Publishing, 2001.

« Forbes A, Griffiths P. Methodological strategies for the identification and synthesis of
'evidence' to support decision-making in relation to complex healthcare systems and
practices. Nurs fng 2002,9:141-55.

o Glasziou P, Irwig L, Bain C, et al. Systematic reviews in health care: a practical guide.
Cambridge: Cambridge University Press, 2001.
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= Khan KS, Ter Riet G, Glanville J, et al. Underlaking systematic reviews of research on
effectivenass: CRD's guidance for carrying ouf or commissioning reviews: CRD report 4. 2nd
ed. York: NHS Centre for Reviews and Dissemination, 2001.

* Mays N, Roberts E, Popay J. Synthesising research evidence. In: Fulop N, Allen P, Clarke A,
Black N, editors. Studying the organisation and delivery of health services: research methods.
London: Routledge, 2001.

= Willamson JW, Weir CR, Turner CW, et al. Healthcare informatics and information synthesis;
developing and applying clinical knowledge to improve oufcomes. Thousand Oaks, CA, USA:
Sage Publications, 2002.

Internet searches

Websites on evidence-based policy and practice were browsed for publications, guidelines, ongoing
research and other information of potential interest. Searches of arganisation websites where search
engines were available were undertaken using single terms and phrases such as ‘narrative’,
‘synthesis' 'systematic review' or ‘'meta-analysis' or combinations of these. Anything of potential
interest was added to an EndNote Library (bibliographic management software).

The sites searched, with dates and results were as follows:

Centre for Reviews and Dissemination (CRD).

University of York. 8" September 2003.

http:/fwww york. ac. ukfinst/crd/

Found: CRD Repert 4 Undertaking systematic reviews of research on effectiveness: CRD's guidance
for carrying out or commissioning reviews (2nd edition 2001) and useful links to other sites.

EPPI-Centre (Evidence for Policy and Practice Information Co-ordinating Centre).

SSRU ,University of London. 8" September 2003,

http:/feppi.ice. ac. UK/EPPIWeb/home. .aspx

Found: A number of reviews about young people including methadological advances for using and
synthesising qualitative data were found, the Centre's Review group manual was downloaded and
some further useful links were noted.

Health Evidence Bulletins.

University of Wales, Cardiff. 8" September 2003.
http:/fhebw. uwem.ac. uk/

Found: Project methodology was downloaded.

Scottish Intercollegiate Guidelines Network (SIGN).
Edinburgh, 8" September 2003,

http:/Mhwww sign.ac. uk/index. html

Found: SIGN 50. Guideline developer's handbook.

Agency for Healthcare Research and Quality (AHRQ).
U.S. Department of Health and Human Services. 8™ September 2003.

http://www.ahcpr.gov/
Found: Reviews, assessments and guidelines were identified.

Aggressive Research Intelligence Facility (ARIF).
University of Birmingham. 8™ September 2003.

httpc/fvwww. bham.ac. ukfarif/
Found; Nothing of relevance was identified.

Bandolier.

Oxford. 8™ September 2003,
nttp:/fwww r2.ox.ac. uk/bandolier/index. html
Found: Nothing of relevance.
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Centre for Evidence-Based Medicine.
Oxford. 8" September 2003.
http:/ivwww. cebm.net/

Centre for Evidence-Based Child Health.
London. 8™ September 2003,
httpa/fwww . ich.ucl.ac.uk/

Centre for Evidence-Based Mental Health.
Oxford. 8™ September 2003,
http:/fwww.cebmh.org

Centre for Evidence-Based Dentistry.
Oxford. 8" September 2003.
http:fiveww ihs ox.ac uk/cebd/index. htm

Centre for Evidence-Based Pharmacotherapy.
Birmingham. 8" September 2003.
http:/iwww aston.ac. uk/lhsiteachina/pharmacy/cebp/

Centre for Evidence-Based Nursing.

York. 8" September 2003.

http:/fwww vork. ac. uk/healthsciences/centres/evidence/cebn htm

Found: Nothing of relevance on any of these evidence-based centre sites was identified.

Guidelines International Network. (G-I-N).

8" September 2003,

http/fwww. g-i-n.netlindex cfm?fuseaction=home

Found: Nothing of relevance was identified, though this is a new organisation and website with little
content as yet.

Health Development Agency.

London. 8™ Septernber 2003.

hitpc/iwww. hda-online org uk/

Found: In the Evidence Based Medicine section of the site papers about good quality evidence,
presentations by Hammersley and Marks and process and policy paper including a section on
‘'synthesising the evidence’,

Health Information Research Unit (HIRU).

McMaster University. 8" September 2003.

http:/thiru. memaster. ca/default. htm

Found: Nothing of relevance was identified.

National electronic Library for Health (NeLH).
8" September 2003,

http:/fiwww. nelh.nhs. uk/

Found: Nothing of relevance was identified.

National Institute of Clinical Excellence (NICE).

London. 8" September 2003.

http:fiwww nice org. ukfcat asp

Found: Nothing of relevance was identified. The guidelines for undertaking technology assessments
were not available online.

International Network of Agencies for Health Technology Assessment (INAHTA).

8" September 2003.

httpe/fwww . inahta.ora/

Found: Nothing of relevance was found on the INAHTA site, or on any of the member sites. Any
guides or guidelines about conducting health technology assessment did not describe how to
undertake narrative synthesis. However searching on a number of the sites was problematic because
we could only search in English.
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INAHTA member sites searched:
Australia (ASERNIP, MSAC)
Austria (ITA)
Canada (AETMIS, AHFMR, CCOHTA)
Chile (ETESA)
Cuba (INHEM)
Denmark (DACEHTA, DSI)
Finland (FinOHTA)
France (ANAES, CEDIT)
Germany (DIMDI)
Metherlands (CVZ, GR, TNO, ZonMW)
New Zealand (NZHTA)
Norway (SMM)
Spain (AETS, AETSA, CAHTA, OSTEBA)
Sweden (CMT, SBU)
Switzerland (SNHTA, TA-SWISS)

School of Health and Related Research (ScHARR) — Netting the Evidence.
University of Sheffield. 8" September 2003.

http:/iveww. nettinatheevidence. org. uk/

Found: Nothing of relevance was identified.

King’s Fund.

London. 8™ September 2003,

http:fwww kingsfund.org. uk/

Found: Nothing of relevance was identified.

OMNI (Organising Medical Networked Information).

8" September 2003,

http:/fomni.ac. uk/

Internet gateway to evaluated, quality Internet resources in health and medicine. Searched for
‘narrative synthesis', 'synthesis’ 'systematic review' and ‘'meta-analysis’. MNothing of relevance was
identified.

TRIP Database (Turning Research into Practice).

8™ September 2003.

http./iww . update-software.com/trip/about. htm

Searched for ‘narrative synthesis', ‘synthesis’ ‘systematic review' and ‘'meta-analysis'. Nothing of
relevance was identified.

Evidence Network.

The Economic and Social Research Council (ESRC) site for Evidence Based Policy and Practice
Research in the UK. 11™ September 2003.

hitpe/iwww.evidencenetwork.org/home. asp

Found: A number of potentially relevant publications were found.

The websites of the seven research teams involved in the Network were also searched individually
with a couple of additional publications of interest being identified. (What works for Children, Centre
for Neighbourhood Research, Centre for Evidence-Based Public Health Palicy, Centre for Economic
Evaluation, Research Unit for Research Utilisation, Centre for Evidence in Ethnicity, Health and
Diversity, and the Centre for Comparative European Policy Evaluation).

Health Care Practice Research and Development Unit (HCPRDU).

University of Salford. 11" September 2003.

httpe/fwww fhsc salford . ac.uk/heprduw/

Found: A section on systematic reviewing was downloaded, and reference to 2 reviews unavailable
online, including narrative syntheses of the evidence was noted.
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Social Care Institute for Excellence (SCIE).
London. 11" September 2003.
httpe/fhwww . scie. ora. uk/

Found: MNothing of relevance was identified.

electronic Library for Social Care (el SC).
11" September 2003

http:/iwww elsc.org. uk/

Found: The site houses the CareData bibliographic database, which was searched and identified a
number of useful references. (See database searches below).

Centre for Evidence-Based Social Services.
University of Exeter. 11" September 2003,
http./www.ex.ac. uk/cebss/

Found: Nothing of relevance was identified.

The Qual-Quan Evidence Synthesis Group.

University of Leicester. 11" September 2003.

http/iveww prw. le ac ukiresearch/qualguan/index. btm

Found: Reference to a number of ongoing projects was found and completed publications about the
synthesis of qualitative and quantitative data in systematic reviews were downloaded,

The Campbell Collaboration.

11" September 2003,

http:fwww.campbellcollaboration.org/

Found: Guidelines for the preparation of reviews, presentations given at the 2003 Campbell
Colloguium, newsletters of the Campbell Methods Group, and protocols and references via the
Cochrane Qualitative Research Methods Group and Campbell Process Implementation Methods
Group were downloaded. A methods protocol was found on the Reviews database (C2-RIPE), but
nothing specifically about narrative synthesis was found on the trials register (C2-SPECTR).

The Cochrane Collaboration.

11" September 2003,

http:fiwwaw. cochrane de/beta/index0 htm

Found: Cochrane Reviewers Handbook version 4.2 was identified. We looked at all 50 Cochrane
Review Group websites for any additional guidance to the Reviewers Handbook.

See also searches of the Cochrane Library Methodology Register and Conference Froceedings
below.

SOSIG (The Social Science Information Gateway).

11" September 2003,

http:/Awvww sosig.ac. uk/

Internet gateway to evaluated, quality Internet resources in the social sciences, business and law.
Searched for 'narrative synthesis’, ‘synthesis’ 'systematic review' and ‘meta-analysis’. Nothing of
relevance was identified.

British Library Public Catalogue.

11" September 2003.

hitp://blpe.bl. uk/

Searched in title and abstract for 'narrative synthesis’, ‘systematic review' and ‘meta-analysis’. The
bibliographic details of any that looked of potentially relevant were retained.

Library of Congress Online Catalog.

11" Septemnber 2003,

http /v loc. gov/

Searched for ‘narrative synthesis’, 'systematic review' and 'meta-analysis’. Almost all potentially
relevant titles had already been found in the British Library Catalogue search. One reference of
potential interest was retained.
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Cog:emic {meta-search engine).

12" September 2003.

httpc/lwww_copernic.com

Searched for 'narrative synthesis’, 'systematic review’ and 'meta-analysis’. Browsed through hits, but
found nothing of relevance that had nct already been identified.

Google (general search engine).

12" September 2003.

http./iwwaw. google.com

Searched for 'narrative synthesis’, ‘systematic review' and ‘meta-analysis’. Browsed through the first
100 hits, but found nothing of relevance that had not already been identified.

Any references of potential interest were saved and details added to an EndNote Library.

Additional Internet searches
Additional Internet sites were searched. These were identified from previous searches or were
suggested by members of the project team.

If anything of relevance was found the details were added to the Internet Endnote library.

Additional websites were searched on 22™ September 2003 and included:

Joanna Briggs Institute (http /Awww joannabriggs edu au/about/home php), US Preventive Services
Task Force (hittp:/fwww.ahopr goviclinic/uspstiie htm), Canadian Task Force on Preventive Health
Care (htto:/ivww.ctiphc.oral), AHRQ Evidence Based Practice Centers
(httpfAvww ahepr aovicliniclepel), Alberta Heritage Foundation for Medical Research

(bttp/iwwew abfmr.ab.cal).

Database searches

Although it was recognised that database searching would be difficult, a number of electronic
databases were searched. The strategies used were fairly limited in the use of search terms because
of the lack of definitive terms for 'narrative synthesis'. Ideally a search for ‘synthesis’ alone would
have retrieved further relevant records, but would also have resulted in an unmanageable number of
irelevant references.  Even combining ‘synthesis’ with terms used to identify systematic
reviews/meta-analyses would have produced a large number of references (again almost entirely
irrelevant). This is a problem experienced when searching for any reports of methodological
research, but particularly in this case where there is no definitive terminology.

The databases, strategies, dates and results of the database searches were as follows:

MEDLINE: Ovid Gateway. Internet. 1966-2003/August week 4. 9" September 2003.

The MEDLINE search covered the date range 1966 to August 2003. 347 records were identified.
. review.ab,

. review.pt.

. meta-analysis.ab.

. meta-analysis.pt.

. meta-analysis.ti.

lTor2or3ordord

. letter.pt.

. editorial.pt.

. comment.pt.

10.7or8or9

11. 6 not 10

12 (narrativ adj3 (synth$ or summar$ or description$ or analy$ or finding$ or form or forms))
13. realistic evaluation$

14. collective interpret$

15. meta ethnograp$

16. meta stud$

OO~ DO kW) =
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17. grounded theory

18. realist synth

19. interp$ synth

20. meta synth$

21. (meta matrix) or (meta matrices)
22 mini synth$

23. explanatory synth$

24 triangulation

25. theory led

26. bayesian adj2 hierarch$
27. or/12-26

28,11 and 27

Sociological Abstracts: WebSPIRS. Intemet. 1963-2003/6. 9" September 2003.
The Sociclegical Abstracts search covered the date range 1963 to June 2003. 92 records were
identified.

#1 review in ti,ab,de

#2 meta analy*

#3#1 or#2

#4 narrative near3 (synth* or summar* or analy* or description™ or finding* or form or forms)
#5 realistic evaluation*

#6 collective interp*

#7 meta ethnograp™

#8 meta stud*

#9 grounded theory

#10 realist synth*

#11 interp* synth*

#12 meta synth*

#13 mini synth*

#14 explanatory synth*

#15 triangulation

#16 (meta matrix) or (meta matrices)

#17 theory led

#18 bayesian near3 hierarch*

#10H4or#S or#6 or #7 or #B or #8 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or #17 or #18
#20 #3 and #19

Social Science Citation Index (SSCI): Web of Science. Internet. 1981-2003/8. 9" September
2003.

The SSCI search covered the date range 1981 to August 2003. 195 records were identified.
TS=metaanalysis

TS=meta analysis

TS=systematic SAME TS=review*

TS=systematic SAME TS=overview*

TS=literature SAME TS=review*

#1 or #2 or #3 or #4 or #5

TS=narrative SAME TS=synth*

TS=narrative SAME (TS=summar* or TS=description®)

TS=narrative SAME (TS=finding* or TS=review*)

TS=narrative SAME (TS=form or TS=forms)

TS=meta SAME (TS=ethnography OR TS=synthesis OR TS=study)

(TS=realistic evaluation) or (TS=collective interp®)

TS=synthesis SAME (TS=interp* OR TS=explanatory)

TS=synthesis SAME (TS=mini OR TS=realist)

TS=grounded theory

(TS=meta matrix) or (TS=theory led)

TS=bayesian SAME TS=hierarch*
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TS=triangulation
#7 or #1171 or#8 or #9 or #10 or #1171 or #12 or #13 or #14 or #15 or #16 or #17 or #18
#6 and #19

PsycINFO: BIDS. Internet. 1872-2003/9. 9™ September 2003,

The PsycINFO search covered the date range 1872 to September 2003. This search identified 352
records.

#1 META-ANALYSIS in PT

#2 LITERATURE-REVIEW-RESEARCH-REVIEW in PT

#3 metaanaly* in ti,de

#4 meta-analy® in ti de

#5 (review* or overview™) in ti

#6 (review literature) in ti

#7 synthes* near3 ((literature* or research or studies or data) in ti)

#8 ((review™* or overview™) in ti) near10 ((systematic* or methodologic* or quantitativ* or research* or
literature or studies or trial* or effective®) in ti)

#9 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8

#10 narrative near3 (synth* or summar* or analy* or description® or finding™ or form or forms)
#11 realistic evaluation*

#12 collective interpret*

#13 meta ethnograp*

#14 meta stud*

#15 grounded theory

#16 realist synth*

#17 interp™ synth*

#18 meta synth*

#19 mini synth*

#20 explanatory synth*

#21 triangulation

#22 (meta matrix) or (meta matrices)

#23 theory led

#24 bayesian near3 hierarch*

#25H#10 or #11 or #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 or #21 or #22 or #23
or#24

#26 #9 and #25

Cochrane Library Methodology Register: Internet. 2003:Issue 3. g September 2003,
The Cochrane Library Methodology Register search identified 8 records.

#1 (narrativ® next synth®)

#2 (narrativ® next summar®)

#3 (narrativ* next description®)

#4 (narrativ* next finding®)

#5 (narrativ* next form®)

#6 (realistic next evaluation®)

#7 (collective next interp*)

#8 (meta next ethnograp*)

#9 (grounded next theory)

#10 (realist next synth*)

#11 (interp* next synt*)

#12 (meta next synth®)

#13 (mini next synth®)

#14 (explanatory next synth*)

1o orB2or#3orddor#oor#6or#7 or#B or#8 or 0 or#11 or 12 or #13 or #14)

CareData. Internet. 9" September 2003.

hitp:/iwww elsc.org. uk/caredata/caredata htm

CareData produced 23 unigue records, The search interface available for CareData does not allow for
sophisticated search strategies. Separate phrase searching was undertaken, firstly in the abstract
field and then in the keyword field. The phrases searched in the abstract field were 'narrative
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synthesis', 'synthesis’ 'systematic review' and 'meta analysis’. The keyword field had an index and
the terms 'literature review' and ‘research methods' were combined. The results of the 5 separate
searches were pooled, and the duplicate references removed.

DARE (Database of Abstracts of Reviews of Effects): Internal CRD administration database.
CAIRS T System. 1994-2003/8. 9" September 2003.

The internal CRD administration version of DARE was searched for methodology papers identified as
part of the DARE production process, and CRD records which are not available on the public DARE
database. This search identified 32 records.

s narrativi{w3)(synth$ or summar$ or description$ or analy$ or finding$ or form or forms or review$)

s realistic(w)evaluation$

s collective(w)interprets

s meta(w)ethnograp$

s meta(w)stud$

s grounded(w)theory

s realist(w)synth3

s interp$(w)synths

s meta({w)synth$

s mini(w)synth$

s explanatory(w)synth$

s theory(w)led

s (meta(w)matrix) or (meta({w)matrices)

s triangulation

s Bayesian(w3)hierarch$
sslors2ors3orsdorsborsGorsyorsBorsdorsi0orsilorsi2orsi3orsidorsis

s m/st1

ss16ands17
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Applied Social Sciences Index and Abstracts (ASSIA): Cambridge Scientific Abstracts (CSA).
Internet. 1987-2003. 9" September 2003.

The ASSIA search covered the date range 1987 to date. The search identified 55 records
({(synthesis) OR (narrative)) AND ((systematic review) OR (meta analysis) OR KwW=(systematic
reviews) OR (meta analysis))

Educational Resources Information Center (ERIC): Dialog. Internet. 1966-2003/6. 9"
September 2003.

The ERIC search covered the date range 1966 to June 2003, The search identified 176 records.
EXPLANATORY SYNTH? OR MINI SYNTH? OR META SYNTH? OR INTERP? SYNTH? OR
REALIST SYNTH? OR GROUMNDED THEORY OR META STUD? CR META ETHNOGRAF? OR
COLLECTIVE INTERFPRET? OR REALISTIC EVALUATION? OR NARRATIV? WITH(3) (SYNTH?
OR SUMMAR? OR DESCRIPTION? OR ANALY? OR FINDING? OR FORM OR FORMS OR
REVIEW?) AND META ANALYSIS CR 1 term(s): ERIC Subject Headings=("META ANALYSIS") OR
REVIEW

All references were downloaded into an EndNote Library and deduplicated.

Additional database searches

The search strategies were rerun to include further search terms on 21% October 2003. The new
search terms were derived from references identified by the original searches or by reviewer hand
searches. The following search terms were added to each strategy:

'‘Cross design’, ‘evaluation synthesis’, ‘descriptive synthesis’ and "best evidence synthesis’.

The updated Medline search strategy as an example is presented below. The other database
strategies were amended in similar ways.

MEDLINE: Ovid.

. review.ab.

. review.pt.

. meta-analysis.ab.

. meta-analysis.pt.

. meta-analysis.ti,
lor2or3ordor5

. letter.pt.

. editorial.pt.

. comment.pt.

10.7orBor3

11. 6 not 10

12. (narrativd adj3 (synth$ or summar$ or description$ or analy$ or finding$ or form or forms))
13. realistic evaluation$

14. collective interpret$

15. meta ethnograp$

16. meta stud$

17. grounded theory

18. realist synth

19. interp& synth

20. meta synth$

21. (meta matrix) or (meta matrices)
22 mini synthd

23. explanatory synth®

24 triangulation

25. theory led

26. bayesian adj2 hierarch$
27. cross design$

28. evaluation synth$

29, (best evidence adj3 synth$)

OO~ & Wk =
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30. descrip$ synth$. mp
31. orf12-30
32 Mand 31

The results of the searches were added to an Endnote library and then deduplicated against the
original search results. A further 192 references were identified from all the databases using these
additional terms.

Conference Proceedings
A number of conference proceedings were handsearched, and any potentially relevant abstracts were
added to the EndNote Library. The following conference proceedings were searched:

18th Annual Meeting of the International Society of Technology Assessment in Health Care;
2003 Jun 22-25; Canmore, Canada.

18th Annual Meeting of the International Society of Technology Assessment in Health Care;
2002 Jun 9-12; Berlin, Germany.

17th Annual Mesting of the International Society of Technology Assessment in Health Care,
2001 Jun 3-6; Philadelphia, USA,

16th Annual Meeting of the International Saciety of Technology Assessment in Health Care,
2000 Jun 18-21; The Hague, The Netherlands.

15th Annual Mesting of the International Scciety of Technology Assessment in Health Care,
1998 Jun 20-23,; Edinburgh, Scotland.

14th Annual Meeting of the International Society of Technology Assessment in Health Care;
1998 Jun 7-10; Ottawa, Canada.

1.3th Annual Meeting of the International Society of Technology Assessment in Health Care,
1997 May 25-28,; Barcelona, Spain.

12th Annual Mesting of the International Society of Technology Assessment in Health Care;
1996 Jun 23-26; San Francisco, USA.

11th Annual Meseting of the International Society of Technology Assessment in Health Care,
1985 Jun; Stockholm, Sweden.

10th Annual Meeting of the International Society of Technology Assessment in Health Care;
1994, Baltimore, USA.

4th Sympasium on Systematic Reviews: Pushing the Boundaries, 2002 Jul 2-4, Oxford, UK.
3rd Symposium on Systematic Reviews, 2000 Jul 3-5 Oxford, UK.

2nd Sympasium on Systematic Reviews: Beyond the Basics; 1999 Jan 5-7; Oxford, UK.

1st Symposium on Systematic Reviews: Beyond the Basics, 1998 Jan 8-9; Oxford, UK.

11th Cochrane Cdlloquium. Evidence, health care and culfture, 2003 Oct 26-31, Barcelona,
Spain.

10th Cochrane Colfoguium; 2002 31 Jul-3 Aug; Stavanger, Norway.

gth Cochrane Colloquium: The evidence dissemination process: how to make it more
efficient; 2001 Oct 9-13; Lyon, France.
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8th Cochrane Colloguium. Evidence for action: challenges for the Cochrane Collaboration in
the 217 century; 2000 Oct 25-29: Cape Town, South Africa.

7th Cochrane Colloguium: The best evidence for healthcare: the role of the Cochrane
Collaboration; 1999 Cct 5-9; Rome, Italy.

6th Cochrane Cofloquium: Systematic reviews. evidence for action, 1998 Oct 22-26;
Baltimore, USA.

