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Resumo

Introdugéo: As infecgbes relacionadas ao cateter venoso central (CVC) de
hemodialise (HD) s&do complicagbes comuns e que aumentam a morbidade e a
mortalidade dos pacientes. As infec¢gdes podem ser orificio de saida (10S), de
tunel ou de corrente sanguinea (ICS). Portanto identificar medidas profilaticas e
os fatores de risco para infecgao é de extrema importancia Objetivo: Comparar
0 uso de gentamicina topica com o uso de placebo no orificio de saida (OS) de
CVC tunelizados preenchidos com a lock terapia em pacientes em HD cronica
em relagcdo as taxas de infeccdo e identificar fatores de risco associados.
Metodologia: Ensaio clinico randomizado, duplo cego, que comparou o uso de
gentamicina 0,1% versus placebo no OS de CVC tunelizados para HD, que ja
usavam lock terapia profilatica (gentamicina 5mg/ml + cefazolina 10mg/ml +
heparina 5000 Ul/ml). O total de 91 pacientes foram alocados em dois grupos de
modo aleatdrio: Grupo 1 (G1=controle): Pacientes em uso de placebo em gel no
OS; Grupo 2 (G2=intervencgédo): Paciente em uso de gel de gentamicina a 0,1%
no OS. As variaveis categéricas foram representadas pelos percentuais. As
variaveis continuas foram representadas pelas médias e desvios padrao ou
medianas e quartis, as de natureza nao-paramétrica. Os dois grupos foram
comparados quanto as variaveis continuas e paramétricas utilizando o testte o
teste U de Mann Whitney foram utilizados para os dados continuos nao
paramétricos. O teste do Chi-Quadrado foi usado para comparar proporgdes. Ao
final do estudo foi construida a curva de tempo livre de infeccdo pelo método
Kaplan-Meyer e a comparagao entre os dois grupos foi realizada utilizando-se o
teste de Log rank (valor significativo de p<0,05). Resultado: A média de idade

da populacdo estudada foi de 60,4 (+15,3) anos, com predominio do sexo



masculino (60,4%), sendo o diabetes melitos a principal etiologia da DRC
(40,7%). Nao houve diferencga entre os grupos quanto a prevaléncia de 10S (G1=
30%. G2= 34,1%, p=0,821), de ICS (G1= 22% vs. G1= 17,1%, p=0,60). A
densidade de incidéncia por 1000 cateteres-dia, foi semelhante entre os grupos
em relagédo a I0S e ICS (p=1). Os grupos também foram semelhantes quanto a
curva de tempo livre de infecgdo. O implante do CVC na veia subclavia (VSC)
teve maior risco de I0S (p=0,034) e os pacientes com maior mediana de tempo
em HD teve maior risco para ICS (p=0,026). Conclusao: Nosso estudo mostrou
que a associagdo da gentamicina a 0,1% tépica no OS n&o reduziu as
complicagdes infecciosas relacionadas ao CVC tunelizado preenchidos com a
lock terapia, quando comparada ao placebo tépico no OS, em pacientes renais
crénicos. O implante de CVC na VSC e o maior tempo em HD foram identificados

como fatores de risco para infecgao.

Palavras-chave: hemodialise; cateter tunelizado; cateteres venosos

centrais; infeccdes relacionadas a cateter; prevencao.



Abstract

Background: Hemodialysis (HD) central venous catheter (CVC)-related
infections are common complications that increase patient morbidity and
mortality. Infections can be exit-site (ESI), tunnel or bloodstream (BSI). Therefore,
identifying prophylactic measures and risk factors for infection is extremely
important. The aim of the study was to compare the use of topical gentamicin with
the use of placebo in the exit-site of tunneled CVCs in patients on chronic HD in
relation to infection rates and to identify associated risk factors. Methods: A
randomized, double-blind clinical trial that compared the use of 0.1% gentamicin
versus placebo in the exit-site of CVC tunneled to HD, who were already using
prophylactic lock therapy (gentamicin Smg/ml + cefazolin 10mg/ml + heparin
5000 IU/ml). A total of 91 patients were randomly allocated into two groups:
Group 1 (G1=control): Patients using a placebo gel in the exit-site; Group 2
(G2=intervention): Patient using 0.1% gentamicin gel in exit-site. Categorical
variables were represented by percentages. Continuous variables were
represented by means and standard deviations or medians and quartiles, those
of a non-parametric. The two groups were compared in terms of continuous and
parametric variables using the t test and the Mann Whitney U test were used for
non-parametric continuous data. The Chi-Square test was used to compare
proportions. At the end of the study, the infection-free time curve was constructed
using the Kaplan-Meyer method and the comparison between the two groups
was performed using the Log rank test (significant value of p<0.05). Results: The
mean age of the population studied was 60.4 (+15.3) years, with a predominance
of males (60.4%), with diabetes mellitus being the main etiology of chronic kidney

disease (40.7%). There was no difference between the groups regarding the



prevalence of ESI (G1= 30%. G2= 34.1%, p=0.821), of BSI (G1= 22% vs. G1=
17.1%, p=0.60). The incidence density per 1000 catheters-day was similar
between the groups in relation to ESI and BSI. The groups were also similar in
terms of the infection-free time curve. CVC implantation in the subclavian vein
(VCS) had a higher risk of (p=0.034) and patients with a longer median time on
HD had a higher risk for BSI (p=0.026). Conclusion: Our study showed no
benefit in the topical use of antibiotics in exit-site to prevent CVC-related
infections in HD patients who were already using lock therapy. CVC implantation

in the VSC and longer time on HD were identified as risk factors for infection.

Keywords: Hemodialysis, tunneled catheter, central venous catheter,

prevention, infection related to access.
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. Introducao

A doenga renal crénica (DRC) tem um impacto na saude global, pois
contribui de forma direta para o aumento da morbidade e mortalidade das
doencas ndo transmissiveis, além de ser um fator de risco independente para

doencas cardiovasculares’.

A perspectiva de vida do paciente portador de DRC mudou
substancialmente com o surgimento das terapias renais substitutivas (TRS),
especialmente a partir de 1943, quando a hemodialise (HD) foi implantada como
método de tratamento efetivo e viavel?. Atualmente, o nimero de pessoas no
mundo que realizam TRS ja ultrapassou os 2.5 milhdes e até 2030 esse numero
deve dobrar para 5,4 milhdes'. Nos Estados Unidos (EUA), em 2018, conforme
os ultimos dados americanos, ja havia aproximadamente 786.000 pessoas em
TRS, em que 71% desses pacientes estavam em didlise3. Enquanto no Brasil,
de acordo com o censo realizado anualmente pela Sociedade Brasileira de
Nefrologia (SBN), o numero estimado de pacientes em dialise em 2021 era de

1483634

A HD é a modalidade de terapia dialitica mais amplamente utilizada em
todo o mundo. No Brasil, a propor¢ao de pacientes em HD, de acordo com o

censo da SBN de 2021, é de 94,2%, versos 5,8% em dialise peritoneal*.

Para a realizagdo da HD é necessario um acesso vascular ideal, que
segundo o protocolo do The National Kidney Foundation - Kidney Disease
Outcomes Quallitiy Initiative- Clinical Pratice Gulidelines (NFK/KDOQI) publicado

em 2020, é definido como aquele acesso confiavel, livre de complicagbes para



realizar a dialise prescrita e que também é adequado para as necessidades de

um determinado paciente®.

A fistula arteriovenosa (FAV) é considerada o acesso ideal na maioria dos
pacientes incidentes e prevalentes em HD, sendo sugerida como primeira opgéao
quando comparada aos enxertos vasculares e cateteres venosos centrais (CVC),
tanto tunelizados quanto nao tunelizados. Essa recomendacio deve-se a sua
maior durabilidade, por cursar com menores taxas de complicagdes mecanicas
(trombose e obstrugbes) e infecciosas. Consequentemente ha menor
necessidade de intervencdes em acessos, custos e taxa de hospitalizacao,

contribuindo para menor morbidade e mortalidade®®.

Apesar dos grandes beneficios apontados com uso da FAV, o CVC é uma
forma de acesso vascular ainda muito utilizada’°. Nos EUA em 2018, 80,8% dos
pacientes incidentes em dialise tinham o CVC como acesso para HD, sendo que
quase dois ter¢os desses pacientes (65,2%) ndo tinham FAV ou enxerto vascular
confeccionados®. Programas de incentivo a confecgdo de FAVs, como o Fistula
First Breakthrough Initiative (FFBI) nos EUA, obtiveram sucesso em seu objetivo,
sem, no entanto, alterar de maneira relevante a prevaléncia de uso de CVCs. O
objetivo a ser alcangado era a meta de pelo menos 66% de FAV e menos de
10% de uso de CVC®. Em 1998, a prevaléncia de uso de FAV era de 26%,
elevando-se, entre 2003 e 2010, de 33% para 55%, com redug¢do do uso de
enxerto vascular. Houve apenas reducao discreta na prevaléncia de pacientes
americanos dialisados por CVC entre 2003 e 2016, de 27% para 18% 3. No
Brasil, os dados do censo de 2021 realizado pela SBN apontam uma prevaléncia
de 23,9% no uso de CVC nos pacientes em HD*, enquanto dados do Dialysis

Outcomes and Practice Patterns Study (DOPPS) evidenciam taxas de



prevaléncia de cateter de 18% na Europa e 34% no Canada'®. Atualmente o
KDOQI, apesar de considerar a FAV como acesso ideal, ndo traga uma meta a
ser alcancada em relacédo ao tipo de acesso vascular, pois estudos mostraram
uma heterogeneidade entre os pacientes nos beneficios na confecgao imediata

da FAV. Assim a escolha do acesso deve ser planejada de forma individual®.

Diversos fatores estdo associados a elevada incidéncia e prevaléncia do
uso de CVC em HD, destacando-se a referéncia tardia dos pacientes portadores
de DRC ao nefrologista com inicio urgente da HD, o tempo prolongado para
maturacao do acesso vascular definitivo e a alta taxa de faléncia primaria da
FAV, podendo chegar a 60%’-°. Fatores como o envelhecimento populacional e
a presenga de multiplas comorbidades também geram a necessidade de

individualizacdo da viabilidade de acesso a cada paciente®9!",

Esforcos para aumentar a prevaléncia de pacientes em uso de FAV e
minimizar os dialisados por CVC sao de suma importancia, ja que o tipo de
acesso vascular se associa a morbidade e mortalidade dos pacientes em HD,

bem como ao custo do tratamento hemodialitico®8:9°.

As infeccbes continuam sendo importantes causas de morbidade e
mortalidade nos pacientes em HD, mesmo diante de todos os avancos obtidos
com cuidados preventivos e novas drogas antimicrobianas. Conforme registros
do United States Renal Data System (USRD), infec¢do é a segunda maior causa
de morte em pacientes em dialise, sé perdendo para patologias

cardiovasculares®.

O acesso vascular representa o principal fator de risco para bacteremia,

hospitalizagdo e mortalidade nos pacientes em HD, sendo o CVC o mais



associado as infecgbes de corrente sanguinea (ICS) -4, O risco de sepse,
secundaria a bacteremia envolvendo CVC é de duas a cinco vezes maior que
associados as FAV e aos enxertos vasculares. A chance de eventos
cardiovasculares dobra apds um episddio de sepse e as complicagdes
infecciosas a distancia, como endocardite, osteomielite, artrite séptica, abscesso
cerebral e embolia pulmonar séptica ocorrem em 3-44%dos episddios de
bacteremia relacionada ao cateter’#15. As taxas de hospitalizagdo e mortalidade
dos pacientes incidentes em dialise que utilizam CVC sao altas, além dos custos
financeiros envolvidos com estes pacientes que envolvem uso de antibiotico e

alteracdes no acesso®.

Fatores de risco para infecgdes relacionadas ao CVC incluem as condicoes
de implante, o sitio, se é ou ndo tunelizado, a duracéo de uso do CVC, além da
higiene do paciente, passado de infecgao relacionada ao cateter, hospitalizagao
recente, diadlise inadequada, hipoalbuminemia, diabetes melitos (DM),
arteriosclerose periférica, hipertensdo  arterial sistémica (HAS),

imunossupressao e presenca de colonizacdo nasal pelo S. aureus®'4-17,

A ICS relacionada ao cateter € a mais grave e é definida pela presenga de
bacteremia ou hipotenséo inexplicada associada a queda de estado geral e
sintomas gerais de infecgdo, sem causa especifica durante as sessdes de HD,
sem outro foco infeccioso aparente, confirmada com crescimento bacteriano na
ponta do CVC ou em hemocultura central e periférica, sendo que o sangue pode

ser colhido do circuito de dialise ou da veia®12.13.18.

Taylor e colaboradores’ em estudo canadense mostram que, em

comparagao ao uso de FAV, o risco relativo de ICS foi de 1,47 (95% IC, 0.36-



5.96) para FAV, 8,49 (95% IC, 3.03-23.78) para CVC tunelizados, e 9,87 (95%
IC, 3.46-28.20) para CVC nao tunelizados. A densidade de incidéncia de ICS
relacionada ao CVC varia de 1,4-8,3 casos por 1000 cateteres-dia para os CVC
nao tunelizados e de 0,5 a 6,18/1000 cateteres-dia para os CVC tunelizados,
com grande variabilidade nas taxas em decorréncia de diferengas nas definicoes
de ICS relacionadas ao cateter e, mais provavelmente, por diversidade de

protocolos de cuidados com CVC?0-21,

Também sao infecgdes relacionadas ao CVC a infecgao de orificio de saida
(10S), definida como presenca de eritema, tumefagéo e/ou sensibilidade < 2cm
do orificio de saida, podendo ter ou ndo drenagem de secregao, porém sem
sinais de infecgcao além do cuff, em cateter tunelizados; e a infecgcao do tunel,
caracterizada por eritema, edema ou dor a palpagao do trajeto subcutaneo do
CVC tunelizado, podendo ter saida de secregao pelo orificio de saida. Tanto a
IOS quanto a infeccdo de tunel podem estar ou nao relacionadas a

bacteremia®6.15.16,

De acordo com estudos randomizados, os cateteres tunelizados estao
associados a menor risco de colonizacdo por bactérias, IOS e bacteremia em
relagao aos nao tunelizados, considerando que o cuff e o tunel exercem um efeito
protetor na migragdo bacteriana'®. Episédios de I0S variam entre 8,2 a
16,75/1000 cateteres-dia e de 0,35 a 8,3/1000 cateteres-dia, para CVC nao
tunelizados e tunelizados, respectivamente?®2'. Segundo o KDOQI, as infecgbes

sd0 a causa principal de retirada de cateter®.

No contexto da HD crénica, a troca do CVC, mesmo em vigéncia de

infeccdo é uma escolha delicada, pois grande parte dos pacientes possuem



acesso venosos de dificil pungao, muitos se recusam a passagem de novo CVC,
além de ser preconizado a preservacao das veias para a confeccao futura de
FAV'*. Desta forma, toda medida que possa se associar a menores

complicagdes relacionadas aos CVC deve ser considerada.

Atualmente existem diversas medidas para prevenir infecgdes relacionadas
ao CVC de longa permanéncia. A principal delas é a educagéo e o treinamento
de medidas universais de higiene e precaugao do paciente e da equipe de
profissionais diretamente relacionados ao implante e manuseio diario do
CVC5141822 0 KDOQI recomenda, como ponto chave de prevengéo, o implante
de um programa de vigilancia de infecgdo, com participagdo da equipe
multidisciplinar, monitorando as infecgcbes e seus desfechos, ajudando na
identificagéo das infecgdes e intervindo no tratamento das infecgdes®. O ensaio
clinico realizado por Beathard?® comprovou que apds a implantacdo de um
protocolo de profilaxia de infecgdo baseado no guideline do NK-F/KDOQI e
focado no manuseio dos cateteres tunelizados para HD, a incidéncia de ICS foi

de 6,97 para 1,68 episddios/1000 cateteres- dia.

