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RESUMO

GOMES, Conrado Lysandro Rodrigues. Epidemiologia da injuria renal aguda dialitica no
Rio de Janeiro: um grande centro urbano em um pais em desenvolvimento. 2021. 145f. Tese
(Doutorado em Ciéncias Meédicas) — Faculdade de Ciéncias Médicas, Universidade do Estado
do Rio de Janeiro, Rio de Janeiro, 2021.

A injuria renal aguda (IRA) é uma condicdo complexa, com grande amplitude de
apresentacdes, desde altera¢fes pequenas na funcdo renal até a faléncia organica grave. Apresenta
mortalidade significativa, que aumenta de acordo com a gravidade da apresentacao e alcanga mais
de 50% de mortalidade no espectro mais grave, ou seja, quando surge a necessidade de suporte renal
artificial (SRA). No Brasil, assim como em outros paises em desenvolvimento, existe uma caréncia
marcante de dados epidemioldgicos dessa condicdo. Este estudo propde uma anélise abrangente e
inédita da epidemiologia da IRA dialitica, quando ha necessidade do SRA, utilizando uma grande
base de dados — o Nefroweb® — em pacientes atendidos em 170 hospitais e instalagcdes médicas,
privadas e publicas, no Rio de Janeiro. Apos a aplicagdo dos critérios de inclusdo e exclusdo, a
coorte do estudo foi composta por 17.158 pacientes pediatricos e adultos, analisados por um periodo
de onze anos (2002-2012). Os dados foram analisados por modelos de regressdo logistica
hierarquica e regressdo de Cox de efeitos mistos para comparacgdo de sobrevivéncia entre estratos
de idade, entre grupos etioldgicos e entre diferentes tipos de hospital e de indicadores
socioeconémicos. Foram produzidos trés manuscritos que exploraram as seguintes questdes; a)
descrever de forma abrangente a epidemiologia de IRA em um centro urbano de um pais emergente,
explorando fatores de risco, apresentacdo clinica e desfechos; b) descrever de forma aprofundada
os diagndsticos associados a IRA, estratificando por faixas etarias; c) descrever diferencas entre os
tipos de hospital (publico vs. privado) e o impacto dos indicadores socioecondmicos na mortalidade.
Um quarto manuscrito foi produzido, propondo uma revisdo sistematica da literatura sobre a IRA
pediatrica. Em conjunto, os achados apontam para uma doenca grave, com alta taxa de mortalidade
(71,6%), sendo maior nos extremos de idade. A IRA foi adquirida principalmente em hospital
(72,6%), ocorreu predominantemente no centro de terapia intensiva (CTI) (84,9%) e foi associada
a faléncia de maltiplos 6rgéos. A mediana de idade foi de 75 anos, variando desde recém-nascidos
a centenarios. A pneumonia adquirida na comunidade foi o diagndstico de admissdo mais frequente
(23,8%), e a sepse foi a principal causa precipitante (72,1%). Apos etiologias infecciosas, 0 grupo
de etiologias cardiovasculares dominou o cenario. Desfechos ruins se associaram a idade, ventilagao
mecanica, suporte de vasopressor, disfuncdo hepatica, sindrome cardiorrenal tipo 1, nimero de
faléncias organicas, sepse na admisséo, sepse tardia, o escore de Charlson e admissdo na UTI. A
IRA adquirida na comunidade, sexo masculino e doenca renal crénica pré-existente foram
associados a melhor desfecho. Apesar da diferenca significativa entre as caracteristicas
socioecondmicas entre os pacientes atendidos em hospitais privados e publicos, ndo houve diferenca
significativa na mortalidade, sendo essa determinada primariamente pelos fatores ja citados. Nosso
estudo adiciona informacfes robustas sobre a epidemiologia do mundo real da IRA dialitica em
uma regido metropolitana de um pais emergente, com consideraveis detalhes clinicos. Na coorte
estudada, o fendtipo da IRA apresentou mais semelhanca com o dos paises de alta renda, em
oposicao ao padrdo tradicionalmente associado a paises em desenvolvimento.

Palavras-chave: Injuria renal aguda. Didlise. Epidemiologia. Indicadores socioeconémicos.
Mortalidade.



ABSTRACT

GOMES, Conrado Lysandro Rodrigues. Epidemiology of Dialysis-requiring Acute Kidney
Injury in Rio de Janeiro: a large urban center in a developing country. 2021. 145f. Tese
(Doutorado em Ciéncias Médicas) — Faculdade de Ciéncias Médicas, Universidade do Estado
do Rio de Janeiro, Rio de Janeiro, 2021.

Acute kidney injury (AKI) is a complex condition with a wide range of presentations,
ranging from minor changes in renal function to severe organ failure. AKI is associated with
significant mortality, which increases with the severity of the presentation and reaches mortality
above 50% in the most severe spectrum when there is an indication for artificial renal support
(ARS). As in other developing countries, there is a marked lack of epidemiological data on this
condition in Brazil. This study proposes a comprehensive and unprecedented analysis of the
epidemiology of dialysis-requiring AKI, when ARS is required, using an extensive database —
NefroWeb® — in patients treated in 170 Rio de Janeiro's private and public hospitals and
medical facilities. The study cohort comprises 17,158 pediatric and adult patients, analyzed
over eleven years (2002-2012). We analyzed the data by hierarchical logistic regression models
and mixed-effects Cox regression to compare survival between age strata, etiological groups,
and different hospital administrations and socioeconomic indicators. We produced three
manuscripts that explored the following issues; a) comprehensively describe the epidemiology
of AKI in an urban center of an emerging country, exploring risk factors, clinical presentation,
and outcomes; b) in-depth description of the diagnoses associated with AKI, stratifying by age
groups; c) describe differences between types of the hospital (public vs. private) and the impact
of socioeconomic indicators on mortality. A systematic review on AKI epidemiology in
pediatrics was the fourth manuscript produced. Altogether, the findings point to severe disease,
with high mortality rates (71.6%) being higher in the extremes of age. AKI was mainly hospital-
acquired (72.6%), occurred predominantly in the intensive care unit (ICU) (84.9%), and was
associated with multiple organ failure. The median age was 75 years, ranging from newborns
to centenarians. Community-acquired pneumonia was the most frequent admission diagnosis
(23.8%), and sepsis was the leading precipitating cause (72.1%). After infectious etiologies, the
cardiovascular etiologies group dominated the scenario. Poor outcomes were associated with
age, mechanical ventilation, vasopressor support, liver dysfunction, type 1 cardiorenal
syndrome, number of organ failures, admission sepsis, later sepsis, the Charlson score, and ICU
admission. Community-acquired AKI, male gender, and pre-existing chronic kidney disease
were associated with better outcomes. Despite the significant difference between
socioeconomic characteristics between patients treated in private and public hospitals, there
was no significant difference in mortality, primarily determined by the factors already
mentioned. Our study adds vital information on the real-world epidemiology of dialytic AKI,
with considerable clinical detail. In the studied cohort, the AKI phenotype was more similar to
high-income countries than the pattern traditionally associated with developing countries.

Keywords: Acute kidney injury. Dialysis. Epidemiology. Socioeconomic indicators. Mortality.
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INTRODUCAO

A injaria renal aguda (IRA) é uma das sindromes clinicas mais fascinantes da medicina.
Embora descrita de forma anedética desde a antiguidade, foi somente na literatura médica
moderna, no periodo a partir da eclosdo da Segunda Guerra Mundial, que a injuria renal aguda
(por décadas denominada insuficiéncia renal aguda, desde a publicacéo original do tratado de
Homer Smith (1) em 1951) incorporou-se como entidade nosoldgica de relevancia propria no
compéndio médico moderno.

Um dos pais da medicina moderna, Sir Willian Osler, ja havia descrito, em seu incrivel
The Principles and Practice of Medicine, a “doenga de Bright aguda” causada por agentes
toxicos, gravidez, queimaduras e cirurgias envolvendo os rins (2). No entanto, as primeiras
descri¢bes pormenorizadas da apresentacao, curso clinico, histopatologia e desfechos clinicos
advieram das publicacOes de Bywaters e Bealls (1941) durante a Segunda Guerra Mundial, a
partir da observacédo do curso clinico da injuria renal aguda grave por rabdomidlise em situagdes
de esmagamento, nos grandes bombardeios alemaes na Inglaterra (3, 4). A partir da década de
1950, descri¢es mais detalhadas emergiram, demostrando toda a complexidade e riqueza da
sindrome e a consolidando como campo préprio de estudo clinico-epidemioldgico (1, 5).

Tradicionalmente, definia-se injdria renal aguda como uma deterioracao rapida (horas a
semanas) da taxa de filtracdo glomerular, associada a acumulo de escérias nitrogenadas
(azotemia), com ou sem oligudria (definida como débito urindrio menor que 400mL ao dia).
Conceitualmente, isso se refletia na incapacidade dos rins em manter a homeostase organica,
com prejuizos a manutencdo do balanco hidrico, na capacidade de depuragdo de solutos, na
regulacdo da concentracdo e dilui¢do urinarias e no controle do equilibrio eletrolitico (6).

No entanto, é uma definicdo puramente conceitual que, por falta de uma padronizagéo
mundial, tornou o estudo epidemiolégico da IRA durante décadas impreciso e sujeito a amplas
variagOes pela presenca de critérios diferentes de defini¢do, indo desde variagdes menores da
creatinina sérica (normalmente em estudos de prevencdo, como nefropatia por contraste) até
IRA grave com necessidade de suporte renal artificial (SRA) (7-11).

Essa percepcao da falta de definicdes e prejuizos a analises epidemioldgicas, aliado a
evidéncias que apontavam que variagcdes pequenas da fungéo renal se traduziam por impactos
significativos na mortalidade (12, 13), criou 0 ambiente para que se propusesse uma mudanca

de nomenclatura e que se criasse uma defini¢do unificadora IRA (Quadro 1, a seguir).
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Dessa forma, surgiu o conceito padronizado de IRA, que se expandiu para abarcar desde
aumentos pequenos da creatinina sérica (>0,3mg/dL ou aumento 50% em relacdo aos niveis
basais) e reducdo do volume urinario (<0,6ml/kg/h por 6 horas), ocorrendo dentro de 48 horas
a 7 dias, até o espectro mais grave da condi¢cdo, com aumentos maiores da creatinina (>300%
do basal) e/ou oliguria (<0,3ml/kg/h por 24 horas), ou necessidade de alguma forma de SRA.
Essa definicao foi proposta pelo grupo KDIGO (do inglés Kidney Disease: Improving Global
Outcome) a partir da unificacdo de duas defini¢bes previamente validadas (critérios RIFLE, de
2004 - do inglés Risk, Injury, Failure, Loss, End-etage, e AKIN, de 2007, do inglés Acute
Kidney Disease Network) (Tabela 1) (14, 15).

Quadro 1 - Sistemas classificatorios de IRA

Estégio Débito Urinério® KDIGO AKIN RIFLE
1 <0,5 mL/Kg/h por 6-12h tCrl1,5-19xobasalpor 1 Cr 1,5 - 2,0 x 0 Risk: 1 Cr 1,5 x o basal por
até 7 dias ou >0,3mg/dL  basal ou >0,3mg/dL  até 7 dias por >24h

por 48h por 48h
2 <0,5 mL/Kg/h por >12h 1 Cr2,0-2,9xo0 basal 1 Cr2,0-29xo0 Injury:1Cr2,0x o basal
basal
3 <0,3 mL/Kg/h por >24h 1 Cr>3,0xobasalou>4,0 1 Cr >3,0 x o basal Failure: 7 Cr >3,0 x o basal
ou anuria por >12h ou inicio de SRA ou >4,0 (com T de ou 2>4,0 (com 1 de
0,5mg/dL) ou inicio  0,5mg/dL)
de SRA

Loss: perda completa da
funcgdo renal por mais que 4
semanas
End-stage: perda completa
da func&o renal por mais que
3 meses
Legendas: Injaria Renal Aguda (IRA); Kidney Disease: Improving Global Outcomes (KDIGO); Acute Kidney
Injury Network (AKIN); risco, lesdo, faléncia, perda de rim funcdo e doenca renal em estagio terminal
(RIFLE); creatinina sérica (Cr); suporte renal artificial (SRA); (a) Todas as 3 defini¢des (KDIGO,
AKIN, RIFLE) usam critérios comuns de diurese.
Fonte: Moore et al. (15).

Do ponto de vista etioldgico, a IRA é uma sindrome (como definiu Kellum (16), um
grupo de sindromes) complexa e rica do ponto de vista nosoldgico, com inimeros fatores
precipitantes, fatores de risco, comorbidades envolvidas e situagdes agravantes. Durante
décadas, a classificacdo semianatdmica em relacdo ao aparelho urindrio (IRA pré-renal,
intrinseca ou pos-renal) dominou a literatura, e embora dotada de certo didatismo, vem se
mostrando cada vez mais limitada, pois a IRA é uma situacdo complexa na qual varios fatores
atuam em conjunto (16, 17). Além disso, a propria sistematizacdo de definicdes pode ter
contribuido também para a simplificacdo na busca pela etiologia da IRA. Os profissionais que

cuidam dos pacientes podem ficar satisfeitos em classificar a IRA de acordo com 0s consensos
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mais atualizados e ndo dar a devida atencdo na busca pelos mecanismos etiopatogénicos
subjacentes (18).

De forma geral, as etiologias e associacfes da IRA diferem de acordo com o cenario de
apresentacdo, por exemplo, se a IRA é comunitaria ou adquirida no hospital, se a populagéo é
idosa ou pediatrica, se o pais € de alta ou baixa renda (19, 20). Fatores precipitantes importantes
incluem a sindrome séptica, estados hipovolémicos, sindromes cardiorrenais, sindrome
hepatorenal, nefrotoxicidade medicamentosa ou enddgena, sindromes obstrutivas,
glomeruropatias de rapida progressdo, entre muitos outros. Fatores de risco significativos
incluem a presenca de doenca renal cronica (DRC) de base, idade, género, etnia (a0 menos em
paises de alta renda) e comorbidades como diabetes mellitus e cardiopatias cronicas, por
exemplo (16, 17, 20).

O préprio consenso KDIGO reforca que, junto ao diagnostico da IRA com base nos
critérios sistematizados, é essencial a busca pelos fatores etiopatogénicos subjacentes, de forma
a buscar uma abordagem integrada visando o melhor manejo da sindrome (14, 18, 21). Mais
ainda, do ponto de vista de satde publica, conhecer a raiz de determinado agravo é a ponte para
formular politicas publicas de esclarecimento, prevencdo e tratamento (22). No entanto, a
maioria dos estudos epidemioldgicos em IRA agrupa etiologias em categorizacdes gerais,
perdendo associages clinicas precisas e dificultando o acesso a areas de intervencao potenciais
(21). E um desafio fornecer cuidados eficazes e de alta qualidade aos pacientes sem saber seus
diagnosticos; da mesma forma, para que os sistemas de salde sejam eficazes, é necessario
compreender os desafios criticos para a melhoria da satde da populacédo e como esses desafios

estdo mudando (22).
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1 REVISAO DA LITERATURA

1.1 Epidemiologia da Injuria Renal Aguda

Muitos estudos epidemioldgicos importantes foram conduzidos na era pré-unificacao de
defini¢des, e alguns sdo sumarizados na Tabela 1. Fica patente a heterogeneidade de definicdes,
a tendéncia a estudar-se espectros mais graves da sindrome e alta mortalidade, principalmente

quando o paciente evolui para necessidade de SRA.

Tabela 1 - Estudos epidemioldgicos em IRA na era antes das defini¢fes sistematizadas

Definigédo de Principal .
Autores  Ano Local IRA N IRA Idade causa de IRA SRA  Mortalidade
Crde ao
1987 Centro | ) 68 . -
(Lfgggﬁg'- a dnico, o200 46008 180 (range, horooxd0e gp 3 g"hf)z/"
1989 EUA bara = 22 a90)
2mg/dL
1 Cr para > 2
Liafio et mg/dL, ou > - 64
al. (1996) 1991 ﬁ: Eesngr?ﬁa 3mg/dL em 748 209; i“;:;ao (range, 45% NTA 36% 55%
@9 P pacientes P 15a95)
crénicos
>
I\D/Iindonga uTl, 40 oCIrigiu.:Ji,a5 (0<u 63 .
1995 centros de 1.411 24, 7% (range, 51% infeccGes NR 42,8%
etal. 16 paises  ooomL-em 13 2 86)
(2000) @ P 24h)
Metnitzet 1998 UTI, 30 . O mAe
al (2002) a centrosna 'S\'lgf:ss'dade e 17106  4,0% 6125721' gg'elr ;;’é?fj 100%  62,8%
© 2000 Austria ! P
Hoste et

UTI, centro 1 Cr para > 62 (48a Todos pacientes

70% 56,7%

al. (2003) 2002 1875  16,2%

26) nico 2mg/dL 69,5)  com sepse
UTI 5 1>Cr 0,5 com

Mehtaet 1999 ’ Cr basal < 1,5 20% 0 0
al. (2004) a MO i>Cri0com 618  100% 595  hipotensio, gagp S0 (>70%
@n académicos o SRA)

2001 nos EUA Cr basal entre 19% sepse

1,5a5,0 mg/dL

Uchinoet 2000 UTI, 54 Oliguria (DU < 67 (53a
al. (2005) a centrosde 200mLem 12h 29.269 5,7% 75) 47% sepse 72,5% 60,3%

@8) 2001 23 paises  ou Ureia > 180)

Legendas: nimero de pacientes (N); injaria renal aguda (IRA); suporte renal artificial (SRA); creatinina (Cr);
necrose tubular aguda (NTA); unidade de terapia intensiva (UTI); ndo reportado (NR); débito urinario
(DU).