5th Cochrane Colloquium: Using the evidence; 1997 Oct 8-12; Amsterdam, Holland.
4th Cochrane Colloguium, 1996, Adelaide, Australia.
3" Cochrane Colloguium; 1995 Oct 4-8; Oslo, Norway.

2" Cochrane Colloguium; 1994, Hamilton, Canada
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Methods texts selection process

A total of 1,307 articles were retrieved from the literature searches. Two reviewers independently
selected articles from the titles and abstracts available from the searches. Articles were included if
they offered guidance on the conduct of reviews or combining data from different studies. Where
reviewers disagreed, the full article was included for further investigation. This resulted in a total of
260 full publications being ordered for further assessment. One reviewer then selected all published
articles that reported any tool or technigue meeting the following criteria:

1) Was concerned with the synthesis of primary research

2) Was not a strictly statistical technique (e.g. meta-analysis)

3) Could conceivably be applied or adapted to the context of a systematic review of the
literature.

A total of 69 studies were selected on the basis of these criteria, and were used to inform our
guidance.

The majority of included articles were initially identified from the internet searches (36%) and
database searches (33%) (see figure 1.1). Thirteen (19%) of the initial texts identified by the project
team were included in the final 66 selected articles. A further eight articles (12%) were identified by
handsearchingfscanning of reference lists.
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Database
search
N=1.145

Identified by
team
M= 54

Titles & Titles &
iy abstract abstracts
abstract -
Full Full Exclude Fu!!
articles articles N=58 articles

Include Include

N=23 N=25
Handsearch
N=8
Total included texts, n = 69 "//4
Figure 1.1: Methods text selection p
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APPENDIX 2: BIBLIOGRAPHY OF METHODOLOGICAL TEXTS USED
IN THE PRODUCTION OF THE GUIDANCE

Extracted methods texts

1. Bangert Drowns RL, Wells Parker E, Chevillard |. Assessing the methodological guality of
research in narrative reviews and meta-analyses. In: Bryant KJ, Windle M, editors. The science of
prevention: methodological advances from alcohof and substance abuse research. Washington,
DC, US: American Psychological Association, 1997, p. 405-429.

2. Barbour RS, Barbour M. Evaluating and synthesizing qualitative research: the need to develop a
distinctive approach. J Eval Clin Pract 2003,9:179-186.

3 Beck CT. Mathering multiples: a meta-synthesis of qualitative research. MCN, American Journal
of Maternal Child Nursing. 2002;27:214-21.

4. Becker BJ. Examining theoretical models through research synthesis: the benefits of model
driven meta-analysis. Eval. Health Prof. 2001,24:190-217.

5. Begley CM. Using triangulation in nursing research. J Adv Nurs 1996;24:122-8.

6. Bennett JA. A case for theory triangulation. Nursing Science Quarterly. 1997 ,10:97-102;
discussion 103-6.

f Brannen J. Mixing methods: qualitative and quantitative research. Aldershot: Avebury, 1992

8 Britten N, Campbell R, Pope C, Donovan J, Morgan M, Pill R. Using meta ethnography to

synthesise gualitative research: a worked example. J Health Serv Res Folicy 2002,7:209-15.

S. Burls A, Cummins C, Fry-Smith A, Gold L, Hyde C, Jordan R, et al. West Midlands Development
and Evaluation Service handbook [monograph onling]. Birmingham: West Midlands Development
and Evaluation Service, 2000. Available from:
http:/Awww. publichealth.bham ac. ukiwmhtac/pdfiwmhandbook. pdf

10. Busse R, Orvain J, Velasco M, Perleth M, Drummond M, Gurtner F, et al. Best practice in
undertaking and reporting health technology assessments. Working group 4 report. int J Technol
Assess Health Care 2002;18:361-422,

1. Campbell R, Pound P, Pope C, Britten N, Pill R, Morgan M, et al. Evaluating meta-ethnography: a
synthesis of qualitative research on lay experiences of diabetes and diabetes care. Soc. Sci.
Med. 2003,56.671-84.

12. Clinkenbeard PR. Beyond summary: constructing a review of the literature. In; Buchanan NK,
Feldhusen JF, editors. Conducling research and evaluation in gifted education. a handbook of
methods and applications. New York, NY: Teachers College Press, 1891. p. 33-50.

13. The Cochrane Collaboration. Cochrane reviewers' handbook (Version 4.2.0. March, 2003)
[fmonograph onling], 2003. Available from: http://’ww cochrane. di/cochrane/handbook/hbook htm

14. Cook TD, Leviton LC. Reviewing the literature: a comparison of traditional methods versus meta-
analysis. J Pers 1980,48:449-72.

15. Cooper H, Hedges LV, editors. The handbook of research synthesis. New York: Russell Sage
Foundation, 1994,
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16.

17.

18.

19.

20,

21

22

23.

24,

25.

26.

27

28.

29.

30.

a1.

32.

Curlette WL, Cannella KS. Going beyond the narrative summarization of research findings: the
meta-analysis approach. Research in Nursing & Health. 1985,8:293-301.

Dixon-Woods M, Fitzpatrick R, Roberts KA. Including qualitative research in systematic reviews:
opportunities and problems. J Eval Clin Pract 2001;7:125-133.

Eaves YD. A synthesis technique for grounded theory data analysis. J Adv Nurs 2001,35.654-63.

EPP| Centre, EPPI-Centre Review Group Manual: working document version 1.1 [monograph
online]. London: EPPI Centre, 2001. Available from:
http /feppi.ioe.ac. UWEPPIWebContent/downloads/RG_manual_version_1_1.pdf

Evans D. Systematic reviews of interpretive research: interpretive data synthesis of processed
data, Australian Journal of Advanced Nursing 2002,20:22-6,

Flinspach SL. Interpretive synthesis: a methodology for reviewing qualitative case-study research.
Dissertation Abstracts International, A: The Humanities and Social Sciences 2001;61:4971-A.

Forbes A, Griffiths P. Methodological strategies for the identification and synthesis of 'evidence' to
support decision-making in relation to complex healthcare systems and practices. Nurs Ing
2002;9:141-55,

Foster RL. Addressing epistemologic and practical issues in multimethod research: a procedure
for conceptual triangulation. Advances in Nursing Science 1997,20:1-12.

Fulop M, Allen P, Clarke A, Black N. Studying the organisation and delivery of healih services:
research methods. London: Routledge, 2001.

Jensen LA, Allen MN. Meta-synthesis of qualitative findings. Qualitative Health Research
1996,6:553-60.

Jones K. Mission driff in qualitative research, or moving foward a systematic review of qualifative
studies, moving back o a more syslematic narrative review [monograph onling]. Leicester:
Centre for Evidence in Ethnicity, Health & Diversity, De Montfort University, 2003. Available from:
hitp ffusers.whs.warwick.ac.ukfoms_attachment_handler.cfm?f=d250896e-82a2-48e6-b356-
c310d3be68618t=mission_drift. pdf

Light RdJ, Pillemer DB. Summmg up: the science of FBWEWJ"HQ research. Cambridge, MA, USA:
Harvard University Press, 1984,

Long TJ, Convey JJ, Chwalek AR. Completing dissertations in the behavioral sciences and
education: a systematic guide for graduate students. San Francisco: Jossey-Bass, 1985

Maggs-Rapport F. Combining methodological approaches in research: ethnography and
interpretive phenomenology. J Adv Nurs 2000;31:219-25.

Mulrow C, Cook D. Systematic reviews: synthesis of best evidence for health care decisions.
Philadelphia: American College of Physicians, 1998.

Khan KS, Ter Riet G, Glanville J, Sowdon AJ, Kleijnen J. Underiaking systematic reviews of
research on effectiveness: CRD's guidance for carrying out or commissioning reviews. CRD
report 4. 2nd ed. York: NHS Centre for Reviews and Dissemination, 2001,

Moblit GW, Hare RD. Meta-ethnography: issues in the synthesis and replication of qualitative

research. In: Annual Meeting of the American Educational Research Association; 1983 Apr 11-
15; Montreal, Quebec, 1983. p. 23.

206



33.
34,

35.

36.

37,

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

Noblit GW, Hare RD. Mela-ethnography: synihesizing qualiative studies. London: Sage, 1988.

MNurius P8, Yeaton YWWH. Research synthesis reviews: an illustrated critique of "hidden" judgments,
choices, and compromises. Clin Psychol Rev 1987 7:695-714.

Pawson R. Evidence-based policy: the promise of realist synthesis, Evaluation 2002,8:340-358.

Popay J, Rogers A, Williams G. Rationale and standards for the systematic review of qualitative
literature in health services research. Qualitative Health Research 1998,8:341-51,

Ragin CC. The comparative method: moving beyond qualitative and quantitative strategies.
Berkeley, CA: University of California Press, 1987,

Rees R, Harden A, Shepherd J, Brunton G, Oliver S, Oakley A. Young people and physical
activily: a systematic review of research on barrers and facifitators fmonograph onfine]. London:
EPPI Centre, 2001. Available from:

hitp:/feppi.ioe ac. u/EPPIWebContent/hp/repors/physical_activityld1/physical_activity pdf

Risjord MW, Dunbar SB, Moloney MF. A new foundation for methodalogical triangulation. J Nurs
Schofarsh 2002.34:269-75.

Shepherd J, Harden A, Rees R, Brunton G, Garcia J, Oliver S, et al. Young people and healthy
eating: a systematic review of research on barriers and facilitators [monograph online]. London:
EPPI Centre, 2001. Available from;

http:/feppi.ioe.ac. UKWEPPIWebCantent/hpfreports/health_eating01/healthy_eating_yp. pdf

Slavin RE. Best-evidence synthesis: an alternative to meta-analytic and traditional reviews. In:
Shadish WRJ, Reichardt CS, editors. Evaluation studies. review annual. Thousand Oaks, CA;
Sage Publications, Inc., 1987, p. 667-673.

Slavin RE. Best evidence synthesis: an intelligent alternative to meta-analysis. J Clin Epidemiol
199548:9-18.

Suri H, Clarke D. Revisiting methods of literature synthesis. In: Annual Meeting of the American
Educational Research Association; 1999 Apr 19-23; Montreal, Canada. 1999, p. 2-15.

Suri H. The process of synthesising qualitative research: a case study. In: Annual Conference of
the Asscciation for Qualitative Research; 1999 Jul 6-10; Melbourne. 1999, Available from:
http:/Mwww. latrobe edu.au/agrioffer/papers/HSuri.htm

Suri H. A methodologically inclusive model for research synthesis [monograph online]. In:
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4 Guide to the contents of a Cochrane

review and protocol

Editors: Nynke Smidt, Jonathan Decks and Theresa Moore.

| This chapter includes sections from: Higgins JPT, Green S (editors). Cochrane Handbook for
Systematic Reviews of Interventions Version 5.0.0 (updated February 2008). The Cochrane
Collaboration, 2008. Available from http://www.cochrane.org/resources/handbook. |

4.1 Format of a review of diagnostic test accuracy

All systematic reviews of diagnostic test accuracy published in the Cochrane Database of
Systematic Reviews have the same format. There are several reasons for this. It helps readers
to find the results of research quickly and to assess the validity, applicability and implications
of those results. It guides authors to report their work explicitly and conciscly, and minimises
the effort required to do this. The format is also suited to electronic publication and updating,
and facilitates the production of statistical summary figures and tables, which are informative
and readable when viewed on a computer monitor or printed.

The Review Manager software (RevMan5) is designed to help authors construct reviews in
the appropriate format and to prepare files required to transfer reviews clectronically.
Standard headings and tables embedded in RevMan3 guide review authors when preparing
their report and are used by the publisher to structure the publication and link readers to the
sections which are of particular interest to them. The content that should follow each heading
is described in this chapter.

Each protocol consists of:

Title:
Protocol information — details of authors, contact person, important dates, “What’s new’
and “History™:

Main text of the protocol — consisting of the background, objectives. methods,
acknowledgements and declaration of interests:

Tables — relevant to the background or methods:
Studies and references — other references relevant for the background or methods;
Sources of support —split into internal and external sources of support;

Appendices — relevant to the background or methods.

Each review consists of:

Title;

Review information — details of authors, contact person, important dates, *What’s new”
and “History™.

Structured abstract;

Plain language summary:
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e Text of the review — consisting of the background, objectives, methods, results,
discussion, authors™ conclusions. acknowledgements. contribution of authors. declaration
of interests. differences between protocol and review, and published notes:

e Tables — showing characteristics and methodological quality of the included studics, a
summary of results table, a log of the studies that were excluded and reasons why, and
additional tables relevant to the review;

e Studies and references — presenting the references of the included studies, excluded
studies and other references:

e Data and analyses — presenting the data (2x2 table) by test or by study;

e Figures — summarizing the methodological quality of the included studies, forest plots of
sensitivity and specificity, figures of summary receiver operating characteristic (ROC)
plots. and any additional imported figures:

e Sources of support —split into internal and external sources of support;

s Feedback:

e Appendices.

4.2 Protocol and review information

This section of a review includes information about the title of the review, details of the
contact person and co-authors, and key dates relating to the production and publication of the
review and protocol.

4.2.1 Title of the review

The essence of the objective should be captured in the review’s title. Typically this involves
stating the diagnostic technology together with the key characteristics of the people to whom
it is applied and the purpose for which it is used. The key components of the title are
therefore:

¢ the patients (how they present, where they present to, what tests have been done before);

s  the target condition (disease. disease stage, or sub-type of a disease eligible for a specific
treatment).

e the test or tests being evaluated.

The test that is being evaluated is known as the index test. A review may evaluate and
compare the diagnostic accuracy of several index tests, and may elect one as a comparator test
with which the diagnostic accuracy of the other index tests is compared, particularly if this
test 1s currently standard diagnostic practice. The target condition is the condition of interest
that the index and comparator tesi(s) arc attempting to detect. The clinical reference standard
is usually the test or tests representing the best available method of detecting the target
condition. Reference standards, which give results with very little error, are known as “gold
standards’. Please note the difference between the reference standard and the comparator test:
the reference standard is the best test available to detect the target condition (and may not
routinely be used in clinical practice) while the comparator test is a routinely used test, the
diagnostic accuracy of which we wish to compare with other index tests to decide which is the
best for detecting the target condition.

The review title in RevMan3 is structured to ensure that the correct information is reported to
reflect the objective of the review for example, “What is the diagnostic accuracy of ‘index
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test” for diagnosing ‘target condition’ in ‘patient description’?” Four title options are possible
(Table 4.2.a). These vary in the number of tests being evaluated (options 1 and 2 are for two
tests, options 3 and 4 work for either a single test or several tests), and whether the patient
description is required (options 1 and 3). Options 2 and 4, which do not include the patient
description, should only be used where the target condition clearly implies a particular patient
group.

Table 4.2.a: Structure for titles of Cochrane systematic reviews of diagnostic test
accuracy

Option 1  Format <Index test 1= versus <index test 27> for <targel
condition(s )= in <patient description=
Example  <Chlamydia antibody titre testing> versus
<hysterosalpingography> for diagnosing <tubal
pathology> in <subfertile women>

Option2  Format <Index test 1= versus <index test 27> for <target
condition(s)>
Example <MRI> versus <ultrasound> for diagnosing <ischaemic
stroke>

Option 3 Format <Index test(s)> for <target condition(s)> in <patient
description=
Example  <Physical examination> for the diagnosis of <lumbar
radiculopathy due to disc herniation= in <patients with
low back pain>

Option4  Format <Index test(s)> for <target condition(s)>
Example  <Physical tests> for <detection of shoulder
impingements=

T if the comparison is with current diagnostic practice, the second index test will
be the comparator test

4.2.2 Authors

Authorship of all scientific papers (including Cochrane protocols and reviews) establishes
accountability, responsibility and credit (Rennie 1997, Flanagin 1998, Rennie 1998). When
deciding who should go in the by-line for Cochrane reviews, it is important to distinguish
individuals who have made a substantial contribution to the review (and who should be listed)
and those who have made other contributions, which should be noted in the
acknowledgements section. Ideally, the order of authors should relate to their relative
contributions to the review. The person who contributed most should be listed first.
Authorship should be based on substantial contributions to all of the following three steps,
based on the requirements for submitting papers to biomedical journals, developed by the
International Committee of Medical Journal Editors (ICMIE 2006):

e Conception and design of study, or analysis and interpretation of data;
¢ Drafting the review or revising it critically for important intellectual content:
s Final approval of the version to be published:

Affiliations of authors will be published within the completed protocol or review, so authors
should ensure that these fields are completed and up to date in “Archie’, the web interface of

216



The Cochrane Collaboration’s Information Management System (IMS). The fields that must
be completed are the First name(s) and Last name(s) of the author, Organisation and Country.
If a co-author does not have a publishable address, but should still appear in the by-line for
the citation, then the Organisation and Country should be those of the Review Group (for
example Smith J. ¢/o Cochrane Pregnancy and Childbirth Group, UK). Group authorship is
possible but requires an entry to be created in *Archie” in the name of the group (see Chapter
2).

4.2.3 Contact Person

Contact details (i.e. name, address, e-mail, telephone and fax number) for the person to whom
correspondence about the review should be addressed. and who has agreed to take
responsibility for maintaining and developing the review, are automatically taken from
‘Archic’, the web interface of The Cochrane Collaboration’s Information Management
System (IMS). This person usually takes responsibility for developing and organising the
review, communicates with the editorial base, ensures that the review is prepared within
agreed timescales, submits it to the editorial base. communicates feedback to co-authors and
ensures that the updates are prepared.

The contact author does not need to be the first author, and the choice of contact author will
not affect the citation for the review. If the contact author ne longer wishes to be responsible
for a published review and another member of the review team does not wish to take
responsibility for it, then the Review Group Co-ordinator (RGC) should be listed as the
contact author. and the former contact author listed as a co-author. The RGC need not be
listed as a co-author.

4.2.4 Dates

There are several dates associated with a Cochrane review. Some of these are automatically
generated by RevMan, and some need to be entered by the review author. These dates are
important both to inform readers of the review and to facilitate management of review
publication. It is essential that authors apply these definitions when entering dates into
relevant fields during an update or amendment to a review.

For considerations to make when updating a review please see Chapter 11 “Updating and
maintaining reviews’.

4,241 Assessed as Up-to-date

This date is entered by review authors for full reviews only (not protocols). On publication,
this date is reproduced in a prominent place in the review to inform readers of how recently
the review has been assessed as up to date. The criteria for assessing a review as up to date
are listed in Box 4.2.a.

A review might be considered to be up to date even if it has received only minimal edits for
many years, for example if a recent scarch for studies identifies no new evidence since the
review was published. All reviews submitted for publication must include a date on which
the review was last assessed as being up to date. The date should be entered by the authors,
and will often coincide with the date on which the authors submit the review for consideration
to be published in the Cochrane Database of Systematic Reviews. It may be appropriate to
amend the date on approval of the review for publication.
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Box 4.2. a: Guidance for declaring a review as being up to date

The date a review is assessed as being up to date must be chosen so that the review (new.
updated or amended) meets the following key criterion:

1. The evidence is up to date on the performance of the test(s)

The list of included studies should include all available evidence, and should result from a
most recent search typically being within six months of the date on which the review is
assessed as being up to date;

In addition, it is highly desirable, but not mandatory, that

2. The methads of the review are up to date

All mandatory methods for Cochrane reviews (as described in the current version of the
Cachrane Handbook for Systematic Reviews of Diagnostic Test Accuracy) should be
incorporated.;

3. Factual statements are correct

Factual statements, for example, in the Background and Discussion, should not be
unreasonably out-dated.

4.2.4.2 Date of search

This date is entered by review authors for full reviews only (i.e. not protocols). “Search” here
refers to the searches of all the databases searched for the review. If different databases were
searched on different dates. the most recent date of the search for each database should be
given within the text of the review and the earliest of the dates should be put in this field. For
example, if the most recent searches of the following databases were on the following dates
(MEDLINE 3 June 2007, EMBASE 12 June 2007 and CENTRAL 28 June 2007) the “Date of
search” would be 5 June 2007. For further details on how to document your searches please
see Chapter 7.

4.2.4.3 Next stage expected

This is entered by review authors as:

« For protocols: the date on which the full review is expected (e.g. in 1 year);

* For full reviews: the date on which the next update is expected (e.g. in 2 years).

4.2.4.4 Protocol first published, Review first published, Last citation issue
These dates are automatically recorded in RevMan and generated at the time of publication of
the protocol or full review.

4.2.5 What's new and History

This should describe the changes to the protocol or review since it was last published in the
Cochrane Database of Systematic Reviews. Al each update of a review, substantive or not,
the “What’s new” field should contain the calendar date of the change, the event and a
description of what was changed. The following options for the events in the protocol are:
feedback incorporated, amendment, declare new citation version (major change or minor
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change). In the full review examples of events to note include: Update (new search for
studies), feedback incorporated, amendment, declare new citation version (conclusions
changed or not changed) and declare review as no longer being updated. In the description,
the authors should give a brief summary of how much new information has been added to the
review (for example, number of studies, participants or extra analyses) and any important
changes to the conclusions, results or methods of the review.

Changes which are made between versions prior to the penultimate version should be listed as
events under *History’. The “What’s New’ section should only indicate changes made
between the previous version and the current version.

4.3 Abstract

All full reviews must include an abstract of not more than 400 words. It should be kept as
brief as possible without sacrificing important content. Abstracts to Cochrane reviews are
published in MEDLINE and the Science Citation Index, and are made freely accessible on the
Internet, so will often be read as stand-alone documents. They should, therefore, summarize
the key methods and results of the review and not contain any material that is not in the
review. The content must be consistent with the text, data and conclusions of the review and
not include references to any information outside the review. Links to other parts of the
review (such as references. studies, additional tables and additional figures) may not be
inserted in the abstract. An example is included in Box 4.3.a.

Abstracts should be made as readable as possible without compromising scientific integrity.
They should primarily be targeted at healtheare decision makers (clinicians, consumers and
policy makers) rather than just researchers. Terminology should be reasonably
comprehensible to a general rather than a specialist healthcare audience. Abbreviations
should be avoided, except where they are widely understood (for example, HIV). Where
essential, other abbreviations should be spelt out (with the abbreviations in brackets) on first
use.

It is important that Cochrane reviews of diagnostic test accuracy are identifiable in
MEDLINE and other electronic bibliographic databases from their titles, abstracts and
keywords. Indexing of diagnostic terms is currently poor. and the guidelines for the titles of
Cochrane reviews rule out the use of phrases such as “systematic review’ or ‘diagnostic test
accuracy’. Their titles may therefore be difficult to distinguish from reviews of interventions.
“Sereening for type 2 diabetes mellitus™, for example, may refer to an intervention review
investigating the effectiveness of sereening for type 2 diabetes mellitus in reducing morbidity
and mortality associated with diabetes, but it could also describe a diagnostic test accuracy
review investigating the accuracy of screening tests for type 2 diabetes mellitus. Diagnostic
test accuracy reviews will be clearly identifiable by “flags’™ within The Cochrane Library. but
these will be lost when the abstracts are transferred to bibliographic databases.

To overcome this problem it is recommended that the phrase “diagnostic accuracy” be
included somewhere in the abstract — the “objectives” section may provide a natural home for
this phrase. This is a key phrase that is highly likely to be used in scarching by rescarchers
who want to identify reviews of diagnostic tests. Combining this phrase with the phrase for
the Cochrane Database of Systematic Reviews as a journal title (for example, *Cochrane
Database of Syst Rev” in PubMed) will retrieve Cochrane reviews of diagnostic test accuracy.
Ultimately, the introduction of specific database indexing terms into MEDLINE (such as
Publication Types “diagnostic test accuracy review’ and “diagnostic test accuracy study”)
should improve the efficiency of searching.
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The content under cach heading in the abstract should be as follows:

Background

One or two sentences explaining the context, the purpose and rationale for the review.