Em relacéo ao tipo e ao cuidado com o curativo, dados recentes indicam
que nao ha diferenga significativa entre o curativo transparente, semipermeavel
ou com gaze estéril'®2*. Em 2006 o KDOQI?® recomendava a troca do curativo a
cada sessao de hemodialise, porém em 2020 recomenda a manipulagdo minima
necessaria do CVC para evitar infecgdes, porém deve ter a troca pelo menos
uma vez por semana, ou quando estiver imido, soltos, sujo ou ndo aderentes®.
Estudos randomizados e meta-analises mostraram superioridade do uso da

clorexidina (>0,5%) na limpeza da pele e OS, em relagdo a solugéo de iodo-



povidine 10% e o alcool 70%. Porém, os dois ultimos sao alternativas eficazes,

podendo ser usados na falta ou contraindicagdo da clorexidina®®:1824,

A descolonizacdo nasal com a mupirocina também é indicada como medida
eficaz na redugdo de bacteremia pelo S. aureus, reduzindo em 78% os casos,

sendo descrito o risco baixo de resisténcia bacteriana com tal pratica’.

A lock terapia é uma forma de profilaxia que se destaca, pois atua tanto na
formacéo de trombos intraluminais de CVC quanto na infeccéo, fatores que se
correlacionam'3. O efeito de redugéo nas taxas de ICS relacionadas ao CVC com
uso da lock terapia em HD tem sido o foco de trabalhos clinicos e experimentais,
incluindo drogas com ag&o antimicrobiana (citrato, EDTA, taurolidina, etanol,
parabenos/azul de metileno), antibiéticos (vancomicina, cefazolina, gentamicina,
minociclina, entre outros) e tromboliticos (fator recombinante ativador do
plasminogénio tecidual- rt-PA), isoladas ou em associagdo. Nas ultimas
décadas, meta-analises e revisdes sistematicas evidenciaram os beneficios da
lock terapia profilatica em comparacao a heparina na reducio da incidéncia de
ICS relacionadas a CVC na populagdo de pacientes em HD?32426-32. O KDOQI
ressalta os possiveis riscos da lock terapia como a toxicidade causada pelo
pequeno extravasamento da substancia do Ilumen do CVC para corrente
sanguinea e a selegdo de germes resistentes aos antibidticos®. Entretanto em
sua ultima versao o KDOAQI ja sugere o uso seletivo da lock terapia naqueles
pacientes que iram fazer uso prolongado do CVC e que possuem maior risco de
ICS, como aqueles colonizados por S. aureus e com historia prévia de multiplas
ICS. As substéncias recomendadas s&o: antibioticos: cefotaxima, gentamicina e

sulfametoxazol-trimetoprima; antimicrobiano: azul de metileno®.



O uso rotineiro de antibidticos topicos no OS dos cateteres para HD ¢é ainda
tema ainda controverso. A aplicagao de antibidtico no OS, mostrou redugcado em
75-93% no risco de I0S. As drogas avaliadas, na forma de pomada, foram a
mupirocina, iodo-povidine e a combinacdo tripla de polisporina
(bacitracina/gramicidina/polimixina B). O uso do mel-medicinal também teve seu
efeito antimicrobiano relatado, contra virus, bactérias, protozoarios e fungos. Sua
acgao é devido a sua alta osmolaridade, baixo conteudo de agua, pH entre 3,2-

4,5, formagao de peroxido de hidrogénio e flavonoides e acido fendlico™.

James e colaboradores3®, em uma meta-analise envolvendo 15 estudos
com paciente em HD, avaliou a eficacia do uso de antibidtico topico ou lock
terapia comparado ao ndo uso de antibidtico quanto a reducdo de ICS e I10S
relacionadas ao cateter. Ambas as terapias profilaticas com antibiético reduziram
as taxas de ICS e a retirada de cateter comparadas ao nao uso de antibiético
profilatico. O antibiético no OS também reduziu taxas de 10S (0.06 vs. 0.41
infeccdo/100 cateteres-dia) e essa reducdo nao foi observada nos estudos
contendo a lock terapia. Todavia, nos estudos analisados foram usados varios
tipos de antibidticos e outras intervengdes associadas, dificultando a analise do

impacto individual do antibiético tépico, além de um periodo de seguimento curto.

Em 2010, a Cochrane publicou uma revisdo sobre as intervencdes para
prevenir complicacdes infecciosas relacionadas aos CVC em pacientes em HD.
A analise incluiu dez estudos, total 786 pacientes, os estudos avaliaram as
intervengdes com uso tdépico de mupirocina, tripla polisporina, iodo-povidine ou
mel-medicinal versus placebo, outro antisséptico ou nenhum antibidtico topico.
Os achados foram: o uso da pomada com mupirocina reduziu o risco de |I0S

causada por S. aureus (RR: 0,18; IC 95%, 0,06-0,6) e o de ICS (RR: 0,17; IC



95%, 0,07-0,43); j4 a pomada tripla de polisporina reduziu o risco de ICS (RR:
0,4; 1C 95%, 0,19-0,86) e a mortalidade por todas as causas (RR: 0,22; IC 95%,
0,07-0,74), porém sem efeito na mortalidade relacionada a infec¢ao; enquanto a
pomada com iodo-povidine reduziu o risco de ICS (RR:0,10; IC 95% 0,01-0,72)
e 0 uso de mel topico n&o reduziu significativamente nem o risco de I0S nem o
de bacteremia associada ao cateter, quando comparado com a mupirocina ou a

pomada de iodo-povidine?*.

Desde 2011 o Centro de Controle e Prevengdao de Doengas (CDC)
recomenda o uso de pomada no OS do cateter apds a inser¢gdo e em cada
sessdo de HD. E recomendado o uso da pomada de iodo-povidine ou a que
contém bacitracina/gramicidina/polimixina B, porém a ultima ndo estd mais
disponivel nos EUA e nunca esteve disponivel no Brasil. O uso da pomada
contendo bacitracina/neomicina/polimixina B é citado como opg¢ao, porém faltam
estudos que comprovam a eficacia na prevencao de 10S e ICS. Outras opgcoes
seriam a mupirocina e o curativo impregnado com clorexidina. Entretanto, o CDC
ressalta o risco de desenvolvimento de resisténcia bacteriana, a possibilidade de
nao ser coberto os patdégenos responsaveis pelas infecgbes e a interagao
quimica possivel entre os ingredientes das pomadas e o material do cateter?234,
O Guideline de 2006 da Sociedade de Nefrologia Canadense, recomenda o uso
de antibidtico topico como forma de profilaxia'®. J&4 o KDOQI recomenda o uso
do antibiético ou uma barreira antisséptica no OS até que ele esteja cicatrizado,

porém relata que os beneficios apds a cicatrizagéo sdo incertos®.

Assim, o uso rotineiro do antibidtico téopico no OS dos CVC nédo é
amplamente utilizado, e deve ser baseado nas taxas de infec¢des locais e na

pratica de cada centro'®.
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Na unidade de diadlise do Hospital das Clinicas de Botucatu (HC),
atualmente com 201 pacientes, a incidéncia de uso de CVC é em torno de 60%.
Estudo publicado pelo nosso grupo em 2016 mostrou que a densidade de
incidéncia de bacteremia associada ao cateter reduziu de 1,21 episddios/1000
cateteres-dia no periodo de 2010-2012 para 0,71 epis6dios/1000 cateteres-dia
apos a introdugao da lock terapia (gentamicina 5mg/ml + cefazolina 10mg/ml +
heparina 5000 Ul/ml) no periodo de 2012-2015. Porém as taxas de 10S subiram
de 2,3 para 4,1 episddios/1000 cateteres dia. Um dos fatores que pode ter
contribuido para esse aumento, foi a ndo utilizacdo de medidas de prevencao
especificas para o OS. Os gram-negativos foram os principais agentes
etioldgicos, encontrados em 69% da amostra, sendo a Serratia marcences, E.
coli, Proteus mirabillis, Pseudomonas aeruginosa e Klebsiela sp. os mais
frequentes, e dentre os gram positivos, 59% eram resistentes a meticilina. Os
bacilos gram-negativos resistentes a quinolonas, aminoglicosideo e
cefalosporina de terceira geragcéo estavam presentes em menos de 20% dos
casos3®. Apds os beneficios com a lock terapia na diminuigédo das taxas de ICS,
desde 2015, a unidade de dialise de Botucatu padronizou o seu uso em todos os
pacientes com CVC e questionou se a implementagao de medida adicional como
0 uso de antibidtico tépico no OS poderia reduzir as taxas de infecgdes

relacionadas ao CVC'S.

Com a finalidade de associar medidas profilaticas para reduzir as taxas de
infecgao relacionadas ao CVC e contribuir para reducdo da morbidade e
mortalidade associadas a infeccdo dos pacientes em HD, assim como minimizar
os custos inerentes ao tratamento, o presente trabalho tem como objetivo

comparar o uso de gentamicina tépica versus placebo no OS de CVC tunelizados
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preenchidos com a lock terapia em pacientes tratados cronicamente por HD, em

relagao as taxas de |IOS e de ICS.

1. Objetivos

i. Principal

Comparar o uso de gentamicina topica com o uso de placebo no OS de
cateteres tunelizados preenchidos com a lock terapia em pacientes em HD

crébnica em relagao as taxas de |I0S.

ii. Secundarios

Comparar o uso de gentamicina topica com o uso de placebo no OS de
cateteres tunelizados preenchidos com a lock terapia em pacientes em HD

crénica em relagao as taxas de ICS e tunelite.

Identificar os fatores de risco para I0S e ICS nos pacientes do estudo.

lll. Metodologia

i. Consideragoes éticas

A pesquisa obedeceu a Resolugdo n° 196/96, sobre Aspectos Eticos da
Pesquisa envolvendo Seres Humanos. O projeto recebeu aprovagdo do Comité

de Etica em Pesquisa da Universidade Estadual Paulista- UNESP (CAAE:
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98328718.0.0000.5411). A pesquisa esta aprovada no Clinical Trials sob o

registro 98328718.0.0000.5411 (anexos 1 e 2)

Todos os participantes assinaram o Termo de Consentimento Livre e

Esclarecido (TCLE), autorizando a execugao da pesquisa (Anexo 3).

ii. Populagao estudada e critérios de inclusao

O estudo foi realizado em pacientes portadores de DRC maiores que 18
anos incidentes e prevalentes em HD acompanhados na Unidade de Dialise do
HC da Faculdade de Medicina de Botucatu, com CVC de longa permanéncia e
com implante recente, ou seja, até 90 dias, pela equipe de nefrologia ou cirurgia

vascular do HC.

iii. Critérios de exclusao

Foram excluidos do estudo os pacientes menores de 18 anos, gestantes,
pacientes com cateteres tunelizados implantados ha mais de 90 dias, com outros
tipos de acesso para diadlise que ndo os cateteres tunelizados, aqueles em
vigéncia de infeccdo no momento do inicio do estudo e aqueles que tiveram
infeccdo relacionada ao CVC nos ultimos dois meses e os que solicitaram

desligamento do estudo em até 7 dias de sua incluséo.

iv. Desenho do estudo

Ensaio clinico prospectivo, randomizado, duplo cego, que comparou o uso
de gel de gentamicina 0,1% versus placebo em gel no OS de cateteres
tunelizados para HD preenchidos com a lock terapia. O estudo iniciou no dia 24

de julho de 2018 e foi concluido em 01 de novembro de 2019. Os pacientes que
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preenchiam os critérios de inclusdo ao longo do tempo do estudo foram alocados

em dois grupos de modo aleatdrio para uso de placebo ou gentamicina 0,1%.

» Grupo 1 (controle): Pacientes em uso de gel com placebo no OS

» Grupo 2 (intervengao): Paciente em uso de gel com gentamicina a 0,1%

no OS

O protocolo de aleatorizagao foi gerado por individuo alheio ao seguimento
clinico dos pacientes utilizando software especifico
(http://www.randomization.com). A lista da randomizagdo assim como a
identificacdo dos frascos e uniformizagdo das embalagens permaneceram sob

os cuidados dos pesquisadores alheios ao seguimento clinico dos pacientes.

Ao receber os frascos da farmacia de manipulagdo, o pesquisador era
responsavel em separar os frascos, retirar a identificagao prévia do produto da
embalagem e uniformizar as etiquetas, especificando os frascos com etiquetas
de 1 cm coloridas de acordo com o conteudo. As cores verde, azul e laranja eram
do grupo controle (gel de placebo), enquanto as cores rosa, vermelho e amarelo
eram do grupo intervencéo (gel de gentamicina a 0,1%). Apos os frascos estarem
especificados com as cores, eram entregues a equipe de enfermagem. A equipe
assistente, que inclui a enfermagem, n&o teve acesso a informag&o do produto
do frasco. Quando havia um paciente candidato para iniciar o estudo, a equipe
de enfermagem entrava em contato com o pesquisador e ele informava qual
seria a cor do frasco, baseado na lista de randomizagao que estava aos seus

cuidados.

O implante e a manipulagdo dos cateteres a cada sessdo de HD foram

realizados seguindo as normas preconizadas no Guidelines for the Prevention of
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Intravascular Catheter-Related Infections®*, incluindo o uso de clorexidina

degermante e alcodlica.

No projeto original os pacientes utilizariam o gel no OS e curativo com gaze
estéril seca durante o periodo interdialitico. Porém, ja no primeiro dia de estudo,
a equipe de enfermagem notou problemas de aderéncia do curativo a pele,
sendo optado pela imediata alteragdo do protocolo, com aplicagéo do gel no OS
sem a realizacao de curativo. O procedimento padronizado foi a limpeza do OS
com clorexidina degermante e alcodlica com posterior administragdo do gel no
OS pela equipe de enfermagem, em cada sessdo de hemodidlise. Cada
paciente/cuidador recebeu o kit com as clorexidinas e frasco do gel, com a
orientacao de realizar o mesmo procedimento em sua casa ap6s o banho e

quando necessario.

Ao final de cada sessao de dialise os CVC tunelizados tinham o seu lumen
todo preenchidos com a lock terapia padréo, gentamicina 5mg/ml + cefazolina
10mg/ml + heparina 5000 Ul/ml. Os pacientes utilizaram o gel tépico (placebo ou
gentamicina 0,1%) no OS durante todo o periodo que em que permaneceram no
estudo. A avaliacdo das complicagcbes infecciosas relacionadas aos CVC

tunelizados eram realizadas durante as sessdes de HD pela equipe assistente.

No momento da inclusdo no estudo, foram registrados os dados clinicos
dos pacientes (sexo, idade, tempo em dialise, comorbidades, doenga de base da
DRC e sitio de implante do CVC) e laboratoriais [hemograma, ureia, creatinina,

potassio, albumina, adequagao dialitica, calcio, fosforo e paratorménio (PTH)].
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O periodo de inclusdao no trabalho foi determinado pelo numero total de
participantes calculados no tamanho amostral, assim o ultimo paciente incluido

no trabalho foi no dia 08 de agosto de 2019.

Os pacientes foram acompanhados pela mesma equipe de pesquisa,
durante todas as sessdes de HD, a partir do momento do inicio do estudo até o
desfecho do cateter, do paciente ou ao final do estudo em 01 de novembro de

2019.

v. Desfechos do estudo

e Primarios: Infecgdes relacionadas ao CVC (I0S, ICS e infecgéo de
tunel);
e Secundarios: Disfuncdo mecanica, confecgao de acesso definitivo,

mudanca de método dialitico, transplante renal ou 6ébito.

vi. Definigées das infecgoes relacionadas ao cateter

¢ Infecgéo de corrente sanguinea (ICS) relacionada ao CVC: febre e
calafrio durante a sesséo de HD, podendo estar associado a outros
sintomas como hipotensao, nauseas, vomitos ou alteragédo do nivel
de consciéncia, sem outro foco infeccioso aparente. O diagndstico
foi considerado quando houve isolamento do mesmo microrganismo
na cultura central e periférica ou quando houve critério clinico
mesmo na auséncia de cultura positiva.