Fonte: O autor, 2021.

No entanto, conforme ja discutido, a necessidade de definicdes harmonizadas era
premente; o estudo classico de Chertow et al. (13) mostrou isso de forma didatica ao comparar

varias defini¢des de IRA em uma coorte de 9.205 pacientes consecutivos com mais de uma
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dosagem de creatinina sérica na admissao. Observar a amplitude das diferencas na incidéncia
de IRA conforme diferentes valores definidores de creatinina séo usados, a0 mesmo tempo que
aumentam de forma quase linear a mortalidade, o tempo de internacéo e os custos hospitalares,

quanto maior o valor da creatinina considerado (Figura 1).

Figura 1 - Impactos na prevaléncia, mortalidade, tempo de internagéo e custos, de
diferentes definices em IRA em uma coorte de 9.205 pacientes
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Legenda: Injdria Renal Aguda (IRA).
Fonte: Figura gerada a partir de dados de Chertow et al. (13).

A partir da segunda metade da década de 2000, os estudos epidemiolégicos sobre IRA
incorporaram de forma sistemaética os sistemas de classificacdo, inicialmente os critérios
RIFLE, posteriormente os critérios modificados, AKIN. Apesar da similaridade entre os dois,
a percepcao de nao haver diferengas significativas em termos de desfechos (29), além de a
captura de casos nao ser uniforme entre as duas classificacdes, fez surgir o criterio unificado
KDIGO em 2012 (Quadro 1), que desde ent&o tem sido utilizado na literatura. Essa classificacdo
é vélida tanto para adultos quanto para a populacao pediatrica, tendo sido feita uma adaptacéo

particular para a faixa etaria neonatal (14, 30).
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Em um estudo de coorte retrospectivo de 31.970 pacientes, que comparou a performance
das diferentes defini¢Oes, a incidéncia de IRA foi maior de acordo com a definicdo KDIGO
(18,3%), seguida pelas definicbes AKIN (16,6%) e RIFLE (16,1%). O diagnostico de IRA, de
acordo com todas as defini¢bes, foi associado a um risco significativamente maior de
mortalidade e maior utilizagéo de recursos (31).

Na Tabela 2, a seguir, sdo exemplificados estudos importantes que empregaram critérios
sistematizados de definicdo de IRA. Observamos uma faixa etaria em torno da 62 década de
vida, incidéncias de IRA variando de 11,6% a 67% das internacGes, com amplas variacdes, e
mortalidade aumentando de acordo com a gravidade da IRA.

Mesmo com a sistematizacdo de definicGes, persistem variagdes de incidéncias e
desfechos, indicando que o cenario subjacente ao desenvolvimento da IRA e as caracteristicas
de base dos pacientes da coorte estudada tem implicaces epidemioldgicas importantes (32). A
IRA dialitica, quando ha a necessidade de SRA, representa o espectro mais grave da IRA e
ocorre em 5 a 7% dos pacientes hospitalizados. E uma situacdo que traduz maior gravidade

clinica e associa-se a letalidade elevada, em geral acima de 50% (26, 28, 33-35).



Tabela 2 - Exemplos de estudos empregando critérios sistematizados de IRA
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Situacdo Clinica - IRA geral IRAa .
Autores Ano N Idade CTI Critério (estagios) SRA Mortalidade®
Uchino et al. (2005) ©8) 2002 Pacientes hospitalizados  20.126 64 +18,8 14,7% RIFLE 17,9% R:9,1% 3,7% 15,1%
1:52% F:3,7% 29,2%
41,1%
Hoste et al. (2006)@9) 200022001 CTI 5.283 61,2+ 16 100% RIFLE 67,2% R: 12,4% I: 26,7% 14,2% 8,8%
F: 28,1% 11,4%
26,3%
Ostermann et al. (2007)“9 198921999 CTI 41.972 60,5+ 15,7 100% RIFLE 35,8% R:17,2% I: 11% 4,3% 20,9%
F:7,6% 45,6%
56,8%
Bagshaw et al. (2008)“Y 200022005 CTI 124.088 65,3 (50,8 a75,4) 100% RIFLE 36,1% R: 16,2% I: 13,6% 6% 17,9%
F: 6,3% 27,7%
33,2%
Brown et al. (2010)“2 2002 a 2007 PO cardiaca 4.837 69,7 +9,9 100% AKIN 39% 1: 57,6% 15,3%
2:142%3:7,2% 7,2%
Nisula et al. (2013)“3 2011a2012 CTI 2.901 66 (55 a 75) 100% AKIN 39,3% 1:17,2% 2: 8% 9,4% 29,3%
3:14,1% 34,1%
39%
Libdrio et al. (2015)“4 200122008 CTI 18.410 63.9+17.6 100% KDIGO 55,6% 1: 40% 2:8,9% 2,9% 13,3%
3:6,8% 18,5%
30,4%
Srisawat et al. (2015)“% 200322007 CTI 15.132 63+17,1 100% KDIGO 32,2% 1:13,3% 2: 7,2% 6,5% 18%
3:11,8% 25,3%
40%
Xu et al. (2015)“9 2013 Pacientes hospitalizados 146.148 58 +18,1 29,3% KDIGO 11,6% 1:52,3% 2: 21,8% 3,5% 7,6%
3:29,3%
Hoste et al. (2015)“7) 2013 CTI 1.802 63 (52a73) 100% KDIGO 57,3% 1: 18,4% 2: 8,9% 13,5% 26,9%
3:30%
Bouchard et al. (2015)“8) 200822012 CTI 6.647 60,5+ 18,4 100% AKIN 19,2% 1:71,7% 2: 3,5% 23,7% 22%
3; 24,8%
Chew et al. (2017)49 2008 22014 PO cardiaca 3.008 59.3+10.5 100% AKIN 29,1% 1: 20,2% 2: 4,5% 2,2% 5%
3:1,15%

Legendas: Injuria Renal Aguda (IRA); nimero de pacientes (N); centro de terapia intensiva (CTI); suporte renal artificial (SRA); pds-operatério (PO); (a) incidéncia e
mortalidade da IRA estratificada para os estagios, de acordo com os critérios de classificacao (Risk, Injury e Failure para RIFLE; 1, 2 e 3 para AKIN e KDIGO.

Fonte: O autor, 2021.
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Uma revisdo sistematica, posteriormente atualizada por Mehta et al. (36), analisou 312
estudos em 40 paises, incluindo 49 milhdes de pacientes a partir de 2004, utilizando as
defini¢cbes KDIGO (37). Foi demonstrado que um em cada cinco adultos e uma em cada trés
criancas hospitalizadas evoluiram com IRA (Figura 2). A mortalidade foi trés a sete vezes maior
comparados aos pacientes sem IRA, tanto maior quanto mais grave o espectro da apresentagao:
15,9% na IRA estagio 1 comparada a 49,4% no espectro mais grave, a IRA estagio 3 com
necessidade de SRA (37).

Figura 2 - Distribuicéo das incidéncias de IRA mundialmente
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Legenda: Injuria Renal Aguda (IRA).
Fonte: Dados derivados de Susantitaphong et al. (36) e Mehta et al. (37).

Apesar dos avangos provenientes da sistematizacdo de definicbes de IRA, muitas
lacunas e desafios persistem, e refinamentos das defini¢bes estdo em constante discussao (50,

51). Tais desafios sdo apresentados no Quadro 2, a seguir.
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Quadro 2 - Limitacdes e solucOes dos sistemas de classificacdo atuais de IRA

Variavel Limitacdes Solucdo
Falta frequente de valores de base para classificacdo
(imprecisdo na estimativa da Cr com base em uma
eTFG de 75mL/min/m?). Relagdo ndo linear entre a Cr e
alteracGes agudas da TFG. Fatores de base, como
género, raca, massa muscular, desnutricdo, cirrose, além
de interacdo com drogas e doengas agudas. Impacto do
acumulo de balanco hidrico na cinética da creatinina
Falta de dados de diurese em muitos estudos de base
populacional. O limiar proposto de 0,5mL/Kg/h por 6h
Débito urinario  seria muito sensivel e ndo estaria alinhado com o
critério Cr. Falta de integragdo de dados do balanco de
fluidos na classificacao.

Os sistemas de classificagdo ndo sdo capazes de prever
ou detectar lesBes renais subclinicas em pacientes que
podem evoluir com risco maior de morte e necessidade
de SRA durante a internacdo.

Incorporar o ajuste do impacto do
balanco hidrico na determinacéo da
Cr. Associar novos biomarcadores
aos critérios Cr.

Creatinina
sérica

Reduzir o limiar para 0,3 mL/Kg/h
por 6h nos critérios (mais
especifico). Incorporar métricas de
balanco hidrico na classificacdo.

Detecgéo de
lesédo renal
subclinica

Novos biomarcadores

Conceito de Doenca Renal Aguda
(< 3 meses), definida por: IRA, ou

Estadiamento ~ Falta de conex&o entre a transicdo da IRA para a DRC. 6TFG <60 ml/min/1.73 m2, ou

da IRNA e Class_lflcagao de msgltos renais agu_dpg que ndo se redugdo da eTFG >35%, ou
relagdo com classificam necessariamente nos critérios KDIGO para aumento da Cr >50% (funcional)
DRC IRA (ocorrendo > 1 semana, porém < de 3 meses).

ou presenga de marcadores de

dano, albumindria (estrutural)

Legendas: Injuria Renal Aguda (IRA); creatinina (Cr); taxa de filtracdo glomerular estimada (eTFG); doenca
renal cronica (DRC).

Fonte: O autor, 2021.

Do ponto de vista populacional, a analise de grandes bases de dados administrativa em
salde permite acessar grandes volumes de informacdo e extrair dados importantes para
planejamento em saude publica (52, 53). Na Tabela 3, a seguir, sdo apresentados varios
trabalhos importantes conduzidos a partir da analise de bases de dados nacionais, quanto a
incidéncia e desfechos temporais da IRA. Os estudos apontam para um aumento na incidéncia
da IRA em geral e também da IRA dialitica, o que coloca pressao sobre 0s sistemas de salde,
com aumento de internagdes e custos. Por outro lado, a maioria dos estudos mostra uma reducao
na mortalidade nos periodos mais recentes (Tabela 3).

Refinamentos na codificagdo e o potencial para se conectar a dados de prontuarios
eletrbnicos cada vez mais sofisticados representam as principais oportunidades para 0 avango
dessas bases administrativas, que apresentam algumas limitacGes importantes na atualidade
(53).



Tabela 3 - Estudos epidemioldgicos usando grandes bases nacionais de dados administrativas
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Autor Ano Definigédo Pais Base de dado Cenario Mudanga epidemioldgica
Xue et al. (2006) 4 1992-2001 CID-9 IRA EUA Medicare Todas hospitalizagbes 1 de 15 para 36 casos/1000 hospitalizagdes. | mortalidade
Waikar et al.(2006)¢9 109882002 CID-9IRAecodigos ¢ )p NIS EUA Todas hospitalizagdes | LR de 61 para 288 pmp/ano ¢ T IRA-D de 40 para 270
IRA-D pmp/ano. | mortalidade
Bagshaw et al. (2007) %  1996-2005 Cre DU ﬁg\s};&z’g:ﬂ dia Base de dados CTI  Admissdes em CTI 1 incidéncia de IRA (4,8% vs 5,6%)
Cadigos IRA-D,
Hsu et al. (2007) 7 1996-2003 mudanca da EUA Kaiser Permanente  Todas hospitalizaces I IRA de 3227 para 5224 pmp/ano ¢ 1 IRA-D de 195 para
creatinina 295 pmp/ano.
Cadigos IRA-D, 1 IRA de 5,1% para 6,6% e T IRA-D de 1,5% - 2,0%. |
Thakar et al. (2007) ©® 1993-2002 mudanca da EUA Cleveland Clinic  Cirurgia cardiaca mortalidade de IRA de 32% - 23% e de IRA-D de 61%
creatinina para 49%
Callaghan et al. (2012)9 19982009 CID-9 IRA EUA NIS EUA ngtaé‘:‘r?saidm'ssoes 1 IRA de 229 para 452/milhdo de partos
i I - 0, 0,
Siddiqui et al. (2012)© 1995-2009  Cédigos IRA-D Canada Base (_je dados de Tod_as cirurgias 1 IRA _D de 0,2% para 0,6%. Sem mudancas na
Ontario eletivas mortalidade
Hsu et al. (2013)®Y 2000-2009 Coadigos IRA-D EUA NIS EUA Todas hospitaliza¢gfes 1 IRA-D de 222 para 533 pmp/ano. 7 mortalidade.
Sakhuja et al. (2015)©2 2000-2009 Codigos IRA-D EUA NIS EUA Sepse grave 1 IRA-D de 5,2% para 6,6% ¢ | de 63% na mortalidade
©3) } . ) . . LA S 1 IRA de 15,9 para 208,7 pmp/ano e | na mortalidade até
Kolhe et al. (2015) 1998-2013 Cdadigos IRA-D Reino Unido NHS inglés Todas hospitaliza¢des 0 periodo 2003-2008
i - 0, 0,
Nadkami et al. (2016)9  2006-2012 Cédigos IRA-D EUA NIS EUA Cirrose 1 IRA-D de 1,5% para 2,25%. Sem mudanga na
descompensada mortalidade
Hsu et al. (2016)® 2007-2009 Cddigos IRA-D EUA NIS EUA Todas hospitalizagcbes 1 IRA-D de 11% por ano
66) ) ) . . . T 1 IRA de 317 para 3995 pmp/ano e | mortalidade de
Kolhe et al. (2016) 1998-2013 CID-10 IRA Reino Unido NHS inglés Todas hospitalizacdes 42,3% para 27,1%
Carlson et al. (2016)®" 2000-2012 Cddigos IRA-D Dinamarca Registro nacional ~ Todas hospitalizages 1 IRA de 143 para 366 pmp/ano e | mortalidade
Fabbian et al. (2019)©® 2000-2015 CID-9 IRA Italia Registro nacional ~ Todas hospitalizacBes 1 incidéncia de IRA e | mortalidade
Chanchlani et al. (2019)®9  1996-2015 Cadigos IRA-D Canada Registro nacional  Internaces pediatricas 1 IRA de 58 para 65 pmp/ano e | na mortalidade para 19%
. CID-10IRA e x - . - | IRA-D de 4,3% para 3,7% e | mortalidade de 44,9%
(70) -
Miyamoto et al. (2019) 2007-2016 Cédigos IRA-D Japéo Registro nacional ~ Admissdes em CTI para 36,1%
Herrera-Afiazco et al. 2005-2016 CID-10 IRA Peru Registro nacional ~ Todas hospitalizages 1 IRA de 10,5% para 12,1% e | de 11% na mortalidade

(2020)7D

Legendas: codificacdo internacional de doengas (CID); Estados Unidos da América (EUA); IRA dialitica (IRA-D); creatinina (Cr); débito urinario (DU); pacientes por
milh&o (pmp); National Impatient Sample (NIS); centro de terapia intensiva (CTI); National Health Service (NHS).

Fonte: O autor, 2021.
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Dentre essas limitagdes, destacamos o fato de ndo terem sido criadas primariamente para
pesquisa, portanto dados clinicos detalhados muitas vezes ndo séo disponiveis; a codificacéo
pela Classificagdo Estatistica Internacional de Doencas (CID) € suscetivel a dados faltantes e
classificacfes equivocadas, possui baixa sensibilidade e ndo fornece dados sobre gradacédo da
gravidade, apenas quando combinado com dados de cobranca de dialise; por fim, os dados
extraidos frequentemente ndo tornam possivel a fenotipagem da IRA (52). Essas limitacGes
geram oportunidades importantes para melhorar a qualidade e codificacdo dos dados,
preenchendo as lacunas criticas de conhecimento em IRA e melhorando os desfechos.

Mesmo com os avanc¢os no cuidado com o paciente critico e melhora global nos
tratamentos de muitas doengas crbnicas, a mortalidade associada a IRA grave permanece
desapontadamente elevada (16). llustra essa constatacdo a andlise agrupada por décadas na
mortalidade bruta associada a IRA, compilada por Ympa et al. (72). Adicionamos, para efeitos

de comparacdo, os resultados de mortalidade do recente estudo STARRT-AKI, publicado em
2020 (73).

Figura 3 - Mortalidade bruta associada a IRA nas ultimas 6 décadas
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Legenda: injdria renal aguda (IRA).
Fonte: Modificado de Ympa et al. (2005) (72). Acrescentamos a mortalidade de 43,8%
observada no recente estudo STARRT-AKI (73).