Objectives

A precise statement of the primary objective of the review. ideally in a single sentence.
Where possible the style should be of the form “To determine the diagnostic accuracy of
|Index test] for diagnosing [target condition] in [patient description]”. The exact phrase
“diagnostic accuracy’ is important as this can then be used as a search term to retrieve
Cochrane systematic reviews of diagnostic test accuracy from MEDLINE and the Science
Citation Index. and other publications of these reviews in other electronic bibliographic
databases.

Search methods

List the sources and the dates of the scarch for cach source, using the active form “We
searched....” For example “We searched MEDLINE from January 1950 to December 2006°.
Search terms should not be listed here, and if a large number of databases have been searched
only key databases and the number of databases should be stated. The date range of the
search for each database should be given. For most databases such as MEDLINE, it should
be in the form "MEDLINE (January 1950 to December 2006)°. Searching of bibliographics
for relevant citations can be covered in a generic phrase ‘reference lists of articles’. If there
were any constraints based on language or publication status, these should be listed. If
individuals or organisations were contacted to locate studies this should be noted and it is
preferable to use, “We contacted pharmaceutical companies’ rather than a listing of all the
pharmaceutical companies contacted. If journals were specifically handsearched for the
review, this should be noted.

Selection criteria

Briefly list the main criteria used to select studies for inclusion in the review. Please include:
type of study design (for example consecutive patient series and /or case-control studies);
index and /or comparator tests; target condition; eligible reference standards, and key
characteristics of the study population.

Data collection and analysis

Describe how data extraction and quality assessment of studies were done, whether by more
than one person, and whether multiple assessments were done independently. The description
should be restricted to how data were extracted and assessed, and not include details of what
data were extracted. It should be stated whether a meta-analysis was done and if so the
statistical methods used should be named, and the summary statistics estimated stated. If
comparisons are made between index and/or comparator tests it should be stated whether
comparisons were direct (made within studies) or indirect (made between studies).

Results

This section should begin with the total number of studies and participants included in the
analysis, and brief details pertinent to the interpretation of the results, such as a summary of
study quality, diversity in study characteristics and heterogeneity in study results. It should
address the primary objective and be restricted to the main results. Wherever possible,
accuracy should be expressed using summary statistics most likely to help someone make a
decision about whether or not to use a particular test. Any summary statistics in the abstract
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should be the same as those presented in the review and in the summary of results table.
Summary statistics should be stated together with confidence intervals.

Authors’ conclusions

The primary purpose of the review should be to present information, rather than to offer
advice. The authors” conclusions should be succinet, address the review question and draw
directly from the findings of the review so that they directly and obviously reflect the main
results. Assumptions should not be made about practice circumstances. values, preferences
and tradeoffs, and the giving of advice or recommendations should generally be avoided.
Any important limitations of data and analyses should be noted. Important conclusions about
the implications for research should also be included.

Box 4.3.a: Example of an abstract for a Cochrane Systematic Review of
Diagnostic Test Accuracy: Magnetic resonance imaging for provisional diagnosis
of multiple sclerosis in patients with suspected disease.

Background
Detection of clinically silent brain lesions on magnetic resonance imaging (MRI) in patients
with a single episode of neurological dysfunction may allow earlier diagnosis of multiple

a definitive MS diagnosis.

Objective
To determine the diagnostic accuracy of MRI for the provisional diagnosis of MS in patients
with suspected disease.

Search methods

We searched MEDLINE (January 1950 to November 2004) and 11 other electronic databases
(from inception to November 2004). We conducted citation searches, and screened reference
lists of included studies.

Selection criteria
Diagnostic accuracy studies that compared MRI (or diagnostic criteria incorporating MRI) with
standard clinical diagnosis of MS.

Data collection and analysis
Two authors independently screened titles and abstracts for relevance. Screening for inclusion,

Studies were assessed for methodological quality using QUADAS. HSROC meta-analytical
methods were used to estimate summary ROC curves and diagnostic odds ratios, and to
investigate the impact of study design and length of follow up on diagnostic accuracy.

Results

29 studies ( 18 cohort studies, 11 other designs) recruiting 2714 patients were included. Test
accuracy depended on both study design and length of follow-up, hence we focused on the
results of the two higher quality studies with cohort designs and clinical follow-up of 10 years
or more. The presence of many lesions on MRI (=8 or = 10). could not accurately rule in MS
(positive likelthood ratios of 3.6: 95% C1 0.9 to 14.4 and 1.9; 95% CI 1.0 to 3.7). The absence
of lesions had limited ability to rule out a diagnosis of MS (negative likelihood ratios of 0.1;
95% CI 0.04 to 0.3 and 0.5; 95% CI 0.4 to 0.6).

Conclusions
Use of MRI to confirm MS after a single attack of neurological dysfunction has poor accuracy,
and may lead to both misdiagnosis and inappropriate treatment.

sclerosis (MS) if MRIT lesions accurately predict the occurrence of a second episode required for

data extraction, and quality assessment were carried out by one author and checked by a second.
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4.4 Writing a plain language summary

The format and structure of plain language summaries for systematic reviews of diagnostic
test accuracy are currently the subject of discussion with the Cochrane Steering Group. This
section will be updated once these discussions are completed.

4.5 Main text

The text of the review should be as succincet and readable as possible. Although there is no
formal word limit on Cochrane reviews. review authors should consider 10,000 words an
absolute maximum unless there is a special reason to write a longer review (for example,
where a large number of index tests are evaluated). The majority of reviews should be
substantially shorter than this. A review should be written so that someone who is not an
expert in the arca can understand it, in light of the following policy statement, reported in

Cochrane News 1999; 15: 14:

“The target audience for Cochrane reviews is people making decisions about health-
care. This includes health-care professionals, consumers and policy makers with a
basic understanding of the underlying disease or problem.

It is a part of the mission and a basic principle of The Cochrane Collaboration to
promote the accessibility of systematic reviews of the effects of healthcare
interventions to anyone wanting to make a decision about healthcare. However, this
does not mean that Cochrane reviews must be understandable to anyone, regardless of
their background. This is not possible, any more than it would be possible for
Cochrane reviews to be written in a single language that is understandable to
everyone in the world. It is important to translate the content, or clements of the
content, of reviews into different languages and formats targeted at different
audiences including healthcare professionals, consumers and policy makers in a
variety of circumstances.

Cochrane reviews should be written so that they are easy to read and understand by
someone with a basic sense of the topic who may not necessarily be an expert in the
area. Some explanation of terms and concepts is likely to be helpful, and perhaps
even essential. However, oo much explanation can detract from the readability of a
review. Simplicity and clarity are also vital to readability. The readability of
Cochrane reviews should be comparable to that of a well-written article in a general
medical journal.”

The text of a Cochrane review contains a number of fixed headings and subheadings that are
available in the RevMan3 document structure. Additional optional subheadings are also
included in the structure. but authors should not be limited by these and should add their own
subheadings where appropriate. Authors are encouraged to use the optional subheadings
included in the structure where possible, but not if they make individual sections needlessly
short.

Text cannot be placed immediately under the following Level 1 headings: *Abstract’,
‘Methods’, “Criteria for considering studies for this review”, “Resulls”, or “Authors
conclusions’. Text for these sections slarts below the first subsequent subheading.

Background [fixed, level 1 heading]

Jell-formulated review questions do not appear out of thin air. They occur in the context of
an existing boady of knowledge. This context should be explained in the background section of
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the review. The background helps set the rationale for the review. and should explain why the
questions being asked are important and why closely related questions are not being covered.
The background section of the review should inform the readers of the review about why the
review is being done, particularly where there are existing systematic reviews published
outside The Cochrane Collaboration. This can generally be done within 1 to 1.5 printed pages.

The background section contains 4 optional subheadings which can be used to help structure
the text:

Target condition being diagnosed [optional, level 2 heading]
A description of the target condition of interest (frequency. severity, prognosis and possible
treatments). If there are Cochrane reviews of interventions for the target condition they should
be cross-referenced here.

Index test(s) [optional, level 2 heading]

A description of the index tests that are being evaluated in this review, whether they are
currently used in clinical practice. and the roles being considered for the tests (for example. as
replacement for a comparator test because of lower cost and invasiveness).

Alternative test(s) [optional, level 2 heading]

A description of the possible diagnostic tests and strategies that could (and are) used in
clinical practice, irrespective of whether they are evaluated in this review. This will help place
the review in context of all available diagnostic options.

Rationale [optional, level 2 heading]

The background helps set the rationale for the review, and should explain why the questions
being asked are important. It might also mention why this review was undertaken and how it
might relate to a wider review of a general problem.

Objectives [fixed, level 1 heading]

The review question should be clearly stated. The primary objective should be described and
include the index test(s), the target condition veritied by the reference standard (*gold
standard’) and the study population. Where possible the style should be “To determine the
diagnostic accuracy of [index test] for detecting [target condition] in [patient description]’. It
should also be clear from the objective whether the authors want to investigate the accuracy
of an index test as triage for the current normal test regime, as a replacement for it, or in
combination with it (see Chapter 3). The term “comparator” is specifically used to refer to
what is thought to be the most commonly used current normal test regime. Where the aim of
the review is to make comparisons between tests these should be clearly stated.

Secondary objectives [optional, level 2 heading]
Complex reviews that investigate multiple questions may categorise their objectives as
‘Primary Objectives” and “Secondary Objectives’. For example, the primary objectives may
be to compare test accuracy between two tests: the secondary objectives may estimate test
accuracy for each test at pre-specified thresholds. However, secondary objectives related to
investigating heterogeneity between study results should not be listed under this subheading
but under the next subheading.

Investigation of sources of heterogeneity [optional, level 2 heading]
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Heterogeneity investigations explore factors which may affect diagnostic accuracy, and are
essential because they may provide a framework by which the expected heterogencity may be
explained a priori and to provide a more clinically useful review. For example, the test
accuracy of troponin may vary depending upon when the test is done after the start of
symptoms. Providing a primary objective only. for example a comparison of troponin against
Creatine Kinase-MDB for patients with chest pain to detect myocardial infarction, is not
sufficient for clinical decision making when patients present at different time points after the
onset of chest pain. and the test performance of troponin may vary accordingly. Alternative
subgroups can be aspects of study design and execution, age groups, setting, differences in the
presence or degree of clinical characteristics or differences in the operation of either the index
test or the reference test.

Methods [fixed, level 1 heading]

The Methods section in a protocol should be written in the future tense. Cochrane reviews are
updated as new evidence accumulates, therefore methods outlined in the protocol should
generally anticipate a sufficiently large number of studies to address the review’s objectives
(even if it is known this is not the case).

The Methods section in a full review should be written in the past tense. and should describe
what was done to obtain the results and conclusions of the current version of the review.
Often a review is unable to implement all of the methods outlined in the protocol. usually
because there is insufficient evidence. In such circumstances, it is recommended that the
methods that were not implemented still be outlined in the review. so that it serves as a
protocol for future updates of the review. Some Cochrane review groups (CRGs) have
policies on this issue, and these should be available from the Review Group Co-ordinator
(RGC). Examples include adding an additional subsection at the end of “Methods of the
review’, or including the methods for future updates in an additional table.

In the methods section, the authors should clearly describe the selection criteria for
considering studies for the review (Chapter 5 and Chapter 6), the methods used to identify
relevant studies (Chapter 7), the process used for selection of studies and collecting data
{Chapter 8) and how the methodological quality of the included studies is assessed (Chapler
9). A statistician may best write the section for describing the statistical analysis and data
synthesis (Chapter 10). In addition, information about how to investigate sources of
heterogeneity and any pre-planned sensitivity analyses should be deseribed clearly here
(Chapter 10).

Criteria for considering studies for this review [fixed, level 2 heading]

The eligibility criteria required for studies to be included in the review must be clearly stated.

Types of studies [fixed, level 3 heading]

Eligible study designs should be stated here, along with any thresholds for inclusion based on
the conduct or quality of the studies. For example. All consecutive series of patients and
case-control studies” or “All study designs™. Exclusion of particular types of studies (for
example, case-control studies, retrospective studies) should briefly be justified. Restrictions
based on the use of particular reference standards should not be listed here.

Participants [fixed, level 3 heading]
Specily the participants for whom the test would be applicable, including any restrictions on
diagnoses, age groups and settings. Planned subgroup analyses related to participant
characteristics should not be listed here.
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Index tests [fixed, level 3 heading]

Specify the test or tests under evaluation,

Comparator tests [optional, level 3 heading]

This subheading is optional. The comparator test is the testing regime used in practice, which
the index test may be secking to replace. Not all reviews will have a comparator test, hence it
is an optional subheading. If a comparator is stated in the review question it should be stated
here. There is potential to confuse the comparator with the reference standard. However the
reference standard used in the context of rescarch to establish test accuracy will not usually be
the same as the test or test combination used in day-to-day practice.

Target conditions [fixed, level 3 heading]

The target condition is a particular disease or disease stage that the index test is intended to
identify. Tests may occasionally be used to differentiate between several target conditions
if this is the case they should all be listed here.

Reference standards [fixed, level 3 heading]

Describe the clinical reference standards (*gold standard”) that are considered appropriate to
establish the presence or absence of the target condition in the tested population. If particular
reference standards are commonly used but considered inadequate they should be stated here
as exclusion criteria.

Search methods for identification of studies [fixed, level 2 heading]

Electronic searches [fixed, level 3 heading]

The methods used to identity studies should be summarized. Further details of the content of
these sections are discussed in Chapter 7. The bibliographic databases searched, the dates and
periods searched and any constraints, such as language. should be stated. The full search
strategies for each database should be listed in an appendix to the review.

Searching other resources [optional, level 3 heading]
List grey literature sources, such as reports and conference proceedings. If journals are
specifically handsearched for the review, this should also be noted. List people (for example.
researchers. experts) and/or organisations who were contacted. List any other sources. which
may include, for example, reference lists, the World Wide Web or personal collections of
articles.

This text may be organised under the following four subheadings:

e Grey literature,

e Handsearching,

¢ References lists and

e Correspondence.

These subheadings are not included in the RevMan3 structure, so if required an author will
need to create them. They can be used either in place of “Searching other resources’ or as
subheadings to it.
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Data collection and analysis [fixed, level 2 heading]
Selection of studies [fixed, level 3 heading]

The method used to apply the selection criteria should be described stating whether the
criteria were applied independently by more than one author, and how any disagreements
were resolved (see Chapter 8).

Data extraction and management [fixed, level 3 heading]

State the method used to extract or obtain data from published reports or from primary
authors of the included studies (for example, using a data extraction/data collection form).
Any reanalysis of individual patient data should be described. Whether data are extracted
independently by more than one author should be stated. along with how any disagreements
are resolved. If relevant, methods for processing data in preparation for analysis should be
described (see Chapter 8).

Assessment of methodological quality [fixed, level 3 heading]

Assessment of methodological quality involves describing both the tool. and the method by
which it was applied. The tool(s) used (i.c. QUADAS) should be deseribed or referenced,
with an indication of how quality assessments were incorporated into the interpretation of the
results (see Chapter 9). Operational definitions of items within the quality assessment tool
should be stated (possibly using an additional table). For example, the QUADAS scale
requires authors to explicitly state what they consider to be “appropriate spectrum” and an
‘appropriate reference standard” before applying the tool. The method used to assess
methodological quality should be described, stating whether the tool was applied
independently by more than one author and how any disagreements were resolved.

Statistical analysis and data synthesis [fixed, level 3 heading]

In this section, the descriptive and inferential statistical methods should be described.
Descriptive methods consist of tabulation, graphical displays of estimates of diagnostic
accuracy (for example sensitivities and specificities), and plotting the study results in ROC
space (see Chapter 10). Inferential statistical methods are used for the estimation of summary
ROC curves and average operating points, testing of differences between tests, and
investigations of heterogeneity. Details should be given of the statistical method and model
used, what parameters were estimated, whether random effects were estimated, and the
software used.

Investigations of heterogeneity [optional, level 3 heading]

Indicate how the sources of heterogeneity listed in the objectives were investigated (see
Chapter 10).

Sensitivity analyses [optional, level 3 heading]

Pre-planned sensitivity analyses should be stated here. These could include restricting
analyses to a particular subgroup of patients. or to studies without a particular methodological
shortcoming for example verification bias or review bias (see Chapter 10).

Assessment of reporting bias [optional, level 3 heading]

If any tests or investigations were undertaken to detect reporting biases the methods used
should be explained here (see Chapter 10).
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Results [fixed, level 1 heading]
Results of the search [fixed, level 2 heading]

The results section of the full review should start with a summary of the resulis of the search,
reporting the number of citations identified by the electronic searches, the number for which
full reports were retrieved, the number of citations that were finally included in the review.
and the number of unique studies that they report. Brief details should be given of the
occurrence of duplicate reports citations of the same studies. Similar details should be given
for the results of searching other sources where possible (for example handsearching,
correspondence and reference lists).

An overview of the selection process should be given. This can be summarized using a flow
diagram, and it is recommended that authors consider including one as an additional Figure
(see Chapter 7).

The number of included studies should be clearly stated, together with the numbers of
participants and the number who have the target condition. If a review evaluates more than
one test these numbers should be given per test. Where pairwise comparisons are based on
direct (within study) comparisons, the number of studies and patients available for each
comparison should be stated.

Individual details of the studies are tabulated in the “Characteristics of included studies” table.

A succinet summary of the key characteristics of the design, participants, index tests and other

methodological issues presented in this table should be given. In some circumstances an
additional table may be useful to give a tabular summary of the different index tests that were
encountered, or other aspects of the study. If such a table is produced a link to it must be
created at an appropriate place in this section.

The number of excluded studies should be mentioned here and refer to the information
contained in the *Characteristics of Excluded Studies’ table, providing a succinct summary of
why studies were excluded from the review.

Methodological quality of included studies [fixed, level 2 heading]

A figure summarising overall methodological quality, and a table of the methodological
quality ratings for individual studies can be produced automatically in RevMan3 (see Figures
below), and should be linked to the text in this section. The text should summarize the
general quality of the included studies, its variability across studies and any important flaws
in individual studies which will threaten the validity of the results. The criteria that were used
to assess the methodological quality bias should be described in the "Methods™ and not here.
For reviews that evaluate several tests in separate studies, reporting of methodological quality
by test should be considered if there are important differences.

Findings [fixed, level 2 heading]

The main findings on the diagnostic accuracy of the index tests studied in the review should
be presented, together with the results of the planned comparisons between the index tests, or
between the index tests and the comparator tests. The section should directly address the
objectives of the review rather than list the findings of the included studies in turn. The focus
should be on reporting the pattern of results across all the included studies. Numerical
summaries and results of statistical analyses may best be summarized in additional tables and
a link to the table placed in the text where they are discussed. Links to relevant forest plots
and summary ROC plots may also be placed in the text.
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Subheadings are encouraged if they make reading easier (for example, for each index test it a
review addresses more than one). Any exploration of heterogeneity, sensitivity analyses and
investigations of possible biases that were undertaken should be reported.

Inferences should be avoided in the results section.

Discussion [fixed, level 1 heading]

A structured discussion can aid the systematic consideration of the implications of the review
{Docherty 1999).

Summary of main results [fixed, level 2 heading]

The authors should summarize the main findings of the diagnostic accuracy of the index
test(s). This description should mirror the summary of results table (it may be easiest to
create this table before writing this section). The authors should summarize the relevance of
the findings of investigations of heterogeneity. There should also be comment on the
homogeneity and methodological quality of the evidence. and the completeness of the
evidence in terms of whether it has been possible to address all the objectives of the review
and the degree to which uncertainties remain. Consideration should be given to the amount of
data available to address the primary hypotheses.

Strengths and weaknesses of the review [fixed, level 2 heading]

The author should state the strengths and limitations of the review with regard to preventing
bias. These may be factors within. or outside. the control of the review authors. The
discussion might include whether all relevant studies were identified, whether all relevant
data could be obtained, or whether the review methods used (for example, searching, study
selection, data extraction, and analysis) could have introduced bias. The degree to which
robust conclusions can be drawn if the study results are notably heterogeneous should be
discussed.

Comments on how the included studies fit into the context of other published reviews might
be included. stating clearly whether the other evidence was systematically reviewed.

Applicability of findings to clinical practice and policy [fixed, level 2 heading]

To assess the applicability of their findings authors consider whether the studies that were
identified were sufficient to address all of the objectives of the review. They should consider
the relevance of the patients, tests and settings that were included in the review to the review
objectives. and identify the limits of the situations to which the evidence from the included
studies definitely applics. For example, studies from secondary care may have limited
relevance to primary care, or the evaluations located may have only evaluated an outmoded
version of the test technology. Comments on how the results of the review fit into the context
of current practice should also be included here. although authors should bear in mind that
current practice might vary internationally.

Authors’ conclusions [fixed, level 1 heading]

The primary purpose of the review should be to present information, rather than to offer
advice. Conclusions of the authors are divided into two sections:

Implications for practice [fixed, level 2 heading]
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The implications for practice should be as practical and unambiguous as possible. They
should not go beyond the evidence that was reviewed and be justifiable by the data presenied
in the review.

Implications for research [fixed, level 2 heading]
This section of Cochrane reviews is used increasingly by people making decisions about

future research, and authors should try to write something that will be useful for this purpose.
As with the ‘Implications for Practice’, the content should be based on the available evidence
and should avoid the use of information that was not included or discussed within the review.

In preparing this section, authors should consider the different aspects of research, perhaps
using types of studies, index tests, study population and target condition verified by the
reference standard as a framework. Implications for fiow research might be done and reported
should be distinguished from whar future research should be done. It is important that this
section is as clear and explicit as possible. General statements that contain little or no specific
information, such as “Future research should be better conducted™ or “More research is
needed™ are of little use to people making decisions. and should be avoided.

Acknowledgements [fixed, level 1 heading]

This section should be used to acknowledge any individuals or organisations who have
contributed but who are not listed among the authors. This would include any previous
authors of the Cochrane review and might include the contributions of the editorial team of
the CRG. Permission should be obtained from persons acknowledged.

Contribution of authors [fixed, level 1 heading]

The names and contribution of the present co-authors should be described in this section. One
author. usually the contact author, should be identified as the guarantor of the review. All
authors should discuss and agree on their respective descriptions of contribution before the
review is submitted for publication in the Cochrane Database of Systematic Reviews. When
the review is updated, this section should be checked and revised as necessary to ensure that it
is accurate and up to date.

The following potential contributions have been adapted from Yank et al (Yank 1999). This
is a suggested scheme and the section should describe what people did, rather than attempt to
identify within which of these categories someone’s contribution falls. Ideally. the
contributors should describe their contribution in their own words:

* Conceiving the review:

e Designing the review:

s Co-ordinating the review:

e Data collection for the review

¢ Designing search strategies;

e Undertaking searches;

e Screening scarch results;

e  Organising retrieval of papers;

e Screening refrieved papers against inclusion criteria;

s  Appraising quality of papers;
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e Extracting data from papers;

e  Writing to authors of papers for additional information;
e Providing additional data about papers:

e Obtaining and screening data on unpublished studies:
s Dala management for the review:

e Enlering data inlo RevMan5;

e Analysis of data;

e Interpretation of data;

e Providing a methodological perspective:

¢ Providing a clinical perspective:

e Providing a policy perspective;

¢ Providing a consumer perspective:

e Writing the review:

¢ Providing general advice on the review:

e Securing funding for the review;

¢ Performing previous work that was the foundation of the current study.