¢ Infeccgao de orificio de saida (IOS): Presenca de secrec¢éo no orificio
de saida associado ou ndo a dor do OS e hiperemia que se restringe

até o cuff.
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¢ Infecgéo de tunel: Dor e/ou hiperemia ao longo do tunel subcutaneo
do cateter podendo estar associado a presenca de secrecdo no

orificio de saida.

vii. Protocolo realizado na suspeita de infecgao

A cada evento de suspeita clinica de ICS houve coleta de duas amostras
de hemocultura, uma por via central (do cateter) e outra por via periférica. A
analise das hemoculturas foi realizada por meio de automagéo- BacT/ALERT®
3D — bioMérieux. Automacao em identificacao e teste de sensibilidade- VITEK®

2 Compact — bioMérieux.

Na suspeita de I0S com presenca de secrecao local, foi coletada amostra
para cultura e semeada em meios especificos (Agar-sangue, Agar-macConkey

e Agar-manitol).

Ap0ds suspeita clinica de infecgao, antibioticoterapia empirica era iniciada,
com cobertura para germes Gram positivos e negativos. Apos resultado de
culturas, o tratamento era guiado conforme antibiograma. O critério para
sensibilidade utilizado foi o Clinical and Laboratory Standards Institute (CLSI). O
tratamento inicial da ICS foi realizado de acordo com protocolo do centro de
hemodialise: Vancomicina 15 mg/kg, endovenoso (EV) na sessdo de HD
associado levofloxacina 500mg EV apdés HD. O tempo de tratamento foi de 10 a
14 dias. O tratamento empirico para I0S foi levofloxacina 250 mg, uma vez ao

dia, via oral, por 7 a 14 dias.
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viii. Analise estatistica

Foi calculado tamanho amostral de 48 pacientes em cada grupo,
considerando-se erro alfa de 5%, obtencdo de um poder do estudo de 80% e
deteccao de diferenca de infecgbes relacionadas ao CVC (IOS e ICS) entre os
grupos de 20%. Esse calculo foi baseado nos resultados de trabalho prévio do
grupo3® e realizado por meio do site calculo amostral
(http://calculoamostral.bauru.usp.br)?”’. A analise dos dados (grupo controle e
grupo gentamicina) foi realizada por intencao de tratar. As variaveis dependentes
foram as taxas de I0S e ICS. As variaveis independentes foram o tratamento
profilatico tépico (gentamicina 0,1 % e placebo), as variaveis demograficas
(sexo, idade, comorbidades, doenga de base), o tempo de hemodialise e os
parametros laboratoriais (adequagcdo em didlise, albumina, ureia, creatinina,

fosforo e PTH).

A analise dos dados foi realizada no software SPSS 20.0, sendo

considerado significativo valor de p<0,05.

Para dados categoricos foi utilizado o teste Chi-quadrado, com resultados

descritos em frequéncias e porcentagens.

A normalidade dos dados continuos foi avaliada pelo Teste de Kolmogorov-
Smirnov. Dados paramétricos foram analisados pelo teste T de Student e seus
resultados expressos por médias e desvio padrao. Ja os dados ndo paramétricos
foram avaliados pelo Teste U de Mann-Whitney, com representacédo dos

resultados em mediana e intervalo interquartil (p25-p75).
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A curva de tempo livre de infecg¢ao foi gerada pelo método Kaplan-Meyer e
a comparagao entre os dois grupos foi realizada utilizando-se o teste de Log

rank.

IV. Resultados

ix. Caracteristicas dos pacientes

No periodo de 24 de julho de 2018 até 01 de novembro de 2019
participaram do estudo 96 pacientes, sendo 50 pacientes randomizados para o
grupo controle (placebo em gel) e 46 pacientes para o grupo intervencéo (gel

com gentamicina a 0,1%).

Houve o pedido de desligamento precoce do estudo por parte de cinco
pacientes, com exclusdo destes. Posteriormente nas analises de dados, foi
constatado que todos eles pertenciam ao grupo 2. Assim para as analises, 50
pacientes eram do grupo controle e 41 pacientes do grupo intervencéo, conforme

mostra o fluxograma abaixo.
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Figura 1: Fluxograma dos participantes, conforme o Consolidated Standards of Reporting Trials (CONSORT 2010)

m ‘ Avaliados pela elegibilidade (n=96) ‘
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Analisados (n=41)

‘ Excluidos da analise (n=0) ‘

Grupo controle (n=50)
Placebo no Orificio de saida
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Excluidos da analise {n=0) ‘
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Os pacientes foram incluidos no estudo até a data 08 de agosto de 2019 e
interrompemos o seguimento no dia 01 de novembro de 2019, a mediana de
tempo no estudo foi semelhante entre os grupos [G1= 93,5 dias (41,25-186,25)
vs. G2= 70 dias (26-130), p=0,156]. A média de idade da populagao estudada foi
de 60,4 +15,3 anos, com predominio do sexo masculino (60,4%). A principal
etiologia da DRC foi DM (40,7%), com 79,1% de prevaléncia de HAS como

comorbidade associada.

Os grupos foram semelhantes quanto a idade (G1= 60,9+16,32 vs.
G2=59,9+14,2 anos, p=0,75), predominio do sexo masculino (G1=60% vs.
G2=61%, p=1), DM como principal causa de DRC (G1=38 vs. G2=43,9%,
p0=0,56) e presenca de comorbidades como a HAS (G1=78% vs. G2=80,5%,

p=0,80). Nao houve diferenga quanto ao sitio de implante de CVC (p=1) e a veia
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jugular interna foi o principal sitio em ambos os grupos (G1= 80% vs. G2=80,5%,

p=1). As caracteristicas clinicas dos pacientes estdo apresentadas na Tabela 1.

Tabela 1 - Caracteristicas clinicas dos pacientes de acordo com o tratamento recebido

Caracteristicas clinicas Grupo 1 (n=50) Grupo 2 (n=41) Valor de p
Idade (anos) 60,9 + 16,32 59,9+ 14,2 0,751
Sexo (masculino, n, %) 30( 60) 25(61) 1
Etiologia da DRC (n, %)

Diabetes mellitus 19(38) 18(43,9) 0,56

Hipertensao arterial 8(16) 7(17,1) 1

Indeterminada 8(16) 6(14,6) 1

Outras 15(30) 10(24,4) 0,64
Comorbidade associada (n,%)

Hipertensao arterial 39(78) 33(80,5) 0,802

Diabetes mellitus 28(56) 24 (58,5) 0,834
Dias em TRS 443 (143,5-1403) 520(119,5-1242) 0,714
Sitio de CVC

cvevl) 40(80) 33(80,5) 1

CVCVF 7(14) 6 (14,6) 1

cvevsc 3(6) 2(4,9) 1

Nota: Valores expressos em média + DP, mediana (internavo interquartil) ou niimero (porcentagem)
DRC: Doenga Renal Cronica; CVC: Cateter Venoso Central; VJ: Veia Jugular; VF: Veia Femoral; VSC: Veia Subclavia
TRS: Terapia Renal Substitutiva; G1: Grupo Controle; G2: Grupo Intervengdo

Em relacdo aos exames na entrada do estudo, os grupos foram
semelhantes em relagdo a adequacéao dialitica, albumina, creatinina e fosforo.
Porém quanto ao PTH, a mediana foi maior no grupo intervencao [G1= 210,5

(107,25-416) vs. G2= 351 (171,5-594), p=0,036], conforme descrito na Tabela 2.

Tabela 2 - Exames no més inicial dos pacientes de acordo com o tratamento recebido

Exames Grupo 1 (n=50) Grupo 2 ( n=41) Valo de p
Kt/V 1,38(1,2-1,61) 1,33(1,17-1,55) 0,711
Albumina (g) 3,8(3,4-4,2) 3,8(3,6-4,15) 0,502
Creatinina (mg/dL) 7,65 (5,9-10,45) 8,3(5,6-11,5) 0,566
PTH (pg/mL) 210,5 (107,25-416) 351 (171,5-594) 0,036
Fosforo (mg/dL) 5(3,97-6,6) 5,5 (4,25-6,65) 0,344

Notas: Valores expressos em média + DP, mediana (internavo interquartil) ou nimero (porcentagem)

G1: Grupo Controle; G2: Grupo Intervenc¢do; PTH: Paratormdnio
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x. Infecgbes relacionadas ao cateter

Nao houve diferenga entre os grupos quanto a prevaléncia de I0S (G1=
30%. G2= 34,1%, p=0,821), de ICS (G1= 22% vs. G2= 17,1%, p=0,60) e de
infeccdo de tunel (G1= 0% vs. G2= 2,4%, p=0,45). Apesar da prevaléncia de
culturas negativas ter sido maior no grupo intervencéo (G1=12% vs. G2= 24,4%,
p=0,168), ndo houve diferenga entre os grupos quanto aos agentes presentes
nas hemoculturas (Gram negativos: G1= 14% vs. G2=19,5%, p=0,574 e Gram
positivos: G1= 20% vs. G2= 3%, p=0.132). Quanto a densidade de incidéncia
por 1000 cateteres-dia, ndao houve diferenga para I0S e ICS entre o grupo

controle e o grupo intervencao, conforme mostra a Tabela 3.

Tabela 3 - Prevaléncia de infecgdo de acordo com o tratamento recebido e agente na HMC

Prevaléncia de infecgdo Grupo 1 (n=50) Grupo 2 (n=41) Valorde p

Infecgdo relacionada ao CVC

10S 15 (30) 14 (34,1) 0,821

ICS 11(22) 7(17,1) 0,606

Tunelite 0(0) 1(2,4) 0,451
Densidade de inciéncia

10S/1000 cateteres-dia 2,35 3,5 1

ICS/1000 cateteres-dia 1,72 1,75 1

Agente presente na HMC (n,%)

Gram Negativo 7 (14) 8(19,5) 0,574
Gram Postivo 10(20) 3(7,3) 0,132
HMC Negativa 6(12) 10 (24,4) 0,168

Notas: Valores expressos em média + DP, mediana (internavo interquartil) ou nimero (porcentagem)
CVC: Cateter Venoso Central; 10S: Infec¢do de Orificio de Saida; ICS: Infecgdo de Corrente Sanguinea

HMC: Hemocultura; G1: Grupo Controle; G2: Grupo Intervengdo

Em relagdo ao desfecho do cateter, ndo houve diferenca quanto a retirada
por disfungdo mecanica (G1 = 6% vs. G2= 12,2%, p=0,46), por infeccéo

relacionada ao CVC (G1=48% vs. G2=48,8%, p=1) ou por confecgdo de acesso
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definitivo (G1= 8% vs. G2= 9,8%, p=1), respectivamente. Os grupos também
foram semelhantes quanto aos desfechos dos pacientes (6bito: G1= 8% vs. G2=
4,9%, p= 0,68; saida do método: G1=4% vs. G2=4,9%, p= 0,1; transplante: G1=
2% vs. G1= 0%, p= 1), a Tabela 4 mostra os desfechos dos CVC e dos pacientes

em ambos os grupos.

Tabela 4 - Desfechos de acordo com o tratamento recebido

Motivo de saida Grupo 1 (n=50) Grupo 2 (n=41) Valorde p

Desfecho do cateter (n,%)

Disfungdo mecanica 3(6) 5(12,2) 0,46

Infecgdo relacionada ao CVC 24 (48) 20 (48,8) 1

Confecgdo de acesso definitivo 4(8) 4(9,8) 1
Desfecho do paciente (n,%)

Obito 4(8) 2(4,9) 0,687

Saida de método 2(4) 2(4,9) 1

Transplante renal 1(2) 0(0) 1

Notas: Valores expressos em média + DP, mediana (internavo interquartil) ou nimero (porcentagem)

G1: Grupo Controle; G1: Grupo Intervengdo

Os grupos nao apresentaram diferenga significativa no tempo livre de
infeccao (Figura 2) que foi de 86 dias [G1=93,5 (41,25-186,25) vs. G2= 70 dias

(26-130), p=0,156].
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Figura 2 - Tempe livre de infeccdo nos grupos controle e intervencio
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xi. Fatores de risco associado as infecgoes

Para analisar os possiveis fatores de risco relacionados a infecgao,
separamos 0s pacientes naqueles que tiveram e nao tiveram IOS e ICS. No
grupo dos pacientes que tiveram e nao tiveram I0S, ndo houve diferenga
significativa entre a idade, sexo, doenga de base e comorbidades dos pacientes.
Também foram semelhantes quando avaliado o produto utilizado no OS do CVC
(placebo vs. Gentamicina 0,1%), com p= 0,821. Todavia em relagao ao sitio de
implante do CVC, o implante em VSC associou-se a I0S (p=0,034), conforme
demonstrado na Tabela 6. Em relacdo a analises dos exames no momento da

entrada dos pacientes, ndo houve diferenca entre os pacientes que tiveram e
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nao tiveram I0S (Tabela 7). Também foram semelhantes quanto aos dias em

TRS e dias livres de infeccao (Tabela 8).

Tabela 6 - Caracteristicas clinicas dos pacientes com e sem infecgdo de orificio de saida

Caracteristicas clinicas Com I0S (n=29) Sem 10S (n=62) Valorde p
Idade (anos) 63,3+16,58 59,14 + 14,65 0,222
Sexo (masculino, n, %) 17 (58,6) 38(61,3) 0,822
Etiologia da DRC (n, %)

Diabetes mellitus 15(51,7) 22 (35,5) 0,172

Hipertensao arterial 4(13,8) 11(17,7) 0,767

Indeterminada 4(13,8) 10(16,1) 1

Outras 6(20,7) 19 (30,6) 0,451
Comorbidade associada (n,%)

Hipertensao arterial 22(75,9) 50 (80,6) 0,592

Diabetes mellitus 19(65,5) 33(53,2) 0,364
Sitio de CVC

cvevl) 24(82,8) 49 (79) 0,783

CVC VF 1(3,4) 12 (19,4) 0,055

cvevsc 4(13,8) 1(1,6) 0,034
Produto tépico

Gentamicina 0,1% 14 (48,3) 27 (43,5) 0,821

Placebo 15(51,7) 35(56,5) 0,821

Nota: Valores expressos em média + DP, mediana (internavo interquartil) ou nimero (porcentagem)

DRC: Doenga Renal Cronica; CVC: Cateter Venoso Central; VJ: Veia Jugular; VF: Veia Femoral; VSC: Veia Subclavia

10S: Infecgdo de Orificio de Saida

Tabela 7 - Exames no més inicial dos pacientes com e sem infecgdo de orificio de saida

Exames Com 10S (n=29) Sem 10S (n =62) Valode p
Kt/V 1,49 (1,12-1,68) 1,30 (1,20-1,55) 0,133
Albumina (g) 3,7 (3,4-4,05) 3,8(3,5-4,3) 0,056
Creatinina (mg/dL) 8(5,6-10,15) 7,75 (5,87-11,8) 0,577
PTH (pg/mL) 306 (139,5-618,5) 256 (118,7-491,7) 0,531
Fosforo (mg/dL) 5(3,8-6,45) 5,45 (4,27-6,72) 0,221

Notas: Valores expressos em média + DP, mediana (internavo interquartil) ou nimero (porcentagem)

10S: Infecgdo de Orificio de Saida; PTH: Paratorménio
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Tabela 8- Dias livres de infec¢do e dias em TRS nos pacientes com e sem |0S