Aventa-se que o0 aumento na longevidade, associado a uma populacdo com prevaléncia
elevada de doencas cronicas, e a maior sobrevida do paciente critico pelo avanco dos
mecanismos de suporte artificial contribuam para manter niveis elevados de mortalidade nos
pacientes com IRA (74).

Em termos de desfechos de longo prazo (renais e ndo renais), evidéncias tem apontado

para uma relagéo clara, robusta e independente entre a IRA e aumento de riscos futuros de DRC,
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de necessidade de SRA de longo prazo e de morte, com um gradiente de riscos crescentes a
medida em que a aumenta a gravidade da IRA. A IRA se associa a um adicional de 10 casos de
DRC por 100 pessoas-ano e 0,4 casos adicionais de dependéncia de dialise por 100 pessoas-
ano (75). Em nivel populacional, essas evidéncias indicam que a IRA tem grande implicac6es
de longo prazo para a saude publica. Portanto, conhecer sua epidemiologia em profundidade é
0 primeiro passo para o desenvolvimento de programas para a prevencdo que mudem o curso
de sua historia natural (36).

Uma barreira na compreensdo epidemiologica global da IRA reside nos poucos esforcos
na alocacdo de recursos para informar profissionais de saide e a populagdo geral sobre a
importancia da IRA como uma doenca potencialmente evitavel e tratdvel. Um dos fatores mais
importantes nessa limitacdo é a falta de estudos robustos com base populacional, principalmente
em paises de renda média e baixa, onde reside 85% da populacdo mundial, o que subestima a
verdadeira extenséo da IRA, uma vez que os dados advém principalmente de estudos em centros

isolados que ndo capturam a complexidade da sindrome (36, 37).

1.2 Epidemiologia da injuria renal aguda em diferentes cenarios socioeconémicos:

diferencas entre paises de acordo com a renda

Enquanto em paises desenvolvidos de alta renda, a disponibilidade de integradas bases
de dados populacionais permitiu avangos na compreensao epidemioldgica da IRA, em paises
em desenvolvimento ou emergentes, de renda médio-baixa, a falta desses dados torna dificil
tecer estratégias de enfrentamento e prevencdo ao problema (36). Em paises emergentes de
renda média-alta, como no caso do Brasil e China, dados em satde publica sdo mais disponiveis,
no entanto as disparidades socioeconémicas entre regifes no proprio pais e desigualdades na
alocacdo de recursos em salde tornam a abordagem de agravos como a IRA desafiadora (46,
76-80).

Reconhecendo as disparidades nas ferramentas de conhecimento e enfrentamento da
IRA em diferentes cenarios socioecondmicos e com vistas a lidar com o problema, a Sociedade
Internacional de Nefrologia langou o programa 0 by 25, com objetivo ambicioso de zerar as
mortes potencialmente evitaveis em decorréncia de IRA em escala mundial até 2025, com o
foco especial nos paises de renda média e baixa, onde muitos casos de IRA poderiam ser

reconhecidos e tratados de forma pronta, evitando-se perda de vidas (36).
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Como parte do projeto, um estudo transversal multicéntrico mundial foi realizado e os
resultados ilustram bem as contradigdes e diferencgas na apresentacdo e desfechos da IRA de
acordo com a renda do pais (81). Participaram 289 centros de 72 paises, e os dados foram
estratificados em paises de renda alta (PRA), renda médio-alta (PRMA) e renda média-baixa e
baixa (PRMB). A mediana de idade e a carga de comorbidades como cardiopatias, DRC prévia
e doenga hepética foi maior nos paises de PRA e PRMA. O choque foi o fator precipitante mais
importante nos paises de PRA e PRMA e desidratacdo, nos paises de PRMB (associados a
ingestdo hidrica inadequada e vOmitos), assim como IRA associada a gravidez e
envenenamento animal. O SRA foi realizado em 22% dos pacientes e nos paises de PRMB, foi
iniciada com niveis mais elevados de creatinina, podendo representar atraso de inicio. Terapias
continuas lentas foram de uso mais prevalentes nos paises de PRA e PRMA e terapias hibridas
(hemodialise prolongada) foram mais realizadas nos paises de PRMB. Cerca de 8% dos
pacientes com indicacdo de SRA ndo foram expostos a terapia; nos paises de PRA e PRMA, a
principal razéo foi percepgao de futilidade, enquanto nos paises de PRMB predominou a falta
de recursos técnicos e a impossibilidade de arcar com despesas. A mortalidade global em 7 dias
foi similar, porém foi maior nos pacientes submetidos a SRA nos paises de PRMB comparados
aos de RA (17% vs. 9%). A mortalidade da IRA adquirida na comunidade, no centro de terapia
intensiva (CTI) e da IRA pediatrica foi maior nos paises PRMB. No entanto, a recuperago
completa foi maior nos paises de PRMB comparados aos de PRA e PRMA. Os autores destacam
ainda que a maioria dos centros participantes dos paises de PRMB estava localizada em
hospitais de referéncia de grandes cidades e, portanto, casos de IRA em comunidades rurais e
centros urbanos menores foram pouco representados.

O numero de estudos epidemioldgicos em IRA provenientes de paises de PRMB
publicados nos ultimos anos tem aumentado de forma substancial, permitindo maior
compreensdo da situacdo atual nesses paises (19). Na meta-analise de Mehta et al. (36), nos 266
estudos que empregaram as definicbes KDIGO (incluiram 4.502.158 pacientes), a incidéncia
agrupada de IRA nos paises de PRMB aumentou e alcangou a incidéncia em paises de PRA e
PRMA, afetando cerca de 21% das admissdes hospitalares. No Quadro 3, a seguir, é
apresentados um resumo das diferencas potenciais entre a caracteristicas da IRA nos diferentes
cenarios (adaptada de Hoste et al. (19)).

Uma meta-analise recente avaliou diferencas entre caracteristica da IRA no CTI em
paises desenvolvidos e emergentes. Enquanto as caracteristicas clinicas e incidéncia de IRA
(39,3% vs. 35,1%, respectivamente) nao foram significantemente diferentes, a necessidade de

SRA, tempo de internagdo do CTI e mortalidade foram maiores nos paises emergentes.
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Dificuldades nas comparagdes incluiram falta de padronizacéo da creatinina sérica de referéncia
e definicdo de oliguria, assim como o tempo para a avaliacéo do paciente com IRA, assinalando

a necessidade de estudos mais robustos e multicéntricos nesses paises (82).

Quadro 3 - Diferencas da IRA de acordo com a renda do pais

Caracteristicas Paises de renda alta- ou média-alta? Paises de renda média a baixa?

Centros de salde rurais e hospitais, bem como

Padrdo de ocorréncia  Predomina no CTI e
em grandes hospitais urbanos

Padrdo de doenca Associada a DMOS Doenca Unica; DMOS menos comum

Mortalidade Elevada Similar ou maior que paises de alta renda

Demografia Idosos Adultos jovens e criancas

Incidéncia Em aumento Em aumento

Notificacéo Adequada Subnotificacéo

Prevencio Dificil de prevenir Pfevgnlvel, geralmente com politicas de satde
publica
Barato se tratado em estagios precoces;

Custo Caro dificuldade em arcar com custos em casos mais
graves

Diarreia e doencas endémicas (leptospirose,

Principais exposi¢des  Sepse e choque séptico febre amarela..)

Trauma Complicagdes obstétricas

Cirurgias complexas Envenenamento animal (ofidico, aracnideo...)
Nefrotoxicidade Medicamentos de medicina tradicional
Queimaduras Demanda fisica exaustiva de trabalho bracal

Legendas: injdria renal aguda (IRA); centro de terapia intensiva (CTI); disfungdo multipla de 6rgdos e sistemas
(DMOS); (a) nova classificacdo do Banco Mundial: paises de renda média-baixa (renda per capta):
$1.046 —4.095; paises de renda média-alta: $ 4.096 — 12695; paises de alta renda: > $12.695 (disponivel
em: https://blogs.worldbank.org/).

Fonte: O autor, 2021.

Por fim, disparidades socioecondmicas e distribuicdo desigual dos recursos em um
mesmo pais podem implicar em desfechos diferentes entre agravos em saude. Evidéncias
robustas ligam privagdo socioeconémica e desfechos piores na DRC, em varios paises e em
sistemas de saude diferentes, associado, dentre outros fatores, a maior carga de comorbidades
e acesso restrito a cuidados de qualidade em salde (83). Essas associa¢fes tém sido menos
estudadas no cenario da IRA, e as evidencias disponiveis, principalmente de paises de renda
elevada como o Reino Unido, sdo contraditdrias e de dificil generalizacéo para outros cenarios
(84-86). Mais ainda, diferencas importantes na evolucao e maior mortalidade tém sido descritas
em pacientes admitidos em hospitais publicos comparados aos internados em hospitais privados
(87-89). A amplitude dessas diferencas potenciais ainda ndo foi estuda no contexto da IRA no

Brasil e representa um dos objetivos desta tese.
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1.3 Injaria renal aguda no Brasil

Mesmo sendo um pais de renda média-alta, dotado de um sistema de saude universal
(Sistema Unico de Saude (SUS)), o Brasil segue apresentando dificuldades e contradicdes de
um pais emergente, com desigualdades regionais e socioeconémicas importantes. O Brasil
passou por um processo de transicdo epidemioldgica nas ultimas décadas, com aumento da
expectativa de vida, diminuicdo da mortalidade e uma mudancga nos agravos em saude em
diregdo a maior prevaléncia de doencas crbnicas, ndo-comunicaveis. No entanto, as mudangas
demogréficas e epidemioldgicas ndo ocorreram de maneira uniforme entre os estados,
resultando em disparidades subnacionais na satde (76, 90). Mais ainda, 75% da populacéo
brasileira é coberta pelo SUS, que, apesar dos bons avangos rumo a cobertura universal de satde
nas Ultimas décadas, com melhorias na salde da populacdo, continua lutando contra o
subfinanciamento, alocacdo desigual de recursos e fragilidade na prestacéo de servicos (77).

Essas contradicGes se refletem na epidemiologia da IRA no pais. Até o inicio da década
de 2010, poucos estudos epidemiolégicos amplos foram realizados no pais. Os relatos se
restringiam a centros Unicos com relativamente poucos pacientes, e refletiam a realidade
dicotomizada entre IRA associada a causas tipicamente de paises em desenvolvimento vs. IRA
predominantemente urbana, mais compativel com paises de alta renda (91).

Dos 11 estudos brasileiros incluidos na meta-analise de Susantitaphong et al. (37), seis
estudos descreviam IRA associada a doencgas infecciosas, acidentes com animais peconhentos
ou complicagdes obstétricas (92-97), quatro se referiram a IRA no PO de cirurgia cardiaca (98-
101) e um trabalho avaliou prevencdo de IRA por contraste (102). N&o incluidos nesta meta-
analise, pelo nimero de participantes ou por analisar apenas pacientes submetidos a SRA, estdo
seis estudos realizados em CTI, e que mostram caracteristicas epidemioldgicas similares aos
paises desenvolvidos, com taxas de incidéncia de IRA de 12% a 30%, com letalidade chegando
a 85%, dependendo da gravidade e da necessidade de SRA (35, 103-106).

O ndmero de publica¢des epidemioldgicas em IRA aumentou nos Ultimos anos, porém
ainda carecendo de estudos multicéntricos mais amplos. Sdo apresentados na Tabela 4, a seguir,
alguns estudos recentes com mais de 500 participantes, destacando que embora alguns registros
multicéntricos tenham sido realizados, a maior parte dos estudos representam ou centros Unicos
Ou pequeno grupo de centros com caracteristicas similares, o que torna a amplitude do

conhecimento da epidemiologia da IRA no Brasil ainda limitada.
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Depreende-se que, embora potencialmente tratavel, a IRA é uma condicdo comum e
associada a elevada letalidade, principalmente no espectro mais grave, quando da necessidade
de SRA. Por outro lado, acredita-se que esforgcos para deteccdo precoce e identificacdo de
fatores de risco tém o potencial de melhorar esses desfechos adversos (14). Dessa forma, é
essencial o aprofundamento do conhecimento epidemioldgico da IRA em paises como o Brasil,
nos quais muitas regides ainda se encontram em estagios intermedidrios de transi¢do
epidemioldgica, e onde coexistem causas de IRA tipicamente urbanas (sepse, grandes cirurgias,
exposicdo a drogas nefrotoxicas, etc.) com as doencas ditas tropicais ou condi¢des de pobreza

(leptospirose, maléria, dengue, violéncia urbana, gravidez precoce, etc.) (19, 36, 78-80).

Tabela 4 - Estudos brasileiros recentes em IRA com numero de participantes maior que 500

Obito

Autores Ano Local Critérios N IRA Estratificada Idade Contexto SRA (geral) Estratificado
Daher et al. o 1€2:397%3: : 0 o
(2019)19) 198522017 3CTIs(PE) KDIGO 507 80,3% 70.3% 66+ 6 Leptospirose  45,8% 22,5% NR
Nunes Filho et Registro 1:11,1% 1:9,1%
al. (2019)199 2008 a 2015  brasileiro AKIN 794 18% 2:2,4% 81.5+73 POTAVI NR 21,0%  2:36,8%
) multicéntrico 3:4,5% 3:41,7%
. 0,
Dos Santos et 20 Centro Unico o 1j 35’504 o 0 P
al. (2019)1% 11 a 2016 (PR) KDIGO 1500 405% 2:25,7% 53 (38-67) CTI geral 13,0% 39,1%  SRA: 62%
) 3:38,8%
1: 64% 1:0,9%
Ferreira et al. Centro unico o . o IRA o o 2:11,1%
(2020)110 2014 a 2016 (DF) KDIGO 619 27,8% g: gglzm 299+22 obstétrica 7,5% 8,6% 3:38.5%
i SRA:76,9%
L 1:13,1%
fzo(;‘zcg)ﬁtj" 20112018 (Cse;‘)t“’ UM KDIGO 5428 100%°  2:331% 63+157  CTlgeral 171%  344% AR
3:53,8%
Registro N
Katayama et o o, 1€2:86,6%; . PO cirurgia 0 0
al. Qo21y» 2018 zﬁls:ilceéﬁ”co KDIGO 904 158% 575 4o 62(50-72) a0 ricco®  134% 31,6% NR
Inda-Filho et 1:61,3% 1:8,8%
al. (2021)019 201722019 3CTIs(DF) KDIGO 8131 21,3% 2:89% 70,4 £16,3 CTI geral 26,6% 257%  2:22,7%
i 3:29,7% 3:61,5%

Legendas: injaria renal aguda (IRA); nimero de participantes (N); suporte renal artificial (SRA); centro de terapia
intensiva (CTI); Pernambuco (PE); Kidney Diseases Outcome Initiative (KDIGO); ndo reportado (NR),
Acute Kidney Disease Network (AKIN); pdés-operatério (PO); Transcutaneous Aortic Valve
Replacement (TAVI); Parana (PR); Distrito Federal (DF); S&o Paulo (SP); (a) analisados somente
pacientes com IRA da coorte; (b) excluindo cirurgia cardiaca.

Fonte: O autor, 2021.

A proposta desse estudo € conduzir uma analise inédita e abrangente da epidemiologia
da injuria renal aguda no espectro mais grave, ou seja, quando ha necessidade do SRA, fazendo
uso de uma grande base de dados: o sistema Nefroweb®. Esse sistema inclui mais de 25.000
pacientes submetidos a SRA em ambiente hospitalar no Estado do Rio de janeiro, em uma gama
ampla de instituicdes de saude publicas e privadas. A expectativa é obter uma compreensao
detalhada de aspectos epidemioldgicos e clinicos relacionados a IRA no Estado do Rio de
Janeiro, um grande centro urbano de um pais em desenvolvimento e identificar as situacoes

associadas a desfechos adversos.



2 OBJETIVOS

2.1 Objetivo geral
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Descrever epidemiologia e desfechos de uma coorte de pacientes com IRA dialitica no

Estado do Rio de J

de institui¢bes pub

aneiro, utilizando-se uma base de dados que contemplou uma gama variada

licas e privadas, fornecendo um retrato inédito dessa condicéo no Brasil.