Declarations of interest [fixed, level 1 heading]

Authors should report any conflict of interest that might be perceived by others as being
capable of influencing their judgements. including personal, political, academic and other
possible conflicts, as well as financial conflicts. Authors must state if they have been
involved in a study included in the review. Details of The Cochrane Collaboration’s policy
on conflicts of interest appear in Chapter 2 of the Cochrane Handbook for Systematic Reviews
of Interventions (Higgins 2006a).

Financial conflicts of mterest cause the most concern, and should be avoided, but must be
reported if there are any. Any secondary interest (such as personal conflicts) that might
unduly influence judgements made in a review (concerning, for example, the inclusion or
exclusion of studies. assessments of the validity of included studies or the interpretation of
results) should be reported.

If there are no conflicts of interest, this should be stated explicitly, for example, by writing
‘None known’,

Differences hetween protocol and review [fixed, level 1 heading]

Authors should report and clearly explain why the differences between the methods reported
in the protocol and the full review exist.

Published notes [fixed, level 1 heading]
These will be published in the Cochrane Database of Systematic Reviews. They may include:

e [Editorial notes and comments from the CRG and the Diagnostic Test Accuracy Editorial
Board. for example where issues highlighted by editors or referees are believed worthy of
publication alongside the review:
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e A summary of previous changes to the review. Changes since the previous published
version must be stated under “What's new”.

The published notes must be completed for all withdrawn publications to give the reason for
withdrawal. Only the cover sheet and published notes are published for withdrawn protocols
and reviews.

4.6 Tables

4.6.1 Characteristics of included studies

This is a standard table with eight entries for each study including the following fixed items:
(1) Study ID, (2) Clinical features and settings. (3) Participants. (4) Study design, (5) Target
condition and reference standard(s). (6) Index and comparator test(s). (7) Follow up and (8)
Notes. Footnotes should be used for explanations of any abbreviations used (these will be
published in the Cochrane Database of Svstematic Reviews).

Table 4.6.a;: Guide to the contents of the ‘Characteristics of included studies
table’.

Heading Content

Study 1D First author, year of publication

Clinical features and Report the presenting clinical signs and symptoms, and previous test
settings results, clinical setting, and referral routes.

Participants Report the sample size, socio-demographic items (age, gender, ethnic

group ete), co-morbiditics, geographic region.

Study design Was the sample sclected as a single group, or as separate groups with and
without the target condition? Were participants consecutively enrolled in
the study? How was comparability of the groups ensured? Were
participants identified retrospectively or prospectively? If studies evaluated
more than one test. how were tests allocated to individuals, or did each

individual receive all tests?

Target condition and State the target condition, the definition and description of reference
reference standard(s) standard(s). and the criteria used to define an individual to have the target
condition. Give details of test operators (who performed the reference
standard). If applicable, report the timing, manufacturer, technical
characteristics, cte. of the reference standard. Report the prevalence of the

target condition in the sample.

Index and comparator For all index and comparator tests, report the test(s) definition and
tests description, criteria for positive test results, and details of test operators. If

applicable, report the timing, manufacturer and technical characteristics.

Follow up How much of the sample was lost, or has missing or uninterpretable test
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results? Were adverse events noted that could be caused by the test?

Notes Other information that the author considers relevant to report, for example

sources of funding, abbreviations, and other issues not covered elsewhere.

4.6.2 Assessment of methodological quality table

This table is used to record the methodological quality of each study. The table contains
eleven predefined quality assessment items from the QUADAS tool (see Table 4.6.b). These
items are strongly recommended, but can be deleted in exceptional circumstances when not
relevant. Inaddition it is possible to enter custom quality items by creating “user defined’
ficlds. Details of how to edit the table can be found in RevMan3 Help. Full details of how to
assess quality and how to decide which quality items to assess can be found in Chapter 9.

For each item in the quality assessment the author must enter both a description of how the
study addressed the issue, and a classification as to whether this was adequate (“yes”),
inadequate (‘no”), or whether not enough detail was presented for a judgement to be made
(‘unclear”). For both the standard and the user defined items details of the criteria for
classifying studies as ‘yes’, ‘no” and ‘unclear’ must be stated in the review protocol, probably
using an additional table (see Section 4.6.1.7).

It is possible to attribute quality assessments either to a study. or to each test within each
study. In the former, all tests within a study are classified the same way, in the latter, tests
within the same study can have different quality assessments. In RevMan5 this is described
as by test” or by study’. It is possible to specify a mixture of *by test” and “by study” quality
assessment items within a review. For details of how to define the quality assessment table

please refer to RevMan5 Help.

Table 4.6.b: Guide to the contents of the Assessment of methodological quality

table

Representative spectrum?

Was the spectrum of patients representative of the paticnts
who will receive the test in practice?

Acceptable reference standard?

Is the reference standard likely to correctly classify the target
condition?

Acceptable delay between tests?

Is the time period between reference standard and index test
short enough to be reasonably sure that the target condition
did not change between the two tests?

Partial verification avoided?

Did the whole sample or a random sclection of the sample,
receive verification using a reference standard of diagnosis?

Differential verification

avoided?

Did patients receive the same reference standard regardless of
the index test result?

Incorporation avoided?

Was the reference standard independent of the index test?
(i.e. the index test did not form part of the reference
standard).

Reference standard results

blinded?

Were the reference standard results interpreted without
knowledge of the results of the index test?

Index test results blinded?

Were the index test results interpreted without knowledge of
the results of the reference standard?

21

232



Relevant clinical information? Were the same clinical data available when test results were
interpreted as would be available when the test is used in

practice?
Uninterpretable results Were uninterpretable/ intermediate test results reported?
reported?
Withdrawals explained? Were withdrawals from the study explained?

4.6.3 Characteristics of excluded studies

Studies for which reports were retrieved based on the abstract and title, but finally excluded
based on the content of the report, should be listed and the key reason for exclusion should be
given. This should be kept brief, and a single reason for exclusion is usually sufficient.

4.6.4 Characteristics of studies awaiting classification

Details of studies for which msufficient information is available to include them or exclude
them from the review should be reported in this table, using the same structure as the included
studies table. For example. translations may be awaited. or confirmation of details required
from authors, which mean some studies cannot be included when the review is first published.
Studies which are discovered just before publication could also be listed here, but all attempts
should be made to include all available literature in the review.

4.6.5 Characteristics of ongoing studies

Studies that may be cligible but are still ongoing are reported here. Please record principal
investigator and/or contact person, location and country, web site address (if provided). start
date, target condition, reference standard and tests which are being evaluated.

4.6.6 Summary of results tables

In order to make Cochrane systematic reviews of diagnostic test accuracy informative and as
accessible as possible for readers, they must contain a summary of results table (see Chapter
11) as well as a summary in the text. It is essential however that the two are consistent with

cach other,

4.6.7 Additional tables

Additional tables may be used for information that cannot be conveniently placed in the text
orin fixed tables. Examples include:

e information to support the background for example details about the index test.
comparator test or reference standard;

¢ cxplicit details of the methodological quality criteria assessed:

e numerical statistical summaries.

4.7 Studies and references

Authors should check all references for accuracy (Dickersin 1986, Eichorn 1987).

4.7.1 References to studies
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Studies are organized under four fixed headings:

Included studies
Studies that specifically meet the inclusion criteria and are included in the review should be

listed here.

Excluded studies
Studies for which reports were retrieved but were found not to meet the inclusion criteria
should be listed here.

Studies awaiting assessment

Relevant studies that have been identified, but cannot be assessed for inclusion until
additional data or information are obtained, should be listed here. These need not be cited in
the text of the review.

Ongoing studies
Studies that are ongoing but meet (or appear to meet) the inclusion criteria should be listed
here.

Each of these headings can include multiple studies (or no studies). A study is identified by a
‘Study IDD". A year can be associated with each study (usually the year of completion, or the
publication year of the primary reference to that study). In addition, each study should be
assigned a category of “Data source” from among the following.

e Published data only;

e Published and unpublished data;

e Unpublished data only;

e Unpublished data sought but not used.

Each study can have multiple references. Each reference has its own ‘Reference ID”. A
single reference for each study should be awarded the status of “Primary reference’, usually
the reference that most completely reports the study.

4.7.2 Other references

References other than those to studies are divided into three categories:

Additional references

Other references cited in the text should be listed here. including those cited in the
background and methods sections. If a report of a study is cited in the text for some reason
other than referring to the study (for example, because of some background or methodological
information in the report), it should be listed here as well as under the relevant study.

Other published versions of this review
References to other published versions of the review in a journal, textbook or the Cochrane
Database of Systematic Reviews should be listed here.

Classification pending references
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RevMan3 also includes an optional subheading *Classification pending references’ category
to facilitate organisation of references while preparing a review. Any references remaining
in this category when the review is submitted are not published.

4.8 Data and analyses
4.8.1 Study results

Results of the studies included in a review can be organised either by entering all data from a
single study together even when il includes several tests (data tables by study), or by entering
all data for a single test from several studies together (data tables by test). Each test requires
entry of the number of true positives, false positives, false negatives and true negatives.
Where results are available for a test at several thresholds these can either be added as
scparate results with a covariate (sce below) specifying the threshold, or several tests defined
each with a specific threshold. When the review is published all of the data entered will be
displayed in paired sensitivity-specificity forest plots, even if these are not included in the
review. This flexible approach to organise and enter data differs from that for Cochrane
reviews of interventions where the data structure (comparisons, outcomes, subgroups) defines
the analyses which will be undertaken. In reviews of test accuracy all data are entered before
the structure of the analyses is specified.

4.8.2 Covariates

For each test and study, authors can define one or more covariates for example setting, age,
severity of disease, or specific features of the test such as threshold. These covariates can be
used for identifying subgroups that may have different test accuracy results.

4.8.3 Analyses

In RevMan3, authors can select analyses from a list of five options:

e asimple analysis of a single test;

e asimple analysis of a single test that investigates heterogeneity (subgroups);

e an analysis comparing several tests;

& an analysis comparing several tests that investigates heterogeneity (subgroups);

o an analysis of two tests restricted to paired data,

For each analysis paired forest plots of sensitivity and specificity can be created and summary
ROC plots produced. In addition, plots of the summary ROC curve, based on the Littenberg
and Moses (Littenberg 1993) linear regression model can be presented. However, summary
ROC curves, average operating points including 95% confidence intervals and 953% prediction
regions can also be produced in RevMan5 using estimates from more valid statistical models:
the hierarchical summary ROC (HSROC) model and the bivariate model.

4.9 Figures
RevManS5 can create four types of figures for automatic inclusion in reviews:

¢ a methodological quality graph (a bar chart showing overall compliance with the
methodological criteria);

¢ a methodological quality summary (an indication of whether individual studies meet the
methodological criteria);
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e paired forest plots of sensitivity and specificity (which can be ordered and grouped by
covariates).

¢ summary ROC plots (with variations for including lines, operating points, confidence and
prediction regions, and indicating different tests and subgroups using colours).

Authors can also import their own additional figures. All figures need to be created within
Figures, and captions specified. To be published with the review the Figures need to be
linked to from the text.

Review authors can also include additional figures created by other software. Additional
figures should never be used for content that can be included in other ways in RevMan3, for
example as standard RevMan35 graphs. tables or created as additional tables. Guidance on
technical aspects of preparing additional figures, including appropriate file size, guidance on
labelling and captions is available in RevMan3 help files. The images authors upload as
additional figures will not be edited or otherwise improved by others, but will be published
“as is”. It is therefore important that images are fully fit for publication. Important results
from all additional figures should be summarized in the Results section of the review text.
Wherever numerical results taken from a figure are reported in the text of the review their
meaning and derivation should be clear, and a reference to the relevant figure should be
provided.

If permission to publish a copyrighted figure is granted, the final phrase of the figure caption
must be: “Copyright © [ Year] [Name of copyright holder. or other required wording]:
reproduced with permission.” Warning! Large images take up lots of disk space. A single
large image can easily take up ten times the total space used for the text and tables of the
review. This leads to very large export files. Scanned images can be especially space-
consuming because the resolution may be much higher than needed. Always use images with
a good balance between resolution and detail, and include as few images as possible.

4.10 Sources of support to the review

Authors should give details of grants that supported the review and other forms of support,
such as support from their university or institution in the form of a salary. Sources of support
are divided into “internal” (provided by the institutions at which the review was produced) and
‘external” (provided by other institutions or funding agencies).

4.11 Feedback

This section is used to present feedback and comments from people who have read the
published protocol or review. There are three subheadings: Summary, Reply and
Contributors. The summary should be prepared by the feedback editor for the CRG in
consultation, if necessary, with the person submitting the comment. A reply to this should
then be prepared by the author(s) of the review. Details of the people who contributed to this
process should be given. Further information on the comments and feedback and the
updating of reviews is given in Chapter 10 of the Cochrane Handbook for Systematic Reviews
of Interventions (Higgins 2006D).

4.12 Appendices

Appendices provide a place to publish additional material that might be of interest to readers
of the review. Appendices should be considered as supplementary information, as they may
not appear in some reduced formats of the published review. Examples of the types of
material that authors may wish to present in Appendices include:

236



e Details of the search strategies used to identify studies for the review in each of the
databases searched (the recommended place to put these).

e Detailed statistical methods:
e Data extraction forms:

e Correspondence with authors of studies.

4.13 Contributions to this chapter

Editors: Nynke Smidt, Jonathan Deeks, Theresa Moore.

Contributors: This chapter was based on:

Higgins JPT, Green S (editors). Chapter 4: Guide to the contents of a Cochrane protocol and
review, In; Higgins JPT, Green S (editors). Cochrane Handbook for Systematic Reviews of
Interventions Version 5.0.0 (updated February 2008). The Cochrane Collaboration, 2008.

Available from hitp://www.cochrane.org/resources/handbook.

And

Schitnemann IHJ, Oxman AD, Higgins JPT, Vist GE. Glasziou P, Guyatt GH. Chapter 11:
Presenting results and 'Summary of findings tables'. In: Higgins JPT, Green S (editors),
Cochrane Handbook for Systematic Reviews of Interventions Version 5.0.0 (updated
February 2008). The Cochrane Collaboration, 2008. Available from
http://www.cochrane.org/resources/handbook.
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comments, Penny Whiting for providing an example abstract.
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The PRISMA statement for reporting systematic reviews
and meta-analyses of studies that evaluate healthcare
interventions: explanation and elaboration

Alessandro Liberati,'? Douglas G Altman,? Jennifer Tetzlaff* Cynthia Mulrow® Peter C Gatzsche,® John P A
leannidis,” Mike Clarke,* P | Devereaux,™ Jos Kleijnen,” ' David Moher* ™

Introduction

Systematic reviews and meta-analyses are essential tools
for summarising evidence accurately and reliably. They
help clinicians keep up to date; provide evidence for
pelicy makers to judge risks, benefits, and harms of
healthcare behaviours and interventions; gather together
and summarise related research for patients and their
carers; provide a starting point for clinical practice
guideline developers; provide summaries of previous
research for funders wishing to support new research;'
and help editors judge the merits of publishing reports
of new studies? Recent data suggest that at least 2500
new systematic reviews reported in English are indexed
in Medline annually.?

Unfortunately, there is considerable evidence that
key information is often poorly reported in systemaric
reviews, thus diminishing their potential usefulness.**
As is true for all research, systematic reviews should
be reported fully and transparently to allow readers to
assess the strengths and weaknesses of the investigation.”
That rationale led 1o the development of the QUOROM
(quality of reporting of meta-analysis) statement; those
detailed reporting recommendations were published in
1999 In this paper we describe the updating of that
guidance. Our aim is to ensure clear presentation of what
was planned, done, and found in a systematic review.

Terminology used to describe systematic reviews and
meta-analyses has evolved over ime and varies across
different groups of researchers and authors (see box 1 at
end of document). In this document we adopt the defini-
tions used by the Cochrane Collaboration.” A systematic
review attempts to collate all empirical evidence that
fits pre-specified eligibility criteria to answer a specific
research question. It uses explicit, systematic methods
that are selected o minimise bias, thus providing reliable
findings frorm which conclusions can be drawn and deci-
sions macde. Meta-analysis is the use of statistical methods
to summarise and combine the results of independent
stuclies. Many systematic reviews contain meta-analyses,
but not all.

The QUOROM statement and its evolution into PRISMA
The QUOROM statement, developed in 1996 and
published in 1999.° was conceived as a reporting

guidance for authoers reporting a meta-analysis of ran-
domised trials. Since then, much has happened. First,
knowledge about the conduct and repaorting of system-
atic reviews has expanded considerably. For example,
the Cochrane Library’s Methodology Register (which
includes reports of studies relevant to the methods for
systematic reviews) now contains more than 11000
entries (March 2008). Second, there have been many
conceptual advances, such as “outcome-level” assess-
ments of the risk of bias,"" "' that apply 1o systematic
reviews, Third, authors have increasingly used system-
atic reviews to surmimarise evidence other than that pro-
vided by randomised trials.

However, despite advances, the quality of the con-
duct and reporting of systematic reviews remains well
short of ideal ** All of these issues prompted the need
for an update and expansion of the QUOROM state-
ment. Of note, recognising that the updated statement
now addresses the above conceptual and methodo-
logical issues and may also have broader applicability
than the original QUOROM statement, we changed
the name of the reporting guidance to PRISMA (pre-
ferred reporting itemns for systematic reviews and meta-

analyses).

Development of PRISMA
The PRISMA statement was developed by a group
of 28 review authors, methodologists, clinicians, medi-
cal editors, and consumers."” They attended a three
day meeting in 2005 and participated in extensive
post-mesting electronic correspondence. A consensus
process that was informed by evidence, whenever pos-
sible, was used to develop a 27-item checklist (table 1)
and a four-phase flow diagram (fig 1) (also available
as extra items on bmj.com for researchers to down-
load and re-use). ltems deemed essential for transpar-
ent reporting of a systematic review were included in
the checklist. The flow diagram originally proposed
by QUOROM was also modified to show numbers of
identified records, excluded articles, and included stud-
ies. After 11 revisions the group approved the checklist,
flow diagram, and this explanatory paper.

The PRISMA statement itsell provides further details
regarding its background and development.” This
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accompanying explanation and elaboration document
explains the meaning and rationale for each checklist
item. A few PRISMA Group participants volunteered
to help draft specific items for this document, and four of
these (DGA, AL, DM, and JT) met on several occasions
tor further refine the document, which was circulated and
ultimately approved by the larger PRISMA Group.

Scope of PRISMA
PRISMA focuses on ways in which anthors can ensure
the transparent and complete reporting of systematic
reviews and meta-analyses. It does not address directly or
in a detailed manner the conduct of systernatic reviews,
for which other guides are available.''®

We developed the PRISMA statermnent and this explan-
atory document to help authors report a wide array of
systematic reviews to assess the benefits and harms of a
healtheare intervention, We consider most of the checklist
iterns relevant when reporting systematic reviews of non-
randomised studies assessing the benefits and harms of
interventions. However, we recognise that authors who
address questions relating to aetiology, diagnosis, or prog-
nosis, for example, and who review epidemiological or
diagnostic accuracy studies may need to modify or incor-
porate additional iterns for their systematic reviews.

How to use this paper

We modeled this explanation and elaboration document
after those prepared for other reporting guidelines."™*
To maximise the benefit of this document, we encour-
age people to read it in conjunction with the PRISMA
statement.'!

We present each checklist item and follow it with a
published exemplar of good reparting for thatitern. (We
adited some examples by removing citations or web
adldresses, or by spelling out abbreviations) We then
explain the pertinent issue, the rationale for including
the itern, and relevant evidence from the literature, when-
ever possible. No systematic search was carried out to
identify exemplars and evidence. We also include seven
boxes at the end of the document that provide a more
comprehensive explanation of certain thematic aspects of
the methodology and conduct of systematic reviews,

Although we focus on a minimal list of items to con-
sider when reporting a systematic review, we indicate
places where additional information is desirable to
imprave transparency of the review process. We present
the items numerically from 1 to 27, however, authors
need not address itemns in this particular order in their
reports. Rather, what is important is that the information
for each item is given somewhere within the report.

The PRISMA checklist

Title and abstract

lien 1: Title

Identify the report as a systematic review, meta-analysis,
or both.

Examples “Recurrence rates of video-assisted tho-
racoscopic versug open surgery in the prevention of
recurrent pneumnothoraces: a systematic review of ran-
domised and non-randomised trials™"

“Mortality in randomised trials of antioxidant supple-
ments for primary and secondary prevention: system-
atic review and meta-analysis™'

Explanation Authors should identify their report
as a systematic review or meta-analysis. Terms such
as “review” or “overview” do not describe for readers
whether the review was systematic or whether a meta-
analysis was performed. A recent survey found that 50%
of 300 authors did not mention the terms “systematic
review” or “meta-analysis” in the title or abstract of their
systematic review.” Although sensitive search strategies
have been developed to identify systematic reviews,*
inclusion of the terms systematic review or meta-anal ysis
in the title may improve indexing and identification.

We advise authors to use informative titles that make
key information easily accessible to readers. Ideally, a
title reflecting the PICOS approach (participants, inter-
ventions, comparators, oulcommes, and study design) (see
item 11 and box 2) may help readers as it provides
key information about the scope of the review. Specify-
ing the design(s) of the smdies included, as shown in
the examples, may also help some readers and those
searching databases.

Some journals recommend “indicative titles” that
indicate the topic matter of the review, while others
require declarative titles that give the review’s main
conclusion. Busy practitioners may pmfer to see the
conclusion of the review in the title, but declarative titles
can oversimplify or exaggerate findings. Thus, many
journals and methodologists prefer indicative titles as
used in the examples above.

Ttem 2: Structured summary

Provide a structured summary including, as applicable,
background; objectives; data sources; study eligibility cri-
teria, participants, and interventions; stucy appraisal and
synthesis methods; results; limitations; conclusions and
implications of key findings; funding for the systemaric
review; and systematic review registration nurnber.

Example “ Context: The role and dose of oral vitamin
1) supplementation in nenvertebral fracture prevention
have not been well established.

Objective. To estimate the effectiveness of vitamin D
supplementation in preventing hip and nonvertebral
fractures in older persons.

Data Sourcez. A systematic review of English and non-
English articles using MEDLINE and the Cochrane
Controlled Trials Register (1960-2005), and EMBASE
(1991-2005). Additional studies were identified by con-
tacting clinical experts and searching bibliographies
and abstracts presented at the American Society for
Bone and Mineral Research (1995-2004), Search terms
included randomised controlled trial (RCT), controlled
dlinical trial, random allocation, double-blind method,
cholecalciferol, ergocalciferol, 25-hydroxyvitamin D,
fractures, humans, elderly, falls, and bone density.

Study Selection: Only double-blind RCTs of oral vita-
min [} supplementation (cholecalciferol, ergocalciferol)
with or without calcium supplementation vs calcium
supplementation or placebo in older persons (>60
years) that exarnined hip or nonvertebral fractures were
included.
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Data Extraction: Independent extraction of articles by
2 authors using predefined data fields, including study
quality indicators.

Data Synthesis. All pooled analyses were based on
random-effects models. Five RCTs for hip fracture
(n=9204) and 7 RCTs for nonvertebral fracture risk
(n=9820) met our inclusion criteria. All trials used
cholecalciferol. Heterogeneity among studies for both
hip and nonvertebral fracture prevention was observed,
which disappeared after pooling RCTs with low-dose
(400 [U/d) and higher-dose vitarnin D {700-800 [U/d),
separately. A vitamin D) dose of 700 10 800 IU/d
reduced the relative risk (RR) of hip fracture by 26% (3
RCTs with 5572 persons; pooled RR, 0.74; 85% con-
fidence interval [CI], 0.61-0.88) and any nonvertebral
fracture by 23% (5 RCTs with 6098 persons: pooled
RR, 0.77; 85% CI, 0.68-0.87) vs calcium or placebo.
No significant benefit was ebserved for RCTs with 400
IU/d vitamin D (2 RCTs with 8722 persons; pooled RR
for hip fracture, 1.15; 95% CI, 0.88-1.50; and pooled
RR for any nonvertebral fracture, 1.03; 95% CI, 0.86-
1.24).