Exames Com I0S (n=29) Sem 10S (n =62) Valorde p
Dias livres de infeccdo 54 (27,5-120,5) 99 (42-175) 0,149
Dias em TRS 455 (62-1347) 434 (145,5-1237,5) 0,633

Nota: Valores expressos em média £ DP, mediana (internavo interquartil) ou nimero (porcentagem)

TRS: Terapia Renal Substitutiva; 10S: Infecgdo de Orificio de Saida

No grupo dos pacientes que apresentaram e n&o apresentaram ICS, nao
houve diferenga significativa em relagdo as caracteristicas clinicas dos
pacientes, produto utilizado no curativo, sitio de implante de CVC e exames a
admissao, conforme mostram Tabelas 9 e 10 respectivamente. Os pacientes que
tiveram ICS tinham uma mediana de tempo maior em TRS [com ICS= 959,5 dias
(284,5-2435,5) vs. sem ICS= 327 dias (11,5-1107,5), p=0,026], como mostrado

na Tabela 11.
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Tabela 9 - Caracteristicas clinicas dos pacientes com e sem infec¢do de corrente sanguinea

Caracteristicas clinicas ComICS (n=18) Sem ICS (n=73) Valorde p
Idade (anos) 59,3+ 15,67 60,7+ 15,34 0,735
Sexo (masculino, n, %) 12 (66,7) 43(58,9) 0,601
Etiologia da DRC (n, %)
Diabetes mellitus 8(44,4) 29(39,7) 0,791
Hipertensao arterial 2(11,1) 13(17,8) 0,726
Indeterminada 2(11,1) 12 (16,4) 0,728
Outras 6(33,3) 19(26) 0,563
Comorbidade associada (n,%)
Hipertensao arterial 16(88,9) 56 (56,7) 0,343
Diabetes mellitus 9(50) 43 (58,9) 0,597
Sitio de CVC
cvcvl) 13(72,2) 60 (82,2) 0,339
CVCVF 3(16,7) 10(13,7) 0,716
Ccvcvsc 2(11,2) 3(4,1) 0,256
Produto tépico
Gentamicina 0,1% 7 (38,99) 34 (46,6) 0,606
Placebo 11(61,1) 39(53,4) 0,606
10S 3(16,7) 26 (35,6) 0,162
Nota: Valores expressos em média + DP, mediana (internavo interquartil) ou niimero (porcentagem)
DRC: Doenga Renal Cronica; CVC: Cateter Venoso Central;
ICS: Infec¢do de Corrente Sanguinea; 10S: Infecgdo de Orificio de Saida
VJ: Veia Jugular; VF: Veia Femoral; VSC: Veia Subclavia
Tabela 10 - Exames no més inicial dos pacientes com e sem infecg¢do de corrente sanguinea
Exames Com ICS (n =18) Sem ICS (n=73) Valo de p
Kt/V 1,26 (1,11-1,55) 1,4(1,20-1,62) 0,218
Albumina (g) 3,9(3,5-4,1) 3,9 (3,52-4,3) 0,311
Creatinina (mg/dL) 8(5,85-10,75) 7,55(5,75-11,97) 0,803
PTH (pg/mL) 271 (122,5-554) 312 (121,25-457,5) 0,834
Fosforo (mg/dL) 5,5 (4,1-6,65) 4,8(3,87-6,22) 0,354

Notas: Valores expressos em média + DP, mediana (internavo interquartil) ou niumero (porcentagem)

ICS: Infecgdo de Corrente Sanguinea; PTH: Paratormdnio
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Tabela 11 - Dias livres de infecgdo e dias em TRS nos pacientes com e sem ICS

ComICS (n=18) Sem ICS (n=73) Valorde p
Dias livres de infeccdo 105,5 (40,5-150,25) 79 (32,5-169) 0,72
Dias em TRS 959,5 (284,5-2435,5) 327 (110,5-1107,5) 0,026

Nota: Valores expressos em média + DP, mediana (internavo interquartil) ou nimero (porcentagem)

TRS: Terapia Renal Substitutiva; ICS: Infecgdo de Corrente Sanguinea

V. Discussao

Realizamos este ensaio clinico, prospectivo, randomizado e duplo cego
para avaliar se a associacao de medidas profilaticas em CVC tunelizados de
pacientes em HD poderia oferecer alternativa eficaz na reducédo de infeccao
relacionada ao CVC. O objetivo foi comparar o do uso de gentamicina 0,1%
tépica com o placebo no OS, como forma adicional de prevencao de infec¢ao
relacionada ao CVC tunelizados preenchidos com a lock terapia e identificar os

fatores de risco associados a IOS e ICS.

O grupo controle, em que foi utilizado placebo, apresentou prevaléncia de
ICS de 22% e densidade de incidéncia de ICS de 1,72 eventos por 1000
cateteres-dia, resultado inferior a outros relatados previamente na literatura,
proximo a 2 eventos/1000 cateteres-dia*'6-20. Quanto a I0S, esteve presente em
30% do G1, com densidade de incidéncia de 2,35 eventos por 1000 cateteres-
dia. Os resultados das taxas de IOS foram pouco relatados em estudos prévios
o que dificulta comparacgdes, porém foi semelhante com trabalho publicado pelo

nosso grupo.

Esses valores baixos das infecgbes relacionadas ao CVC no grupo
controle, inclusive proximo a ultima meta estipulada pelo KDOQI (taxas de

infeccdo menores de 1,5 eventos por 1000 cateteres-dia)®, podem ser
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justificados pela padronizagao das técnicas de antissepsia durante o implante do
CVC, cuidados com a manipulagdo do CVC durante a HD e pelo uso da lock
terapia, preconizada no servigo desde 2015, contendo gentamicina 5mg/ml e
cefazolina 10mg/ml. Destacamos que as taxas de infeccéo no servigo antes da
implantacao da lock terapia como rotina era de 9,8/1000 cateteres-dia para IOS
e 1,97/1000 cateteres-dia para ICS, e que apds o uso da lock terapia houve
reducao significativa das infecgbes, em que a densidade de incidéncia de ICS
com o uso da lock terapia, foi de 0,79 eventos/1000 cateteres-dia e de 2,45

eventos/1000 cateteres-dia para |0S36.

Com a finalidade em reduzir ainda mais as infecgdes relacionadas ao CVC,
objetivamos com o nosso trabalho associar medidas de prevengéo. Todavia, o
grupo em que foi realizado a aplicagao de antibiotico topico (gentamicina 0,1%)
no OS de CVC tunelizados, n&o resultou em reducdo de infecgao. A prevaléncia
de ICS foi de 17,1% (p=0,606) e 1,75 eventos por 1000 cateteres-dia (p=1),
enquanto a de I0S foi de 34,1% e com 3,5 eventos por 1000 cateteres-dia.
Quanto ao tempo livre de infecgao, também n&o houve diferenga entre os grupos
controle e intervengdao. A mediana do tempo livre de infeccdo foi de 86 dias
[G1=93,5 (41,25-186,25) vs. 70 (26-130), p=0,156]. A literatura apresenta
resultados favoraveis com o uso de lock terapia?32426-32 porém ainda sao
escassos os estudos que abordaram o uso de antibidticos topico como terapia
profilatica a infecgéo®'415 e, até o presente momento, este foi o primeiro ensaio
clinico que associou as medidas de prevengao para infeccoes relacionados ao
CVC. O nosso trabalho mostrou que a associag¢ao das duas medidas profilaticas,
lock terapia e antibidtico tépico no OS, nao reduziram as taxas de infecgdes

relacionadas ao CVC. A ultima atualizacdo do KDOQI recomenda o uso da lock
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terapia nos cenarios em que os beneficios superam os potenciais riscos sobre a
selecdo de germes resistentes aos antibiéticos, o que inclui os pacientes com
risco elevado de ICS e nos centros de didlise em que as taxas de ICS sao
maiores a 3,5 eventos/1000 cateteres-dia®. A unidade de dialise de Botucatu
possui taxas de infeccbes relacionadas aos CVC menores do que 3,5
eventos/cateteres-dia o possa justificar a auséncia de beneficio da associagéo

das medidas profilaticas encontradas no nosso trabalho.

James e colaboradores33, avaliou a eficacia do uso de antibidtico topico ou
lock terapia comparado ao ndo uso de antibidtico quanto a redugao de ICS e I0OS
relacionadas ao CVC. Ambas as terapias reduziram as taxas de ICS e a retirada
de CVC comparadas ao nao uso de antibiéticos profilaticos. O antibidtico no OS
também reduziu taxas de 10S (0.06 vs. 0,41 evento por 10000 cateteres-dia) e
essa reducao nao foi observada nos estudos contendo a /ock terapia. Entretanto,
nos estudos analisados foram usados varios tipos de antibidticos e outras
intervengdes associadas, dificultando a analise do impacto individual do

antibidtico tépico, o que também pode ter acontecido em nosso trabalho.

Nao houve diferenga entre os grupos quanto as complicagbées mecanicas
ou retirada do CVC. No nosso estudo, foram observados poucos episodios de

reagOes adversas, como alergia, semelhante ao relatado na literatura'®24.

Na avaliacéo de fatores de risco para infec¢des relacionadas ao CVC o
implante de CVC em VSC foi considerado fator de risco para I0S (p=0,034),
achado compativel com a literatura em que o implante em veia femoral e
subclavia tem maior risco de infeccdo quando comparado com o implante em

veia jugular interna®3839,
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A duracao de tempo de uso de CVC é relatada como fator de risco para
ICS*0. Apesar do grupo com ICS ter uma mediana de tempo maior que o grupo
que nao teve ICS, ndo encontramos diferenga estatistica entre os grupos.
Entretanto em nosso estudo, o tempo em HD teve associagao positiva com maior
risco de ICS (p=0,026). Esse dado foi pouco explorado na literatura, o que

dificulta a comparacgao.

A literatura traz dados controversos em relagao a idade e sexo como fator
de risco para infecgdo relacionada ao acesso vascular''3°, no nosso estudo nao

encontramos diferenga estatisticamente significante em relagao a esses fatores.

Apesar do DM ser fator de risco conhecido para infecgbes na populagao
geral, incluindo nos pacientes portadores de DRC®'4153% no nosso estudo a
presenca de DM néo teve relacdo com maior riso de infec¢do, semelhante com

estudo publicado previamente®.

A albumina sérica baixa & considerada um fato de risco para infecg&o3%4°,
no nosso trabalho os pacientes que tiveram I0S apresentaram niveis séricos
mais baixos quando comparados com aqueles que nao tiveram, porém sem

significancia estatistica (p=0,056).

Como limitagdo nosso estudo foi realizado em um unico centro, tamanho
pequeno da amostra e com um tempo curto de seguimento. Apds randomizagéao
e inclusao no estudo, houve pedido de desligamento precoce por parte de cinco
pacientes, o que fez com que o grupo intervengéao ficasse com um niumero menor

que o tamanho amostral inicialmente calculado.

Importante ressaltar que o trabalho garantiu que os pacientes recebessem

a medida profilatica proposta a cada grupo por pelo menos 3 vezes por semana,
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dias de realizagdo das sessdes de HD, nos quais a higienizagdo do CVC e
aplicagao do produto era realizado pela equipe assistente. Durante o periodo
interdialitico, pacientes e/ou seus cuidadores eram os responsaveis em realizar

a limpeza do OS e aplicar o gel.

Apesar de descrita a definicdo na literatura de 10S, existe variabilidade de
sua interpretagiao® com possivel subjetividade no diagnostico de 10S avaliador

dependente, o que pode interferir nas taxas de I0OS encontradas.

Como fortalezas trata-se de um estudo de intervengdo pioneiro na
associacao de medidas profilaticas visando a reducao de infec¢des relacionadas
ao CVC na populagédo em HD, que foi randomizado, controlado e duplo cego, em
que tanto os pacientes incluidos no trabalho, quanto a equipe assistente e os

pesquisadores ndo sabiam a que grupo pertenciam os participantes do estudo.

Como concluséao, nosso estudo mostrou que a associagéo da gentamicina
a 0,1% tépica no OS nao reduziu as complicagdes infecciosas relacionadas ao
CVC tunelizado preenchidos com a lock terapia, quando comparada ao placebo
tépico no OS, em pacientes renais crénicos de uma unidade de dialise que
possui taxas de infeccao adequada, segundo a recomendagao do KDOQI. Os
fatores de risco para infecgao identificados na nossa populacao foram o implante

de CVC na VSC e o maior tempo em HD.
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IX. Anexo 3 -Termo de Consentimento Livre e

Esclarecido

“Avaliagao da eficacia do uso de gentamicina tépica profilatica em
cateteres tunelizados para hemodialise: um ensaio clinico randomizado e
duplo cego”

O senhor(a.) esta sendo convidado (a) a participar desta pesquisa que
tem como finalidade avaliar o uso da gentamicina tépica no orificio de
cateteres tunelizados de hemodialise. Este projeto esta sendo desenvolvido
pela pesquisadora Camille Pereira Caetano, com a orientacdo da Dra.
Daniela Ponce.

O estudo sera realizado em pacientes renais cronicos incidentes e
prevalentes em hemodialise acompanhados na Unidades de Dialise do
Hospital das Clinicas (HC) da Faculdade de Medicina de Botucatu.

Ao participar deste estudo o senhor (a), sera sorteado de forma aleatdria
a integrar em um dos grupos do estudo:

- grupo 1: gel de placebo no orificio de saida

- grupo 2: gel de gentamicina 0,1% no orificio de saida

O senhor (a) tem liberdade de se recusar a participar e ainda se recusar
a continuar participando em qualquer fase da pesquisa, sem qualquer
prejuizo para o senhor (a). Sempre que quiser podera pedir mais informacdes
sobre a pesquisa através do telefone da pesquisadora do projeto e, se
necessario através do telefone do Comité de Etica em Pesquisa.

A participacdo nesta pesquisa nao infringe as normas legais e éticas.
Os procedimentos adotados nesta pesquisa obedecem aos Critérios da Etica
em Pesquisa com Seres Humanos conforme Resolugdo no. 196/96 do
Conselho Nacional de Saude. Nenhum dos procedimentos usados oferece
riscos a sua dignidade ou a sua saude. Caso ocorra alguma reagdo com uso
da gel vocé tera direito a assisténcia gratuita que sera prestada pela equipe
responsavel pelo estudo.

Rubrica pesquisadora Rubrica participante
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As informacgdes desta pesquisa serdo confidenciais, e serao divulgadas
apenas em eventos ou publicagdes cientificas, ndo havendo identificacdo dos
voluntarios, sendo assegurado o sigilo sobre sua participagao.

Ao participar desta pesquisa o senhor (a) ndo tera nenhum beneficio
direto. Entretanto, esperamos que este estudo traga informagdes importantes
sobre o0 uso da gentamicina tépica como forma de profilaxia de infecgéo de
orificio de saida.

O senhor (a) n&do tera nenhum tipo de despesa para participar desta
pesquisa, bem como nada sera pago por sua participagao.

Ap0ds estes esclarecimentos, solicitamos o seu consentimento de forma
livre para participar desta pesquisa. Portanto preencha, por favor, os itens que
se seguem: Confiro que recebi copia deste termo de consentimento, e autorizo
a execucgao do trabalho de pesquisa e a divulgagdo dos dados obtidos neste
estudo.

Obs: Nao assine esse termo se ainda tiver duvida a respeito.