2.2 Objetivos especificos:

b)

d)

Manuscrito 1: A real-world prospective study on dialysis-requiring acute
Kidney injury - Descricdo geral dos dados, com énfase nas caracteristicas
demogréficas, clinicas, e fatores envolvidos na mortalidade hospitalar da
coorte, além de analise de sobrevida estratificada por 13 estratos etarios,
desde recém-nascidos até pacientes centenarios;

Manuscrito 2: The Changing Etiologies and Diseases Related to Severe
Acute Kidney Injury Throughout Life - Aprofundamento da descri¢do das
etiologias associadas ao desenvolvimento da IRA grave estratificada por
estrato etario, aproveitando a extensa lista de 80 condicGes clinicas e
cirurgicas geradas pela base de dados;

Manuscrito 3: Socioeconomic Influences on the Outcomes of Dialysis-
Requiring Acute Kidney Injury in the Two-Tiered Healthcare System of
Brazil - Comparar caracteristicas clinicas, epidemioldgicas e de desfecho da
IRA dialitica entre os hospitais publicos comparados aos privados no Rio de
Janeiro. Andlise dos aspectos socioecondmicos da coorte e seu impacto na
apresentacdo e desfechos da IRA grave;

Manuscrito 4: Epidemiologia da leséo renal aguda em pediatria - Revisdo
sistematica da literatura descrevendo a epidemiologia da IRA na populagao

pediatrica.
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3METODOS

3.1 Desenvolvimento do banco de dados NefroWeb

Diante do gargalo na capacitacdo de muitos hospitais pubicos e privados no manejo de
pacientes com IRA que necessitavam de SRA, foi idealizada no final da década de 1990, sob
responsabilidade de médicos nefrologistas do grupo Kidney Assistance, um sistema de atencdo
em nefrologia sob demanda, fornecendo pessoal médico e de enfermagem capacitados e suporte
técnico de alta qualidade, suprindo a caréncia de atendimento nefroldgicos nessas unidades. O
banco de dados Nefroweb® foi idealizado em 2001 como ferramenta para gerenciamento e
controle dessa atividade, que rapidamente cresceu em tamanho e complexidade, atingindo cerca
de 170 hospitais publicos e privados e unidades de saide menores ao longo do tempo, no estado

do Rio de Janeiro, majoritariamente na area metropolitana (Lista dos hospitais no ANEXO A).

3.2 Especificages e estrutura do Nefroweb®

O NefroWeb® ¢ um banco de dados criado a partir de um sistema de gerenciamento de
dados - SQL server - da Microsoft, com integracdo na internet, iniciado em 2001 para fins de
gerenciamento da atividade do grupo. E dividido em um médulo gerencial e um médulo clinico
e epidemioldgico, que serviu como base para a coleta de dados para a presente tese. Cada
médico nefrologista integrante da operacdo inseria os dados pertinentes de cada paciente
atendido pelo sistema, utilizando o acesso a internet com nome de usuario e senha individual,
bem como dados de cada prescrigdo de dialise ao longo da internacéo e do suporte do paciente.
O modulo clinico-epidemioldgico do Nefroweb® teve como inspiracio o estudo BEST (do
inglés, Beginning and Ending Supportive Therapy for the Kidney) (28), estudo multicéntrico
conduzido em 23 paises que pesquisou a epidemiologia da IRA grave em terapia intensiva.
Integrantes da equipe de nefrologistas participaram ativamente deste estudo e foram os

responsaveis pela inser¢do de um dos centros que representaram o Brasil no estudo BEST.
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3.3 Participantes e tamanho do estudo

Durante o periodo analisado, 25.624 pacientes, pediatricos e adultos, foram submetidos
a SRA durante a internacdo hospitalar. Excluimos 7.289 pacientes com diagnéstico de DRC
estagio V (em didlise crbnica prévia, ou iniciando dialise na admissdo por uremia crénica
avancada). Apos a revisdo individual de todos os registros remanescentes, 1.177 foram
excluidos por excesso de dados faltantes ou auséncia de relatorio, dentre outros motivos. A

coorte final compreendeu um total de 17.158 pacientes (Figura 4).

Figura 4 - Fluxograma do estudo

Populagao inicial do estudo
25.624 pacientes iniciando SRA durante a admissao, de 2002 a 2012

Indicagao de dialise
Pacientes com DRC classe V (n=7.289)

(em didlise crénica ou iniciando didlise por DRC avangado)

Coorte proviséria
18.335 pacientes com diagnostico de IRA

Revisao individual de relatérios

Relatério médico ausente ou muitos dados faltantes (n=823)
Pacientes com DRC dialitico classificado erroneamente(n=277)
Registros duplicados (n=55)

Plasmaferese (n=22)

Coorte final do estudo
17.158 pacientes com diagnostico de IRA

Legendas: suporte renal artificial (SRA); doenga renal cronica (DRC); injuria renal aguda (IRA).
Fonte: O autor, 2021.
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3.4 Entrada inicial dos dados (periodo 2002 a 2005)

Inicialmente, eram registradas no banco as seguintes variaveis demograficas e clinicas:
idade, género, etnia, cddigo CID-10 para diagndstico de admisséo e da sindrome renal, presenca
ou ndo de DRC de base, comorbidades (p. ex. hipertensdo arterial, diabetes mellitus,
cardiopatias cronicas), fatores precipitantes da IRA (p. ex. sepse na admissao, sepse apds a
admissdo, choque cardiogénico), indicacdo para 0 SRA (p. ex. oliguria, hipervolemia,
hipercalemia, acidose). A prescri¢do da dialise incluia a modalidade e parametros técnicos. Os
desfechos principais incluiam sobrevida (com recuperacdo completa, parcial, ou alta em
dependéncia de dialise. Haviam campos chamados “outro” e “indefinido”, quando 0 médico
ndo tinha certeza do tipo de recuperacdo, excluindo a dependéncia de dialise) ou ébito durante

a internagdo. Em adigdo, era gerado um relatorio clinico detalhado para cada paciente.

3.5 Analise interina e atualizacédo dos dados

Em 2005, uma analise interina dos primeiros 3.506 pacientes foi realizada para acessar
a consisténcia e a necessidade de ajustes na base de dados. O momento de inicio do suporte
renal artificial foi considerado como correspondente ao “tempo zero”, de referéncia para 0s
calculos utilizados no estudo. Os dados foram exportados em formato Excel, os registros foram
anonimizados e, depois, escrutinados individualmente para verificacdo de consisténcia
(adjudicacdo) e para categorizacdo de varidveis. Foi observado que os diagnosticos de
internacdo e informados no relatério médico e na classificacdo CID-10 eram passiveis de
categorizacdo, permitindo identificar as principais doencgas associadas com a precipitacdo ou
ocorrendo no contexto da IRA. Além disso, o cuidado em adjudicar os dados de todos os
pacientes estudados, linha por linha da planilha, permitiu identificar inconformidades de
relatorios e corrigir discrepancias. Dessa forma, foi possivel ajustar os dados
retrospectivamente nos registros existentes e daquela data em diante, expandir a base de dados
para prospectivamente registrar 80 grupos diagnosticos de admissdo ou evolugdo hospitalar
(clinicos e/ou cirargicos, ndo mutualmente exclusivos), 17 comorbidades, 11 fatores
precipitantes da IRA, seis faléncias organicas associadas e seis indica¢des para o inicio do SRA.

Para explorar diferencas potenciais nas variaveis clinicas e de desfecho associadas a idade, 0s
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pacientes foram posteriormente estratificados em 13 estados etarios (0-2 meses, 2 meses a 1
ano, 1 a9 anos, 10 a 19 anos, e a cada década subsequente até a década > 100 anos).

3.6 Definicdes e outras categorizacoes

Como mencionado, o nefrologista assistente foi responsavel pela avaliacdo do paciente,
indicacdo da diélise e do método e por coletar os dados relevantes para alimentar o banco de
dados. Isto foi feito no dia da indicacdo da dialise através da revisdo da historia clinica, exame
fisico e exames laboratoriais e de imagem. A coleta adicional de grande quantidade de dados,
como exames laboratoriais e sinais vitais, impactaria de forma expressiva a carga de trabalho
do médico, portanto nossos dados foram primariamente categorizados para facilitar a
completude da coleta. A presenca de DRC de base, por exemplo, foi um dado coletado pelo
nefrologista com base na revisdo clinica e laboratorial, historia pregressa, revisdo de exames
antigos, se disponiveis, e em alguns casos por contato com familiares, ndo sendo coletados
valores da creatinina e estimativa da taxa de filtracdo glomerular. Foi com base nesta conduta
que excluimos 7.289 pacientes que estavam em dialise cronica prévia, ou iniciando dialise na
admissdo por uremia cronica avancada. Da mesma forma, as faléncias organicas foram
definidas categoricamente, através de julgamento clinico-laboratorial a beira do leito e através
da computacdo da contagem de faléncia organica simples (SOFC, do inglés Simple Organ
Failure Count) (114) e do escore SOFA (do inglés Sequential Organ Failure Assessment), pelo
médico atendente. Este s6 foi disponivel em 9.280 pacientes, portanto foi analisado apenas na
estatistica descritiva e nas analises bivariadas, ndo sendo possivel utilizad-lo nas andlises
multivariadas. O diagnostico de sepse foi baseado na avaliacdo do médico atendente com base
nas definicGes consensuais de 2001 (115). IRA comunitéria foi definida como necessidade de
SRA dentro das primeiras 48h da internagdo hospitalar e IRA hospitalar, como casos iniciando
SRA posteriormente. A revisdo individual dos relatérios médicos ajudou a confirmar essas
definicBes. A sindrome cardiorrenal (SCR) tipo | foi definida como deterioracdo aguda da
funcdo cardiaca levando a IRA e a SCR tipo Il como anormalidades crbnicas da funcgéo
ventricular levando a piora da funcgéo renal (116). Os escores de cronicidade de Charlson (ECC)
e o de Elixhauser (ECE) foram calculados retroativamente através do pacote comorbidity do
software estatistico R (117), com base na extensa lista de comorbidades e situacdes clinicas

derivadas da base de dados. A indicagédo da dialise ficou a cargo do nefrologista assistente, de
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acordo com indicagdes classicas (p.ex. hipercalemia e acidose refratarias, oliguria, azotemia
crescente) ou de acordo com julgamento clinico (p.ex. acumulo progressivo de balanco hidrico).
Os métodos dialiticos empregados incluiam hemodialise convencional intermitente (HDI),
hemodialise prolongada (HDP), hemodialise prolongada — modo continuo (HDP-C) e dialise
peritoneal (DP). Para a andlise etioldgica, dividimos as entidades em 10 categorias: doencas
infecciosas, etiologias cardiovasculares, etiologias cirurgicas, neoplasias, uropatias obstrutivas,
estados hipovolémicos e outras condicBes inflamatorias, complicacGes obstétricas, disfuncao

hepatica, doencas renais e causas variadas.

3.7 Indicadores socioecondmicos

Baseado da regido geogréafica da residéncia de cada paciente (derivado do endereco e
codigo postal), as seguintes variaveis foram computadas: a) indice de desenvolvimento humano
municipal (IDHM) global e estratificado em trés categorias: IDHM educacional; IDHM renda;
IDHM longevidade; b) indice de Gini, que mede disparidades socioeconémica; c) renda média
mensal per capita. Esses dados foram apresentados tanto como variaveis continuas como
categorizadas em tercis e/ou dicotomizadas de acordo com os valores médios observados no
Estado do Rio de Janeiro. Esses indicadores, adaptados para municipalidades e estados, séo
calculados a partir do IDH geral do Brasil pelo Programa das Nagdes Unidas para o
Desenvolvimento no Brasil, pelo Instituto de Pesquisa Econdmica Aplicada e pela Fundagéo
Jodo Pinheiro, sendo disponiveis para consulta no site Atlas Brasil (http://atlasbrasil.org.br). Os
dados apresentados foram extraidos a partir dos censos de 1991 a 2010. O IDHM ¢ interpretado
da mesma forma que o IDH global, mas no nivel municipal e estadual. Varia de 0 a 1, e quanto
mais proximo de 1, maior o desenvolvimento da localidade. O IDHM permite a comparacdo
das municipalidades brasileiras ao longo do tempo. O indice de Gini é utilizado para medir a
desigualdade de renda, ja ajustado pela diferenca do tamanho das familias, transferéncias e
impostos. Sua escala varia entre 0 a 1, sendo atribuido 0 a uma situagdo de extrema igualdade
e 1 para extrema desigualdade. Dos 17.158 pacientes, 15.186 apresentavam informacoes
completas sobre o endereco e cddigo postal e as analises que envolveram os fatores

socioeconémicos foram realizadas neste subgrupo.


http://atlasbrasil.org.br/
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3.8 Comité de Etica em Pesquisa

O projeto foi cadastrado na Comiss&o Nacional de Etica em Pesquisa e submetido ao

Comité de Etica e Pesquisa do Hospital Universitario Pedro Ernesto. As duas empresas aten-

didas pelo sistema Nefroweb® consentiram com a realizacdo do estudo, desde que se man-

tivesse 0 anonimato de pacientes e se evitasse a citacdo dos seus nomes de fantasia ou das suas

razdes sociais em qualquer publicacdo. Devido a natureza retrospectiva e observacional do

estudo, sem qualquer intervencéo, dispensou-se a necessidade do termo de consentimento livre

e informado, desde que se garantisse 0 anonimato dos pacientes envolvidos. O projeto foi
aprovado pelo Parecer 1.734.281 de 19 de setembro de 2016 (ANEXO B).

3.9 Analise estatistica:

a)

b)

Comum a todos os manuscritos: os dados categoéricos foram sumarizados
como numeros e proporcdes e 0s dados continuos/numéricos como média +
desvio-padrdo ou como mediana e intervalos interquartilicos, conforme
apropriado. As anélises bivariadas foram realizadas através do teste qui-
quadrado para dados categdricos ou pelo test t de Student ou pelo teste U de
Mann-Whitney para dados continuos, conforme apropriado. As analises
foram realizadas no ambiente estatistico livre R e a significancia estabelecida
em p <0,05;

Manuscrito 1: As varidveis foram avaliadas para sua influéncia do desfecho
dicotdbmico de morte ou sobrevida durante a admissédo hospitalar. Os p-
valores das analises bivariadas foram corrigidos para comparag¢fes multiplas
pelo procedimento de Benjamini-Hochberg (FDR, do inglés false discovery
rate). Conduzimos analises de regressdo logistica bivariada para analisar
fatores associados com a mortalidade intra-hospitalar, e apenas variaveis
com p<0.10 no teste de Wald foram consideradas para a analise
multivariada. Como analise de sensibilidade, adicionamos a variavel hospital
(indicando cada instituicdo participante do estudo) como variavel de efeito

fixo aos testes bivariados; ndo houve mudanca significativa nos parametros
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estimados dos modelos. Conduzimos entdo uma regressdo logistica
multinivel, hierdrquica, tomando a varidvel hospital de admissdo como
variavel de efeito randdmico. Utilizamos o pacote Imr4 do R para tais
analises (118). Apos verificacdo de colinearidade (variaveis com fator de
inflacdo de varidncia > 5 foram excluidas), selecionamos varidveis para
inclusdo como efeitos fixos no modelo multivariado, tendo como critérios a
plausibilidade médica e epidemioldgica de acordo com o0 conhecimento
atual, incluindo as seguintes: variaveis demogréaficas (idade, sexo, etnia),
fatores precipitantes (sepse na admisséo, sepse tardia, SCR tipo I, disfuncao
hepética, hipovolemia, nefrotoxicidade), indicacdo para SRA (oligUria,
hipervolemia, acidose), comorbidades (DRC de base, escores de ECC e
ECE), cenarios de admissao (tipo de hospital, IRA comunitaria ou hospitalar,
admissdo médica, admissdo em CTI) e gravidade da apresentacdo
(ventilacdo mecénica, vasopressores, numero de faléncias organicas). O
modelo final foi selecionado em uma abordagem criteriosa objetivando
parcimonidade atraveés da minimizacdo dos critérios de Akaike (AIC). A
performance e descriminacdo do modelo foi acessado pela analise da matriz
de confuséo e pela curva Receiver Operating Characteristic Curve (ROC).
A calibracdo do modelo foi realizada pelo teste de Hosmer-Lemeshow,
porém considerando um modelo ndo hierarquico, no qual a variavel hospital
foi considerada como efeito fixo, ao lado de todas as outras do modelo
multivariado. Os resultados foram reportados como odds ratios (OR) com
intervalo de confianga (IC) de 95%. Considerando a heterogeneidade dos
hospitais e instituicdes médicas envolvidas, conduzimos uma analise
adicional de sensibilidade pela estratificacdo dos hospitais de acordo com
namero de leitos (pequeno: < 50 leitos; médio: 51 a 150 leitos e grande: >
151 leitos) e conduzindo um ajuste no modelo com essa variavel adicional.
Por fim, foi conduzida uma analise de sobrevida estratificada pelos 13
estratos etarios, descrita através de curvas de sobrevida de Kaplan-Meier
com teste de log-rank para significancia e através de um modelo de efeitos
mistos de riscos proporcionais de Cox ajustada para género, etnia, fendtipos
da IRA (aguda x DRC prévia; oligurica x ndo oligurica; séptica x ndo séptica;
comunitaria x adquirida no hospital) e pelo ECC, novamente com a variavel

hospitais individuais como efeito randémico. Resultados foram reportados
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como hazard ratios (HR) com IC de 95%. A andlise dos residuos de
Schoenfeld foi realizada para analisar os riscos proporcionais do modelo;
Manuscrito 2: os grupos etioldgicos foram comparados com o teste de qui-
quadrado para dados categoricos ou pelo teste de Kruskall-Wallis com o pds-
teste de Dunn para dados numéricos, conforme apropriado. Na analise
exploratoria também realizamos andlises da distribuicdo etaria dos 80
diagndsticos primérios pela idade e os foram dispostos em forma de diagramas
de caixa (box-plots). Um diagrama de Venn ilustrativo com até trés interacfes
entres os grupos etioldgicos foi criado através do pacote euler do R (119). Um
grafico com 100 intersecdes (10 mais frequentes para cada um dos 10 grupos
etiologicos) foram geradas pelo pacote UpSet do R (120). Curvas de
sobrevida entre os grupos etioldgicos foram visualizadas pelo método de
Kaplan-Meier, com o teste de log-rank para significancia. Associacoes entre
80 etiologias individuais e mortalidade hospitalar foram avaliadas usando
regressdo de efeitos mistos de Cox univariada (hospitais individuais como
variavel randémica), visualizada através de graficos de forest plot e descrita
como HR com IC de 95%. Posteriormente, cada modelo foi ajustado para
idade, género, gravidade da apresentacdo e comorbidades (ECC), para
avaliacdo da mortalidade por etiologia com ajuste para confundidores.
Resultados apresentados como HR com IC de 95%. A analise dos residuos
de Schoenfeld foi realizada para cada modelo para analisar 0s riscos
proporcionais;