Conclusions: Oral vitamin [ supplementation between
700 to 800 1L1/d appears to reduce the risk of hip and
any nonvertebral fractures in ambulatory or institution-
alised elderly persons. An oral vitamin D dose of 400
[L/e is not sufficient for fracture prevention.”*

Explanation Abstracts provide key information
that enables readers to understand the scope, processes,
and findings of a review and to decide whether to read
the full report. The abstract may be all that is readily
available to a reader, for example, in a bibliographic
database. The abstract should present a balanced and
reallistic assessment of the review’s findings that mirrors,
albeit briefly, the main text of the report.

We agree with others that the quality of reporting
in abstracts presented at conferences and in journal
publications needs improverent.* ** While we do not
uniformly favour a specific format over another, we
generally recommend stnuctured abstracts. Structured
abstracts provide readers with a series of headings per-
taining to the purpose, conduct, findings, and conclu-
sions of the systematic review being reported.™* They
give readers more complete information and facilitate
finding information more easily than unstructured
abstrm2832

A highly structured abstract of a systematic review
could inchude the following headings: Consext (or Back-
ground); Objective(or Purpose); Data sources, Study selection
{or Eligibility criteria), Study appraisal and Synthesis meth-
ads (or Data extractionand Data synthesis); Results, Limita-
tions, and Conelusions (or Implications). Alternatively, a
simpler structure could cover but collapse some of the
above headings (such as label Study selection and Study
appraisalas Review methody or omit some headings such
as Background and Limitati

In the highly structured abstract mentioned above,
authors use the Badiground heading to set the context
for readers and explain the importance of the review
question. Under the Objectives heading, they ideally use
elements of PICOS (see box 2) to state the primary

objective of the review. Under a Data sources heading,
they summarise sources that were searched, any lan-
guage or publication type restrictions, and the start
and end dates of searches. Study selection statements
then ideally describe who selected studies using what
inclusion criteria. Data extraction methods statements
describe appraisal methods during data abstraction and
the methods used to integrate or summarise the data.
The Data synthesis section is where the main results of
the review are reported. If the review includes meta-
analyses, authors should provide numerical results with
confidence intervals for the most important outcornes.
Ideally, they should specify the amount of evidence in
these analyses (numbers of studies and numbers of par-
ticipants). Under a Limitations heading, anthors might
describe the most important weaknesses of included
studies as well as limitations of the review process.
Then authors should provide clear and balanced Con-
clusionsthat are closely linked to the objective and find-
ings of the review. Additionally, it wonld be helpful
if authors included some information about funding
for the review. Finally, although protocol registration
for systematic reviews is still not common practice, if
authors have registered their review or received a regis-
tration nuwrnber, we recomrmend providing the registra-
tion information at the end of the abstract.

Taking all the above considerations into account, the
intrinsic tension between the goal of completeness of
the abstract and its keeping into the space limit often set
by journal editors is recognised as a major challenge.

Introduction

Ttem 3: Rationale

Describe the rationale for the review in the context of
what is already known.

Example “Reversing the trend of increasing weight
for height in children has proven difficult. It is widely
accepted that increasing energy expenditure and reduc-
ing energy intake form the theoretical basis for man-
agement. Therefore, interventions aiming to increase
physical activity and improve diet are the foundation
of efforts to prevent and treat childhood obesity. Such
lifestyle interventions have been supported by recent
systematic reviews, as well as by the Canadian Paediat-
ric Society, the Roval College of Pasdiatrics and Child
Health, and the American Academy of Pediamrics. How-
ever, these interventions are fraught with poor adher-
ence. Thus, school-based interventions are theoretically
appealing because adherence with interventions can
be improved. Consequently, many local governments
have enacted or are considering policies that mandate
increased physical activity in schools, although the
effect of such interventions on body composition has
not been assessed.”™

Explanation Readers need to understand the
rationale behind the study and what the systematic
review may add to what is already known. Authors
should tell readers whether their report is a new sys-
tematic review or an update of an existing one. If the
review is an update, authors should state reasons for the

update, including what has been added to the evidence
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base since the previous version of the review.

Anideal background or introduction that sets context
for readers might include the following, First, authors
might define the importance of the review question
from different perspectives (such as public health,
individual patient, or health policy). Second, authors
might briefly mention the current state of knowledge
and its limitations. As in the above example, informa-
tion about the effects of several different interventions
may be available that helps readers understand why
potential relative benefits or harms of particular inter-
ventions need review. Third, authors might whet read-
ers’ appetites by clearly stating what the review aims
to add. They also could discuss the extent to which
the limitations of the existing evidence base may be
overcome by the review.

Ttem 4: Objectives

Provide an explicit statement of questions being
addressed with reference to participants, interventions,
comparisons, outcomes, and smdy design (PICOS).

Example “To examine whether topical or intralu-
minal antibiotics reduce catheter-related bloodstream
infection, we reviewed randomised, controlled trials
that assessed the efficacy of these antibiotics for primary
prophylaxis against catheter-related bloodstream infec-
tion and mortality compared with no antibiotic therapy
in adults undergoing hemodialysis ™

Explanation The questions being addressed, and
the rationale for them, are one of the moest critical parts
of a systematic review. They should be stated precisely
and explicitly so that readers can understand quickly
the review’s scope and the potential applicability of the
review to their interests.™ Framing questions so that
they include the following five “PICOS” components
may improve the explicimess of review questions: (1)
the patient population or disease being addressed (P),
(2) the interventions or exposure of intarest ([), (3) the
comparators (C), (4) the main outcome or endpoint of
interest (O), and (5) the study designs chosen (8}, For
more detail regarding PICOS, see box 2.

Good review questions may be narrowly focused
or broad, depending on the overall objectives of the
review. Sometimes broad questions might increase the
applicability of the results and facilitate detection of
bias, exploratory analyses, and sensitivity analyses.*
Whether narrowly focused or broad, precisely stated
review objectives are critical as they help define other
components of the review process such as the eligibility
criteria (item 6) and the search for relevant lterature
literns 7 and 8),

Methods
lten 5. Protocol and registration
Indicate if a review protocol exists, if and where it can
be accessed (such as a web address), and, if available,
provide registration information including the registra-
tion number.

Example “Methads of the analysis and inclision
criteria were specified in advance and documented in
a protocol.™

Explanation A protocel is important because it

pre-specifies the objectives and methods of the sys-
tematic review. For instance, a protocol specifies out-
comes of primary interest, how reviewers will extract
information about those cutcomes, and methods that
reviewers might use to quantitatively summarise the
outcome data (see itern 13). Having a protocol can help
restrict the likelihood of biased post hoc decisions in
review methods, such as selective outcome reporting.
Several sources provide guidance about elements to
include in the protocol for a systematic review. ' *% For
meta-analyses ol individual patient-level data, we advise
authors to describe whether a protocol was explicidy
designed and whether, when, and how participating
collaborators endorsed it.474!

Authors may modify protocols during the research,
and readers should not automatically consider such
modifications inappropriate. For example, legitimate
modifications may extend the period of searches to
include older or newer smdies, broaden eligibility cri-
teria that proved too narrow, or add analyses if the
primary analyses suggest that additional ones are war-
ranted. Authors should, however, describe the modifi-
cations and explain their rationale.

Although worthwhile protocol amendments are
common, one must consider the effects that protocol
modifications may have on the results of a systematic
review, especially if the primary outcome is changed.
Bias from selective outcome reporting in randomised
trials has been well documented ## An examination
of 47 Cochrane reviews revealed indirect evidence for
possible selective reporting bias for systematic reviews.
Almost all (n=43) contained a major change, such as
the addition or deletion of outcomes, between the pro-
tocol and the full publication.* Whether (or to what
extent) the changes reflected biag, however, was not
clear. For example, it has been rather common not to
describe outcomes that were not presented in any of
the included studies.

Registration of a systematic review, typically with a
protocol and registration number, is not yet common,
but some opportunities exist. ¥ Registration may pos-
sibly reduce the risk of multiple reviews addressing the
same question,** reduce publication bias, and provide
greater ransparency when updating systematic reviews.
Of note, a survey of systematic reviews indexed in
Medline in November 2004 found thart reports of pro-
tocol use had increased to about 46%° from 8% noted in
previous surveys.*’ The improvement was due mostly
to Cochrane reviews, which, by requirement, have a
published protocol.”

Ttem 6: Eligibility eriteria

Specify study characteristics (such as PICOS, length
of follow-up) and report characteristics (such as years
considered, language, publication stams) used as criteria
for eligibility, giving raticnale.

Examples Types of studies: “Randomised clinical
trials studying the administration of heparitis B vaccine
to CRF [chronic renal failure| patients, with ar without
dialysis. No langnage, publication date, or publication
status restrictions were imposed...”

Types of participants: “Participants of any age with
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CRF or receiving dialysis (haemodialysis or peritoneal
dialysis) were considered. CRF was defined as serum
creatinine greater than 200 pmol/L for a period of
more than six months or individuals receiving dialysis
(haemodialysis or peritoneal dialysis)... Renal trans-
plant patients were excluded from this review as these
individuals are immunosuppressed and are receiving
immunosuppressant agents to prevent rejection of their
transplanted organs, and they have essentially normal
renal function...”

‘Types of intervention: “Irials comparing the benefi-
cial and harmful effects of hepatitis B vaccines with
adjuvant or cytokine co-nterventions [and] trials com-
paring the beneficial and harmful effects of immu-
noglobulin prophylaxis. This review was limited to
studies looking at active immunisation. Hepatitis B
vaccines (plasma or recombinant (yeast) derived) of all
types, dose, and regimens versus placebo, control vac-
cine, or no vaccine. ..”

Types of outcome measures: “Primary outcome
measures: Seroconversion, le, proportion of patients
with adequate anti-H Bs response (>10 1U/L or Sample
Ratio Units). Hepatitis B infections (as measured by
hepatitis B} core antigen (H BeAg) positivity or persistent
HBsAg positivity], both acute and chronic. Acute (pri-
mary) HBV [hepatitis B virus] infections were defined
as seroconversion to HBsAg positivity or development
of IgM anti-HBe. Chronic HBV infections were defined
as the persistence of HBsAg for more than six months
or HBsAg positivity and liver biopsy compatible with
a diagnosis or chronic heparitis B. Secondary outcome
measures: Adverse events of hepatitis B vaccinations. ..
[and)]. .. mortality.”*

Explanation Knowledge of the eligibility criteria
is essential in appraising the validity, applicability, and
comprehensiveness of a review. Thus, authors should
unambiguously specify eligibility criteria used in the
review. Carefully defined eligibility criteria inform
various steps of the review methodology. They influ-
ence the development of the search strategy and serve
to ensure that studies are selected in a systematic and
unbiased manner.

A study may be described in multiple reports, and
one report may describe multiple studies. Therefore, we
separate eligibility criteria into the following two com-
ponents: smdy characteristics and report characteristics.
Both need to be reported. Study eligibility criteria are
likely to include the populations, interventions, compa-
rators, outcornes, and study designs of interest (PICOS,
see box 2}, as well as other study-specific elements, such
as specifying a minimum length of follow-up. Authors
should state whether smdies will be excluded becausa
they do not include {or report) specific outcomes to help
readers ascertain whether the systematic review may be
biased as a consequence of selective reporting.**+*

Report eligibility criteria are likely to inclide lan-
guage of publication, publication status (such as inclu-
ston of unpublished material and abstracts), and year
of publication. Inclusion or not of non-English lan-
guage literature,”** unpublished data, or older data
can influence the effect estimates in meta-analyses,

Caution may need to be exercised in including all
identified studies due to potential differences in the
risk of bias such as, for example, selective reporting
in abstracts.**#*

ftem 7: Information sauress

Describe all information sources in the search (such as
databases with dates of coverage, contact with study
authors o identfy additional studies) and date last
searchec.

Example “Studies were identified by searching
electronic databases, scanning reference lists of articles
and consultation with experts in the field and drug
companies. .. No limits were applied for language and
foreign papers were translated. This search was applied
to Medline (1966 - Present), CancerLit (1975 - Present),
and adapted for Embase (1980 - Present), Science Cita-
tion Index Expanded (1981 - Present) and Pre-Medline
electronic databases, Cochrane and DARE (Database
of Abstracts of Reviews of Effectiveness) databases were
reviewed... The last search was run on 19 June 2001.
In addition, we handsearched contents pages of Jour-
nal of Clinical Oncology 2001, European Journal of
Cancer 2001 and Bone 2001, together with abstracts
printed in these journals 1999 - 2001. A limited update
literature search was performed from 19 June 2001
31 December 2003759

Explanation The National Library of Medicine’s
Medline database is one of the most comprehensive
sources of healthcare information in the world. Like
any database, however, its coverage is not complete
and varies according to the field. Retrieval from any
single database, even by an experienced searcher, may
be imperfect, which is why detailed reporting is impor-
tant within the systematic review.

At a minimum, for each database searched, authors
should report the database, platform, or provider {such
as Ovid, Dialog, PubMed) and the start and end dates
for the search of each database. This information lets
readers assess the currency of the review, which is
important because the publication time-lag cutdates the
results of some reviews. This information should also
make updating more efficient.” Authors should also
report who developed and conducted the search.™

In addition to searching databases, authors should
report the use of supplementary approaches to identify
studies, such as hand searching of journals, checking
reference lists, searching trials registries or regula-
tory agency websites,” contacting manufacturers, or
contacting authors. Authors should also report if they
attempted to acquire any missing information (such as
on study metheds or results) from investigators or spor-
sors; it is useful to describe briefly who was contacted
and what unpublished information was obtained.
ltem §: Search
Present the full electronic search strategy for at least one
major database, including any limits used, such that it
could be repeated.

Examples In text: “We used the following search
terms to search all trials registers and databases: immu-
noglobulin®; IVIG; sepsis; septic shock; septicaemia;
and septicemia. .. "™
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In appendix: “Search strategy: MEDLINE (OVID)
01, immunoglobulins/

02. immunoglobulin®.tw,

03. ivig.tw.

04, lor2or3

05, sepsis/

(6. sepsis.tw.

07. septic shock/

08. septic shock.tw.

09, septicemia/

10. seplicaemia.tw.

11, septicemia.tw.

12.50r6or 7orB8orBor 100r 11

13. 4 and 12

14. randomised controlled trials/

15. randomised-controlled-trial.pt.

16. contrelled-clinical trial.pt.

17. randorm allocation/

18. double-blind method/

19. single-blind methad/

20.14or 150r 16 or 17or 18 or 19

21. exp clinical trials/

22. dlinical-trial pt.

23. (clin$ adj trial$).ti,ah.

24. {{singl$ or doubl$ or trebl$ or wipl$) adj
(blind$)).ti.ab.

25. placebos/

26. placebo$.ti,ab.

27. random$.t,ab.

28. 21 or 22 or 23 or 24 or 25 or 26 or 27
29 research design/

30. comparative study/

31. exp evaluation studies/

32. follow-up studies/

38, prospective studies/

34. {control$ or pmspecl.ive$ or volunteer$).ti.ab.
35.300r3lor32or 33 or 34

36.20 or 28 or 29 or 35

37. 13 and 36™%

Explanation The search strategy is an essential part
of the report of any systemaric review, Searches may be
complicated and iterative, particularly when reviewers
search unfamiliar databases or their review is addressing
a broad or new topic. Perusing the search strategy allows
interested readers to assess the comprehensiveness and
completeness of the search, and to replicate it. Thus,
we advise anthors to report their full electronic search
strategy for at least one major database. As an alternative
to presenting search strategies for all databases, anthors
could indicate how the search took into account other
databases searched, as index terms vary across databases.
If different searches are used for different parts of a wider
question (such as questions relating to benefits and ques-
tions relating to harms), we recommend authors provide
at least one example of a strategy for each part of the
objective.”” We also encourage anthors to state whether
search strategies were peer reviewed as part of the sys-
tematic review process.”

We realise that journal restrictions vary and that hav-
ing the search strategy in the text of the report is not

always feasible. We strongly encourage all journals,
however, to find ways—such as a “web extra,” appendix,
or electronic link to an archive—to make search strate-
gles accessible to readers. We also advise all authors
to archive their searches so that (1) others may access
and review them (such as replicate them or understand
why their review of a similar topic did not identify the
same reports), and (2) fumre updates of their review
are facilitated.

Several sources provide guidance on developing
search strategies.”” Most searches have constraints,
such as relating to limited time or financial resources,
inaccessible or inadequately indexed reports and data-
bases, unavailability of experts with particular language
or database searching skills, or review questions for
which pertinent evidence is not easy to find. Authors
should be straightforward in describing their search
constraints. Apart from the keywords used to identify
or exclude records, they should report any additional
limitations relevant to the search, such as language and
date restrictions (see also eligibility criteria, item 6).%!
frem 9: Study selection
State the process for selecting studlies (that is, for screen-
ing, for determining eligibility, for inclusion in the sys-
tematic review, and, if applicable, for inclusion in the
meta-analysis).

Example “Eligibility assessment. .. [was| performed
independently in an unblinded standardized manner
by 2 reviewers. .. Disagreements between reviewers
were resolved by consensus”™

Explanation There is no standard process for selact-
ing studies to include in a systematic review. Authors
usually start with a large number of identified records
from their search and sequentially exclude records
according to eligibility criteria. We advise authors to
report how they screened the retrieved records (typi-
cally a title and abstract), how often it was necessary
to review the full text publication, and if any types of
record (such as letters to the editor) were excluded. We
also advise using the PRISMA flow diagram to summa-
rise study selection processes (see item 17 and box 3).

Efforts to enhance objectivity and avoid mistakes
in study selection are important. Thus authors should
report whether each stage was carried out by one or
several people, who these people were, and, whenever
multiple independent investigators performed the selec-
tion, what the process was for resolving disagreements.
The use of at least two investigators may reduce the
possibility of rejecting relevant reports.” The benefit
may be greatest for topics where selection or rejection
of an article requires difficult judgments.™ For these
topics, authors should ideally tell readers the level of
inter-rater agreement, how commonly arbitration about
selection was required, and what efforts were made
to resolve disagreements {such as by contact with the
authors of the original studies),

Ttem 10: Data collection process

Describe the method of data extraction from reports
{such as piloted forms, independently by two reviewers)
and any processes for obtaining and confirming data

from investigators.
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Example “We developed a data extraction sheet
{based on the Cochrane Consumers and Communica-
tion Review Group’s data extraction template), pilot-
tested it on ten randemly-selected included smdies, and
refined it accordingly. One review anthor extracted the
following data from included studies and the second
author checked the extracted data... Disagreements
were resolved by discussion between the two review
authors; if no agreement could be reached, it was
planned a third author would decide. We contactad five
authors for further mformation. All responded and one
provided numerical data that had only been presented
graphically in the published paper.™’

Explanation Reviewers extract information from
each included study so that they can critique, present, and
summarise evidence in a systematic review. They might
also contact authors of included studies for information
that has not been, or is unclearly, reported. In meta-
analysis of individual patient data, this phase involves
collection and scrutiny of detailed raw databases. The
authors should describe these methods, including any
steps taken to reduce bias and mistakes during data col-
lection and data extraction.”™ (See box 3)

Some systematic reviewers use a data extraction form
that could be reported as an appendix or “Web extra”
to their report. These forms could show the reader
what information reviewers sought (see item 11) and
how they extracted it. Authors could tell readers if the
form was piloted. Regardless, we advise authors to tell
readers who extracted what data, whether any extrac-
tions were completed in duplicate, and, if so, whether
duplicate abstraction was done independently and how
disagreements were resolved.

Published repaorts of the included studies may not
provide all the information required for the review.
Reviewers should describe any actions they took to
seek additional information from the original research-
ers {see itern 7). The description might include how they
attempted to contact researchers, what they asked for,
and their success in obtaining the necessary informa-
tor. Authors should also tell readers when individual
patient data were sought from the original researchers.*!
(see item 11) and indicate the studies for which such
data were used in the analyses. The reviewers ideally
should also state whether they confirmed the accuracy
of the information included in their review with the
original researchers, for example, by sending them a
copy of the draft review.™

Some studies are published more than once. Dupli-
cate publications may be difficult to ascertain, and their
inclusion may introduce bias.***' We advise authors to
describe any steps they used to avoid double counting
and piece together data from multiple reports of the
same study (such as juxtapesing author names, treat-
ment comparisons, sample sizes, or outcomes). We
also advise authors to indicate whether all reports on a
study were considered, as inconsistencies may reveal
important limitations. For example, a review of multiple
publications of drug trials showed that reported study
characteristics may differ from report to report, includ-
ing the description of the design, number of patients

analysed, chosen significance level, and outcomes.™
Authors ideally should present any algorithm that they
used to select data from overlapping reports and any
efforts they used to solve logical inconsistencies across
reports,

Ttem 11: Data items

List and define all variables for which data were sought
(such as PICOS, funding sources) and any assumptions
and simplifications made.

Examples “Information was extracted from each
included trial on: (1) characteristics of trial partici-
pants {including age, stage and severity of disease, and
method of diagnosis), and the trial’s inclusion and exclu-
sion criteria; (2) type of intervention (including type,
dose, duration and frequency of the NSAID [non-ster-
oidal anti-<nflammatory drug]; versus placebo or ver-
sus the type, dose, duration and frequency of another
NSAID; or versus another pain management drug;
or versus no treatment); (3) type of cutcome measure
(including the level of pain reduction, improvement in
qualirty of life score {using a validated scale), effect on
daily activities, absence from work or schaool, length of
follow up, unintended effects of treatment, number of
women requiring more invasive treatment).”

Explanation |t is important for readers 1o know
what information review authors sought, even if some
of this information was not available.® [f the review
is limited to reporting only those variables that were
obtained, rather than those that were deemed impor-
tant but could not be obtained, bias might be intro-
duced and the reader might be misled. It is therefore
helpful if authors can refer readers to the protocol (see
item 5) and archive their extraction forms (see item
1), including definitions of variables. The published
systematic review should include a description of the
processes used with, if relevant, specification of how
readers can get access to additional materials.

We encourage authors to report whether some vari-
ables were added afier the review started. Such vari-
ables might include those found in the studies that the
reviewers identified (such as important outcome meas-
ures that the reviewers initially overlooked). Authors
should describe the reasons for adding any variables
to those already pre-specified in the protocol so that
readers can understand the review process.

We advise authors to report any assumptions they
made about missing or unclear information and to
explain those processes. For example, in studies of
women aged 50 or older it is reasonable to assume that
none were pregnant, even if this is not reported. Like-
wise, review authors might make assumptions about
the route of administration of drugs assessed. However,
special care should be taken in making assumptions
about qualitative information. For example, the upper
age limit for “children”™ can vary from 15 years to 21
vears, “intense” physiotherapy might mean very dif-
ferent things to different researchers at different times
and for different patients, and the volume of blood
associated with “heavy” blood loss might vary widely
depending on the setting.
ftem 12: Risk of bias in individual studies
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Drescribe methods used for assessing risk of bias in indi-
vidual studies (including specification of whether this was
done at the study or outcome level, or both), and how
this information is to be used in any data synthesis.