Consentimento Livre e Esclarecido
Tendo em vista os itens acima apresentados, eu, de forma livre e

esclarecida, manifesto meu consentimento em participar da pesquisa

Nome do Participante da Pesquisa

Assinatura do Participante da Pesquisa

Assinatura do Pesquisador

Assinatura do Orientador
Pesquisadora: Camille Pereira Caetano — (14) 3811-6005

Orientadora: Daniela Ponce - (14) 3811-6005
Telefone do Comité de Etica e Pesquisa: (14) 3880-1608/3880-1609
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Abstract

Vascular access is the main risk factor for bacteraemia, hospitalisation, and mortality among
haemodialysis (HD) patients. The type of vascular access most associated with bloodstream infection
is central venous catheter (CVC). The incidence of catheter-related bacteraemia ranges between 0.50
and 6.18 episodes per 1,000 catheter days and increases linearly with the duration of catheter use.
Given the high prevalence of CVC use and its direct association with catheter-related bacteraemia,
which adversely impacts morbidity and mortality rates and costs among HD patients, several
prevention measures aimed at reducing the rates of CVC-related infections have been proposed
and implemented. As a result, many clinical trials, systematic reviews, and meta-analyses have been
conducted to assess the effectiveness, clinical applicability, and long-term adverse effects of such
measures. An integrative review was conducted on prophylactic measures against CVC-related
infections in HD patients, identifying their potential advantages and limitations. A literature search
was performed within multiple databases and meta-analyses on clinical experience with prophylactic
antimicrobial therapy in HD CVC were reviewed and appraised.

(USRDS) registry, infection is the second

INTRODUCTION

Haemodialysis (HD) is the most widely used
dialysis modality worldwide and requires
vascular access. Access options include
arteriovenous fistula (AVF), arteriovenous grafts,
and central venous catheter (CVC), which can
either be tunnelled or not tunnelled.'?

Infection is still the main cause of morbidity and
mortality in patients treated with HD, despite
advances in preventive care and antimicrobial
therapy. According to the US Renal Data System

Creative Commons Attribution-Non Commercial 4.0

cause of death in patients on dialysis. Among
patients with chronic kidney disease (CKD)
undergoing dialysis in the USA, the total death
rate is 176 per 1,000 patient-years and septicaemia
accounts for approximately 26 per 1000
patient-years.3*

Vascular access is a major risk factor for
bacteraemia, hospitalisation, and mortality
among HD patients. The type of vascular access
most associated with bloodstream infection
(BSh is CVC (48-73%), which also increases
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morbidity and mortality rates, as well as HD
costs.*” Others infections related to catheter
usage are exit site infections (ESI) and
tunnel infections.

The National Kidney Foundation (NKF) Kidney
Disease Outcomes Quality Initiative (KDOQI)
clinical practice guidelines discourage the use
of catheters as vascular access for HD and
recommend that <10% of patients should be using
them for access.”® However, the use of catheters
for permanent HD access and, consequently,
the number of prevalent HD patients dialysing
through a CVC has progressively increased.
According to the NKF, the number of prevalent
patients dialysing through a catheter rose
from 19% in 1998 to 27% in 2002.” Today, >80%
of incident HD patients and 18% of prevalent
patients use a CVC in the USA®° a reduction
from 27% to 18% in prevalent patients.” Data
from the Dialysis Outcomes and Practice
Patterns Study demonstrates that 18% and 34%
of prevalent patients use CVC in Europe and
Canada, respectively.8?

Catheter-related bacteraemia (CRB) is the
most severe CVC-related infection. CRB is
defined by the Centers for Disease Control and
Prevention (CDC) as bacteraemia in a patient
with an intravascular catheter, with at least
one positive blood culture obtained from a
peripheral vein, clinical manifestations of
infection (i.e., fever, chills, and/or hypotension),
and no other apparent source for the infection.
This can be determined through either positive
semiquantitative (>15 colony-forming unit/
catheter segment) or quantitative (3103
colony-forming unit/catheter segment) culture,
whereby the same organism is isolated from
the catheter segment and a peripheral blood
sample; simultaneous quantitative cultures
of blood samples with a ratio of >5:1 (CVC
versus peripheral) and a differential period of
CVC culture versus peripheral blood culture
positivity of >2 hours.”®

However, in recent review articles, the standards
requiring peripheral blood cultures have
been questioned regarding the difficulties in
performing venepuncture from HD patients,
the fragility of vessels, peripheral vascular

disease, and the priority of preserving veins for
fistula creation.® Thus, simpler requirements,
epidemiological

especially for surveillance
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purposes, have been proposed to define CRB
as positive blood cultures obtained from the
catheter and blood line connected to the CVC,
determining differential time to positivity.""®

There are scarce data on epidemiology of ESI
related to tunnelled CVC and most studies have
focussed only on CRB.” ESI in tunnelled CVC
rate ranged from 0.35 to 8.30 episodes per
1,000 catheter days.*"” According to Goulart
et al,” the overall incidence of ESI was 3.50
per 1,000 catheter days. Risk factors for ESI
were presence of diabetes and tunnelled CVC
implanted in femoral site (relative risk [RR]: 1.56,
95% confidence interval [Cl]: 1.35-1.89, and RR:
1.62, 95% Cl: 1.22-1.94, respectively; both p<0.05).
The most frequent agents of ESI were Gram-
negative (69%), mainly Serratia marcescens,
Escherichia coli, Proteus mirabilis, Pseudomonas
aeruginosa, and Klebsiella pnheumoniae
extended-spectrum B-lactamase (ESBL)-
producing. Across the time period, there was
a change in aetiologic agents; Pseudomonas
and ESBL agents became more frequent,
while Proteus and E. coli became less frequent
(p<0.05). Among Gram-positive agents, 59%
were resistant to methicillin. On the other hand,
Gram-negative bacilli were not often multidrug-
resistant. The catheter was removed in 17% of
patients due to unsuccessful treatment of ESI and
was associated with Pseudomonas (p=0.04) and
BSI caused by the same agent of ESI (p=0.03).
Catheter survival was shorter in the ESI group
(logrank: 2.92; p<0.001). These data suggest the
routine application of topical antibiotic ointments
to prevent ESI related to CVC caused by Gram-
negative agents.”

CRBrate is highest in HD patients using a CVC and
increases linearly with the duration of catheter
use. The incidence of CRB ranges between 0.5-
6.1 episodes per 1,000 catheter days.*® Several
multicentre randomised studies have shown that
the rate of catheter-related CRB is much higher
than that of AVF-related BSI. CRB can lead to
bacterial endocarditis, epidural abscess, septic
arthritis, and septic embolism.*

CVC entails a risk of developing sepsis 2-5-fold
higher than AVF and is therefore associated with
a 25% increase in cost.© CVC use is associated
with an independent increase in mortality rate.”
Rates of mortality from infection within the first
year of HD are currently 2.4-times greater than in
1981, a fact widely attributed to the use of CVC."°

EUROPEAN MEDICAL JOURNAL



In addition to the potential complications
inherent to infectious processes, the rate of
adverse cardiovascular events increases (up to
2-fold) after an episode of sepsis. As a result,
morbidity, hospitalisation rates, and treatment
costs increase, while survival rates decrease.>"°

Within the 24 hours after insertion, micro-
organisms often form a biofilm in 100% of the
catheters.® Many microorganisms may adhere
to the CVC surface or become incorporated
within a fibrin sheath that envelopes the CVC.
The adherence of organisms to the catheter
surface initiates biofilm production. Biofilm is a
community of organisms protected by an
exopolysaccharide matrix that is stimulated
and secreted by the organisms. Mature
biofilms develop high resistance to systemic
antibiotics requiring high concentrations for
bacteria elimination.!01319-21

There are two main routes by which organisms
enter the Dbloodstream to cause CRB: an
extraluminal pathway and an intraluminal
pathway. The extraluminal pathway involves
initial contact between skin surface organisms
and the external surface of the catheter at
the time of CVC insertion, or before complete
exit site healing and subcutaneous tunnel
endothelialisation. The intraluminal pathway
involves transfer of organisms by contact from
the hands or skin accessing CVC tips.®19?

Given the high prevalence of CVC use and its
direct association with CRB, which adversely
impacts morbidity and mortality rates among
HD patients, several prevention measures aimed
at reducing the rates of CVC-related infection
have been proposed and implemented.”
As a result, a large number of clinical trials,
systematic reviews, and meta-analyses have been
conducted to assess the effectiveness, clinical
applicability, and long-term adverse effects of
such measures.

This article aims to review prophylactic
measures against CVC-related infections in HD
patients, identifying their potential advantages
and limitations. A comprehensive search was
performed within Google Scholar, PubMed, and
Science Direct databases from January 2008 to
January 2018, using the following search terms:
"hemodialysis”, "tunnelled central catheter”,
"catheter-related bacteraemia”, and "prophylactic
antibiotic therapy".

Creative Commons Attribution-Non Commercial 4.0

PROPHYLACTIC NON-ANTIMICROBIAL
MEASURES AGAINST CENTRAL

VENOUS CATHETER-RELATED
INFECTIONS IN HAEMODIALYSIS

The training and education of healthcare
personnel in manipulating catheters regarding
universal hygiene precautions has been noted
as the key step toward infection prevention.t
The introduction of a catheter care protocol,
which followed the guidelines published in 2002
from the CDC, resulted in a decrease in CRB
incidence from 6.7 to 1.6 episodes per 1,000
catheter days.”® Top general precautions include
washing hands with conventional soap and
water or with alcohol-based hand rubs before
and after palpating catheter insertion sites, and
before dressing a CVC."9?%

The use of a sterile gown, sterile gloves, and
sterile full-body drape during CVC insertion is
defined as a maximum sterile barrier (MSB). In
a randomised controlled trial, maximal sterile
barrier precautions were compared with sterile
gloves and a small drape during the placement
of CVC. The MSB group had fewer episodes of
both catheter colonisation and BSI
(RR: 0.32; 95% CI: 0.10-0.96; p=0.04 and RR: 0.16;
95% Cl: 0.02-1.30; p=0.06, respectively).”®

Other measures include selection of the
solutions used for exit site cleaning, dressing
material, catheter antimicrobial impregnation,
catheter material, topical ointments, and
intraluminal compounds known as lock therapy.'#1®

Superior skin and exit site cleaning have been
demonstrated using chlorhexidine  >0.5%.
However, 70% alcohol or 10% povidone-iodine
remain effective alternatives if chlorhexidine
cannot be used.’o”®

A meta-analysis of 4,143 catheters (1,493 CVC,
53 of which were used for HD), suggested that
chlorhexidine gluconate reduced the risk for
CRB by 49% (95% CI: 0.28-0.88) when compared
with povidone-iodine. The absolute risk reduction
was 7.1% for colonisation and 11% for BSI. The
test for heterogeneity of treatment effect was
significant for catheter colonisation (p<0.001),
but not for CRB (p=0.200).” Available evidence
indicates that the use of chlorhexidine would
result in a 1.60% decrease in the incidence of
CRB, a 0.23% decrease in the incidence of death,
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and a saving of $113 per catheter Recent data
indicate no significant differences between
transparent, semipermeable dressings and
standard gauze dressings regarding CVC-related
infections in HD patients. The CDC recommends
the use of a chlorhexidine-impregnated sponge
dressing for temporary, short-term catheters
in patients >2 months of age, if CRB rate is not
decreasing despite proper personnel education
and training.® Specific recommendations
regarding the use of tunnelled catheters and the
infection preventive measures that should be
taken during their use remain unavailable and
surrounded by controversy.'

The material the catheter is made from influences
microbial adherence and the ability to form
biofilm. Polytetrafluoroethylene or polyurethane
catheters have been associated with fewer
infectious complications.” Most dialysis
catheters are made of silicone or polyurethane.
However, whether these materials differ in their
susceptibility to biofilm formation after catheter
placement has not been investigated.?

The use of catheters coated with antimicrobial
agents in intensive care units is associated with
reduced catheter colonisation and decreased
catheter-related BSI incidence, and would
therefore be a useful option for HD in patients
at high risk for CRB.?"** However, the few
studies addressing the impregnation of
tunnelled catheters for HD as a prophylactic
measure against infections have shown
conflicting results.”

MAIN STUDIES USING PROPHYLACTIC

ANTIMICROBIAL IN HAEMODIALYSIS
CENTRAL VENOUS CATHETERS

Topical Antibiotics

The application of topical antibiotic ointments
at the CVC exit site has been shown to be
associated with a 75-93% reduction in the risk
of CRB. However, some agents are incompatible
with some catheters, making it necessary to
check manufacturers’ recommendations before
applying any agents on catheters.

Mupirocin, povidone-iodine, polysporin triple
antibiotic ointment (gramicidin + bacitracin +
polymyxin B), and medical honey have been the
most commonly studied substances.” In 2002,
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Johnson et al?° conducted a randomised trial
comparing the effect of exit site application of
mupirocin versus no ointment in 50 HD patients
with tunnelled catheters. Mupirocin reduced the
incidence of exit site infection (6.6 episodes per
1,000 catheters days versus O in the mupirocin
group; p<0.050) and CRB (35% versus 7% in the
mupirocin group; p<0.010), and also increased
median bacteraemia-free survival from 55-
108 days (logrank score: 7.0; p<0.010). This
improved infection-free survival was explained

by a reduction in staphylococcal infection
log-rank: 10.7; p=0.001).2°
James et al.,’® in a meta-analysis involving

15 studies with HD patients, evaluated the
efficacy of topical antibiotic use or lock therapy
compared to non-use of antibiotics for reduction
of CRB and ESI related to the catheter. Both
prophylactic antibiotic therapies reduced BSI
rates and catheter withdrawal compared to non-
use of prophylactic antibiotics. The antibiotic in
the exit site also reduced ESI rates (0.06 versus
0.41 infection per 100 catheter days) and this
reduction was not observed in studies containing
lock therapy. However, in the studies analysed,
several types of antibiotics and other associated
interventions were used, making it difficult to
analyse the individual impact of the topical
antibiotic, in addition to a short follow-up period.

In 2010, Cochrane published a review on
interventions to prevent CRB in HD patients. The
analysis included 10 studies, totalling 786 patients;
the studies evaluated interventions with topical
use of mupirocin, triple polysporin, povidone-
iodine, or medicinal honey, versus placebo,
another antiseptic, or no topical antibiotic. They
found that the use of ointment with mupirocin
reduced the risk of ESI caused by S. aureus
(RR: 0.18, 95% CI: 0.06-0.60; p<0.05) and CRB
(RR: 0.17; 95% CI: 0.07-0.43; p<0.05) and triple
polysporin ointment reduced the risk of CRB
(RR: 0.4, 95% CI. 0.19-0.86; p<0.05) and
all-cause mortality (RR: 0.22, 95% CI. 0.07-
0.74; p<0.05), but with no effect on mortality
related to infection. Povidone-iodine ointment
reduced the risk of CRB (RR: 0.10; 95% CI:
0.01-0.72; p<0.05) and the use of topical honey
did not significantly reduce either the risk of
ESI or the risk of bacteraemia associated with
a catheter when compared to mupirocin or
povidone-iodine ointment.?”
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Since 2011, the CDC has recommended the use
of ointment in the ES of the catheter after
insertion and in each HD session. The use
of povidone-iodine ointment or the one
containing bacitracin, gramicidin, or polymyxin
B is recommended, but the latter is no longer
available in the USA and has never been
available in Brazil. The use of ointment containing
bacitracin, neomycin, or polymyxin B is cited as
an option, but there are a lack of studies
demonstrating efficacy in the prevention of ESI
and CRB. Other options would be mupirocin
or for the dressing to be impregnated with
chlorhexidine. However, the CDC emphasises
the risk of developing bacterial resistance, the
possibility of the ointment being ineffective
against the pathogens responsible for the
infections, and the possible chemical interaction
between the ointment ingredients and the
catheter material.?82° The 2006 Guideline of the
Canadian Nephrology Society recommends the
use of topical antibiotics as a form of prophylaxis.™”
However, despite mentioning the use of
antibiotics and the use of medicinal honey in the
ES as a preventative measure of CRB associated
with the catheter, since there are no studies that
evaluate the development of bacterial resistance
in the long term, the KDOQI guideline does not
include this practice in its recommendations.*

Thus, routine use of topical antibiotics in the
exit site of CVC is not widely used and should
be based on the rates of local infections and the
practice of each centre.*°

Antimicrobial Lock Solutions

Although some studies between 2006 and 2010
have assessed the efficacy of antimicrobial lock
solutions (ALS) in preventing BSI, most of them
had significant limitations: these included the
use of a small number of patients; many studies
being retrospective, while others, despite being
prospective, had short follow-up periods; some
included patients with short-term and long-
term catheters; and some used several solutions
concomitantly, with or without antibiotics.3"33

The authors evaluated the efficacy of catheter-
restricted filling using antibiotic lock solution
in preventing CRB.3* A total of 233 HD patients
requiring 325 new tunnelled catheters were
enrolled in this study. Patients with a tunnelled
catheter were assigned to receive either

Creative Commons Attribution-Non Commercial 4.0

antibiotic-heparin  lock solution (antibiotic
group: cefazolin 10 mg/mL, gentamicin 5 mg/
mL, and heparin 1,000 U/mL) or a heparin lock
solution (no-antibiotic group: heparin 1,000 U/
mL). CRB developed in 32.4% of patients in the
no-antibiotic group and in 13.1% of patients in the
antibiotic group. CRB rates per 1,000 catheter
days were 0.57 in the antibiotic group versus 1.74
in the no-antibiotic group (p<0.0001). Kaplan-
Meier analysis also showed that mean CRB-free
catheter survival was significantly higher in
the antibiotic group than in the no-antibiotic
group log-rank: 17.62; p<0.0001). There was no
statistically significant difference between the
two groups in drug-resistant germs. There were
statistically significant differences between the
two groups in the catheter removal causes, with
higher rate of infectious cause in control group
(12.32 versus 2.22%; p<0.0001) and mechanical
cause in ALS group (28.26 versus 37.78%;
pP<0.0001). The results suggest that cefazolin
and gentamicin, used as antibiotic lock solution,
may be beneficial in reducing the CRB rate in
HD patients with a tunnelled catheter, without
association with the emergence of resistant
strains. However, mechanical complications were
more prevalent in the antibiotic group.