Manuscrito 3: Os grupos foram estratificados entre pacientes atendidos em
hospitais privados vs. publicos. Curvas de sobrevida de Kaplan-Meier com
teste de log-rank para significancia foram construidas para comparar
sobrevida de pacientes tratados em hospitais publicos versus privado e entre
o IDHM e renda, estes dicotomizados pela média dos valores no estado do
Rio de Janeiro. Construimos um modelo de efeitos mistos de riscos
proporcionais de Cox para estudar a sobrevida entre esses grupos, tendo as
seguintes variaveis como ajuste: idade, sexo, etnia, indice de Gini, renda per
capta (estes dois indices estratificados para a média estado do Rio de
Janeiro), fenotipo da IRA (aguda x doenca renal preexistente; oligurica x ndo
oligarica; adquirida no hospital x comunitaria; séptica x ndo séptica),

gravidade da apresentacdo (numero de faléncias orgénicas) e comorbidades
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(ECC). Para eliminar efeitos de confundidores residuais, uma analise por
escore de propensdo, com balanceamento entre os grupos publico e privado
foi realizado através do pareamento por variaveis demograficas,
comorbidades, faléncias organicas, indicacbes de dialise, fatores
precipitantes da IRA e tamanho do hospital. Curvas de sobrevida de Kaplan-
Meier e modelo de riscos proporcionais de Cox foram aplicados nesta
amostra pareada para analise. Resultados foram reportados como HR com
IC de 95%. Residuos de Schoenfeld foram analisados para testar o0s
pressupostos dos modelos. Finalmente, correlacbes de Pearson foram
conduzidas para comparar diferengas potenciais entre o IDHM e o indice de
Gini com a renda per capita, em pacientes atendidos em hospitais publicos e

privados.
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4 RESULTADOS

4.1 Pacientes, instituicdes médicas e localidades atendidas

Durante o periodo analisado (2002-2012), 25.624 pacientes, pediatricos e adultos, foram
submetidos a SRA durante a internacao hospitalar. Apos exclusdo dos casos de doenca renal
cronica (ja em dialise crénica ou iniciando dialise na internacao), e apds revisao do prontuério
e demais exclusdes, 17.158 pacientes foram analisados (Figura 1).

Durante esse periodo, 170 institui¢des publicas e privadas foram atendidas pela equipe,
das quais 139 eram instituicbes privadas e 31, publicas (lista completa no ANEXO A). Os
hospitais foram classificados de acordo com o porte (pequeno: até 50 leitos; médio: de 51 a 150
leitos e grande: maior que 151 leitos) e de acordo com a especialidade (Tabela 5 e Figura 5,

legendas A e B).

Tabela 5 - Distribuicdo dos hospitais privados e publicos do estudo

Todos Privados Publicos
(n=170) (n =139; 81.8%) (n=31; 18.2%)

Tamanho (namero de leitos)
Pequeno (<50) 57 (33,5%) 57 (41%) 0 (0%)
Meédio (51-150) 73 (42,4%) 62 (44,6%) 11 (32,3%)
Grande (>151) 40 (24,1%) 20 (14,4%) 20 (67,7%)
Especialidade
Geral 118 (70,0%) 106 (75,2%) 12 (41,4%)
Pediétrica 15 (8,8%) 12 (8,5%) 3 (10,3%)
Cardiologia 13 (7,6%) 11 (7,8%) 2 (6,9%)
Trauma/emergéncia 11 (6,5%) 3 (2,1%) 8 (27,6%)
Obstetricia 8 (4,7%) 7 (5,0%) 1 (3,5%)
Oncologia 3 (1,8%) 2 (1,4%) 1 (3,4%)
Doencas infecciosas 2 (1,2%) 0 (0%) 2 (6,9%)

Fonte: O autor, 2021.

Observamos uma prevaléncia maior de hospitais de porte pequeno ou médio na coorte,
principalmente no setor privado comparado ao publico, que exibiu mais hospitais de porte
médio e alto. Na rede privada predominou hospitais gerais e na publica, houve maior
distribuicéo entre as especialidades, por exemplo, com mais hospitais de trauma/emergéncia,

oncologia e doengas infecciosas.
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Figura 5 - Distribuicdo dos hospitais
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Legenda: A) quanto ao porte; B) em relacdo a especialidade.
Fonte: O autor, 2021.

A Figura 6 mostra a distribuicdo geografica dos hospitais e clinicas atendidas,
destacando a concentracdo na regido metropolitana do estado. Na Figura 7, legenda A,
observamos a distribuicdo do municipio de origem do paciente atendido, com
representatividade mais difusa no estado, porém com predominio da regido metropolitana,
destacando os municipios do Rio de Janeiro, Niteroi e Sdo Gongalo (Figura 7, legenda B, os 10
municipios com mais pacientes).

Na Figura 7, legenda C, é mostrada a distribui¢do populacional nos bairros da cidade do
Rio de Janeiro, com os bairros de Copacabana, Tijuca e Campo Grande com maior namero

proporcional de pacientes.

Figura 6 - Distribuicdo dos hospitais e clinicas por cidade no Estado do Rio de Janeiro
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Fonte: O autor, 2021.
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Figura 7 - Distribuicdo geografica dos pacientes no estado e municipio do Rio de Janeiro
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Legenda: A) de acordo com o municipio de origem; B) 10 municipios com maior numero de pacientes atendidos;
C) nos bairros no municipio do Rio de Janeiro.

4.2 Apresentacao dos Manuscritos produzidos

Nas proximas sessoes, serdo apresentados 0s quatro manuscritos produzidos, dos quais
o primeiro foi submetido e esta sob revisdo por pares na revista PlosOne (comprovante de
submissdo no ANEXO C), os segundo e terceiro aguardam a publicacdo do primeiro para
submissdo, no sentido de referencia-lo na sessdo de métodos, para evitar repetitividade, e o
quarto, um artigo de reviséo, foi aceito e publicado no Jornal Brasileiro de Nefrologia (30).
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4.3 Manuscrito 1 - A real-world prospective study on dialysis-requiring acute kidney
injury (Artigo submetido)

A real-world prospective study on dialysis-requiring acute kidney injury

Conrado Lysandro R. Gomesl,2, Thais Lyra Cleto Yamanel, Frederico Ruzanil,2, José
Hermdgenes Rocco Suassunal,2

1 Clinical and Academic Unit of Nephrology, Hospital Universitario Pedro Ernesto, Faculty of Medical Sciences.
Universidade do Estado do Rio de Janeiro (UERJ), Rio de Janeiro, Brazil.
2 Kidney Assistance Ltd., Rio de Janeiro, Brazil.

ABSTRACT

Background: Current information about AKI epidemiology in developing nations derives
mainly from isolated centers, with few quality multicentric epidemiological studies. Our
objective was to describe a large cohort of patients with dialysis-requiring AKI derived from
ordinary clinical practice within a large metropolitan area of an emerging country, assessing
the impact of age and several clinical predictors on patient survival across the spectrum of
human life.

Methods: We analysed registries drawn from 170 hospitals and medical facilities in Rio de
Janeiro, Brazil, in an eleven-year period (2002—2012). The study cohort was comprised of
17,158 paediatric and adult patients. Data were analysed through hierarchical logistic regression
models and mixed-effects Cox regression for survival comparison across age strata.

Results: Severe AKI was mainly hospital-acquired (72.6%), occurred predominantly in the
intensive care unit (ICU) (84.9%), and was associated with multiple organ failure (median
SOFA score, 11; IQR, 6-13). The median age was 75 years (IQR, 59-83; range, 0-106 years).
Community-acquired pneumonia was the most frequent admission diagnosis (23.8%), and
sepsis was the overwhelming precipitating cause (72.1%). Mortality was 71.6%, and was higher
at the age extremes. Poor outcomes were driven by age, mechanical ventilation, vasopressor
support, liver dysfunction, type 1 cardiorenal syndrome, the number of failing organs, sepsis at
admission, later sepsis, the Charlson score, and ICU admission. Community-acquired AKI,
male gender, and pre-existing chronic kidney disease were associated with better outcomes.
Conclusions: Our study adds robust information about the real-world epidemiology of dialysis-
requiring AKI, with considerable clinical detail. AKI is a heterogeneous syndrome with variable
clinical presentations and outcomes, including differences in the age of presentation,
comorbidities, frailty state, precipitation causes, and associated diseases. In the cohort studied,
AKI phenotype bore more similarities to that of upper-income countries, as opposed to the
pattern traditionally associated with resource-limited economies.

Key words: acute kidney injury; epidemiology; dialysis; cohort study; hospital mortality; developing country
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Introduction

Acute kidney injury (AKI) is a persistent health challenge associated with significant short- and
long-term adverse consequences (1-3). Once classified in relatively few categories, it is now
clear that AKI is a syndrome that comes in many guises, with varying risk factors, causes,
clinical features, severity, and prognoses (4). Although there is a fair amount of large-scale
information on the epidemiology and features of AKI, the large administrative databases that
enable the study of AKI at the population level are generally not collected for clinical research.
This may limit the depth and breadth of the data content and, consequently, the ability to mirror
real-world clinical practice (5, 6).

Significant knowledge gaps remain concerning the geographical variation of AKI and its
differing outcomes (7). Current information regarding AKI epidemiology in developing nations
derives mainly from isolated centres, with few quality, multicentric, epidemiological studies
available. The International Society of Nephrology launched the Oby25 initiative almost a
decade ago to eliminate or at least reduce avoidable AKI-related deaths worldwide by 2025 (1).
A stated purpose behind that endeavour was to generate more comprehensive information
regarding the worldwide epidemiology of AKI.

This study reports on a large and detailed cohort of dialysis-requiring AKI, sequentially drawn
from ordinary clinical practice in hospitals and other health facilities within a large metropolitan
area of an upper-middle-income economy. We aimed to gain insight into the clinical
heterogeneity of urban AKI and assess the impact of age across the spectrum of human life,
predisposing factors, comorbidities, frailty, precipitation causes, associated diseases, and

concurrent organ failure on patient survival.

Material and methods

The study protocol was approved by Pedro Ernesto University Hospital’s Institutional Review
Board, which waived the need for informed consent based on the observational and non-
interventional nature of the study. This manuscript adheres to the STROBE guidelines for
cohort studies.

Study design and settings

This was an 11-year (2002-2012) prospective, multicentre cohort study on the clinical
characteristics and outcomes of AKI in the metropolitan area of Rio de Janeiro. It involved 170
hospitals and medical facilities of both private and public governance. Dialysis modalities

included peritoneal dialysis and haemodialysis with standard machinery in conventional
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intermittent dialysis, sustained low-efficiency dialysis (SLED), or slow-continuous dialysis
(SCHD) modes. After nephrology referral and renal replacement therapy (RRT) indication, data
was entered by attending nephrologists in the clinical module of NefroWeb, a customised
Microsoft SQL server database (S1, Section 1.1 and 1.2).

Participants, inclusion and exclusion criteria and study size

All adult or paediatric patients admitted to one of the 170 hospitals and medical facilities and
that required dialysis during hospitalization were eligible for inclusion in this cohort. Out of the
25,624 patients who were dialyzed, we excluded 7,289 patients diagnosed with end-stage
kidney disease (either on previous chronic outpatient RRT or chronic kidney disease (CKD)
patients commencing dialysis treatment at the time of hospital admission). After individual
record review, we excluded an additional 1,177 patients with incomplete data. The final study

cohort comprised of 17,158 patients (Fig 1).

Starting study population

25 624 patients starting dialysis during hospital admission from 2002 to 2012

Indication for dialysis
Patients with ESDR (n=7 289)

Provisional cohort

18 335 patients with a diagnosis of AKI

Individual record review

Absent medical report or incomplete medical chart (n=823)
Patient with ESRD (n=277)

Duplicate record (n=55)

Other extracorporeal therapies (n=22)

Final study cohort

17 158 patients with a diagnosis of AKI

Figure 1. Study Flowchart. ESRD, end-stage renal disease; AKI, acute kidney injury.

Data collection and initial variables

We recorded the following demographic and clinical variables: age, sex, self-declared race,
ICD-10 codes for the clinical diagnosis upon admission and the renal syndrome, pre-existing
non dialytic CKD, comorbidities, precipitating causes of AKI, indications for RRT, and hospital

governance (public or private). Variables regarding RRT prescription were also logged (S1,
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Section 1.3). The outcomes were hospital mortality and renal status at discharge (dialysis
dependence and partial or complete recovery) (8).

Database entries and review

After the first 3,506 patients, we performed an interim analysis to assess consistency and
ascertain the need for adjustments in the data collection instrument. We noticed that many
entries were amenable to subcategorization, enabling refinement in identifying the major
diseases and risk factors associated with AKI development. We adjusted these entries
retrospectively in the existing records, and from that date on, we expanded the database to
prospectively record 80 non-mutually exclusive diagnostic groups, 17 comorbid conditions, 11
precipitation factors, six associated failing organs or systems, and six indications for the
initiation of RRT (S1, Section 1.3)

To further explore potential differences in age-associated clinical variables and outcomes, we
stratified patient data into 13 age groups (0—2 months, two months to 1 year, 1-9 years, 10-19
years, and every subsequent decade until >100 years of age). Records were reviewed for
implausible value, event ascertainment, adjudication, and data cleaning by a paediatric
nephrologist (TLCY) and two adult nephrologists (CLRG, JHRS).

Other inputs and definitions

We defined associated organ failure categorically by a simple organ failure count (SOFC) (9)
and sequential organ failure assessment (SOFA) scoring (S1, Section 1.3). The diagnosis of
sepsis was based on the 2001 consensus definition (10), as ascertained by the attending
physician. We defined community-acquired AKI as a dialysis requirement within the first 48
hours of hospital admission and confirmed it by record review. We considered later cases as
hospital-acquired. Cardiorenal syndrome (CRS) type | was defined as an acute cardiac injury
episode leading to AKI, and CRS type Il was defined as an existing chronic abnormality in
cardiac function that was followed by worsening kidney function (11). The Charlson
comorbidity score (CCS) and Elixhauser comorbidity score (ECS) were derived from the
extensive list of comorbidities and clinical diagnoses available in the database, and calculated
using an R comorbidity package (12).

Statistical analysis

Analyses were performed with the R statistical environment. Significance was set at p< 0.05.
Categorical variables were summarized as the number and the percentage of observations and
were compared with the chi-square test. Continuous variables were summarised as the mean

and standard variation or median and interquartile range (IQR). They were compared with the
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student t-test and the Mann-Whitney U test, as appropriate. We evaluated variables for their
influence on the dichotomous outcome of survival or death during hospital admission. We
adjusted p-values for multiple comparisons by the BH method (false discovery rate). We
performed bivariate two-level hierarchical logistic regression to analyse factors associated with
in-hospital mortality (the individual hospitals were the random effect variable), and we
considered only variables with p<0-10 for the multivariate regression analyses. After
verification of collinearity (we excluded variables with inflation variation factor > 5), variables
selected for inclusion as fixed-effects in the two-level hierarchical multivariate logistic
regression model were those with biological or plausible rationale according to current
knowledge and included the following: demographic variables (age, sex, race), precipitating
causes (sepsis at admission, later sepsis, liver disfunction, CRS type I, hypovolaemia,
nephrotoxicity), settings (hospital governance, community vs. hospital-acquired AKI, medical
admission, intensive care unit [ICU] admission), indication for dialysis (oliguria,
hypervolaemia, acidaemia), comorbidities (pre-existing CKD, CCS and ECS scores), and
severity of presentation (mechanical ventilation, vasopressors, number of failing organs). We
considered individual hospitals as the random effect variable. We selected the final model using
a criterion-based approach by minimising the Akaike information criterion and calculating the
area under the receiver operating characteristic curve. Effect estimates are presented as odds
ratio (OR) and 95% confidence interval (CI). To access the model's calibration, we conducted
the Hosmer-Lemeshow goodness of fit test on a non-hierarchical logistic regression model in
which we included all the above covariates, including individual hospitals, as an additional
fixed-effect. In addition to considering individual hospitals as random effects in the multilevel
model and acknowledging the heterogenicity of medical institutions involved (i.e., the
predominance of medium and small private medical facilities), we conducted an additional
sensitivity analysis after stratifying patients according to hospital size (small, <50 beds;
medium, 51-150 beds; large, >151 beds). Finally, considering the wide range of age
distribution, from new-borns to centenarians, we analysed age-stratified hospital survival
curves by the Kaplan-Meier method with the log-rank test. We also analysed age-stratified
survival by a mixed-effects Cox regression model adjusted for sex, race, AKI phenotypes, and
the CCS, considering individual hospitals as a random effect. We analysed the Schoenfeld

residuals to verify the model's assumptions.
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The median age was 75 years (IQR, 59-83; range, 0-106 years), 84.3% of the cohort was white,

and 54.2% were males. The paediatric population (< 18 years) comprised only 3.8% of the

cohort (S1, Section 2, eTables 2a—2c). Age distribution was stable across the study period (S2,
eFig 1la and 1b). Arterial hypertension (43.6%), heart disease (32.4%), CKD (31.7%), diabetes

mellitus (20.6%), and neoplastic disease (14.22%) were the most frequent comorbidities.