Example “To ascertain the validity of eligible rand-
omized wrials, pairs of reviewers working independently
and with adequate reliability determined the adecuacy
of randomization and concealment of allocation, blind-
ing of patients, health care providers, data collectors,
and outcome assessors; and extent of loss to follow-up
(i.e. proportion of patients in whom the investigators
were not able to ascertain outcomes).”*

“To explore variability in study results (heterogene-
ity) we specified the following hypotheses before con-
ducting the analysis, We hypothesised that effect size
may differ according to the methodological quality of
the sdies.™*

Explanation The likelihood that the treatment
effect reported in a systematic review approximates the
truth depends on the validity of the included studies,
as certain methodological characteristics may be asso-
cated with effect sizes.”” * For example, trials without
reported adequate allocation concealment exaggerate
treatment effects on average compared with those with
adequate concealment.® Therefore, it is important for
authors to describe any methods that they used to gauge
the risk of bias in the included studies and how that
information was used.” Additionally, authors should
provide a rationale if no assessment of risk of bias was
undertaken. The most popular term to describe the
issues relevant to this item is “quality,” but for the rea-
sons that are elaborated in box 4 we prefer to name this
itern as “assessment of risk of bias.”

Many methods exist to assess the overall risk of bias
in included studies, including scales, checklists, and indi-
vidual components.®*! As discussed in box 4, scales that
numerically summarise multiple components into a sin-
gle number are misleading and unhelpful. ™ * Rather,
authors should specify the methodological components
that they assessed. Common markers of validity for ran-
domised trials include the following: appropriate gen-
eration of random allocation sequence;™ concealment
of the allocation sequence;® blinding of participants,
health care providers, data collectors, and outcome adju-
dicators;"** proportion of patients lost to follow-up;™ ™
stopping of trials early for benefit;'” and whether the
analysis followed the intention-to-treat principle.”™
The ultimate decision regarding which methodological
features 1o evaluate requires consideration of the strength
of the empiric data, theoretical rationale, and the unicque
cireumstances of the included studies,

Authors should report how they assessed risk of bias;
whether it was in a blind manner; and if assessments
were completed by more than one person, and if so,
whether they were completed independently.'™ '™
Similarly, we encourage anthors to report any calibra-
tion exercises among review team members that were
done. Finally, authers need to report how their assess-
ments of risk of bias are used subsaquently in the data
synthesis (see item 16). Despite the often difficult task
of assessing the risk of bias in included studies, authors

are sometimes silent on what they did with the result-
ant assessments.™ [ authors exclude studies from the
review or any subsequent analyses on the basis of the
risk of bias, they should tell readers which studies they
excluded and explain the reasons for those exclusions
(see itemn 6). Authors should also describe any planned
sensitivity or subgroup analyses related to bias assess-
ments (see itern 16).

ftem 1.3 Summary measuves

State the principal summary measures (such as risk
ratio, difference in means).

Examples “Relative risk of mortality reduction was
the primary measure of treatment effect.”"*

“The meta-analyses were performed by computing
relative risks (RRs) using random-effects model. Quan-
titative analyses were perforined on an intention-to-treat
basis and were confined to data derived from the period
of follow-up. RR and 95% confidence intervals for each
side effect (and all side effects) were calculated.”!™

“The primary outcome measure was the mean dif-
ference in log,, HIV-1 viral load comparing zinc sup-
plementation to placebo...”!"

Explanation When planning a systematic review,
it is generally desirable that authors pre-specify the
outcomes of primary interest (see item 5) as well as the
intended summary effect measure for each outcome.
The chosen summary effect measure may differ from
that used in some of the included studies, If possible the
choice of effect measures should be explained, though it
is not always easy to judge in advance which measure is
the most appropriate.

For binary outcomes, the most common summary
measures are the risk ratio, odds ratio, and risk differ-
ence.'" Relative effects are more consistent across studies
than absolute effects,"™ " although absolute differences
are important when interpreting findings (see item 24).

For continuous outcomes, the namural effect measure
is the difference in means.'™ l1s use is appropriate when
outcome measurements in all studies are made on the
same scale. The standardised difference in means is used
when the studies do not yield directly comparable data.
Usually this cccurs when all studies assess the same out-
come but measure it in a variety of ways (such as differ-
ent scales to measure depression).

For timeto-event outcomes, the hazard ratio is the
most common summary measure. Raviewers need the
log hazard ratio and its standard error for a study to
be included in a meta-analysis.'"" This information may
not be given for all studies, but methods are avatlable
for estimating the desired quantities from other reported
information.' Risk ratio and odds ratio (in relation o
events occurring by a fixed time] are not equivalent to
the hazard ratio, and median survival times are not a
reliable basis for meta-analysis.''” If authors have used
these measures they should deseribe their methods in
the report.

Ttem 14: Planned methods of analysis

Describe the methods of handling data and combining
results of smdies, if done, including measures of consist-
ency (such as I*) for each meta-analysis.

Examples “We tested for heterogeneity with the

247



RESEARCH METHODS & REPORTING|

Breslow-Day test, and used the method proposed by
Higgins et al. to measure inconsistency (the percentage
of total variation across studies due to heterogeneity) of
effects across lipid-lowering interventions. The advan-
tagies of this measure of inconsistency (termed I are that
it does not inherenty depend on the number of studies
and is accompanied by an uncertainty interval. ™"

“In very few instances, estimates of baseline mean or
mean QOL [Quality of life] responses were obtained
without corresponding estimates of variance (standard
deviation [SD] or standard error). In these instances,
an SD was imputed from the mean of the known SDs.
In a number of cases, the response data available were
the mean and variance in a pre study condition and
after therapy. The within-patient variance in these cases
could not be calculated directly and was approximated
by assuming independence.”*

Explanation The data extracted from the studies in
the review may need some transformation (processing)
before they are suitable for analysis or for presentation
in an evidence table. Although such dara handling may
facilitate meta-analyses, it is sometimes needed even
when meta-analyses are not done. For example, in trials
with mare than twe intervention groups it may be nec-
essary to combine results for two or more groups (such
as receiving similar but non-identical interventions), or
it may be desirable to include only a subset of the data
to match the review’s inclusion criteria, When several
different scales (such as for depression] are used across
studies, the sign of some scores may need to be reversed
1o ensure that all scales are aligned (such as so low values
represent good health on all scales). Standard deviations
may have to be reconstructed from other statistics such
as P values and ¢statistics,'* ' or occasionally they may
be imputed from the standard deviations ohserved in
ather studies.!” Time-to-event data also usnally need
careful conversions to a consistent format.'"' Authors
should report details of any such data processing,

Statistical combination of data from twe or more
hEPEIB’.F Sl.lldj esina Illﬁ[ﬂﬂﬂ]lﬁl)‘ﬁiﬂ T“a}' bE llﬂi'] 18T 1ec-
essary nor desirable (see box 5 and item 21). Regard-
less of the decision to combine individual smdy results,
authors should report how they planned to evaluate
between-study variability (heterogeneity or inconsist-
ency) (box 6). The consistency of results across trials
may influence the decision of whether to combine trial
results in a meta-analysis.

When meta-analysis is done, authors should specify
the effect measure {such as relative risk or mean dif-
ference) (see item 13), the statistical method (such as
inverse variance), and whether a fixed-effects or ran-
dom-effects approach, or some other method (such
as Bayesian) was used (see box 6). If possible, authors
should explain the reasons for those choices.

Jtem 15: Risk of bias across studies

Specify any assessment of risk of bias that may affect
the cumulative evidence (such as publication bias, selec-
tive reporting within studies).

Examples “For each trial we plotted the effect by
the inverse of its standard error. The symmetry of such
funnel plots’ was assessed both visually, and formally

with Eggers test, to see if the effect decreased with
increasing sample size.”!'®

“We assessed the possibility of publication bias by
evaluating a funnel plot of the trial mean differences for
asymmetry, which can result from the non publication
of small trials with negative resulrs. .. Because graphi-
cal evaluation can be subjective, we also conducted an
adjusted rank correlation test and a regression asymme-
try test as formal statistical tests for publication bias...We
acknowledge that other factors, such as differences in
trial quality or true study heterogeneity, could produce
asymmetry in funnel plots™'*

Explanation Reviewers should explore the pos-
sibility that the available data are biased. They may
examine results from the available studies for clues
that suggest there may be missing studies {publication
bias) or missing data from the included smdies (selec-
tive reporting bias) (see box 7). Authors should report
in detail any methods used to investigare possible bias
across smdies.

Itis difficult to assess whether within-study selective
reporting is present in a systematic review. If a protocol
of an individual study is available, the outcomes in the
protocol and the published repoit can be compared.
Even in the absence of a protocol, cutcomes listed in
the methods section of the published report can be
compared with those for which results are presented.”
In only half of 196 trial reports describing comparisons
of two drugs in arthritis were all the effect variables in
the methods and results sections the same * In other
cases, knowledge of the clinical area may suggest that
itis likely that the outcome was measured even if it was
notreported. For example, in a particular disease, if one
of two linked outcomes is reported but the other is not,
then one should question whether the latter has been
selectively omitted. ! 142

Only 36% (76 of 212) of therapeutic systematic
reviews published in November 2004 reported that
study publication bias was considered, and only a
quarter of those intended to carry out a formal assess-
ment for that bias.® Of 60 meta-analyses in 24 articles
published in 2005 in which formal assessments were
reported, most were based on fewer than 10 studies;
most displayed statistically significant heterogeneity;
and many reviewers misinterpreted the results of the
tests employed.'* A review of trials of antidepressants
found that meta-analysis of only the published trials
gave effect estimates 32% larger on average than when
all trials sent to the drug agency were analysed.”

Ttem 16 Additianal analyses

Describe methods of additional analyses (such as sen-
sitivity or subgroup analyses, meta-regression), if done,
indicating which were pre-specified.

Example “Sensitivity analyses were pre-specified.
The reatment effects were examined according to qual-
ity components {concealed treatment allocation, blinding
of patients and caregivers, blinded outcome assessment),
time to initiation of statins, and the type of statin. One
post-hoc sensitivity analysis was conducted including
unpublished data from a trial using cerivastatin.”'™

Explanation Authors may perform additional
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analyses to help understand whether the results of their
review are robust, all of which should be reported. Such
analyses include sensitivity analysis, subgroup analysis,
and meta-regression. '

Sensitivity analyses are used to explore the degree
to which the main findings of a systematic review are
affected by changes in its methods or in the data used
from individual smdies (such as study inclusion criteria,
results of risk of bias assessment). Subgroup analyses
address whether the summary effects vary in relation to
specific (usually clinical) characteristics of the included
stuchies or their participants. Meta-regression extends
the idea of subgroup analysis to the examination of
the quantitative influence of study characteristics on
the effect size."® Meta-regression also allows authors to
examine the contribution of different variables to the
heterogeneity in study findings. Readers of systematic
reviews should be aware that metaregression has many
limitations, including a danger of over-interpretation of
ﬁndirlss_lz? 12

Even with limited data, many additional analyses
can be undertaken. The choice of which analysis to
undertake will depend on the aims of the review. None
of these analyses, however, is exempt from producing
potentially isleading results. Itis important to inform
readers whether these analyses were performed, their
rationale, and which were pre-specified.

Results
Ttem 17: Study selection
Give numbers of studies screened, assessed for eligibil-
ity, and included in the review, with reasons for exclu-
sions at each stage, ideally with a flow diagram.

Examples In text: “A total of 10 studies involving
13 trials were identified for inclusion in the review.
The search of Medline, PsycInfo and Cinahl databases
provided a total of 584 citations. After adjusting for
duplicates 508 remained. OF these, 479 studies were dis-
carded because after reviewing the abstracts it appeared
that these papers clearly did not meet the criteria. Three
additional studies. ..were discarded because full text
of the smdy was not available or the paper could not
be feasibly translated inte English. The full text of the
remaining 27 citations was examined in more detail.
It appeared that 22 studies did not meet the inclusion
criteria as described. Five smdies...met the inclusion
criteria and were included in the systematic review.
An additional five studies...that met the criteria for
inclusion were identified by chedking the references
of located, relevant papers and searching for studies
that have cited these papers. No unpublished relevant
studies were obtained,”™*

See flow diagram in fig 2.

Explanation Authors should report, ideally with
a flow diagram, the total number of records identi-
fied from electronic bibliographic sources (includ-
ing specialised database or registry searches), hand
searches of various sources, reference lists, citation
indices, and experts. It i3 useful if authors delineate
for readers the number of selected artides that were
identified from the different sources so that they can

see, for example, whether most articles were identi-
fied through electronic bibliographic sources or from
references or experts. Literature identified primarily
from references or experts may be prone to citation
or publication bias." '*

The flow diagram and text should describe clearly
the process of report selection throughout the review.
Authors should report unique records identified in
searches, records excluded afler preliminary screen-
ing (such as screening of titles and abstracts), reports
retrieved for detailed evaluation, potentially eligible
reports that were not retrievable, retrieved reports that
did not meet inclusion criteria and the primary reasons
for exclusion, and the studies included in the review.
Indeed, the most appropriate layout may vary for dif-
ferent reviews.

Authors should also note the presence of duplicate
or supplementary reports so that readers understand
the number of individual smdies compared with the
number of reports that were included in the review.
Authors should be consistent in their use of terms, such
as whether they are reporting on counts of citations,
records, publications, or studies. We believe that report-
ing the number of studies is the most important.

A flow diagram can be very useful; it should depict
all the studies included based on fulfilling the eligibil-
ity criteria, and whether data have been combined for
statistical analysis. A recent review of 87 systematic
reviews found that about half included a QUOROM
flow diagram.'® The authors of this research recom-
mended some important ways that reviewers can
improve the use of a flow diagram when describing
the flow of information throughout the review process,
including a separate flow diagram for each important
outcome reported.’™
ltem 18: Study characteristics
For each study, present characteristics for which data
were extracted (such as study size, PICOS, follow-up
period) and provide the citation.

Examples [n text: “ Characteristics of included studies

Methods
All four studies finally selected for the review were
randomised controlled trials published in English.
The duration of the intervention was 24 months for
the RIO-North America and 12 months for the RIO-
Diabetes, RIC-Lipids and RIO-Eurape stey. Although
the last two described a period of 24 months during
which they were conducted, only the first 12-months
results are provided. All trials had a run-n, as a single
blind period before the randomisation.

Participants

The included studies involved 6625 participants.
The main inclusion criteria entailed adults (18 years or
older), with a body mass index greater than 27 kg/m*
and less than 5 kg variation in body weight within the
three months before study entry.

Intervention
All trials were multicentric. The RIO-North America
was conducted in the USA and Canada, RIO-Europe
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in Europe and the USA, RIO-Diabetes in the USA and
10 other different countries not specified, and RIO-
Lipids in eight unspecified different countries.

The intervention received was placebo, 5 mg of
rimonabant or 20 mg of rimonabant once daily in addi-
tion to a mild hypocaloric diet (600 kcal/day deficit).

Outcomes
Primary
In all smidies the primary outcome assessed was weight
change from baseline after one year of treatment and
the RIO-North America study also evaluated the pre-
vention of weight regain between the first and second
year. All studies evaluated adverse effects, including
those of any kind and serious events. Quality of life was
measured in only one study, but the results were not
described (RIO-Europe).

Secondary and additional outcomes

These included prevalence of metabolic syndrome
after one year and change in cardiometabolic risk fac-
tors such as blood pressure, lipid profile, etc.

No study included mortality and costs as outcome.

The timing of outcome measures was variahle and
could include monthly investigations, evaluations
every three months or a single final evaluation after
one year.”'®

Intable: See table 2.

lanation For readers to gauge the validity and
applicability of a systematic review’s results, they need
1o know something about the included stdies. Such
information includes PICOS (bex 2) and specific infor-
mation relevant to the review question. For example,
il the review is examining the long term effects of anti-
depressanis for moderate depressive disorder, authors
should report the follow-up periods of the included stud-
ies. For each included study, authors should provide a
citation for the source of their information regardless
of whether or not the study is published. This informa-
tion makes it easier for interested readers to retrieve the
relevant publications or documents.

Reporting smdy-level data also allows the compari-
son of the main characteristics of the studies included
in the review. Authors should present enough detail
to allow readers to make their own judgments about
the relevance of included smdies. Such information
also makes it possible for readers to conduct their own
subgroup analyses and interpret subgroups, based on
siudy characteristics.

Authors should avoid, whenever possible, assuming
information when it is missing from a study report (such
as sample size, method of randomisation). Reviewers
may contact the original investigators to try to obtain
missing information or confirm the data extracted
for the systematic review. If this information is not
obtained, this should be noted in the report. If infor-
mation is imputed, the reader should be told how this
was done and for which items. Presenting smdy-level
data makes it possible to clearly identify unpublished
information obtained from the original researchers and
make it available for the public record.

Typically, study-level characteristics are presented
as a table as in the example (table 2). Such presen-
tation ensures that all pertinent items are addressed
and that missing or unclear informarion is clearly indi-
cated. Although paper based journals do not generally
allow for the quantity of information available in elec-
tronic journals or Cochrane reviews, this should not be
accepted as an excuse for omission of important aspects
of the methods or results ol included studies, since these
can, if necessary, be shown on a website.

Following the presentation and description of each
included study, as discussed above, reviewers usually
provide a narrative summary of the siudies. Such a
summary provides readers with an overview of the
included studies. It may, for example, address the lan-
guages of the published papers, years of publication,
and geographic erigins of the included smdies.

The PICOS framework is often helpful in report-
ing the narrative summary indicating, for example,
the clinical characteristics and disease severity of the
participants and the main features of the intervention
and of the comparison group. For non-pharmacological
interventions, itmay be helpful to specily for each study
the key elements of the intervention received by each
group. Full details of the interventions in included stud-
ies were reported in only three of 25 systematic reviews
relevant to general practice.™
ftem 19: Risk of bias within studies
Present data on risk of bias of each study and, if avail-
able, any outcome-level assessment (see item 12).

Example See table 3.

Explanation We recommend that reviewers assess
the risk of bias in the included studies using a stand-
ard approach with defined criteria (see item 12). They
should report the results of any such assessments.”

Reporting only summary data (such as “two of eight
trials adequately concealed allocation”) is inadequate
because it fails to inform readers which studies had the
particular methodological shortcoming, A more inform-
ative approach is to explicitly report the methodological
features evaluated for each study. The Cochrane Col-
laboration’s new tool for assessing the risk of bias also
requests that authors substantiate these assessments with
any relevant text from the original smdies." It is often
easiest to provide these data in a tabular format, as in
the example. However, a narrative summary describing
the tabular data can also be helpful for readers.

Ttem 20: Results of individual studies

For all outcomes considered (benefits and harms),
present, for each study, simple summary data for each
intervention group and effect estimates and confidence
intervals, ideally with a forest plot.

Examples See table 4 and fig 3.

Explanation Publication of summary data from
individual studies allows the analyses to be reproduced
and other analyses and graphical displays to be investi-
gated. Others may wish to assess the impact of exclud-
ing particular smidies or consider subgronp analyses not
reported by the review authors. Displaying the results
of each treatment group in included studies also enables
inspection of individual study features, For example,
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if only odds ratios are provided, readers cannot assess
the variation in event rates across the studies, making
the odds ratio impossible to interpret.'® Additionally,
because data extraction errors in meta-analyses are com-
mon and can be large,"™ the presentation of the results
from individual studies makes it easier to identify errors,
For continuous outcomes, readers may wish to examine
the consistency of standard deviations across smdies, for
example, to be reassured that standard deviation and
standard error have not been confused. '

For each study, the summary data for each interven-
tion group are generally given for binary outcomes
as frequencies with and without the event (or as pro-
portions such as 12/45). It is not sufficient to report
event rates per intervention group as percentages.
The required summary data for continueus outcomes
are the mean, standard deviation, and sample size for
each group. In reviews that examine time-to-event
data, the authors should report the log hazard ratio
and its standard error (or confidence interval) for each
included study. Sometimes, essential data are missing
from the reports of the included studies and cannot be
calculated from other data but may need to be imputed
by the reviewers. For example, the standard deviation
may be imputed using the typical standard deviations
in the other trials!"® """ (see item 14). Whenever rel-
evant, authors should indicate which results were not
reported directly and had to be estimated from other
information (see itern 13}, In addition, the inclusion of
unpublished data should be noted.

For all included studies it is important to present the
estimated effect with a confidence interval. This infor-
mation may be incorporated in a table showing study
characteristics or may be shown in a forest plot.'* The
key elements of the forest plot are the effect estimates
and confidence intervals for each stdy shown graphi-
cally, but it is preferable also to include, for each study,
the numerical group-specific summary data, the effect
size and confidence interval, and the percentage weight
(see second example, fig 3). For discussion of the resulis
of meta-analysis, see itern 21,

In principle, all the above information should be
provided for every outcome considered in the review,
including both benefits and harms. When there are too
many outcomes for full information to be included,
results for the most important outcomes should be
included in the main report with other information
provided as a web appendix. The choice of the infor-
mation to present should be justified in light of what
was originally stated in the protocol. Authors should
explicitly mention if the planned main outcomes can-
not be presented due to lack of information. There is
some evidence that information on harms is only rarely
reported in systematic reviews, even when it is available
in the original studies."! Selective omission of harms
results biases a systematic review and decreases its abil-
ity to contribute to informed decision making,

Ttem 21: Syntheses of vesults
Present the main results of the review. If meta-analyses
are done, include for each, confidence intervals and
meastres of consistency.

Examples “Mortality data were available for all
six trials, randomizing 211 patients and reporting data
for 305 patients. There were no deaths reported in the
three respiratory syncytial virus/severe bronchiolitis
trials; thus our estimate is based on three trials rand-
omizing 232 patients, 64 of whom died. In the pooled
analysis, surfactant was associated with significantly
lower mortality (relative risk =0.7, 95% confidence
interval =0.4-0.97, P=0.04). There was no evidence of
heterogeneity (I*=000).”14

“Because the study designs, participants, interven-
tions, and reported outcome measures varied markedly,
we focused on describing the studies, their resulis, their
applicability, and their limitations and on qualitative
synthesis rather than meta-analysis.”'*?

“We detected significant heterogeneity within this
comparison (I’=465.6%, B'=13.11, df=7, P=0.07}. Retro-
spective exploration of the heterogeneity identified one
trial that seemed to differ from the others, It included
anly small ulcers (wound area less than 5 em?). Exclu-
sion of this trial removed the statistical heterogeneity
and did not affect the finding of no evidence of a differ-
ence in healing rate between hydrocolloids and simple
low adherent dressings (relative risk=0.98, [95% confi-
dence interval] 0.85 o 1.12, [F=00)." 14

Explanation Results of systematic reviews should
be presented in an orderly manner. Initial narrative
descriptions of the evidence covered in the review
(see item 18} may tell readers important things about
the study populations and the design and conduct of
studies. These descriptions can facilitate the examina-
tion of patterns across studies. They may also provide
important information about applicability of evidence,
suggest the likely effects of any major biases, and allow
consideration, in a systematic manner, of multiple
explanations for possible differences of indings across
studies.

If authors have conducted one or more meta-anal-
yses, they should present the results as an estimated
effect across studies with a confidence interval. It is
often simplest to show each meta-analysis summary
with the actual results of included studies in a forest
plot (see item 20)."° It should always be clear which of
the included studies contributed to each meta-analysis.
Authors should also provide, for each meta-analysis,
a measure of the consistency of the results from the
included studies such as I? (heterogeneity, see hox 6);
a confidence interval may also be given for this meas-
ure."* If no meta-analysis was performed, the qualita-
tive inferences should be presented as systematically as
possible with an explanation of why meta-analysis was
not done, as in the second example above." Readers
may find a forest plot, without a summary estimate,
helpful in such cases.