Labriola et al.*>* published a meta-analysis in 2007
that included eight randomised studies (829
patients, 882 catheters, and 90,191 catheter days)
comparing ALS to a standard heparin lock in
CRB prevention. While four of the studies
included tunnelled catheters, only one included

exclusively non-tunnelled catheters, and
three studies included both tunnelled and
non-tunnelled catheters. ALS significantly

reduced the risk of CRB (risk ratio: 0.32; 95%
Cl: 0.10-0.42; p<0.05). The authors concluded
that the significant reduction in the incidence
of CRB achieved in the ALS groups was similar
to published reports from units with low
bacteraemia incidence and, presumably, stricter
hygienic measures. Furthermore, the limited
follow up of the studies included in this meta-
analysis did not allow for the assessment of the
onset of adverse events or bacterial resistance
with longer use of lock therapy.

In 2008, Jaffer et al.*¢ performed a meta-analysis
of seven studies including a total of 624 patients
and 819 catheters (448 tunnelled, 371 non-
tunnelled) to determine the efficacy of ALS in
reducing CRB in HD patients. Catheter-related
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infection was 7.72-fold less likely when using ALS
times (95% ClI: 5.11-10.33; p<0.05). The absence
of mechanical complications, such as catheter
occlusion, was another positive effect observed
in the patients receiving ALS. The studies
included in this meta-analysis used different
concentrations of different substances, including
gentamicin, minocycline, citrate, taurolidine,
cefotaxime, and cefazolin. The major limitation
of this review was the relatively short duration
of follow up of the included studies, which did
not allow for the opportunity to assess long-
term adverse events, such as development of
antibiotic resistance and systemic toxicity.

Yahav et al.* conducted a systematic review of
16 randomised controlled trials that compared
single or combination antimicrobial catheter lock
solutions with heparin or another antimicrobial
for the prevention of infections in HD patients.
A total of 11 trials assessed antibiotic catheter
lock solutions, 5 trials assessed nonantibiotic
antimicrobial catheter lock solutions, and all
trials compared the intervention with heparin.
The rates of CRB were significantly lower with
antibiotic catheter lock solutions compared with
heparin lock alone, both per patient (RR: 0.44;
95% ClI: 0.38-0.50; p<0.05; all 11 trials included)
and per catheter day (RR: 0.37; 95% CI: 0.30-
0.47; p<0.05). Catheter removal rates were
significantly lower in the intervention group per
patient (RR: 0.35; 95% CI: 0.23-0.55; p<0.05; 5
trials; 552 patients) and per catheter day (RR:
0.34; 95% ClI: 0.21-0.55; p<0.05; 135,769 catheter
days). The emergence of clinically significant
resistant strains was reported in 5 trials,
including 316 patients receiving intervention and

211  control patients. Only one case of
gentamicin-resistant S. aureus was reported
in a patient receiving gentamicin and

citrate during 16 months of follow-up. ESI
were reduced in the intervention group but
without statistical significance. In studies of
nonantibiotic  antimicrobial  catheter lock
solutions, CRB rates were significantly lower
with ALS than with heparin alone per patient
(RR: 0.46; 95% CI: 0.29-0.71; p<0.05; 4 trials; 642
patients) and per catheter day (RR: 0.48; 95% ClI:
0.30-0.76; p<0.05; 60,149 catheter days).

In 2011, Snaterse et al.>® performed a systematic
review with the aim of summarising the evidence
on the effectiveness of antibiotic-based catheter
lock solutions in preventing BSI in oncology
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and HD patients and neonates at high CRB risk.
Meta-analysis of nine trials showed a significant
benefit in favour of the antibiotic-based solutions
in HD patients with tunnelled catheters. CRB
baseline risk was 3 per 1,000 catheter days,
corresponding with a number needed to treat of
three patients to prevent one CRB. The authors
concluded that to determine the efficacy of the
routine use of antibiotic lock solutions in HD
patients, other factors should be considered,
such as the side effects of antibiotics including
the induction of microbial antibiotic resistance
and cost-effectiveness.

In 2014, Zhao et al.*® published a meta-analysis
that included 13 randomised studies with 1,770
patients and 221,064 catheter days followed
up for 5 years, comparing 4% sodium citrate
versus heparin (1,000 U/mL) locks. The rate of
CRB was significantly lower in the citrate group
(HR: 0.39; Cl 95%: 0.27-0.56; p<0.001) when it
was associated with other substances, such as
gentamicin (p<0.001) or taurolidine (p=0.003).

Taurolidine is a taurine derivative that binds to
the wall of bacteria and fungi, promoting the
death of these agents. This acts as a disinfectant
without inducing bacterial resistance induction.®
Previous studies have shown that taurolidine
has been able to reduce CVC biofilm in vitro
and in vivo.*°4 In relation to locking prophylactic
therapy with taurolidine, two meta-analyses
were published between 2013 and 2014. The
first included six randomised controlled trials
(431 patients, 86,078 day catheters), the use of
taurolidine solutions in lock of CVC (HD, nutrition
parenteral, and paediatric oncology patients)
was significantly associated with a reduction in
the incidence of CRB compared to heparin (RR:
0.34; 95% CI: 0.21-0.55; p<0.0001).4> However,
only the reduction in the number of CRB by
Gram-negative bacteria was statistically
significant with the use of the taurolidine lock
(RR: 0.27; 95% CI: 0.11-0.65; p<0.05). There were
no differences between groups (taurolidine
versus heparin) in relation to catheter occlusion
due to thrombosis, with no bacterial resistance
to taurolidine in the studies evaluated. However,
the authors conclude that the results should
be analysed with caution because of the small
sample size of the studies and lack of

methodological rigor. In 2014, Liu et al.*® also
published a
review comparing

meta-analysis and
locking with

systematic
taurolidine
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versus heparin in patients on CVC and risk
of infection (HD patients, paediatric patients
with onco-haematological diseases, and use of
chemotherapy or parenteral nutrition) with an
overall reduction in the incidence of CRB (RR:
0.47; 95% Cl: 0.25-0.89; p<0.05) but with no
effect on infections caused by Gram-positive
bacteria. The incidence of thrombosis differed
between the groups with the highest percentage
of events in the taurolidine group (RR: 211; 95%
Cl: 116-2.09; p<0.05). Due to encompassing
only three randomised trials, in addition to
the heterogeneity of the study populations,
protocols, and results definition, this meta-
analysis has limits for interpretation.**

Few studies have found the impact of
prophylactic lock therapy on CVC in the
prevention of catheter ESI. In 2014, a meta-
analysis was published of 23 randomised studies,
16 of which were in patients with HD, with a
69% reduction in central-line blood stream
infections, defined as the presence of laboratory-
confirmed CRB in any patient with CVC at
the time or within 48 hours prior to infection,
using antimicrobial lock solutions compared to
heparin (RR: 0.31; 95% CI: 0.24-0.40; p<0.05)
and with a 32% reduction in ESI (RR: 0.68; 95%
Cl: 0.49-0.95; p<0.05).44 A possible justification
for this effect would be the extravasation that
occurs in the CVC, depending on the density of
the solution used, type and site of the catheter
and position of the body, doses of antimicrobials
close to the minimum inhibitory concentration
for some pathogens, and consequent systemic
maintenance of the subcutaneous tissue near the
catheter orifice, reducing ESI rates. There were
no differences in all-cause mortality among 13
studies that analysed this outcome (RR: 0.84; 95%
Cl: 0.64-112; p<0.05). The authors also performed
sensitivity analyses to assess the effect of lock
therapy on centres with low BSI rates, including
studies with <115 events per 1,000 day catheters
(6 trials) and found that the relative rate of BSI
reduction remained significant in the subanalysis
(RR: 0.32; 95% CI: 0.17-0.60; p<0.05).

Recently, two other meta-analyses were published
with different approaches, which also observed
the superiority of the substances in lock in relation
to rates of catheter-related CRB.

In 2016, Wang et al.*° published a Cochrane review
of 27 randomised studies with a mean follow-

Creative Commons Attribution-Non Commercial 4.0

up of 6 months, comparing lock therapy with
alternative anticoagulant solutions (19 studies
with 2,216 patients), systemic anticoagulant
agents (6 studies with 664 patients), and lock
with low or no dose of heparin (2 studies with
123 patients), mainly with heparin 5000 U/
mL (used in 17 studies). The primary end point
was evaluation of catheter dysfunction, with no
statistical difference in the three groups studied.
In the individual agent analysis, recombinant
tissue plasminogen activator was the only lock
solution that showed reduction in catheter
malfunction (RR: 0.58; 95% Cl: 0.37-0.91; p<0.05).

Regarding the secondary endpoints, there was
a significant reduction in CRB rates only in the
group with lock of alternative anticoagulant
solutions (HR: 0.46; 95% CI: 0.36-0.66; p<0.05),
but it was not possible to evaluate CRB in the
group with a low or no dose of heparin. In the
individual analysis of alternative solutions,
except ethanol, all other lock therapies reduced
the incidence of CRB (citrate, antibiotics, and
recombinant tissue plasminogen activator).
However, the interpretation of the evidence
from the study is limited by the variations in the
interventions tested and the results reported,
and randomised trials of high methodological
quality are required.

The second study, published in 2017 by Zang
et al.,*® was a meta-analysis that, unlike the
others cited, compared the effectiveness of
antimicrobial solutions in locking each other in
the prophylaxis of catheter-related infections
in HD. This Bayesian Network meta-analysis
included 18 studies with 2,395 patients and
analysed 10 lock therapy strategies (including
the control group). Gentamicin + citrate (overall
response [OR]: 0.07; 95% Cl: 0.00-0.48; p<0.05)
and gentamicin + heparin (OR: 0.04; 95% CI:
0.00-0.23; p<0.05) were significantly more
effective in reducing rates of catheter-related
CRB when compared to the use of heparin-
only locks. Regarding the incidence of ESI and
all-cause mortality, no significant difference
in the intervention effect was detected for all
lock solutions when compared to heparin. All
solutions were similar for catheter-related CRB,
ESI, and all-cause mortality, when compared.
This meta-analysis is important to compare the
effect of several solutions in locking each other,
besides making an analysis of probability of
effect among them; however, due to the high
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heterogeneity between the studies,

a small

number of trials evaluated for some of the

Table 1 summarises the major characteristics of
the meta-analysis studies from the last 10 years

interventions and methodological quality of on prophylactic antibiotic topical and lock
the work, the results should be interpreted therapy for HD-tunnelled catheters.
with caution.
Table 1: Summary of the meta-analyses using prophylactic antimicrobial therapy in haemodialysis central venous
catheters.
Study Patients Groups Results Adverse events Strengths and
limitations
James et al.,?® 15 randomised CG: heparin LS and topical NR LS and topical
2008 trials decreased BSI rates decreased BSI
TG: topical and LS ATB rates
2,395 patients Only topical ATB
reduced ESI rates Topical ATB
reduced ESI
0.06 versus 0.41 ESI rates
per 100 catheter days
Labriola et al.,*® | Eight studies CG: Heparin LS versus heparin Dizziness LS reduces risk

2008

N=829
501 TCC
381 NTCC

TG: Three trials: ATB +
heparin

Two trials: ATB + citrate

Two trials: Citrate
without/ATB

One trial: ATB+EDTA

RR: 0.32

95% Cl: 0.10-0.42

Paraesthesia
Metallic taste

>Bleeding: heparin
versus citrate

of CRB

Adverse events

(lock with ATB)

n=661

(lock without/
ATB)

One trial: ATB + EDTA
Three trials: ATB +
citrate

TG: Four trials: citrates
One trial: citrate +

(95% CI: 0.38-0.50)

LS versus heparin
RR: 0.46

95% CI: 0.29-0.71

Rash + dizziness

<Thrombosis in TG

>Bleeding in CG

Jaffer et al.,*® Seven studies CG: Heparin LS versus heparin Dizziness LS reduces risk
2008 TG: Three trials: ATB + of CRB
N=624 heparin 7.72 lower risk >Bleeding:
Two trials: ATB + citrate Heparin versus Adverse events
448 TCC Two trials: citrates/ATB | 95% CI: 51-10.3 citrate
Yahav et al.,*” Sixteen studies CG: Heparin LS versus heparin ATB group LS reduces risk
2008 TG: Six trials: ATB + emergency of CRB
n=924 heparin RR: 0.44
One trial: ATB Resistant strains Adverse events

102

786 patients
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triple polysporin
iodine-povidone

honey

Mupirocin, triple
polysporin, and
povidone reduced risk
for BSI

Only triple polysporin
reduced risk for death

Honey did not reduce
risk for ESI and BSI

taurolidine
McCann et al.,?” | 10 randomised CG: placebo Topical drugs versus NR Mupirocin,
2010 trials placebo triple

TG: topical mupirocin polysporin,

and povidone
reduced risk
for BSI
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Table 1 continued.