Table 1. Description of patient demography and other clinical aspects at hospital admission

All (n=17158) S(r‘j:gg’%)s N(E'r‘l:sfzr;’é‘é‘)’rs OR(95% CI)  pvalue®
Age 75 (59-83) 67 (52-78) 77 (64-85) 1.02 (1.01-1.02) p<0.001
Gender
Male 9302 (54.2%) 2862 (58.8%) 6440 (52.4%) Ref.
Female 7856 (45.8%) 2008 (41.2%) 5848 (47.6%) 1.29 (1.21-1.38)  P<0.001
Ethnicity
White 14218 (82.9%) 3864 (79.6%) 10314 (84.2%) Ref.
Afro-Brazilian 2877 (16.8%) 978 (20.1%) 1891 (15.4%) 0.82(0.71-0.94)  P<0.01
Asian 62 (0.4%) 14 (0.3%) 48 (0.4%) ns ns
Indigenous 1 (0.00%) 0 (0.00%) 1(0.00%) ns ns
Hospital governance
Private 16020 (93.4%) 4418 (90.7%) 11602 (94.4%) 1.73 (1.52-1.95)  p<0.001
Public 1138 (6.6%) 452 (9.3%) 686 (5.6%) Ref.
Comorbidities
Arterial hypertension 7475 (43.6%) 2203 (45.2%) 5272 (42.9%) 0.90 (0.85-0.97) p<0.05
Heart disease 5555 (32.4%) 1561 (32.1%) 3994 (32.5%) 1.02 (0.95-1.09) p=0.739
Diabetes mellitus 3539 (20.6%) 1115 (22.9%) 2424 (19.7%) 0.82 (0.76-0.89)  p<0.001
Neoplastic disease 2437 (14.2%) 727 (14.9%) 1710 (13.9%) 0.92(0.83-1.01)  p=0.105
Peripheral arterial disease 1888 (11.0%) 519 (10.7%) 1369 (11.1%) 1.05 (0.94-1.17) p=0.425
Neurologic disease 1722 (10.0%) 334 (6.9%) 1388 (11.3%) 1.72 (1.52-1.96)  p<0.001
Lung disease 1396 (8.1%) 237 (4.9%) 1159 (9.4%) 2.03(1.76-2.35)  p<0.001
Immobilization 724 (4.2%) 132 (2.7%) 592 (4.8%) 1.81 (1.50-2.20) p<0.001
Liver disease 671 (3.9%) 91 (1.9%) 580 (4.7%) 2.60 (2.09-3.27) p<0.001
Obesity 634 (3.7%) 204 (4.1%) 430 (3.5%) 0.82 (0.70-0.98)  p<0.065
Immunodeficiency 513 (3.0 %) 146 (3.0 %) 367 (3.0%) 0.99 (0.82-1.21) p=0.969
CCS (mean + SD) 2.02£0.87 1.94+0.88 2.05+0.85 1.15(1.11-1.20) p<0.001
ESC (meanz SD) 3.00 +1.46 2.89 +1.47 3.04 +1.42 1.07 (1.04-1.09)  p<0.001

Data presented as median (IQR) or frequency; OR: odds ratio (univariate logistic regression); CCS: Charlson comorbidity
score; ESC: Elixhauser comorbidity score; ICU: Intensive care unit; ns: non-significant. @ p values adjusted for multiple
comparisons by the FDR method.

Hospital admission, associated diagnosis, and severity of presentation (Table

2)

Most of the AKI cases were admitted to medical services (75.1%) and initiated dialysis in an

ICU (84.9%). Community-acquired pneumonia was the principal medical diagnosis (23.8%),

followed by hospital-acquired pneumonia (15.9%), ischaemic heart disease (9.0%), and heart

failure (8.1%). Emergency abdominal surgery (4.4%), cardiac surgery (4.4%), and surgery of

the spine-pelvis-hip-knee axis were the primary surgical diagnoses (S2, eFig 2). Table 2 also
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shows the association of the main AKI-associated conditions with the odds of mortality. The
cohort had a high disease severity: 74.8% of the patients were on mechanical ventilation, 70.7%
were on vasopressor support, and the median SOFA score was 11 (IQR, 6-13). Isolated AKI
occurred in 17.9% of the patients. Across all the 13 different age strata, AKI was predominantly
associated with at least two concurrent failing organs, particularly in children aged under one
year and in adults over 70 years of age (S2, eFig 3).

Table 2. Hospital admission, associated diagnosis, and severity of presentation at the day of RRT initiation

All Survivors  Non-survivors OR p value @
(n=17158) (n=4870) (n=12288) (95% CI)
Clinical setting (%)
Medical 12892 (75.1%) 3403 (69.9%) 9489 (77.2%) Ref.
Surgical 3186 (20.7%) 906 (20.7%) 2280 (20.7%) 1.00(0.90 -1.11) p=0.958
Obstetric 117 (0.7%) 79 (1.6%) 38 (0.3%) 0.19 (0.12-0.28)  p<0.001
Urological 618 (3.5%) 402 (8.3%) 216 (1.8%) 0.21 (0.17-0.25) p<0.001
ICU admission 14710 (84.9%) 3729 (75.5%) 10981 (88.6%) 2.51(2.30-2.73)  p<0.001

Main medical diagnoses °
Community-acquired pneumonia 4081 (23.8%) 702 (14.4%) 3379 (27.5%) 2.25 (2.06-2.46) p<0.001

Hospital-acquired pneumonia 2722 (15.9%) 443 (9.1%) 2279 (18.6%) 2.27 (2.04-2.53) p<0.001
Ischemic heart disease 1550 (9.0%) 459 (9.4%) 1091 (8.9%) 0.93 (0.83-1.05) p=0.277
Acute decompensated heart failure 1387 (8.1%) 451 (9.3%) 936 (7.6%) 0.80 (0.71-0.90) p<0.001
Abdominal sepsis 1329 (7.7%) 304 (6.2%) 1025 (8.3%) 1.36 (1.19-1.56) p<0.001
Urinary tract infection 1302 (7.6%) 405 (8.3%) 897 (7.3%) 0.86 (0.76-0.98)  P<0.06
Drug-induced nephrotoxicity 1208 (7.0%) 474 (9.7%) 734 (6.0%) 0.58 (0.52-0.66) p<0.001
Sepsis unknown/unspecified origin 1199 (7.0%) 231 (4.7%) 968 (7.9%) 1.71 (1.48-1.99) p<0.001
Cerebrovascular accident 1065 (6.2%) 216 (4.4%) 849 (6.9%) 1.59 (1.37-1.86) p<0.001
Skin and soft tissue sepsis 738 (4.3%) 222 (4.6%) 516 (4.2%) 0.91 (0.78-1.07) p=0.305
Main surgical diagnoses °
Abdominal emergency 758 (4.4%) 183 (3.8%) 575 (4.7%) 1.25 (1.06-1.49) p<0.05
Cardiac surgery 752 (4.4%) 257 (5.3%) 495 (4.0%) 0.75 (0.64-0.88) p<0.001
Spine-pelvis-hip-knee surgery 491 (2.9%) 105 (2.2%) 368 (3.1%) 1.47 (1.18-1.83) p<0.001
Elective surgery 269 (1.6%) 101 (2.1%) 168 (1.4%) 0.65 (0.51-0.84) p<0.001
Major trauma (except head) 254 (1.5%) 81 (1.7%) 173 (1.4%) 0.84 (0.64-1.10) p=0.261
Vascular surgery 246 (1.4%) 81 (1.6%) 165 (1.4%) 0.80 (0.61-1.05) p=0.127
Head trauma 208 (1.2%) 44 (0.9%) 164 (1.3%) 1.48 (1.07-2.09) P<0.06
Neurosurgery (non-trauma) 158 (0.9%) 32 (0.6%) 126 (1.0%) 1.56 (1.07-1.34) P<0.06
Organ failure
Mechanical ventilation 12829 (74.8%) 2388 (49.0%) 10441 (85.0%) 5.87 (5.45-6.33) p<0.001
Vasopressor support 12122 (70.7%) 2178 (44.7%) 9944 (80.9%) 5.24 (4.87-5.60) p<0.001
Neurological 5913 (34.5%) 1043 (21.4%) 4870 (39.6%) 2.40 (2.23-2.60)  p<0.001
Coagulation 1761 (10.3%) 311 (6.4%) 1450 (11.8%) 1.96 (1.72-2.23) p<0.001
Liver 1165 (6.8%) 195 (4,0%) 970 (7.9%) 2.05(1.75-2.410  p<0.001
Gastrointestinal 860 (5.0%) 175 (3.6%) 685 (5.6%) 1.58 (1.34-1.88) p<0.001
No additional failure 3066 (17.9%) 1993 (40.9%) 1073 (8.7%) Ref.
1 additional failure 1723 (10.0%) 699 (14.4%) 1024 (8.3%) 2.72 (2.41-3.07)  p<0.001
2 additional failures 5787 (33.7%) 1154 (23.7%) 4633 (37.7%) 7.45 (6.76-8.23) p<0.001
> additional 3 failure 6582 (38.4%) 1024 (21.0%) 6582 (45.3%) 10.08 (9.12-11.14) p<0.001
SOFA score © 11 (6-13) 7 (4-12) 12 (8-15) 1.14 (1.13-1.15)  p<0.001

Data presented as median (IQR) or frequency; RRT: renal replacement therapy; OR: odds ratio (univariate logistic
regression); CRS: cardiorenal syndrome; SOFA: sequential organ failure assessment. 2 p values adjusted for multiple
comparisons by the FDR method. ® Most frequent diagnoses out of 80 primary non-exclusively diagnostic categories.
¢ The SOFA score was available for 9280 patients.
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AKI phenotype, precipitating causes, and RRT aspects (Table 3)

The AKI phenotype was more frequently de novo (68.3%) and hospital-acquired (72.6%).
Sepsis was the most common precipitating cause, both upon admission (45.3%) or further along
the hospital course (26.8%) (Fig 2a). We observed significantly higher odds for mortality in
patients with sepsis on admission and those that developed sepsis at a later stage (OR, 1.81,
95% CI, 1.69-1.94; and OR, 2.05; 95% CI, 1.84-2.18; respectively). Among the precipitating
causes of AKI, liver dysfunction carried the highest risk for mortality (OR, 4.09; 95% CI, 2.84—
6.13) (Fig 2b). Rates of sepsis and other precipitating causes of AKI were relatively stable
across the 11-year period (S2, eFig 4).

Precipitating Causes of AKI Crude Mortality According to Causes of AKI
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Figure 2. a) Precipitating causes of AKI and b) Crude mortality rates. Causes are not mutually exclusive.
CRS: cardiorenal syndrome.

The leading causes for initiating RRT were azotaemia (84.1%), oliguria (75.8%), and acidosis
(73.8%). The most prevalent initial treatment modality was SLED (45.3%). The median length
of hospital stay before RRT initiation was seven days (IQR, 2-16).

Overall mortality predictors

Crude hospital mortality was 71.6% and remained relatively stable throughout the study period
Table 3. AKI and RRT aspects at the day of dialysis initiation



All Survivors Non-survivors OR a
(n=17158)  (n=4870)  (n=12288)  (95% Cl) p value

AKI category

ACKD 5440 (31.7%) 1961 (40.3%) 3478 (28.3%)  Ref.

De novo AKI 1178 (68.3%) 2909 (59.7%) 8809 (71.7%) 1.70 (1.59-1.82) p<0.001
Setting

Hospital-acquired AKI 12460 (72.6%) 2721 (55.9%) 9739 (79.3%) Ref.

Community-acquired AKI 2698 (27.4%) 2149 (44.1%) 2549 (20.7%) 0.33 (0.30-0.35) p<0.001
Precipitating causes of AKI

Sepsis on admission 7767 (45.3%) 1703 (35.0%) 6064 (49.4%) 1.81 (1.69-1.94) p<0.001

Hypovolemia 4880 (28.4%) 1373 (28.2%) 3507 (28.5%) 1.01 (0.94-1.09) p=0.650

Sepsis after admission 4598 (26.8%) 869 (17.8%) 3729 (30.4%) 2.05(1.84-2.18) p<0.001

CRS type 1 2245 (13.1%) 504 (10.3%) 1741 (14.2%) 1.42 (1.29-1.58) p<0.001

Major surgery 2207 (12.9%) 614 (12.6%) 1593 (13.0%) 1.02 (0.93-1.14) p=0.546

Nephrotoxicity 1652 (9.6%) 628 (12.9%) 1024 (8.3%) 0.61 (0.55-0.68) p<0.001

Urinary tract obstruction 833 (4.9%) 522 (10.7%) 311 (2.5%) 0.21 (0.18-0.24) p<0.001

CRS type 2 727 (4.2%) 332(6.8%) 395 (3.2%) 0.45 (0.39-0.52) p<0.001

Liver disfunction 334 (2.0%) 32 (0.2%) 302 (1.8%) 4.09 (2.84-6.13) p<0.001

Glomerular disease 164 (1.0%) 120 (2.5%) 44 (0.4%) 0.14 (0.09-0.19) p<0.001

Obstetric complication 111 (0.7%) 75 (1.6%) 36 (0.3%) 0.12 (0.05-0.25)  p<0.001

Other 194 (1.1%) 60 (1.2%) 134 (1.1%) 0.88 (0.65-1.20)  p=0.456

1 factor 10381 (60.5%) 3164 (65.0%) 7217 (58.7%) Ref.

2 factors 5654 (33.0%) 1448 (29.7%) 4206 (34.2%) 1.27 (1.18-1.36) p<0.001

>3 factors 1123 (6.6%) 258 (5.3%) 865 (7.0%) 1.46 (1.27-1.7)  p<0.01
Renal SOFA ®

Renal SOFA (mean + SD) 3.35+0.87 343+0.83 3.28%0.89 0.86 (0.82-0.91) p<0.01

Renal SOFA > 2 (points) 79.1% 82.5% 77.9% 0.74 (0.66-0.83) p<0.01
Criteria for commencing RRT

Azotaemia 14428 (84.1%) 4212 (86.5%) 10216 (83.1%) 0.77 (0.70-0.84) p<0.001

Oliguria 13007 (75.8%) 3142 (64.5%) 9865 (80.3%) 2.23 (2.08-2.41) p<0.001

Acidaemia 12616 (73.5%) 3137 (64.4%) 9479 (77.1%) 1.86 (1.73-2.00) p<0.001

Fluid overload 6532 (38.1%) 1606 (33.0%) 4926 (40.1%) 1.36 (1.26-1.45) p<0.001

Hyperkalaemia 3552 (20.7%) 1111 (22.8%) 2441 (19.9%) 0.83 (0.77-0.90) p<0.001

Intoxication 15 (0.1%) 6 (0.1%) 9 (0.1%) 0.59 (0.21-1.77)  p=0.356

Other 350 (2.0%) 123 (2.5%) 227 (1.9%) 0.72 (0.58-0.90) p<0.05

1 criterion 10381 (60.5%) 3164 (65%) 7217 (58,7%) Ref.

2 criteria 5654 (33%) 1448 (29.7%) 4206 (34.2%) 1.27 (1.18 -1.36) p<0.001

> 3 criteria 1123 (6.5%) 258 (5.3%) 865 (7%) 1.47 (1.27 - 1.70) p<0.001
Initial RRT modality ©

SLED 7993 (46.6%) 1567 (32.3%) 6426 (52.3%) 3.76 (3.49-4.07)  p<0.001

IHD 5383 (31.4%) 2578 (52.9%) 2805 (22.4%) Ref.

SCHD 3400 (19.8%) 586 (12.0%) 2814 (22.9%) 4.41(3.98-4.89) p<0.001

PD 360 (2.1%) 130 (2.7%) 230 (1.9%) 1.62 (1.30-2.03)  p<0.001
Other RRT data

Hospital days before RRT 7 (2-16) 4 (2-10) 8 (3-18) 1.01 (1.01-1.02) p<0.001

RRT sessions 7 (3-15) 9 (3-14) 6 (3-14) 0.99 (0.99-0.994) p<0.001

dialysis.? p values adjusted for multiple comparisons by the FDR method.
b The SOFA score was available for 9280 patients.