Authors should in general report syntheses for all
the outcome measures they set out to investigate (that
is, those described in the protocol, see item 4] to allow
readers to draw their own conclusions about the impli-
cations of the results. Readers should be made aware
ol any deviations from the planned analysis. Authors
should tell readers if the planned meta-analysis was not
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thought appropriate or possible for some of the out-
comes and the reasons for that dedision.

It may not always be sensible to give meta-analysis
results and forest plots for each outcome. If the review
addresses a broad question, there may be a very large
number of outcomes. Also, some outcomes may have
been reported in only one or two studies, in which
cagse forest plots are of little value and may be seri-
ously biased.

Of 300 systematic reviews indexed in Medline in
2004, a little more than hall (54%) included meta-anal-
yses, of which the majority (919%%) reported assessing for
inconsistency in results.

Ttemn 22: Risk of bias across studies
Present results of any assessment of risk of bias across
stuclies (see itern 15},

Example “Strong evidence of heterogeneity
(I*=79%, P<0.001) was observed. To explore this het-
erogeneity, a funnel plot was drawn. The funnel plot
[fig 4 | shows evidence of considerable asymmetry.”#¢

“Specifically, four sertraline trials involving 486 partici-
pants and one citalopram trial involving 274 participants
were reported as having failed 1o achieve a statistically
significant drug effect, without reporting mean HRSD
[Hamilton Rating Scale for Depression] scores. We
were unable to find data from these trials on pharma-
ceutical company Web sites or through our search of
the published literature. These omissions represent 38%
of patients in sertraline trials and 23% of patients in cita-
lopram trials. Analyses with and without inclusion of
these trials found no differences in the patterns of results;
similarly, the revealed patterns do not interact with drug
type. The purpose of using the data obtained from the
FIYA was to avoid publication bias, by including unpub-
lished as well as published trials. Inclusion of only those
sertraline and citalopram trials for which means were
reported to the FDA would constinite a form of reporting
bias similar to publication bias and would lead to over-
estimation of drug-placebo differences for these drug
types. Therefore, we present analyses only on data for
medications for which complete clinical trials” change
was reported.””

Explanation Authors should present the results of
any assessments of risk of bias across smdies. If a fannel
plot is reported, authors should specify the effect est-
mate and measure of precision used, presented typically
on the x axis and y axis, respectively. Authars should
describe if and how they have tested the statistical signifi-
cance of any possible asymmetry (see item 15). Results
of any investigations of selective reporting of outcomes
within studies {as discussed in item 15) should also be
reported. Also, we advise authors to tell readers if any
pre-specified analyses for assessing risk of bias across
studies were not completed and the reasons (such as too
few included studies).

Trem 23: Additional analyses

Give results of additional analyses, if done (such as
sensitivity or subgroup analyses, meta-regression [see
item 16]).

Example “._benefits of chondroitin were smaller in
trials with adequate concealment of allocation compared

with trials with unclear concealment (P for interaction
=0.050},in trials with an intendon-o-treat analysis com-
pared with those that had excluded patients from the
analysis (P for interaction =0.017), and in large com-
pared with small trials (P for interaction =0.022).74%
“Subgroup analyses according to antibody statug, anti-
viral medications, organ transplanted, treatment dura-
tion, use of antilymphocyte therapy, time to outcome
assessment, study quality and other aspects of study
design did not demonstrate any differences in reatment
effects. Multivariate meta-regression showed no signifi-
cant difference in CMV [cytomegalovirus] disease afier
allowing for potential confounding or effect-modification
by prophylactic drug used, organ transplanted or recipi-
ent serostatus in CMV positive recipients and CMV
negative recipients of CMV positive donors,”'#
Explanation Authors should report any subgroup or
sensitivity analyses and whether they were pre-specified
{see items 5 and 16). For analyses comparing subgroups
of studies {such as separating smdies of low and high dose
aspirin), the anthors should report any tests for interac-
tions, as well as estimates and confidence intervals from
meta-analyses within each subgroup. Similarly, meta-
regression results (see item 16) should not be limited to
P values but should include effect sizes and confidence
intervals," as the first example reported above does in
atable. The amount of data included in each additional
analysis should be specified if different from that consid-
ered in the main analyses. This information is especially
relevant for sensitivity analyses that exclude some stud-
ies; for example, those with high risk of bias.
Importantly, all additional analyses conducted
should be reported, not just those that were statistically
significant. This information will help avoid selective
outcome reporting bias within the review as has been
demonstrated in reports of randomised controlled tri-
als. 4 1911915 Ragults from exploratory subgroup or sen-
sitivity analyses should be interpreted cautiously, bearing
in mind the potential for multiple analyses to mislead.

Discussion

Ttem 24 Summary of evidence

Summarise the main findings, including the strength of
evidence for each main outcome; consider their rele-
varnce to key groups (such as healthcare providers, users,
and policy makers).

Example “Overall, the evidence is not sufficiently
robust to determine the comparative effectiveness of
angioplasty (with or without stenting) and medical treat-
ment alone. Only 2 randomized trials with long-term
outcomes and a third randomized trial that allowed sub-
stantial crossover of treatment after 3 months directly
compared angioplasty and medical treatment. ..the rand-
omized trials did not evaluate enongh patients or did not
follow patients for a sufficient duration to allow definitive
conclusions to be made about clinical outcomes, such as
mortality and cardiovascular or kidney failure events.

Some acceptable evidence from comparison of medi-
cal treatment and angloplasty suggestad no difference
in long-term kidney lunction but possibly better blood
pressure control after angioplasty, an effect that may be
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imited to patients with bilateral atherosclerotic renal
artery stenosis. The evidence regarding other outcormes
is weak, Because the reviewed studies did not explicitly
acldress patients with rapid clinical deterioration who
may need acute intervention, cur conclusions do not
apply to this important subset of patients.” 4

Explanation Authors should give a brief and bal-
anced summary of the natre and findings of the review.
Sometimes, outcomes for which little or no data were
found should be noted due to potential relevance for
policy decisions and future research. Applicability of
the review’s findings—to different patients, settings, or
target audiences, for example—should be mentioned.
Although there is no standard way to assess applicabil-
ity simultaneously to different andiences, some systems
do exist.** Sometimes, authors formally rate or assess
the overall body of evidence addressed in the review and
can present the strength of their summary recormmencda-
tions tied to their assessments of the quality of evidence
[such as the GRADE system).”

Authors need to keep in mind that statistical signifi-
cance of the effects does not always suggest clinical or
policy relevance. Likewise, a nonsignilicant result does
not demonstrate that a treatment is ineffective. Authors
should ideally clarify trade-offs and how the values
attached to the main outcomes would lead different
people to make different dedisions. In addition, adroit
authors consider factors that are important in translating
the evidence to different settings and that may modify
the estimates of effects reported in the review.' Patients
and healthcare providers may be primarily interested
in which intervention is most likely to provide a benefit
with acceptable harms, while policy makers and admin-
istrators may value data on organisational impact and
resource utilisation.

Jtemn 25: Limitations

Discuss limitations at study and outcome level (such
as risk of bias), and at review level (such as incomplete
retrieval of identfied research, reporting bias).

Examples Outcome level: “The meta-analysis
reported here combines data across studies in order to
estimate treatment effects with more precision than is
possible in a single study, The main mitation of this
meta-analysis, as with any overview, is that the patient
population, the antibiotic regimen and the outcome defi-
nitions are not the same across studies,”*

Study and review level: “Our smidy has several limita-
tions. The quality of the smdies varied. Randomization
was adequate in all trials; however, 7 of the articles did
not explicitly state that analysis of data adhered to the
intention-to-treat principle, which could lead to over-
astimation of treatment effect in these trials, and we
could not assess the quality of 4 of the 5 trials reported
as abstracts. Analyses did not identify an association
between components of quality and re-bleeding risk, and
the effect size in favour of combination therapy remained
statistically significant when we excluded trials that were
reported as abstracts.

Publication bias might account for some of the effect
we observed. Smaller trials are, in general, analyzed with

less methodological rigor than larger studies, and an

asymmetrical funnel plot suggests that selective report-
ing may have led 1o an overestimation of effect sizes in
smmall trials.”™'*

Explanation A discussion of limitations should
address the validity (that is, risk of bias) and reporting
(informativeness) of the included studies, limitations of
the review process, and generalisability {applicability) of
the review. Readers may find it helpful if authors discuss
whether studies were threatened by serious risks of bias,
whether the estimates of the effect of the intervention
are too imprecise, or if there were missing data for many
participants or important outcormes.

Limitations of the review process might include lirnita-
tions of the search (such as restricting to English-language
publications), and any difficulties in the study selection,
appraisal, and meta-analysis processes. For example,
poor or incomplete reporting of smdy designs, patient
populations, and interventions may hamper interpreta-
tion and synthesis of the included smdies.™ Applicability
of the review may be affected if there are limited data
for certain populations or subgroups where the interven-
tion might perform differently or few studies assessing
the most important outcormnes of interest; or if there is a
substantial amount of data relating to an outdated inter-
vention or comparator or heavy reliance on imputation
of missing values for summary estimates (item 14).
tem 26 Conelusions
Provide a general interpretation of the results in the
context of other evidence, and tmplications for future
research.

Example Implications for practice: “Batween 1995
and 1997 five different meta-analyses of the effect of
antibiotic prophylaxis on infection and mortality were
published. All confirmed a significant reduction in infec-
tions, though the magnitude of the effect varied from one
review to another. The estimated impact on overall mor-
tality was less evident and has generated considerable
controversy on the cost effectiveness of the treatment.
Only one among the five available reviews, however,
suggested that a weak association between respiratory
tractinfections and mortality exists and lack of sufficient
statistical power may have accounted for the limited
effect on mortality.”

Implications for research: “A logical next step for
funire trials would thus be the comparison of this proto-
col against a regimen of a systemic antibiotic agent only
to see whether the topical component can be dropped.
We have already identified six such trials but the total
number of patients so far enrolled (n=1056} is too small
for us to be confident that the two treatments are really
equally effective. If the hypothesis is therefore considered
worth testing more and larger randomised controlled tri-
als are warranted. Trials of this kind, however, would not
resolve the relevant issue of treatment induced resistance.
To preduce a satisfactory answer to this, studies with a
different design would be necessary. Though a detailed
discussion goes beyond the scope of this paper, smdies in
which the intensive care unit rather than the individual
patient is the unit of randomisation and in which the
cccurrence of antibiotic resistance is monitored over a

long period of time should be undertaken. "
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Explanation Systematic reviewers sometimes draw
conclusions that are too optimistic'™ or do not consider
the harms equally as carefully as the benefits, although
some evidence suggests these problems are decreasing, "
If conclusions cannot be drawn because there are too
few reliable studies, or too much uncertainty, this should
be stated. Such a finding can be as important as finding
consistent effects from several large smdies.

Authors should try to relate the results of the review to
other evidence, as this helps readers to better interprat
the resulls. For example, there may be other systematic
reviews about the same general topic that have used
different methods or have addressed related but slightly
different questions.”* " Similarly, there may be addi-
tional information relevant to decision makers, such as
the cost-effectiveness of the intervention (such as health
technology assessment). Authors may discuss the results
of their review in the context of existing evidence regard-
ing other interventions.

We advise anthors also to make explicit recommenda-
tions for future research. In a sample of 2535 Cochrane
reviews, 82% inclided recommendations for research
with specific interventions, 30% suggested the appropri-
ate type of participants, and 52% suggested outcome
measures for fumre research.™ There is no correspond-
ing assessment about systematic reviews published in
medical journals, but we believe that such recommenca-
tions are much less common in those reviews,

Clinical research should not be planned without a thor-
ough knowledge of similar, existing research.”™ There is
avidence that this stll does not occur as it should and that
authors of primary studies do not consider a systematic
review when they design their studies. '™ We believe sys-
tematic reviews have great potential for guiding future
clinical research.

Funding
Mtern 27 Funding

Describe sources of funding or other support {such as
supply of data) for the systematic review, and the role of
funders for the systematic review.

Examples “The evidence synthesis upon which this
article was based was funded by the Centers for Disease
Control and Prevention for the Agency for Healthcare
Research and Quality and the LS. Prevention Services
Task Force.™*

“Role of funding source: The funders played no role in
study design, collection, analysis, interpretarion of data,
writing of the report, or in the dedision to submit the
paper for publication. They accept no responsibility for
the contents,” !

Explanation Authors of systematic reviews, like
those of any other research study, should disclose any
funding they received to carry out the review, or state
il the review was not funded. Lexchin and colleagues'**
observed that outcomes of reports of randomised trials
and meta-analyses of clinical trials funded by the phar-
maceutical industry are maore likely to favor the spon-
sor’s product compared with studies with other sources
of lunding. Similar results have been reported else-

where. " % Analogous data suggest that similar biases

may affect the conclusions of systematic reviews,'™

Given the potential role of systematic reviews in dedi-
sion making, we believe anthors should be transparent
about the funding and the role of funders, if any. Some-
times the funders will provide services, such as those of a
librarian to complete the searches for relevant literamre
or access to commercial databases not available to the
reviewers, Any level of funding or services provided to
the systematic review team should be reported. Authors
should also report whether the funder had any rele in the
conduct or report of the review. Beyond lunding issues,
authors should report any real or perceived conflicts of
interest related to their role or the role of the funderin
the reporting of the systernatic review, '™

In a survey of 300 systematic reviews published in
November 2004, funding sources were not reported in
41% of the reviews.® Only a minority of reviews (2%)
reported being funded by for-profit sources, but the rue

proportion may be higher.”!

Additional iderations for systematicrevi ofnon-
randomised intervention studies or for other types of
systematic reviews

The PRISMA staternent and this document have focused
on systematic reviews of reports of randomised trials.
Other stady designs, including non-randomised studies,
quasi-experimental studies, and interrupted time series,
are inchided in some systematic reviews that evaluate
the effects of healthcare interventions.'™ ' The meth-
ods of these reviews may differ to varying degrees from
the typical intervention review, for example regarding
the literature search, data abstraction, assessment of risk
of bias, and analysis methods. As such, their reporting
demancs might also differ from what we have described
here. A useful principle is for systematic review authors
to ensure that their methods are reported with adequate
clarity and transparency to enable readers to critically
judge the available evidence and replicate or update the
researd,

In some systematic reviews, the anthors will seek the
raw data from the original researchers to calculate the
summary statistics. These systematic reviews are called
individual patient for participant) data reviews.***! Indi-
vidual patient data meta-analyses may also be conducted
with prospective accumulation of data rather than ret-
rospective accumulation of existing data. Here too,
extra information about the methods will need to be
reported.

Onther types of systernatic reviews exist. Realist reviews
aim to determine how complex programmes work in
specific contexts and setings. ™ Meta-narrative reviews
aim to explain complex bodies of evidence through map-
ping and comparing different overarching storylines.'”
Network meta-analyses, also known as multiple treat-
ments meta-analyses, can be used to analyse data from
comparisons of many different treatments.”™ ' They use
both direct and indirect comparisons and can be used
1o compare interventions that have not been directly
compared.

We believe that the issues we have highlighted in this
paper are relevant to ensure transparency and under-
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standing of the processes adopted and the limitations of
the information presented in systematic reviews of dif
ferent types. We hope that PRISMA can be the basis for
more detailed guidance on systematic reviews of other
types of research, including diagnostic accuracy and epi-
demiological stdies.

Discussion

We developed the PRISMA staternent using an approach
for developing reporting guidelines that has evolved
over several years."” The overall aim of PRISMA is
1o help ensure the clarity and transparency of reporting
of systematic reviews, and recent data indicate that this
reporting guidance is much needed.? PRISMA is not
intended to be a quality assessment tool and it shonld
not be used as such,

This PRISMA explanation and elaberation document
was developed to facilitate the understanding, uptake,
and dissemination of the PRISMA statement and hope-
fully provide a pedagogical framework for those inter-
ested in conducting and reporting systematic reviews. It
follows a format similar to that used in other explana-
tory documents." " Following the recommendations in
the PRISMA checklist may increase the word count of
a systematic review report. We believe, however, that
the benefit of readers being able to critically appraise a
dear, complete, and transparent systeratic review report
outweighs the possible slight increase in the length of
the report.

‘While the aims of PRISMA are to reduce the risk of
flawed reporting of systematic reviews and improve the
clarity and transparency in how reviews are conducted,
we have litle data to state more definitively whether this
“intervention” will achieve its intended goal. A previous
affort to evaluate QUOROM was not successfully com-
pleted.” Publication of the QUOROM statement was
delayed for two years while a research team artempted
1o evaluate its effectiveness by conducting a randomised
controlled trial with the participation of eight major
medical journals. Unfortunately that trial was not com-
pleted due to acerual problems (David Moher, personal
communication). Other evaluation methods might be
easier to conduct. At least one survey of 139 published
systematic reviews in the critical care literature '™ sug-
gests that their quality improved after the publication
of QUOROM.

If the PRISMA statement is endorsed by and
adhered to in journals, as other reporting guidelines
have been,"'?* there should be evidence of improved
reporting of systematic reviews. For example, there have
been several evaluations of whether the use of CON-
SORT improves reports of randomised controlled trials.
A systematic review of these studies™! indicates that use
of CONSORT is associated with improved reporting of
certain items, such as allocation concealment. We aim
to evaluate the benefits (that is, improved reporting) and
possible adverse effects {such as increased word length)
of PRISMA and we encourage others to consider doing
likewise.

Even though we did not carry out a systernatic litera-
ture search to produce our checklist, and this is indeed a

limitation of our effort, PRISMA was developed using
an evidence based approach whenever possible. Check-
list items were included if there was evidence that not
reporting the item was associated with increased risk of
bias, or where it was clear that information was necessary
to appraise the reliability of a review. To keep PRISMA
up to date and as evidence based as possible requires
regular vigilance of the literature, which is growing rap-
idly. Currently the Cochrane Methodology Register has
more than 11000 records pertaining to the conduct and
reporting of systemnatic reviews and other evaluations of
health and sodal care. For some checklist items, such as
reporting the abstract (item 2), we have used evidence
from elsewhere in the belief that the issue applies equally
well to reporting of systematic reviews. Yet for other
items, evidence does not exist; for example, whether a
training exercise improves the accuracy and reliability of
data extraction. We hope PRISMA will act as a catalyst
to help generate further evidence that can be considered
when further revising the checklist in the future.

More than 10 years have passed between the devel-
opment of the QUOROM statement and its update,
the PRISMA statement. We aim to update PRISMA
more frequently. We hope that the implementation of
PRISMA will be better than it has been for QUOROM.
There are at least two reasons to be optimistic, First,
systematic reviews are increasingly used by healthcare
providers to inform “best practice” patient care. Policy
analysts and managers are using systematic reviews to
inform healthcare decision making and to better target
future research. Second, we anticipate benefits from the
development of the EQUATOR Network, described
below.

Developing any reporting guideline requires consid-
erable effort, experience, and expertise. While report-
ing guidelines have heen successful for some individual
efforts, """ there are likely others who want to develop
reporting guidelines who possess little time, experience,
or knowledge as to how to do so appropriately. The
EQUATOR (enhancing the quality and transparency
of health research) Network aims to help such individuals
and groups by serving as a global resource for anybody
interested in developing reporting guidelines, regard-
less of the focus.” "™ '™ The overall goal of EQUATOR
is to improve the quality of reporting of all health sci-
ence research through the development and translation
of reporting guidelines. Beyond this aim, the network
plans to develop a large web presence by developing
and maintaining a resource centre of reporting tools, and
other information for reporting research (www.equator-
network.orgy/).

‘We encourage healthcare journals and editorial groups,
such as the World Association of Medical Editors and the
International Committee of Medical Journal Editors, o
endorse PRISMA in much the same way as they have
endorsed other reporting guidelines, such as CON-
SORT. We also encourage editors of healthcare journals
1o support PRISMA by updating their “instructions to
anthors” and including the PRISMA web address, and
by raising awareness through specific editorial actions.
The following people contributed to this paper: Doug &ltman. Centre
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for Statistics in Medone (Oxford, LK), Gerd Antes, University Hospital
Freiburg (Freiburg, Germany); David Atkins, Health Services Researchand
Devalopment Service, Vieterans Health Adrmimstration (Washington DC,
USA); Virgnia Barbour, PLoS Medidne(Cambnidge, UK); Nick Barrowman,
Chilcren's Hospital of Eastern Ontano (Ottawa, Canada); jesse A Berlin,
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Table 1| Checklist of items to include when reportinga sy

review ormeta

Sectlon/topic Item Na Chackllst item Reportad on page No

Titke

Tille 1 Identify the report as a i review, meta-analysis, or both

Abstract

Stuctured sumimany 2 Providea stiuctured summary including, as applicable, background, objectives, data
sources, study eligibility criteria, participants, interventions, study appraisal and synthesis
methods, results, limitations, cenclusions and implications ofkey findings, systematic
review registration number

Intreduction

Rationale 3 Describe the ratiomale for il i in The context of what is already known

Objectives 4 Provid seplicit of cuestions being add dwith reference to participants,
interventions, comparisons, outcomes, and study design (PICDS)

Methods

Protocol and registration 5 Indicate ifa review protocol exists, ifand where ftcanhea(ce-ss-:d(suchaswebaddmss)
and, ifavailabde, provide registration information incudi

Hligibsility critesia 6 Specily study charactesistics (such as FICOS, length of Tollow-up) and report characteristics,
{suchas years considered, language, publication status) used as criteria for eligibily, giving

Infermatien sources 7 Describe all inf i 3 (suchas datab hd. fooverage, contact with
study authors to identify additional studies) in the sear:h and date kast mlthcd

Search & Present Rull electronic search strategy lor atleast one database, includi vl isteel,
suchthat it could berepeated

Study selection 9 State the process for selecting studies (that is, ing, digibility, included in systematic
review, and, ifapplicable, included inthe meta-analysis)

Data collection process 10 Describe methad of data extradtion fromreports (such as pilated forms, independently, in
duplicate] and any processes for i and ing data from i

Data items 11 List and define all variables for which data were sought (such as PICOS, funding sources) and
any ons and simplifications made

Risk ofbiasin individual studies 12 Describe methods used lor assessing risk ol bias of individual studies (induding
specification of whether thi d the study or oute levely, and how this
information is to be used in any data synthesis

Summary measures 13 State the principal summary measures (such as riskratio, difference in means).

Symthesis of resulis 14 Descrlbethe melhods ofhandling data and combiningresults of studies, if done, including

v (sucha: .?)im each meta-analysis

Risk ofbias across studies 15 Specify any assessment of risk of bias that may affect the cumulative evidence (such as
pubdication bis, selective reporting within studies)

Additional analyses 16 Describe method s of additional analyses (such as itivi i I meta-
regressien), if done, indicating which were pre-specified

Results

Study selection 17 Give numbers of studies screened, assessed for eligibilivg, and included inthe review, with
reasons for exclusions at each stage, ideallywith a flow diagram

Study characteristics 18 For each study, present characteristics forwhich data were extracted (such as study size,
PICOS, follove up peried) and provide the citations

Risk of bias within studies 19 Present data on risk of bias of each study and, if available, any outcome-level assessment
fseeitem 12},

Results ofindividual studies 0 for all sutcomes considered (benefits or harms), present for each study {a) simple summary
data for each intervention groupand (b) effect estimates and confidence intervals, ideally
with a forest plot

Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and measures of
consistency

Risk ofbias across studies 2 Prasent resulls of any assessment of risk of bias across studies (sea item 15)

Additional analysis bE] Give results of addtional analyses, if dene (such a itivity of subgroup analyses, meta-
regression [seeitem 16])

Discussion

Summary of evidence 24 the main findings including the sirength of evidence for each main outcome;
consider their relevance to key groups (such as health care providers, users, and policy
miakers)

Limitations 25 Discuss limitations at study and Ievel{such as risk ofbias), and at review level (such
asi d ieval of identified research, reporting bias)

Conclusions 26 ilea general interpretation of the results in the contex of other evidence, and
implications for future research

funding

funding w Describe sources of funding for the systematic review and other suppon (such as supply of
data) and rele of funders for the systematic review
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Table 2| Example of summaryof study characteristics: Summary of included studies evaluating the efficacy of antiemetic agents in acute gastroenteritis. Adapted
from DeCampet alt

Sours Setting Noof patiants Agerange Incluslon critarla Antlematic agent  Route Follow-up

Freedman et al 2006 ED 214 amonths-10years  GEwith mild to moderate dehydration  Ondansetron PO 1-2weeks
andvomiting inthe preceding 4 hours

Reeves etal 2007 (41 107 1month-22years  GEandvomitingrequiring 1Y Ondansetron 8 57 days
rededration

Rostund et al 2007 ED 106 1-10years Gk with Failed cralretydration altempt. Onids | 28] 1 week
inkD

Stork et al 2006 1] 137 Gmonths-12years  GE, recumrent emesis, mild to moderate Ondansetronand IV 1and 2days

iun, and Failed oral hydrati d
b - ¥ GE = gas W= PO = by mauth.