Study Patients Groups Results Adverse events Strengths and
limitations
Snaterse et al.,;*® |16 studies CG: Heparin ATB versus Heparin NR ATB
20M prevention
TG (HD): Five trials: ATB | Three patients for CRB
+ heparin prevention, one CRB
episode
Three trials: ATB +
citrate
One trial: ATB + EDTA
One study in NTCC
One study on both
Six studies in oncology
One study in neonates
Zhao et al.,;*® 13 randomised CG: heparin Citrate versus heparin | Only when Citrate lock is

2014

studies

1,770 patients

TG: 4% sodium citrate

HR 0.39, 95% Cl:
0.27-0.56

associated with
gentamicin or
taurolidine

better than a
heparin lock in
the prevention
of CRB

Liu et al.,*®
2014

3 randomised
trials

CG: heparin

TG: taurolidine

Taurolidine versus
heparin

HR: 0.47, 95% CI:

No effect in G+
bacteria

>Thrombosis in TG

Taurolidine
reduced the
risk of CRB

0.25-0.89 Adverse events
(HR: 211, 95% CI:
116-2.09)
Zacharioudakis | 23 randomised CG: heparin ATB LS versus heparin | NR LS are
et al.,** 2014 trials effective in
TG: ATB solution HR: 0.31, 95% Cl: reducing risk
0.24-0.4 (BSD of CRB
HR: 0.68, 95% CI:
0.49-0.95 (ESDH
Reduction of 69% in
BSI and 32% in ES
Wang et al.,** 27 randomised CG: anticoagulant ATB LS versus NR LS of
2016 trials solutions anticoagulant anticoagulant
solutions reduced the
(lock or systemic) risk of CRB
) No difference in
TG: ATB solution catheter dysfunction
Reduction in BSI only
in LS of anticoagulant
HR: 0.46, 95% ClI:
0.36-0.66
Zhang et al.,*® 18 randomised CG: heparin LS versus heparin NR Gentamicin +
2016 trials heparin may
TG: LS Gentamicin + citrate be selected for

2,395 patients

versus heparin

OR: 0.07,95% Cl:
0.00-0.48

Gentamicin + heparin
versus heparin

OR: 0.04, 95% CI:
0.00-0.23

the prophylaxis
of CRB
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Table 1 continued.

ATB: antibiotic; BSI: bloodstream infection; CD: catheter day; CG: control group; CRB: catheter-related
bacteraemia; CVC: central venous catheter; DS: dialysis session; EDTA: ethylenediaminetetraacetic acid; ESI:

exit site infection; LS: lock solution therapy; MURSA: mupirocin-resistant Staphylococcus aureus; NR: not reported,;
NTCC: non-tunnelled central venous catheter; TCC: tunnelled central venous catheter; TG: treatment group; tPA:
tissue plasminogen activator.

CONCLUSION

Although recent meta-analyses have shown
favourable results related to the use of
antimicrobial lock therapy in reducing the rates
of catheter-related infection, the 2006 NKF

As final recommendations based on several
studies discussed, topical antibiotics and
catheter lock solutions are the primary means of
preventing BSI and should be used, but the
risk of emergence of organisms resistant to the
antibiotics used should be considered. Further

KDOQI guidelines still do not recommend ALS StUd'ei tcl ?Sse_ss | thedlr?pa_ct | of tl_on_g-tir_ml
or topical antibiotic for the prophylaxis of CRB use of intrajluminal an opica .an |m|.cro 'a
on the development of bacterial resistance

in patients on HD.” According to the 2011 CDC
guidelines, their use should be reserved to
patients with a long-term catheter, who have a
history of multiple CRB, despite optimal maximal

are warranted.

adherence to aseptic techniques.
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ABSTRACT

Background: Catheter-related bloodstream infection (CR-BSI) is one of various complications related to
hemodialysis (HD). As a result of the high rate of infection, the use of lock solutions for the prevention of CR-
BSI has been studied. However, adverse effects of lock solution, such as increased emergence of strains
resistant to antibiotics, which is an important concern, need to be investigated further. The aim of this study
was to compare the efficacy of lock solution using a combination of cefazolin and gentamicin versus
taurolidine and citrate in reducing CR-BSI in patients undergoing HD and to identify any adverse effects.
Methods: A prospective observational study was performed at two dialysis centers. Patients using new
tunneled central venous catheters (CVC) for HD were included. Patients with a tunneled CVC were assigned
to receive either antibiotic lock solution (group 1: gentamicin 7 mg/ml+cefazolin 12 mg/ml+ heparin
35001U/ml) or lock solution with TauroLock-Hep500 (group 2: taurolidine citrate 4% + heparin 500 IU/ml)
during the inter-dialysis period. The patients were allocated to these groups according to the hemodialysis
center they were attending.
Results: A total of 145 CVCs were implanted in 127 patients and were followed for 15 months: 77 CVCs (65
patients) were placed in group 1 and 68 CVCs (62 patients) in group 2. There was no difference between the
two groups with regard to CR-BSI (events per 1000 catheter-days: group 1=0.79, group 2 =1.10; p=0.18) or
exit site infection rates (events per 1000 catheter-days: group 1 =2.45, group 2 = 1.83; p=0.37). The groups
differed in ESI pathogens, with gram-positive oxacillin-resistant pathogens more frequent in group 1
(31.8% vs.5.0%; p=0.003). The two groups were similar in mechanical complications. In the Cox regression
analysis, the internal jugular vein site was a protective factor for all catheter removal complications (hazard
ratio (HR) 0.41, 95% confidence interval (CI) 0.19-0.91) and mechanical complications (HR 0.16, 95% CI
0.065-0.41); only ESI was a risk factor for all catheter removal complications (HR 1.79, 95% CI 1.04-3.07)
and mechanical complications (HR 5.64, 95% CI 1.65-19.3).
Conclusions: The efficacy of both lock solutions was similar in preventing infections related to tunneled
CVCs for HD. However, there were more oxacillin-resistant strains in patients who received antibiotic lock
solution. Further studies are required to determine the optimal drug regimen and concentrations for lock
solution and the associated adverse effects.
© 2019 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
Thisisanopenaccess article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).
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Introduction

Hemodialysis (HD) is the most widely used dialysis therapy in
the world, and vascular access represents an important risk factor
for bacteremia, hospitalization, and mortality (Sesso et al., 2016;
Niyyar, 2012; Lok and Mokrzycki, 2011; Al-Balas et al., 2017;
Vascular Access 2006 Work Group, 2006). In particular, catheter-
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related bloodstream infection (CR-BSI) is a severe complication
that requires hospitalization, systemic antibiotic therapy, and
removal, reinsertion or replacement of the catheter (The NIH,
2016; Lee, 2017; Sequeira et al., 2017). Various measures have been
studied for the prevention of CR-BSI, one of which is the use of lock
solutions (Katneni and Hedayati, 2007; Bohlke et al., 2015). This
measure consists of instilling solutions with antithrombotic and
antimicrobial properties into the catheter lumen at concentrations
100-1000 times greater than the minimum inhibitory concentra-
tion commonly used for systemic therapy, in an attempt to prevent
the main mechanisms of morbidity and mortality associated with
central venous catheters (CVCs): dysfunction due to thrombosis
and infection (Katneni and Hedayati, 2007; Bohlke et al., 2015;
Betjes, 2011; Niyyar and Lock, 2013; Labriola and Pochet, 2017).

In recent decades, meta-analyses and systematic reviews have
shown the benefits of prophylactic lock therapy compared to heparin
for reducing the incidence of CR-BSI in HD patients (Labriola et al.,
2008; Jafferetal., 2008; Yahav et al.,2008; Rabindranath et al., 2009;
Snaterse etal.,2011; Zhao et al., 2014; Liu et al., 2013; Liu et al., 2014;
Wang et al., 2016; Zang et al., 2017; Zcharioudakis et al., 2014). The
ideal solution for locking prophylactic therapy, as well as its long-
term adverse effects, is yet to be determined.

Solutions for locking prophylactic therapy can include antibiotic
or non-antibiotic antimicrobial agents. The former are bactericidal
and bacteriostatic agents (Lok and Mokrzycki, 2011; Lee, 2017).
Bactericidal drugs cause death and disruption of the bacterial celland
include drugs that primarily act on the cell wall (e.g., g-lactams), cell
membrane (e.g., daptomycin), or bacterial DNA (e.g., fluoroquino-
lones). Bacteriostatic agents inhibit bacterial replication without
killing the organism, and most act by inhibiting protein synthesis;
these include sulfonamides, tetracyclines, and macrolides. The
distinction is not absolute; some agents that are bactericidal against
certain organisms may only be bacteriostatic against others and vice
versa (Katneni and Hedayati, 2007; Bohlke et al., 2015).

Recent publications have reported the emergence of antibiotic/
antimicrobial-resistant bacteremia in HD patients. One way to
solve this problem is to use non-antibiotic antimicrobial catheter
locks, such as those with high concentrations of citrate and
taurolidine, which are able to eradicate biofilms and have broad-
spectrum activity against both gram-positive and gram-negative
organisms enclosed in biofilms generated in vivo (Katneni and
Hedayati, 2007; Bohlke et al., 2015; Betjes, 2011; Niyyar and Lock,
2013; Labriola and Pochet, 2017).

These non-antibiotic drugs inhibit microbial growth in a different
manner. They may have direct antimicrobial activity, increasing the
efficiency of an antibiotic if given together by acting as helper
compounds; they can also change the pathogenicity of micro-
organisms or the physiological response to them, such as modulating
macrophage activity (Lok and Mokrzycki, 2011). Non-antibiotic
biocides, on the other hand, are composed of heterogeneous groups
of natural and synthetic substances, such as disinfectants and
antiseptics, which can deter, render harmless, or exert a controlling
effect on microorganisms by biological or chemical means (Betjes,
2011; Niyyar and Lock, 2013; Labriola and Pochet, 2017).

The aim of this study was to compare the efficacy of lock
solution using gentamicin-cefazolin-heparin (antibiotic antimi-
crobial agents) vs. taurolidine-citrate (non-antibiotic antimicrobi-
al agents) in reducing CR-BSI in patients undergoing chronic HD
with a tunneled CVC and to identify the associated adverse effects.

Methods
Study design and patients

This was a quasi-experimental trial conducted from November
2014 to February 2016 that included patients enrolled in two

Brazilian University Hospitals: Botucatu School of Medicine
(dialysis unit, group 1) and Bauru State of Sao Paulo Hospital
(dialysis unit, group 2). The patients were not randomized and
were allocated to the two lock therapy groups according to their
HD center. The antibiotic group (group 1) received a mixture of 12
mg/ml cefazolin, 7mg/ml gentamicin, and 35001U/ml heparin
during the inter-dialysis period. Group 2 received a solution
containing taurolidine, citrate 4%, and 5001U/ml heparin (Tauro-
Lock-Hep500). In both groups, the solutions were used to fill the
lumen of the catheter according to its size. The volume of fluid was
an exact fill.

The protocol was approved by the institutional ethics commit-
tee (protocol number 4323-201) and registered as a Brazilian
clinical trial (RBR-6vfg7r). Written informed consent was obtained
from the patients or their next of kin.

Patients were eligible for enrolment if they were undergoing
chronic HD with a new tunneled catheter while waiting for
placement and maturation of an arteriovenous fistula (AVF) or graft.
Exclusion criteria included patients under 18 years of age, pregnant
women, patients who already had an infection or who were on
antibiotic therapy, and those with tunneled catheters implanted
before November 2014. An intervention nephrologist inserted the
tunneled central catheters (Tal Palindrome, Kendall, Tyco Healthcare
Division, Mansfield, MA, USA) into the right or left internal jugular,
subclavian vein, or femoral vein under fluoroscopic guidance.
Inserted catheters were managed using infection prophylaxis
protocols in accordance with the Guidelines for the Prevention of
Intravascular Catheter-Related Infections (2011) (O’Grady et al,,
2011). Transparent dressings with controlled permeability were
used routinely in both services, and antibiotic prophylaxis was
provided with 2 g cefazolin at the time of catheter insertion.

The primary end-point of the trial was CR-BSI, the definition for
which was based on the Manual of Diagnostic Criteria and
Guidance System for Epidemiological Surveillance of Nosocomial
Infections in Sao Paulo State, which describes it as the presence of
at least one of the signs or symptoms associated with infection,
such as fever, tremors, or hypotension (systolic blood pressure <90
mmHg) without another apparent focus of infection, with a
negative blood culture if one is performed (Silva et al., 2012).

For patients who were experiencing their first CR-BSI and who
had not been hospitalized in the last 3 months, the treatment of
CR-BSI was conducted using intravenous (IV) administration of 2 g
cefazolin after HD sessions. For patients with severe symptoms,
such as septic shock, and those with previous use of broad-
spectrum antibiotics or who had been hospitalized in the last 3
months, IV administration of 15 mg/kg vancomycin in combination
with 500 mg levofloxacin or 2 g ceftazidime was given after HD
sessions. The treatment time was 21 days, and antimicrobial drug
dosages were adjusted according to the results of an antibiogram.
Exit site infection (ESI) was defined as the presence of purulent
discharge or erythema and edema at the exit site below the cuff
(Mermel et al., 2009). Secretions were collected for culture using
the swab technique after treatment with a first-generation
cephalosporin was initiated. Catheter removal was indicated in
the presence of septic shock, metastatic infectious complications,
or the absence of improvement after 48 h of treatment.

Complications related to lock solution use were evaluated, such
as the emergence of strains resistant to antibiotics, defined as an
increase in the number of infections caused by methicillin-
resistant Staphylococcus aureus, vancomycin-resistant Enterococ-
cus, and strains resistant to gentamicin. The rate of catheter
removal by mechanical complication (catheter occlusion) was also
evaluated, which was defined as the impossibility of maintaining
catheter flow above 250 ml/min during the hemodialysis session,
without an adequate response to thrombolytic drugs, necessitating
catheter change.



18 T.N.V. Bueloni et al./International Journal of Infectious Diseases 85 (2019) 16-21

Other variables included age, sex, etiology of chronic kidney
disease (CKD), presence of diabetes mellitus and cardiovascular
disease, HD start date, and catheter insertion date and site.

Statistical analyses

A sample size of at least 59 patients per group was determined
based on the hypothesis that the difference in mechanical
complications or the emergence of strains resistant to antibiotics
would be 20% lower in group 2, with a two-tailed a error of 0.05
and study power of 0.80.

All analyses were performed on an intention-to-treat basis.
Data are presented as the mean =+ standard deviation or median
and range. The Student t-test and Kruskal-Wallis test were used to
compare parametric and non-parametric patient characteristics,
respectively. The Chi-square test and Fisher’s exact test were used
to compare proportions. Rates of CR-BSI (measured in events per
1000 catheter-days) were compared using the log rank test.
Cumulative infection-free survival and mechanical complication-
free catheter survival were determined using the Kaplan-Meier
method and compared using the log rank test. These were censored
for CVC removal for fistula use, change of dialysis method,
transplantation, transfer of dialysis center, and death.

p-Values of <0.05 were considered statistically significant. Cox
regression analysis was performed to assess the impact of the
variables, including age, group, comorbidities, catheter site,
baseline disease, and time on HD until CVC implantation ended
in catheter withdrawal for any reason (transplantation, death, AVF
use, and mechanical and infectious complications).

Results

During the study period, 145 tunneled CVCs were inserted in
127 patients with stage 5 CKD. Sixty-five patients were enrolled in
group 1 (77 CVCs) and 62 patients in group 2 (68 CVCs). The
patients had a mean age of 60.8 +15.0 years and were predomi-
nantly male (57.4%). Diabetes was the main etiology of CKD (42.5%),
and the comorbidities hypertension, smoking, and cardiovascular
disease (CVD) presented in 90.6%, 29.1%, and 41.7% of the patients,
respectively. The median time on dialysis prior to tunneled CVC
implantation was 54 days (range 12-846 days) and the internal
jugular vein was the main site (93.0%).

There was no statistically significant difference between the
two groups in relation to age, diabetes, or kidney disease as the
main cause of CKD, or the presence of comorbidities, such
hypertension and diabetes mellitus. There was a significant
difference between the two groups in regard to smoking, which
was more frequent in group 2 (group 1=20.0%, group 2=38.7%;
p=0.014).

The duration of HD treatment until catheter implantation was
variable, but without a significant difference between the two
groups (median (range): group 1=31 (6-944), group 2=93 (36-
827) days; p=0.09). The clinical characteristics of group 1 and
group 2 patients are shown in Table 1.