¢ The Initial RRT modality information was available for 17136 patients.
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Data presented as median (IQR) or frequency; AKI: acute kidney injury; RRT: renal replacement therapy; ACKD: acute on
chronic kidney disease; CKD: chronic kidney disease; CRS: cardiorenal syndrome; SOFA: sequential organ failure assessment;
SLED: sustained low-efficiency dialysis; IHD: intermittent hemodialysis; SCHD: slow-continuous hemodialysis; PD: peritoneal

(S2, eFig 5). The number of cases within each age stratum and their adjusted hazard ratio for

mortality are depicted in Fig 3. Using the 10-19-year age group as a reference, mortality was

significantly higher at both extremes of age, following a U-shaped pattern (Fig 3). Kaplan-

Meier curves related to the same age strata are shown in Fig 4.
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Figure 3. Age distribution in decades of life, number of patients according to 13 age strata and hazard
ratio for mortality, based on a mixed-effects Cox proportional hazard model, stratified by decades of life,
taken 10-19 years as reference. The model was adjusted for sex, AKI phenotype (community x hospital-
acquired, de novo x acute-on-chronic kidney disease, septic x non-septic AKI, oliguric x non-oliguric AKI),
severity of presentation (number of failing organ), and comorbidities (Charlson Comorbidity Score). Individual
hospitals variable was considered as random-effect variable. Results are presented as a hazard ratio (HR) and
95% confidence intervals.

Several clinical variables that were significantly associated with mortality were identified by
univariate analysis. The burden of underlying comorbidities, as summarised by the CCS (OR,
1.15; 95% ClI, 1.11-1.20) and ECS (OR, 1.07; 95% CI, 1.04-1.09) were associated with worse
survival. The median SOFA score was significantly higher in non-survivors (12; IQR, 8-15)
than in survivors (7; IQR, 4-12). There was also an association between the number of
associated failing organs and mortality. Patients with > three failing organs had a much higher
risk of mortality (OR, 10.08; 95% CI, 9.12-11.14), and 82.9% of non-survivors had at least two
failing organs, compared to 44.7% of survivors (S2, eFig 6 and eFig 7). Patients with acute-on-
chronic kidney disease (ACKD) had lower mortality risks than those with de novo AKI (OR,
0.58; 95% CI, 0.54-0.62). Lower risk of mortality was also observed in patients with
community-acquired AKI (OR, 0.33; 95% CI, 0.30-0.35).
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Survival Curves By Kaplan-Meier Method
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Figure 4. Survival curves according to Kaplan-Meier estimates, stratified by 13 age groups (Log-rank test,
p<0.001)

Among the indications of RRT, oliguria was associated with the worst survival (OR, 2.23; 95%
Cl, 2.08-2.41), followed by acidosis (OR, 1.86; 95% CI, 1.73-2.00) and fluid overload (OR,
1.36; 1.26-1.45). Non-survivors had a longer length of hospital stay before RRT initiation
(eight vs. four days; OR, 1.01; 95% CI, 1.01-1.02) and were more often initially treated with
slow-extended modalities, such as SLED and SCHD (73.8% vs. 38.9%, respectively; OR, 3.23;
95% Cl, 2.22-4.64).

Multivariate logistic model on mortality (Table 4)

Sixteen variables were retained in the multivariate analysis (Table 4). Those that were found to
be associated with higher odds for mortality included: age, CCS, sepsis at admission, later
sepsis, liver dysfunction, CRS type I, admission with a clinical diagnosis, ICU admission, the
number of non-renal failing organs, vasopressor use, and mechanical ventilation. Oliguria was
the only renal-related variable that was associated with a worse outcome. Male gender,

community-acquired AKI, and ACKD were associated with better odds for survival. Hospital
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governance did not impact the outcome. A sensitive analysis stratified by hospital size showed
that this variable did not affect the model assumptions (S1, Section 3, eTables 3a-3c).

Table 4. Two-level multivariate logistic regression on mortality

OR (95% CI) p value
Age (per year) 1.02 (1.01 t0 1.02) p<0,001
Male gender 0.87 (0.80 to0 0.94) p<0,001
Sepsis on admission 1.55 (1.39t0 1.73) p<0,01
Later sepsis 1.44 (1.27 t0 1.63) p<0,001
Liver disfunction 4.37 (2.86 t0 6.68) p<0,001
CRS type | 1.22 (1.06 to 1.41) P<0.01
Public hospital 1.14 (0.87 to 1.49) P=0.336
Community-acquired AKI 0.61 (0.55 t0 0.68) p<0,001
ICU admission 1.48 (1.31t0 1.67) P<0.001
Clinical admission 1.36 (1.23t0 1.67) p<0,001
Oliguria 1.48 (1.35t0 1.63) p<0,001
ACKD 0.88 (0.8110 0.97) p<0,05
Charlson score (per point) 1.08 (1.01t0 1.16) p<0.05
Mechanical ventilation 1.52 (1.32t0 1.76) p<0,001
Vasopressors 1.46 (1.27 t0 1.69) p<0,001
Non-renal organ failure (per organ) 1.40 (1.31to0 1.50) p<0,001

CRS: cardiorenal syndrome; ACKD: acute-on-chronic kidney disease; ICU: intensive care unit. Chi2 goodness-of-fit model test: p=0.174;
Model accuracy: 0.788 (95% CI: 0.776 to 0.791); Model sensitivity: 0.923; Area under the receiver-operating characteristic curve (c
statistic): 0.797 (95% CI: 0.790 to 0.805). Hosmer—Lemeshow goodness-of-fit test: p=0.233 (non-hierarchical logistic regression model
with individual hospital as fixed effect).

Outcome in survivors

Among the 4,870 surviving patients, 26.7% completely recovered, 33.0% were discharged with
residual CKD, and 23.3% remained dialysis-dependent. Missing information on kidney
function at discharge was observed in 17.0% of the patients. Those with ACKD were more
likely to be discharged on dialysis (13.5% vs. 9.8%, p < 0.001) (S2, eFig 8). Patients discharged
on dialysis also presented with lesser multiorgan involvement than those that became dialysis-
independent. Only 12.2% of those that ultimately left the hospital on RRT had > three failing
organs at admission, as opposed to 20.8 and 23.9% of those with partial and complete recovery,

respectively (p < 0.001).

Discussion

This cohort study of 17,158 patients admitted to 170 medical facilities is one of the most
extensive prospective investigations regarding the causes, clinical characteristics and outcome
of severe, dialysis-requiring AKI. Furthermore, it addresses the perceived need to increase

developing countries' representation in the global epidemiological knowledge base on AKI (1,
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7). Consistent with previous research (13-17), we found that dialysis-requiring AKI is
associated with significant clinical adversity and a high mortality risk. Mounting evidence
indicates that AKI in itself is a distinct, directly attributable risk factor for patient death (18-
20). However, the mortality risk is also significantly compounded by the severity of underlying
acute medical conditions and pre-existing comorbidities. These factors are multiple,
heterogeneous, temporarily variable, and difficult to account for (19). A significant strength of
this investigation is the size and detail of the database, which allowed addressing of this
heterogeneity by extensive detailing of associated diagnoses, comorbidities, precipitating
factors, and severity of illness, as well as the power to ascertain age-related differences in a
fashion not previously considered in other studies.

Out of the 80 categorised diagnoses in the database, three-fourths were medical conditions with
a striking predominance of pulmonary infections, both at admission or acquired during the
hospital stay. These were involved in virtually 40% of AKI cases and were associated with
increased odds for mortality. Major adverse cardiovascular events (ischemic heart disease, heart
failure, and cerebrovascular accidents) were also frequently associated with severe AKI
development. Postoperative AKI, whose incidence did not significantly differ between
survivors and non-survivors, was responsible for one-fifth of the cases. However, the odds of
death were higher for AKI that developed in the setting of abdominal emergency surgery,
orthopaedic surgery of the spine—pelvis—hip—knee axis, head trauma, and non-trauma
neurosurgery. AKI development in urological and obstetric settings was responsible for < 5%
of the cases and portended a more favourable prognosis.

There was a high prevalence of nonrenal-associated organ dysfunction, with more than 70% of
the patients requiring mechanical ventilation and vasopressor support. This clinical profile was
analogous to the AKI phenotype observed in other urban series (1, 14, 15, 17, 21). Hospital-
acquired AKI comprised approximately two-thirds of the cohort, once again matching the
pattern noted in other large-scale prospective studies (15, 21).

We sought to refine and extend previous observations that analysed children and adults as
separate cohorts (7, 13-15, 22) by stratifying the survival analysis across 13 age groups
encompassing the entire length of human life, from premature new-borns to centenarians,
revealing a clear U-shaped pattern of AKI-related mortality, with the highest rates at the
extremes of age. This conformation persisted after multivariable adjustment.

Despite the extended age spectrum, the study participants' median age (75 years) was 10-15

years higher than that reported in other similar studies (13-15, 23). This feature might indicate
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a more vulnerable cohort, and age was an independent risk factor for adults’ mortality,
increasing progressively at each age stratum (13).

Also, in agreement with preceding large series (15, 16, 24), sepsis was the most prevalent
precipitating factor for AKI and was associated with a high risk of mortality, either when
diagnosed at admission or when acquired later. In a secondary analysis of the BEST Kidney
Study, in-hospital mortality was significantly higher for septic AKI than for non-septic AKI
(70.2% vs. 51.8%, respectively) (25). We also observed this pattern in our study.

The combination of sepsis, advanced age, delayed development of AKI during hospital stay,
oliguria, and severity of clinical presentation (herein reflected by higher SOFA scores and
associated organ failure) indicated a particular group of patients with very poor prognosis,
underlying the high mortality rate that this and other studies have documented (13-17).

The reported prevalence of RRT dependence after an episode of severe AKI is highly variable.
The prevalence was 13.8% in the multicentre BEST kidney study (15) and 8.2% in the recently
completed worldwide Standard versus Accelerated Initiation of Renal-Replacement Therapy in
Acute Kidney Injury (STARRT-AKI) trial (23). When developing and developed countries
were compared, dialysis dependency at discharge after an AKI episode was 18.5% versus 5.7%,
respectively (17). In this study, there was a high prevalence of patients discharged on chronic
dialysis (23.3%) and a significant association of pre-existing CKD with this outcome. This may
be explained in part by the higher median age of the cohort. However, ACKD was associated
with better survival odds, and patients ultimately discharged on chronic dialysis had less severe
disease at presentation than those with partial or complete recovery of renal function. It has
been previously shown that a smaller number and severity of acute insults are required for the
development of AKI in patients with pre-existing CKD (26), suggesting that this subgroup
might have suffered a lesser organ injury burden.

Our findings must be interpreted in the context of the study's limitations. First, in comparison
to most series, the case mortality rate was certainly overrated, as the focus was on severe
dialysis-requiring AKI, rather than on earlier stages. Second, despite the various design and
analytic approaches, residual and unmeasured confounding cannot be rule out, as in any
observational study. Despite highly significant statistical associations between covariates and
the outcome, a causal relationship cannot be assumed.

A third limitation was the lack of uniform policy for the indication and timing of dialysis, as
this was an observational cohort investigation based on real-world clinical practice. These
decisions were at the discretion of the nephrologists that contributed to the study. It is assumed

that they followed standard criteria for commencing RRT, as indicated by more than one-fourth
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of the patients being dialysed without delay, within a 48-hour timeframe after hospital
admission, and conventional indications for starting dialysis recorded in 98% of the entries.
The balance between the optimal and the feasible is one of the main challenges in prospective
cohort studies. To encourage enrolment, the NefroWeb clinical module was devised to
minimise physician overburdening, as they were already busily involved with patient care.
Therefore, the emphasis was on recording categorical data elements collected in daily practice,
through the extensive use of checkboxes and drop-down menus, as opposed to numerical
clinical variables, such as vital signs and laboratory measures. For example, this was applied in
the definition of organ failure, which was extracted from the SOFA score and SOFC instrument
at the bedside. The lack of precise numerical data may have resulted in loss of information and
lower predictive ability and may be a fourth limitation of this study. However, the large size of
the cohort, density of the collected categorical data, and innovative age-stratified analysis
allowed for a depth of detail regarding the predisposing, comorbid, and risk factors for dialysis-
requiring AKI that is the key milestone of the study.

Although the analysis did not identify hospital size as significantly influencing survival, the
institutions differed in staffing, availability of resources and technology, and probably in overall
quality of care, all of which ultimately might have an unmeasured impact on survival. These
factors may present as a fifth limitation of this study. The painstaking process of individual
record review, including individual hospitals as random effects in the multivariate model, and
sensitivity analysis that considered hospital size were employed to minimise some of these
inherent weaknesses.

It was not our intention to produce a population-level analysis regarding the incidence and
prevalence of dialysis-requiring AKI. The institutions involved do not represent the whole
scope of Rio de Janeiro's medical facilities, as can be gathered by the higher prevalence of
private hospitals in the cohort. Likewise, the results do not entirely reflect the complex diversity
of disease burden in the whole of Brazil, considering that the metropolitan area of Rio de Janeiro
is generally more urbanised and has a better healthcare infrastructure compared to some other
regions in the country (27). Finally, the absence of long-term follow-up of survivors represents
an additional weakness of our cohort.

Conversely, the strength of this study is the large database prospectively derived from the real-
world clinical practice of patients with dialysis-requiring AKI instead of centres of excellence
or trials with strict selection criteria. This type of design allows for data collection with
considerable clinical detail and may provide valuable information regarding the range and

distribution of patients with a particular disease condition (28). More broadly generalisable and
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applicable results to clinical care may also be produced, uncovering new opportunities for
prevention while also assisting in selecting potential targets for improved resource allocation.
Finally, we addressed the perceived knowledge gap about the worldwide epidemiology of AKI
from the point of view of a middle-income country (7). It is fitting to point out that despite
drawing the cohort from a metropolitan area of an emerging economy, the AKI phenotype was
akin to that of high-income countries, in contradiction to the pattern often associated with
middle-income economies.

In conclusion, older individuals with significant comorbidities predominated in this cohort;
although, both extremes of age drove similarly poor outcomes. On multivariate analysis,
mechanical ventilation, vasopressor support, liver dysfunction, the number of failing organs,
sepsis at admission, later sepsis acquisition, the Charlson score, and age were independently
associated with mortality. Oliguria was the only renal-related variable associated with poor
prognosis. Favourable outcomes were associated with the male gender, ACKD, and

community-acquired AKI.

Conclusions

Our results endorse that dialysis-requiring AKI is a significant and devastating syndrome. It
also highlights its significant clinical heterogeneity, including differences in the age of
presentation, predisposing factors, comorbidities, frailty state, aetiology, precipitation causes,
associated diseases, concurrent organ failure, and response to therapy. Most past investigations
have summarized patient data into relatively few groups or classes to analyse small datasets.
As we have shown, there is a richness of details that is lost with this exercise. We suggest that
research efforts should acknowledge the complexity of AKI and use today's ever-increasing
large databases to provide more detailed individual patient’ profiling. The conjunction of more
extensive data collection with current advances in technology and data science may ultimately

result in better-individualised risk assessment and refinements in the process of care.
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ABSTRACT

Introduction Acute kidney injury (AKI) is usually divided into general categories for research
purposes, so much so that detailed descriptions of the events that initiate the AKI process are
relatively scarce. By contrast, to better understand the nature of the AKI syndrome, it seems
fitting to describe it as an intermediate event between a precipitant cause and its outcome. Thus,
our objective was to describe the burden of the clinical scenarios associated with the
development of dialysis-requiring AKI (AKI-D).

Methods We retrospectively studied 17,158 AKI-D patients over 11 years (2002-2012) in Rio
de Janeiro, Brazil. We recorded multiple variables associated with the development of AKI-D,
including demographic data, 80 diagnostic admission groups, comorbidities, risk factors, and
precipitating causes of AKI-D. We employed survival curves and mixed-effects Cox
proportional hazard multivariate regression to estimate the survival of patients across the
different etiological groups.

Results A total of 28,809 diagnoses were provided for the 17,158 patients in the cohort. The
median age was 75 years (IQR 59-83; range, 0-106 years), and the mean Charlson score was
2.03 £ 0.88. Infection-related etiologies were the main conditions associated with AKI-D
(44.2%), and community-acquired pneumonia was the dominant diagnosis (23.8%). Ischemic
heart disease (9.0%) and acute decompensated heart failure (8.1%) were significant
cardiovascular etiologies. After adjustment for age, sex, the severity of presentation, and
comorbidities, congenital heart disease (HR1.91, CI 1.49-2.45) and neonatal sepsis (HR 1.85,
Cl 1.36-2.50) in the pediatric group emerged as the most significantly etiologies associated with
poor survival. In adults, liver dysfunction (HR 1.39, Cl 1.24-1.55), hematological malignancies
(HR 1.47, CI 1.27-171), and sepsis-related diagnoses were associated with poor survival.
Etiologies associated with better prognoses included non-infection complications of pregnancy
(HR 0.48, ClI 0.30-0.77), glomerular diseases (HR 0.52, CI 0.39-0.70), drug-induced
nephrotoxicity (HR 0.83, C1 0.70-0.97), and obstructive uropathy.