Table 3| Example of assessmentof the risk of blas: Quality measures of the randomised controlled trials that falled to fulfilany one of six markars of validity. Adapted
from Devereaux et al®

Concealmentof Healtheare providars Outcomeassassars
Trials randomisation RCT stoppad sarly Patlants blinded blindad Data collectorsblinded  blindad
Lin o No Yes Yes Yes s
Stone Yes {3 Ho Yes Yes fos
Polderman Yes Yies No Ho Ho e
Taugp s, Ho No No Yes e,
Urban i, Yes No Ho, except Yes Yes

anaesthesiologists
RCT = randomised contralled iral.

Table 4| Exampla of summary results: Heterotopic ossification in trials comparing radiotherapyto no idalanti-infl y drugs after major hip proceduras
and fractures. Adapted from Pakos etal'®
Author (year) Radiotherapy NSAID
pliel (1959) 12/49 24.5% 2055 I6.4%
Sell (1998} 277 2.6% 18/77 23.4%
Kolbd (1997) 39/188 20.7% 18/113 15.9%
Kolbi (1598) 22/46 a7.8% /54 11.1%
Moore (1998) 933 21.3% 18/39 16.2%
Bremen-Kuhne (1997) 919 745 13 35.5%
Knelles (1997) si101 5.0% 46183 75.4%

HNSAID = non-steraldal ami-inflammatory diug.

Box 1|: Terminology

The terminology used to describe systematic reviews and meta-analyses has evolved overtime and varies between fields, Different terms have been used
by different groups, such as educators and psychologists. The conduct of a systematic review comprises several explicit and reproducible steps, such as
identifying all likely relevant recards, selecting eligible studies, assessing the risk of bias, extracting data, qualitative synthesis of the included studies,
and passibly meta-analyses.

Initially this entire process was termed a meta-analysis and was so defined in the QUOROM statement.” More recently, especially in healthcare research,
there has been a trend towards preferring the term systematic review. If quantitative synthesis is performed, this last stage alone is referred to as a
meta-analysis. The Cochrane Collaboration uses this terminology,” underwhich a meta-analysis, if parformed, is a component of a systematic review.
Regardless of the question add d and the complexities invelved, it is always possible to complete a sy ic review of existing data, but not always
possible or desirable, to quantitatively synthesise results because of clinical, methodological, or statistical differences across the included studies.
Conversely, with prospective accumulation of studies and datasets where the plan is eventually to combine them, the term “(prospective) meta-analysis™
may make more sense than “systemati i

Far retrospective effarts, one possibility is to use the term systematic review for the whole process up to the paintwhen one decides whether to perform
a quantitative synthesis. Ifa quantitative synthesis is performed, some researchers refer to this as a meta-analysis. This definition is similar to that found
in the current edition of the Dictionary of Epidemiology '™

While we recognise that the use of these terms is inconsistent and there is residual disagreement among the members of the panel working on PRISMA,
we have adopted the definitions used by the Cochrane Collabaration.®
Systematic review A systematic review attempts to collate all empirical evidence that fits pre-specified eligibility criteria to answer a specific research
question. It uses explicit, systematic methods that are selected with a view to minimising bias, thus providing reliable findings from which conclusions
can be drawn and decisions made.***** The key characteristics of a systematic review are (d) a clearly stated set of objectives with an explicit,
reproducible methodology; (b) a systematic search that attempts to identify all studies that would meet the eligibility criteria; (c) an assessment of the
validity of the findings of the included studies, such as through the assessmentof risk of bias; and (d) systematic presentation and synthesis of the
characteristics and findings of the included studies.

Meta-analysis Meta-analysis is the use of statistical techniques to integrate and summarise the results of included studies. Many systematic reviews
contain meta-analyses, but notall. By combining inf ion from all rel studies, meta. can provide more precise estimates of the effects of
health care than thase derived from the individual studies included within a review.
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Box 2 |: Helping to develop the research question(s): the PICOS approach
form ulanng'rel'wa ntand | precme qu.estio ns matcan be answered ina kystem atic review can be com plexandtlmeco nsuming. A structured approach forframing
questions that uses five components may help facilitate the process. This approach is commuonly known by the acronym “PICOS” where each letter refers toa
component: the patient population or the disease being addressed (P), the interventions or exposure (i), the comparator group (), the outcome or endpoint (0, and
the study desizn chasen (5).% Issues relating to PICOS affect several PRISMA items (items 6, 8, 9, 10,11, and 18).

» P—Providing information about the population requires a precise definition of a group of participants (often patients), such as men over the age of 65 years, their
defining characteristics of interest (often disease), and passibly the setting of care considered, such as an acute care hospital.

# [—The interventions (exposures) under consideration in the systematic review need to be transparently reported. For example, ifthe reviewers answer a question
regarding the association between awoman’s prenatal exposure to folic acid and subsequent offspring’s neural tube defects, reporting the dose, frequency, and
duration of folic acid used in d ifferentstudies s likely to be important for readers to interpret the review's results and conclusions, Other interventions (exposures)
mightinclude diagnostic, p tive, ortherap treatments; arrangements of specific processes of care; lifestyle changes; psychosocial or educational
interventions; or risk factors.

» (—Clearly reporting the comparater (control) group intervention(s)—such as usual care, drug, or placebo—is essential for readers to fully understand the selection
criteria of primary studies included in the systematic review, and might be a source of heterageneity investigators have to deal with. Comparatars are often poarly
described. Clearly reporting what the intervention is compared with is impartant and may sometimes have implications forthe inclusion of studies in a review—many
reviews compare with “standard care,” which is otherwise undefined; this should be properly addressed by authors.

» 0—The outcomes of the intervention being assessed—such as mortality, morbidity, symptoms, or quality of life improvements—should be clearly specified as they
are required to interpret the validity and generalisability ofthe systematic review’s results,

» S—Finally, the type of study design(s) included in the review should be reported. Some reviews include anly reports of randomised trials, whereas others have
broader design criteria and include mndomised trials and certain types of observational studies. Still other reviews, such as those specifically answering questions
related to harms, may include awide variety of designs ranging from cohort studies to case reports. Whatever study designs are included in the review, these should
be reported.

Independently from how difficult itis to identify the components of the research question, the important point is that a structured approach is preferable, and
this extends beyond ic reviews of effecti . Ideally the PICOS criteria should be formulated a priori, in the systematic review’s protacol, although
some revisions might be required because of the iterative nature of the review process. Authors are encouraged to report their PICOS criteria and whether
any modifications were made during the review process. A useful example in this realm is the appendix of the “systematic reviews of water fluoridation”
undertaken by the Centre for Reviews and Dissemination.

Box 3 |: Identification of study reports and data extraction

Comprehensive searches usually resultin a large number ofidentified records, a much smaller number of studies included in the systematic review, and even
fewerofthese studies included in any meta-analyses. Reports of systematic reviews often provide little detail as to the methods used by the review team in this
process, Readers are often leftwith what can be described as the “X-files” phenomenaon, as itis unclear what occurs between the initial set of identified recards
and those finally included in the review.

Sometimes, review authors simply report the number of included studies; mare often they report the initial number of identified records and the number
ofincluded studies, Rarely, although this is optimal for readers, do review authors report the number of identified records, the smaller number of potentially
relevant studies, and the even smaller number of included studies, by outcome. Review authors also need to differentiate between the number of reports and
studies. Often there will notbe a 1:1 ratio of reports to studies and this infarmation needs to be described in the systematic review report.

Ideally, the identification of study reports should be reported as text in combination with use of the PRISMA flow diagram. While we recommend use ofthe
flow diagram, a small number of reviews might be particularly simple and can be sufficiently described with a few brief sentences of text. More generally, review
authors will need ta report the process used for each step: screening the identified records; examining the full text of potentially relevant studies (and reporting
the number that could not be abtained); and applying eligibility criteria to select the included studies.

Such descriptions should also detail how potentially eligible records were promoted to the next stage of the review (such as full text screening) and to the
final stage of this process, the included studies, Often review teams have three response options for excluding records or promating them to the next stage of
the winnowing process: "yes,” “no,” and “maybe.”

Similarly, some detail should be reported on who participated and how such processes were completed. For example, a single person may screen the
identified records while a second person independently examines a small sample of them. The entire winnowing process is one of “good bookkeeping™
whereby interested readers should be able to work backwards from the included studies to come up with the same numbers of identified records.

There is often a paucity of information describing the data extraction processes in reports of systematic reviews. Authors may simply report that “relevant™
datawere extracted from each included study with little information about the processes used for data extraction. It may be useful for readers to know whether
a systematic review's authors developed, a priori or not, a data extraction form, whether multiple forms were used, the number of questions, whether the
farm was pilot tested, and who completed the extraction. For example, it is important for readers to know whether one or mere people extracted data, and if
50, whether this was completed independently, whether “c¢ " datawere used in the analyses, and ifthe review team completed an informal training
exercise or a more formal reliability exercise.
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Box & |: Study quality and risk of bias

In this paper, and elsewhere, e wughtln use anew term formany readers, namely, riskof bias, fnreva!ualmg each included study in a systematic review.
Previous papers® ** tended to use the term "quality.” When carrying out a systematic review we believe it is important to distinguish between quality and
riskof bias and to focus on evaluating and reporting the latter. Qualityis often the bestthe authors have been able to do. For example, authors may report the
results of surgical trials in which blinding of the outcome assessors was not part of the trial’s conduct. Even though this may have been the best methodalogy
the researchers were able to do, there are still theoretical grounds for believing that the study was susceptible to (risk of) bias.

Assessing the risk of bias should be part of the conductand reporting of any systematic review. In all situations, we encourage systematic reviewers to think
ahead carefully aboutwhat risks of bias (methodological and clinical) may have a bearing on the results of their systematic reviews.

Far systematic reviewers, understanding the risk of bias an the results of studies is often difficult, because the report is anly a surrogate of the actual conduct
afthe study. There is some suggestion'™ ' that the report may not be a reasonable facsimile of the study, although this view is not shared by all.® '™ There are
three main ways to assess risk of bias—individual components, checklists, and scales. There are a great many scales available,’** although we caution against
theiruse based on theoretical grounds'® and emerging empirical evidence. '™ Checklists are less frequently used and potentially have the same problems as
scales. We advocate using acomponent approach and one thatis based on domains forwhich there is good empirical evidence and perhaps strong clinical
grounds. The new Cachrane risk of bias tool* is one such component approach.

The Cachrane risk of bias tool consists of five items forwhich there is empirical evidence for their biasing influence on the estimates of an intervention’s
effecti in randomised trials (seq e g ion, allocation conceal blinding, incomplete cutcome data, and selective outcome reporting) and
acatch-all item called “other sources of bias™." There is also some consensus that these items can be applied for evaluation of studies across diverse clinical
areas.” Other risk of bias items may be topic or even study specific—that is, they may stem from some peculiarity of the research topic or same special feature of
the design of a specific study. These peculiarities need to be investigated on a case-by-case basis, based on clinical and methadological acumen, and there can
be no general recipe. In all situations, systematic reviewers need to think ahead carefully aboutwhat aspects of study quality may have a bearing on the results.

Box 5 |: Whether to combine data
Deciding whether to combine data involves statistical, clinical, and method ological con siderations. The statistical decisions are perha ps the mosttechnical
and evidence-based. These are more thoroughly discussed in box 6. The clinical and methodological decisions are generally based on discussions within the
review team and may be mare subjective.

Clinical considerations will be influenced by the question the review is attempting to address. Broad questions might provide more “license” to combine
mare disparate studies, such as whether “Ritalin is effective in increasing focused attention in people diagnosed with attention deficit hyperactivity disorder
(ADHD).” Here authars might electta combine reports of studies involving children and adults. Ifthe clinical question is more focused, such as whether “Ritalin
is effective in increasing classroom attention in previously undiagnosed ADHD children who have no comorbid conditions,” itis likely that different decisions
regarding synthesis of studies are taken by authors. In any case authors should describe their clinical decisions in the systematic review report.

Deciding whether to combine data also has a methadological component. Reviewers may decide not to combine studies of low risk of bias with thase of high
risk of bias (see items 12 and 19). For example, for subjective outcomes, systematic review authars may notwish to combine tsthat were completed
under blind conditions with those thatwere not.

For any particular question there may not be a “right” ar “wrong” choice concerning synthesis, as such decisions are likely complex. However, as the choice
may be subjective, authors should be transparent as to their key decisions and describe them for readers.

Box 6 |: Meta-analysis and tof consistency (heterogeneity)

Meta-analysis: statistical combination of the results of multiple studies
IFitis feltthat studies should have their results combined statistically, otherissues must be considered because there are many ways to conduct a meta-analysis.
Different effect measures can be used for both binary and continuous outcomes (see item 13), Also, there are two commonly used statistical madels for combining
data in a meta-analysis.™ The fixed-effect model assumes that there is a commean treatment effect far all included studies; ™ itis assumed that the abserved
differences in results across studies reflect random variation,™* The random-effects model assumes that there is no common treatment effect forall included
studies but rather that the variation ofthe effects across studies follows a particular distribution.”*” In a random-effects madel it is believed thatthe included studies
represent a random sample from a larger population of studies addressing the question of interest. '

There is no consensus aboutwhether ta use fixed- orrandom-effects models, and both are in wide use. The following differences have influenced some researchers

garding theirchoice bet them. The random-effects model gives mare weight to the results of smallertrials than does the fixed-effect analysis, which may be
undesirable as small trials may be inferior and most prone to publication bias. The fixed-effect model considers only within-study variability, whereas the random-
effects modelconsiders both within- and between-study variability. This is why a fixed-effect analysis tends to give namower confidence intervals (that s, provides
greater precision) than a random-effects analysis.”* 7% |n the absence of any between-study heterogeneity, the fixed- and random-effects estimates will coincide.

In addition, there are different meth ods for performing both types of meta-analysis.”™ Comman fixed-effect approaches are Mantel-Haenszel and inverse variance,
whereas random-effects analyses usually use the DerSimonian and Laird approach, although other methods exist, including Bayesian meta-analysis.™

In the presence of d ble bet study heterogeneity (see below), some consider that the use of a fixed-effect analysis is counterintuitive because their
main assumption isviolated. Others argue that it is inappropriate to conduct any meta-analysis when there is unexplained variability across trial results. If the
reviewers decide notto cambine the data quantitatively, a danger is that eventually they may end up using quasi-quantitative rules of poarvalidity (such asvate
counting of how many studies have nominally significant results) for interpreting the evidence. Statistical methods to combine data exist for almost any complex
situation that may arise in a systematic review, butone has to be aware of theirassumptions and limitations to avaid misapplying or misinterpreting these methods.
2 of consistency (het ity)
We expect some variation (i ncoﬂﬂslcn cv] |n the results of different studies due to chance alone. Variability in excess of thatdue to chance reflects true differences
inthe results of the trials, and is called “heterageneity.” The conventional statistical approach to evaluating heterageneityis a - test (Cochran’s @), but it has low
powerwhen there are few studies and excessive powerwhen there are many studies.’ By contrast, the I statistic quantifies the amountofvariation in results across
studies beyond that expected by chance and sois p le to Q27729 I rey the percentage ofthe total variation in estimated effects across studies thatis
due to heterogeneity rather than to chance; some authors consider an P value less than 25% as low.™ However, I also suffers from large uncertainty in the comman
situation where anly a few studies are available,* and reparting the uncertainty in I (such as 95% confidence interval) may be helpful.*** When there are few
studies, inferences about heterogeneity should be cautious.

When considerable heterogeneity is observed, itis advisable to consider possible reasons.”™ In particular, the heterogeneity may be due to differences between
subgroups of studies (see item 16). Also, data extraction erors are a common cause of substantial heterogeneity in results with continuous outcomes. '
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Box 7 |: Bias caused by selective publication of or results within studie:

Systematic reviews aim to incorporate inf ion from all rel studies. The absence ofinf; ion from same studies may pose a serious threat to the validity
ofareview. Data may be incomplete because some studies were not published, or because ofincomplete orinadequate reporting within a published article. These
problems are often summarised as “publication bias,” although the bias arlses from non-publication of full studies and selective publication of resultsin relation to
their findings. Non-publication of research findings dependent an the actual resultsis an important risk of bias toa ic review and meta-analysi

Missing studies

Several empirical investigations have shown that the findings from clinical trials are more likely to be published if the results are statistically significant (Pe0.05)
than if they are not.’# 2% For example, of 500 oncology trials with more than 200 participants for which preliminary results were presented ata conference of
the American Society of Clinical Oncology, 81% with P«0.05 were published in full within five years compared with only 68% of those with P*0.05.7™

Also, among published studies, those with statistically significant results are published sooner than those with non-significant findings.*™ When some
studies are missing for these reasans, the available results will be biased towards exaggerating the effectof an intervention.

Missing outcomes
In many systematic reviews only same of the eligible studies (often a minority) can be included in a meta-analysis for a specific outcome. For same studies, the
outcome may not be d or may be d butnotreported. The former will not lead to bias, butthe latter could.

Evidence is accumulating that selective reparting bias is widespread and of considerable importance.  In addition, data for a given outcome may be
analysed in multiple ways and the choice of presentation influenced by the results obtained. In a study of 102 randomised trials, comparison of published
reports with trial protocols showed thata median of 38% efficacy and 50% safety outcomes per trial, respectively, were not available for meta-analysis.
Statistically significant outcomes had higher odds of being fully reported in publications when compared with non-significant outcomes for both efficacy
(pooled odds ratio 2.4 (95% confidence interval 1.4 to 4.0)) and safety (4.7 (1.8 to 12)) data. Several other studies have had similar findings.”"*"

Detection of missing information

Missing studies may increasingly be identified from trials registries. Evidence of missing outcomes may come fram comparison with the study pratocal, if
available, or by careful examination of published articles.’* Study publication bias and selective outcome reparting are difficult to exclude or verify from the
available results, especiallywhen few studies are available.

Ifthe available data are affected by either (or both) of the above biases, smaller studies would tend to show larger estimates of the effects of the intervention.
Thus ane passibility is to investigate the relation between effect size and sample size (or mare specifically, precision of the effect estimate). Graphical methads,
especially the funnel plot,”** and analytic methods (such as Egger's test) are often used,” % although theirinterpretation can be problematic,”***" Strictly
speaking, such analyses investigate “"small study bias”; there may be many reasons why smaller studies have systematically different effect sizes than larger
studies, of which reporting bias is just one.” Several alternative tests far bias have also been proposed, beyond the ones testing small study bias,** 21722 but
none can be cansidered a gold standard. Although evidence that smaller studies had larger estimated effects than large anes may sugzestthe possibility that
the available evidence is biased, misinterpretation of such data is commeon. '™

\dentification Literature search
Ma of recards [dentified Na of additional recards Databases: PubMed, EMBASE, and the Cochrane Library
through database searching | identified through other sources Meeting abstracts: UEGW, DDW, and Intermnational Workshop

of the European Hellcobacter Study Group
Limits: English-language articies only

Screening
No of records after duplicates removed |

Search resllts combined (n=115) |

Ne of records screenad 1-- Mo of records excluded |

Articles screened on basis of fitie and abstract |
Eligibility |
No of full-ext articles Mo of full-text arficles Excluded (n=88):
assessed for eliglbllity excluded, with reasons Mot first line eradication therapy (n=44)
Different regimen (n=25)
Includad ‘ Helicobacter pylori status incorrectly evaluated (n=10)
z Mot recommended dose (n=6)
F studies included | ifativ
Mo of studies included In qualitative synthesis | Miltiple publications (1=3)
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Fig 1| Flow of infermation through the different phases ofa TRETCTIE pvew AN spaianon ot USRI ]

systematic review.

Excluded (n=6):

Mot first line eradication therapy (n=2)
e Helicobacter pylori status Incorrectly evaluated (n=2)
Results provided only on perprafocol basis (n=1)
Nat recommended dose (i=1)
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1

Fdayvidday | Tdayvlédaywln| 7 dayw 10 day
therapy (n=10) day therapy {n=3) |  therapy (n=8)

Fig 2 | Example flow diagram of study selection. DDW
= Digeslive Disease Week; UEGW = United European
Gastroenterology Week. Adapled lrom Fuccio etal™®
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Description Tetracycline-  Tetracycline- Relative risk Relative risk
ifam pici i (fixed) (95% CI) (fixed) (95% CI)
n/N n/N

Acoella 1989=72 3/63 2/53 —tm———— 1.26(0.22107.27)
Arlza 198573 718 2/28 —=» 5.44(1.27102338)
Ariza 1993%74 5/64 3/51 —t—s——  1.93(0.49 10 7.63)
Bayindir 200375 5/20 681 e 1.71 (0.59 to 4.93)
Colmenerg 1985=7¢ 7/52 5/59 —_—— 1.59 (0.54 to 4.70)
Calmenera 199477 210 o/9 — = 4,55 (0.25 to 83.70)
Dorado 1988471 8f27 424 e —— 1.78 (0.61 to 5.17)
Ersay 2005%7 TILs £32 —p— 1.24 (0.40 1o 3.90)
Kosmidls 1982w 1/10 M0 ——71—— 0.50 (0.05 to &.67)
Mantejo 199301 646 &/84 —=—— 274(081109.21)
Rodriguez Zapata 1987%%%  3/32 1/36 ——f—e— 3.38 (0.37 t0 30.84)
Solera 19910 12/34 3/36 —— 424(1311013.72)
Solera 199575 28/100 9/94 —rTrs 2.92 (1.46 to 5.87)

Total (95% C) 501 557 - 2.30 (1.65 to 3.21)

Total events: 94 (letracycline-rifampicin), 0102 051 2 5 10
Favou! Favours
Test for heterogeneity: 3*=7.64, df=12, P=0.81, 1*=0% t ling-  totracycline-

45 (tetracyeline-streptomycin) =
¢
Test for overall effect: 7=4.94, Pa.001 rifam picin streptomycin

fi-g_?I_'Exampléblsumma“r;résﬁ;{ﬁveralilallure“ fined as failure of assigned regimen or rel

with tetracycline-rifampicin versus tetracycline-streptomycin. Adapted from Skalsky et al™”

w 12
"]
- .
E 10
oi 8
B
i L]
.
L
L LI
2 % " * e
% a 0 T g
Standardised mean difference
Fig 4 |Example of a funnel plot showing evidence of
jerable asy ry. SE= Jard error. Adapted from
Appleton et al's
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