In both groups, the main site of CVC implantation for the 145
implanted catheters was the internal jugular vein, but it was more
frequent in group 2 (group 1=85.7%, group 2=98.5%; p=0.013).
There was a predominance of CVC in the direct jugular vein when
compared to left jugular vein in both groups (74.0% and 79.0%,
respectively; p=0.87). No catheter was inserted in the subclavian
vein and there was no difference between the two groups in the
prevalence of ESI (40.0% vs. 29.4%; p=0.17) or CR-BSI (12.9% vs.
17.6%; p=0.43).

Prior to this study using antibiotics/antimicrobials, the use of
only heparin (concentration 5000 Ul/ml) in the lock solution

Table 1
Clinical characteristics of 127 patients with long-term hemodialysis catheters in
groups 1 and 2.

Characteristics Group 1 Group 2 p-Value
n=65 n=62
Sex, male 33 (50.8%) 40 (64.5%) 039
Age (years) 60.2+15.7 61.5+14.3 0.56
Causes of CKD
Diabetes mellitus 25 (38.4%) 29 (46.8%) 0.44
Hypertension 11 (16.9%) 11 (17.7%) 0.90
Glomerulonephritis 10 (15.4%) 4 (6.4%) 0.18
Unknown 7 (10.8%) 5(8.1%) 0.82
Other 12 (18.5%) 13 (21%) 0.89
Comorbidities
Diabetes mellitus 32 (49.2%) 35 (56.4%) 0.52
Cardiovascular disease 31 (47.7%) 22 (35.5%) 0.22
Hypertension 59 (90.8%) 56 (90.3%) 0.83
Smoking 13 (20%) 24 (38.7%) 0.014
Time of dialysis (days) 31 (6-944) 93 (26-827) 0.09
Colonization, GP methicillin-resistant 5 (7.7%) 3 (4.8%) 0.78
Colonization, GN multi-resistant 2 (31%) 0 (0%) 0.81

CKD, chronic kidney disease; GP, gram-positive; GN, gram-negative. Results are
presented as the number (%), mean + standard deviation, or median (interquartile
range).

resulted in 9.80 ESI events and 1.97 CR-BSI events per 1000
catheter-days in group 1. In group 2, there were 3.50 ESI events and
1.74 CR-BSI events per 1000 catheter-days. After the introduction
of antibiotics/antimicrobials into the lock solution, the two groups
displayed an overall reduction in, and similar rates for, CR-BSI
(group 1=0.79, group 2=1.10 events per 1000 catheter-days; p
=0.18) and ESI (group 1=2.45, group 2=1.83 events per 1000
catheter-days; p=0.37). The infection-free time was also similar in
the two groups (median (range): group 1=106 (40-184), group
2 =147 (40-189) days; p=0.59). There were differences in group 1
and group 2 before and after the introduction of lock solution
therapy, as shown in Table 2.

In the outcome analysis, the two groups had similar cure rates
for both ESI (96.8% vs. 95.0%; p=0.75) and CR-BSI (80.0% vs. 75.0%;
p=0.78), as shown in Tables 3 and 4. The two groups were similar
for the etiological microbes associated with CR-BSI episodes, with a
predominance of gram-negative cultures in both groups (80.0% vs.
58.4%; p=0.38), followed by gram-positive cultures (10.0% vs.
33.3%; p=0.32). There were also large numbers of gram-negative
cultures associated with ESI episodes (32.2% vs. 50.0%; p=0.33), as
shown in Tables 3 and 4; however, gram-positive agents were the
most frequently seen in ESI for both groups (38.7% vs. 20.0%; p
=0.27). There was no difference in the resistance to the
antimicrobials in CR-BSI. However, for ESI, the prevalence of
oxacillin-resistant gram-positive strains was significantly higher in
group 1 than in group 2 (38.7% vs. 5.0%; p=0.017). The colonization
status with oxacillin-resistant gram-positive strains prior to
enrolment was similar in the two groups (7.7% in group 1 and
4.8% in group 2; p=0.81).

Regarding catheter removal, there was no difference between
the two groups (49.3% vs. 52.9%; p =0.85). The etiology of removal
differed, with mechanical complications more frequent in group 1
(52.6% vs. 25.0%; p=0.028) and the use of AVF more frequent in
group 2 (0% vs. 33.3%; p<0.001).

The groups did not present significant differences in infection-
free time for CR-BSI or ESI, or mechanical complication-free
catheter survival (Figures 1-3). Multiple logistic regression
analyses were performed to identify the factors associated with
CR-BSI, ESI, and mechanical complications. No CR-BSI-associated
variables were identified, while the number of days with the CVC
was associated with ESI (odds ratio 7.79, 95% confidence interval
(CI) 1.02-1.12; p=0.0052) and mechanical complications (odds
ratio 11.98, 95% CI 0.98-0.99; p=0.0006).
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Table 2

Rates of exit site infection (ESI) and catheter-related bloodstream infection (CR-BSI) before and after lock solution.

Group 1 Group 2 p-Value (after G1 vs. G2) p-Value (after G1 vs. G1) p-Value (after G2 vs. G2)
Before LS After LS Before LS After LS
CR-BSI/1000 CVC-days 1.97 0.79 1.74 11 0.01 0.3
ESI/1000 CVC-days 9.80 2.45 3.50 1.83 0.02 0.07
CVC, central venous catheter; LS, lock solution; G1, group 1; G2, group 2.
Table 3 %
Outcome and etiology of exit site infection (ESI). 2
1,00 (i
Group 1 Group 2 p-Value Vo ~
n=31 n=20 0,75 Sy — log rank = 0.57
Outcome 0,50 —
Resolution 30 (96.8) 19 (95) 0.75 1
CVC removal 1(3.2) 1(5) 0.99 0,25 e
Agents —n
Gram-positive 12 (38.7) 4 (20) 0.27 o
Gram-negative 8 (25.8) 4 (20) 0.74 1 50 100 150 200 250 300 350 400 days
Negative culture 10 (32.1) 10 (50) 0.33 .
Not collected 1(3.3) 2 (10) 0.55 free time of ESI group 1
Gram-positive, methicillin-resistant 12 (38.7) 1(5) 0.017 group 2
Gram-negative, multi-resistant 2 (6.4) 0 (0) 0.51

CVC, central venous catheter.

Table 4
Outcome and etiology of catheter-related bloodstream infection (CR-BSI).
Group 1 Group 2 p-Value
n=10 n=12
Outcome
Resolution 8 (80) 9 (75) 0.78
CVC removal 2 (20) 3(25) 0.99
Agents
Gram-positive 1(10) 4 (33.3) 0.32
Gram-negative 1 (10) 1(8.3) 0.99
Negative culture 8 (80) 7 (58.4) 0.38
Gram-positive, methicillin-resistant 1(10) 2 (16.7) 0.99
Gram-negative, multi-resistant 1(10) 0 (0) 0.45
CVC, central venous catheter.
%
1,00 <
- log rank =0.89
0,75 | -
0,50 | "
0,25 | <
(] L 2

1 S0 100 1s0 200 250 300 350 400 days

free time of CR-BSI
group 1

group 2

Figure 1. Infection-free time for catheter-related bloodstream infection (CR-BSI).

In the Cox regression analysis, the jugular vein site was a
protective factor for catheter removal in all causes (hazard ratio
0.41, 95% CI 0.19-0.91) and mechanical complications (hazard ratio
0.16, 95% CI 0.06-0.41; p<0.001), as shown in Table 5.

Discussion
The reduction in CR-BSI rates using lock solution has been

evidenced in various trials and meta-analyses published recently,
yet the best prophylactic lock therapy option is still the subject of

Figure 2. Infection-free time for exit site infection (ESI).

— log rank = 0.33

o | —
1 50 100 150 200 250 300 350 400 days

free time of mechanical complications

group 1
group 2

Figure 3. Mechanical complication-free catheter time.

Table 5

Multivariate Cox regression analysis: hazard ratio and 95% confidence interval for
tunneled central venous catheter removal for any cause and for mechanical
complication.

CVC removal HR 95% ClI p-Value

Any cause
Group (1 vs. 2) 111 0.98-2.35 0.77
DM 1.24 0.97-3.31 0.58
ESI 179 1.04-3.07 0.018
BSI 129 0.98-2.99 0.90
Smoking 1.08 0.97-1.97 0.75
Site (IJV vs. others) 0.41 0.19-0.91 0.028
Time on HD 131 0.97-2.14 0.87

Mechanical complication
Group (1 vs. 2) 117 0.98-2.19 0.24
DM 127 0.96-3.17 0.98
ESI 5.64 1.65-19.33 0.006
BSI 191 0.98-4.99 0.56
Smoking 118 0.99-2.68 0.39
Site (IJV vs. others) 0.16 0.065-0.41 <0.001
Time on HD 1.24 0.97-3.21 0.76

CVC, central venous catheter; HR, hazard ratio; 95% CI, 95% confidence interval; DM,
diabetes mellitus; ESI, exit site infection; BSI, bloodstream infection; IJV, internal
jugular vein; HD, hemodialysis.

study (Silva et al., 2012; Filiopoulos et al., 2011; Weijmer et al.,
2005; Zwiech et al., 2016; Solomon et al., 2010; Murray et al., 2014;
Takla et al., 2007; Vercaigne et al., 2016; Maki et al., 2011; Dogra
et al,, 2002; Kim et al., 2006; Nori et al., 2006; Al-Hwiesh and
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Abdul-Rahman, 2007; Campos et al., 2011; Moran et al., 2012;
Moore et al., 2014; Hemmelgarn et al., 2011; Wasse, 2008). In this
study, the use of prophylactic lock therapy was studied only in
catheters tunneled for HD, with a follow-up of at least 6 months,
comparing solutions containing antibiotics (gentamicin + cefazo-
lin) versus antimicrobial solutions (taurolidine +citrate); these
solutions presented similar results in reducing CR-BSI and ESI.

There is only one clinical study in the literature comparing
antimicrobial and antibiotic drugs. The study by Filiopoulos et al.
(2011) was performed in non-tunneled HD catheters using
gentamicin-heparin, taurolidine—citrate, or heparin only (histori-
cal control group) with a 3-month follow-up. They found similar
rates of CR-BSI among the groups that used gentamicin and
taurolidine, and rates were higher in the heparin-only group. There
was no difference in thrombosis rate. In the present study, the
etiological agents of CR-BSI were similar in the gentamicin-
cefazolin and taurolidine-citrate groups, without a greater number
of gram-positive infections detected, suggesting that taurolidine
also has an effect on infections by these agents. This effect was also
found in a previous study that detected a reduction in bacteremia
by comparing 23 positive blood cultures in HD catheters during the
use of heparin, with all cultures negative after a mean of 33.8 days
of taurolidine-citrate-heparin lock therapy. All positive blood
cultures were gram-positive and most contained S. aureus,
demonstrating the action of taurolidine against gram-positive
strains (Zwiech et al., 2016).

In contrast with previous results presented by Liu et al. (2014)
and Solomon et al. (2010), this study detected the presence of
similar mechanical complications between the groups, after the
exclusion of AVF as a cause for removal.

Winnicki et al. (2018) reported the results of a randomized
multicenter study that evaluated the role of prophylactic therapy
using two different treatments: taurolidine—citrate-heparin twice
a week and 4% citrate three times a week. In addition to a
significant reduction in CR-BSI and mechanical dysfunction in the
taurolidine group, there was no difference between the groups in
the number of gram-positive bacterial agents (p=0.77).

Many investigators have selected gentamicin as one of the
antibiotics to include for preventive purposes. In the meta-analysis
published by Labriola et al. (2008), lock therapy resulted in a
reduced rate of CR-BSI, and stratified subgroup analysis for the
presence of diabetes, duration of follow-up, serum albumin, serum
ferritin level, proportion of tunneled catheters, intranasal use of
mupirocin, and the use of citrate or gentamicin showed that the
type of solution influences the final efficacy. Gentamicin proved
more effective than the others, although the use of this antibiotic in
different concentrations and often in association with citrate
makes it difficult to compare the work.

In this study, the use of antimicrobial solutions and antibiotics
in prophylactic lock therapy resulted in similar incidence and
outcomes of infectious and mechanical complications and did not
influence the withdrawal of tunneled CVCs. Cox analysis revealed
that the patients’ treatment group had no impact on outcomes and
identified the presence of ESI as a variable associated with CVC
removal from all causes and mechanical complications, while the
internal jugular site was a protective factor for CVC removal. The
risk factors associated with CVC survival are poorly evaluated in
the literature, but a previous study also showed that the use of the
internal jugular vein was a protective factor, promoting longer
catheter permanence (Develter et al., 2005).

There is also growing concern about increased bacterial
resistance and the presence of adverse effects with the prolonged
use of antibiotics in lock therapy. The emergence of multidrug-
resistant (MDR) organisms is an important cause of infections
associated with healthcare, and MDR infections are associated
with poorer results when compared to infections caused by strains

susceptible to the same antibiotics (Calfee, 2013). The colonization
status with oxacillin-resistant gram-positive strains prior to
enrolment was similar in the two groups (9.2% in group 1 and
4.8% in group 2; p=0.78), showing that the rate of MDR in the
antibiotic lock group could have been associated with the
intervention.

Regarding complications related to prophylactic lock therapy,
there was a difference between the two groups in the emergence of
oxacillin-resistant strains. These were more prevalent in the
gentamicin + cefazolin group. This differs from the results of the
analysis of these agents performed in a previous study in the same
dialysis centers published in 2012 (Silva et al.,, 2012), which
compared the use of gentamicin+ cefazolin versus heparin lock
therapy and showed lower CR-BSI rates in the intervention group
(with antibiotics) and no difference in resistant strains. Taurolidine
is a disinfectant, not an antibiotic agent; therefore, bacterial
resistance to taurolidine has not been reported to date (Labriola
and Pochet, 2017).

Conflicting results have been reported in relation to the
development of resistance to gentamicin. Dogra et al. (2002) used
lock therapy with 40 mg/ml gentamicin and Moran et al. (2012)
with 320 wg/ml gentamicin, yet neither found evidence of the
emergence of strains resistant to this medication. Meanwhile the
emergence of gentamicin-resistant strains was reported by Landry
et al. (2010), who used 4 mg/ml gentamicin + 5000 IU/ml heparin.
The number of negative cultures was high in the present study,
with predominance in both groups and with a proportion of 80%
for CR-BSI in group 1. This fact makes it difficult to identify the
etiological pathogens of infections, as well as to evaluate the
emergence of strains resistant to the antimicrobials used in lock
therapy. We questioned whether the use of lock solution with
consequent extravasation to the bloodstream could have been
responsible for the high prevalence of negative cultures in group 1,
since the presence of serum concentrations of these antimicrobials
could inhibit bacterial growth.

This study has some limitations, mainly because it was not
randomized and it included a small number of patients. It also
considered the clinical criterion for the diagnosis of CR-BSI, unlike
previous studies, which have adopted the diagnostic criteria for
CR-BSI recommended by the US Centers for Disease Control and
Prevention (CDC) (O’Grady et al., 2011). Lastly, there may have been
other differences in the quality of infection control measures and
expertise of the medical and nursing staff between the two dialysis
units and this was not explored in the baseline analysis; this could
have affected the comparisons between studies and units.

In spite of these limitations, this prospective, comparative study
conducted in two centers showed that the efficacy of antibiotic
therapy in locking was similar to solutions containing taurolidine
and citrate in preventing infections related to catheters tunneled
for HD. Although there was a greater presence of oxacillin-resistant
strains in the antibiotic agent group, there was no difference in the
incidence of occlusion between the two groups.

In conclusion, the results of this study show that the
introduction of either antibiotic or antimicrobial lock solution
was associated with a reduced incidence of CR-BSI and ESI. There
was an equivalent incidence of CR-BSI and ESI and mechanical
complications with antibiotic and non-antibiotic antimicrobial
lock agents and a higher incidence of bacterial resistance with the
antibiotic lock.
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