Conclusions: Our study offers new insights into the many clinical and surgical conditions
associated with AKI-D development, highlighting the complex nature of the AKI syndrome.
Future studies might be able to link such clinical detailing with novel biomarkers to provide a
more integrated view of the clinical and molecular phenotypes of AKI.

Keywords: Acute kidney injury, epidemiology, dialysis, etiology
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Introduction

Acute kidney injury (AKI) is a complex and fascinating clinical syndrome, a fact that is ever
highlighted since its early detailed descriptions in the aftermath of World War 11 (1). However,
in the following decades, the tendency was to describe AKI either as a single entity or classify
it into three semi-anatomical categories: prerenal, intrinsic, and postrenal (2). More recently,
the consensual uniformization of the diagnosis and classification has brought unequivocal
improvements in the epidemiological knowledge regarding the AKI burden worldwide (3, 4).
However, even though current classification criteria refer to the need to adjudicate the etiology
of AKI, their almost unconditional embracement by the nephrology community may have
inadvertently promoted a lack of focus on disease causation. As such, attending physicians
might become satisfied with classifying an individual patient with the most updated staging
system rather than making additional efforts to refine the differential diagnosis or attempt
further sub-phenotyping (5).

Ascertaining the burden of AKI and the factors that affect its outcomes in different resource
settings is crucial to properly design and implement initiatives to counteract AKI-related
morbidity and mortality (6). In this regard, an important issue is the difficulty of correctly
categorizing the etiology of AKI by clinical criteria (7). Unfortunately, most epidemiological
studies tend to group its etiologies into general categories, maybe missing relevant and more
accurate clinical associations and thwarting the identification of associations amenable for
intervention (8-10). It is challenging to deliver effective and high-quality care to patients
without knowing their diagnoses; likewise, for health systems to be effective, it is necessary to
understand the critical challenges in improving population health and how these challenges are
changing (11).

The present study investigated the clinical and surgical diagnoses associated with dialysis-
requiring AKI (AKI-D) in a large developing country cohort. We also sought to stratify these

associations throughout the whole spectrum of human life, from newborns to centenarians.

Methods
Study protocol

We conducted a retrospective analysis of an 11 year (2002-2012) prospective, multicentric
study on the clinical characteristics and outcomes of severe AKI in the metropolitan area of Rio
de Janeiro, Brazil. Throughout this time, 170 hospitals and medical institutions, both private

and public, were involved. After a nephrology consultation and the diagnosis of dialysis-
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requiring AKI, data was inputted by the attending nephrologist at the time of initiation of renal
replacement therapy in the clinical module of NefrowWeb®, a customized Microsoft SQL Server
database (Nossa ref.). The study protocol was approved by the institutional research ethics
board, which waived the need for informed consent based on the study’s observational and non-
interventional nature. The reporting of this manuscript adheres to the STROBE guidelines for
cohort studies.

Study population

Out of 25,624 pediatric and adult patients submitted to renal replacement therapy (RRT) during
hospital admission, we excluded 7,289 with end-stage renal disease (ESRD) patients. After
individual chart review, we excluded a further 1,177 patients with incomplete reports and
missing values. The final cohort was comprised of 17,158 patients.

Data collection, inspection, and adjustments

We recorded the following demographic and clinical variables: age, sex, race as noted in the
hospital record, ICD-10 codes for the admission clinical diagnosis and for the renal syndrome,
pre-existing chronic kidney disease (CKD), comorbidities (to compute the Charlson
Comorbidity Score (CCS)), precipitating causes of AKI, indications for RRT, and hospital
governance (public or private). Organ failure was defined categorically and by a simple organ
failure count (12). The diagnosis of sepsis was based on the 2001 consensus definition, as
ascertained by the attending nephrologist (12). AKI associated with liver dysfunction
encompassed hepatorenal syndrome and other renal function disturbances in the
decompensated cirrhotic patient (13). Community-acquired AKI was defined by dialysis
requirement within the first 48 hours of hospital stay and confirmed by record review. Dialysis
prescription variables included modality and technical parameters. The primary outcomes were
patient survival and renal recovery (complete, partial, and dialysis dependence at hospital
discharge). After the first 3,506 patients, we performed a preliminary analysis to assess
consistency and detect the need for further data collection adjustments. We noticed that hospital
admission diagnoses were amenable to categorization, enabling the identification the main
primary diagnoses associated with the precipitation of AKI. This was retrospectively recorded
on these early entries. Further on, all new entries were presented with a diagnostic menu that
included 80 non-mutually exclusive diagnostic groups. We also divided these etiological
entities into ten categories: infection-related, cardiovascular-related, surgical, obstructive
uropathy, neoplasia, hypovolemia/inflammatory states, obstetrical complications, liver

dysfunction, nephrotoxicity and kidney diseases, and miscellaneous causes (for details on the
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data acquisition process, refer to the supplemental file, section b). Records were revised for
implausible values, events ascertainment, adjudication, and data cleaning by either a pediatric
(TLCY) or adult nephrologist (CLRG or JHRS).

Statistical analysis

All statistical analyses were performed using the free “R project” statistical software
environment version 3.6.1. Significance was set at P < 0.05. Categorical data were summarized
as absolute numbers and proportions and continuous data as median and interquartile range or
mean and standard deviation, as appropriate. Comparisons between groups were conducted by
the chi-squared test for categorical data or the Kruskal-Wallis test with the Dunn post hoc test
for numerical data. An illustrative Venn diagrams with up to three interactions among
etiological groups were created using the eulerr package in R (13). We detailed these
interactions by analyzing an upset graphic with up to a hundred interactions (10 most frequent
interactions among the 10 categorical groups) provided by the UpSetR package in R (14).
Survival curves between grouped etiologies were visualized by the Kaplan Meier method with
the log-rank test for significance. We conducted a mixed-effects Cox proportional hazard
regression (nested frailty Cox models) to access survival among the etiological groups, and
between the eighty individual etiologies. Multiple mixed-effects Cox models for each etiology
were conducted and included the following variables as fixed-effects: age, gender, ethnicity,
severity of presentation as expressed by the number of associated failing organ, and
comorbidities (Charlson comorbidities score). We considered the individual hospital variable
random effects and reported them as hazard ratios with a 95% confidence interval (HR, 95%
Cl). Proportional hazards were tested and confirmed in all models through Schoenfeld residuals

analysis.

Results
Within the space of 11 years, 17,158 patients with AKI-D were included in the database. Table

1 summarizes the cohort's demographic and clinical characteristics and compares their
distribution among the main diagnostic groups. A total of 28,809 clinical or surgical diagnoses
were distributed in a non-mutually exclusive way among cohort patients. The median overall
age was 75 years (IQR 59-83), with a predominance of male gender (54.1%) and white ethnicity
(82.9%). Most patients had associated comorbidities, with a mean CCS of 2.03 =
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Cardiovascular-

Neoplasia-

Pregnancy-

Obstructive

Surgery/trauma-

Overall? related ® Hypovolemiab Infection-related ®  Kidney-related ®  Liver-related®  Miscellaneous® related? related® uropathy? related?
(n=17158) (n=6423) (n=1830) (n=12723) (n=2005) (n=449) (n=433) (n=989) (n=111) (n=710) (n=3136)

Demography
Age (median [IQR]) 75.00 [50.00,83.00]  74.00 [62.00, 82.00]  73.00 [58.00, 81.00] 76.00 [62.00,84.00] 6800 [48.00, 79.00] 32:38][54'00' gg:ggl[zg.oo, 32:38][50'00' éi:ggl[zsoo, gg:ggl[sono, ;2:881[57'00'
Females (%) 7868 (45.9) 2821 (43.9) 823 (45.0) 5964 (46.9) 853 (42.5) 150 (33.4) 184 (42.5) 444 (44.9) 111 (100.0) 307 (43.2) 1347 (43.0)
White race (%) 14178 (82.9) 5372 (83.9) 1510 (82.6) 10738 (84.6) 1581 (79.4) 359 (80.0) 377 (78.0) 815 (82.7) 65 (58.6) 541 (76.4) 2691 (86.1)
Settings and AKI Phenotype
Private Hospital (%) 16020 (93.4) 6148 (95.7) 1715 (93.7) 12069 (94.9) 1844 (92.0) 426 (94.9) 395 (91.2) 811 (82.0) 53 (47.7) 527 (74.2) 2957 (94.3)
Public Hospital (%) 1864 (6.5) 275 (4.3) 115 (6.3) 654 (5.1) 161 (8.0) 23(5.1) 38 (8.8) 178 (18.0) 58 (52.3) 183 (25.8) 179 (5.7)
Clinical admission (%) 12892 (75.1) 4764 (74.2) 1178 (67.4) 1191 (65.1) 1658 (82.7) 428 (95.3) 395 (91.2) 738 (74.6) 43 (38.7) 77 (10.8) 349 (11.1)
ICU admission (%) 14710 (85.7) 5084 (79.2) 1596 (87.2) 11506 (90.4) 1516 (75.6) 411 (91.5) 397 (91.7) 816 (82.5) 106 (95.5) 455 (64.1) 2618 (83.5)
Community acquired AKI (%) 4698 (27.4) 960 (14.9) 491 (26.8) 2722 (21.4) 721 (36.0) 137 (30.5) 154 (35.6) 332 (33.6) 59 (53.2) 567 (79.9) 147 (4.7)
Comorbidities
Hypertension (%) 7475 (43.6) 3501 (54.5) 748 (40.9)) 5431 (42.7) 823 (41.0) 69 (15.4) 165 (38.1) 149 (15.1) 20 (18.0) 151 (21.3) 1211 (38.6)
Chronic heart disease (%) 5555 (32.4) 4400 (68.5) 432 (23.6) 3313 (26.0) 592 (29.6) 26 (5.8) 83(19.2) 65 (6.6) 1(0.9) 46 (6.5) 1200 (38.3)
Chronic kidney disease (%) 5440 (31.7) 2259 (35.2) 579 (31.6) 3589 (28.2) 725 (36.2) 105 (23.4) 148 (34.2) 280 (28.3) 11(9.9) 288 (40.6) 764 (24.4)
Diabetes (%) 3539 (20.6) 1693 (26.4) 375 (20.5) 2560 (20.1) 378 (18.9) 58 (12.9) 72 (16.6) 56 (5.7) 3(27) 53 (7.5) 414 (13.2)
Charlson score (mean (SD)) 2.03 (0.88) 2.48 (0.96) 2.06 (0.92) 2.00 (0.85) 2.00 (0.88) 2.50 (0.67) 1.77 (0.81)) 2.18 (0.56) 1.17 (0.46) 1.76 (0.62) 1.78 (0.85)
Severity of presentation
Mechanical Ventilation (%) 12829 (74.8) 5073 (79.0) 1323 (72.3) 10761 (84.6) 1009 (50.3) 328 (73.1) 312 (72.1) 684 (69.2) 63 (56.8) 143 (20.1) 2688 (85.7)
Vasopressor use (%) 12122 (70.6) 4965 (77.3) 1275 (69.7) 10099 (79.4) 833 (41.5) 327 (72.8) 266 (61.4) 624 (63.1) 50 (45.0) 110 (15.5) 2602 (83.0)
ailing organs (mean (SD)) 2.02 (1.23) 211 (1.11) 2.13(1.37) 2.25 (1.08) 1.28 (1.24) 2.89 (1.34) 2.11 (1.36) 1.99 (1.38) 1.68 (1.46) 052 (0.92) 241 (1.12)
Indications for dialysis
Oliguria (%) 13007 (75.8) 4854 (75.6) 1395 (76.2) 10016 (78.7) 1237 (61.7) 366 (81.5) 327 (75.5) 732 (74.0) 83 (74.8) 437 (61.5) 2431 (77.5)
Metabolic acidosis (%) 12616 (73.5) 4543 (70.7) 1395 (76.2) 9758 (76.7) 1282 (63.9) 358 (79.7) 327 (75.5) 715 (72.3) 89 (80.2) 434 (61.1) 2446 (78.0)
Azotemia (%) 14428 (84.1) 5350 (83.3) 1498 (81.9) 10737 (84.4) 1759 (87.7) 363 (80.8) 345 (79.7) 805 (81.4) 97 (87.4) 639 (90.0) 2549 (81.3)
Fluid overload (%) 6532 (38.1) 2768 (43.1) 583 (31.9) 5004 (39.3) 772 (38.5) 157 (35.0) 152 (35.1) 349 (35.3) 47 (42.3) 173 (24.4) 1187 (37.9)
Hyperkalemia (%) 3552 (20.7) 1238 (19.3) 370 (20.2) 2441 (19.2) 469 (23.4) 115 (25.6) 101 (23.3) 260 (26.3) 34 (30.6) 263 (37.0) 525 (16.7)
RRT modality (%)

SCHD 3400 (19.8) 1350 (21.0) 414 (22.6) 2714 (21.3) 261 (13.1) 114 (25.4) 93 (21.5) 266 (26.9) 24 (21.8) 35 (4.9) 812 (25.9)

PD 360 (2.1) 142 (2.2) 20 (L.1) 226 (1.8) 34 (1.7) 4(0.9) 50 (11.5) 3(03) 5 (4.5) 3(0.4) 95 (3.0)
IHD 5383 (31.4) 1857 (28.9) 561 (30.7) 3093 (24.3) 1008 (50.4) 111 (24.8) 140 (32.3) 319 (32.3) 51 (46.4) 557 (78.6) 740 (23.6)

SLED 7993 (46.6) 3067 (47.8) 833 (45.6) 6681 (52.5) 696 (34.8) 219 (48.9) 150 (34.6) 401 (40.5) 30 (27.3) 114 (16.1) 1483 (47.4)
Crude mortality rate (%) 12288 (71.6) 4678 (72.8) 1301 (71.1) 10095 (79.3) 1094 (54.6) 391 (87.1) 282 (65.1) 706 (71.4) 36 (32.4) 252 (35.5) 2252 (71.8)
Discharge on RRT (%) 1135 (23.3%) 443 (24.8%) 119 (22.5%) 474 (18%) 300 (32.9%) 12 (20.7%) 47 (3L.1) 67 (23.7) 17 (22.7) 94 (20.5) 106 (12%)

a: Characteristics refers to the absolute number of patients (17158). b: all the 28809 etiologies in the cohort. Grouped etiologies are not mutually exclusive and were distributed among the 17158
cohort patients. Counts and percentages distribution refer to the absolute number of etiologies. ICU: intensive care unit; RRT: renal replacement therapy; SLED: slow low-efficiency dialysis;
IHD: intermittent hemodialysis; SCHD: slow-continuous hemodialysis; PD: peritoneal dialysis. Comparison among groups were conducted with the chi-squared test or the Kruskal-Wallis test.
All differences were significant at p<0.001.
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0.88. Arterial hypertension (43.6%), heart disease (32.4%), chronic kidney disease (CKD)
(31.7%), and diabetes mellitus (20.6%) were the main comorbidities. Patients in the
cardiovascular-related and liver-related diagnostic groups had the highest burden of
comorbidities (CCS: 2.48 + 0.96 and 2.50 + 0.67, respectively), as opposed to the pregnancy-
related diagnostic group with the lowest CCS (1.17 = 0.46). Medical admissions were
predominant (75.1%), and the ICU was the leading site of RRT initiation (85.7%). On the day
of the initial RRT session, the mean number of failing organs was 2.02 + 1.23. On this day,
74.8% of the patients were on mechanical ventilation, and 70.6% were on vasopressors. The
diagnostic groups with the highest level of ventilation and vasopressor support were the
surgical-related and infection-related groups (85.7% and 83.0%; 84.6% and 79.4%,
respectively). The obstructive uropathy group had the lowest level of organ support (mechanical
ventilation 20.1% and vasopressor use 15.5%). Non-dialytic CKD at baseline was recorded in
31.7% of the patients and was more prevalent in the cardiovascular-related (35.2%), kidney-
related (36.2%), and obstructive uropathy diagnostic groups (40.6%). The majority of cases of
AKI were hospital-acquired (72.6%), except in the obstructive uropathy (20.1%) and
pregnancy-related groups (46.8%).

Crude overall mortality was 71.6, higher in the liver-related (87.1%) and infection-related
diagnostic groups (79.3%). The lowest mortality rate was observed in the pregnancy-related
(32.4%) and the obstructive uropathy (35.5%) groups. Among the survivors, discharge on RRT
was 23.30%. It was highest in the kidney-related diagnostic group (32.9%) and lowest in the
surgery-related group (12%).

Figure 1 depicts the extensive list of clinical or surgical conditions found in direct or indirect
association with the development of AKI (see also supplemental file, section c, eFigl). A Venn
diagram with two or three interrelations among the diagnoses is provided. As stated previously,
the assignment of diagnoses was not mutually exclusive, and there were frequent interactions
among them. This is further illustrated in the upset graphic, with 100 interactions (supplemental
file, section d, eFig2). Infection-related diagnoses were the main conditions associated with
AKI (44.2%), and all other diagnostic groups had interactions with infection-related etiologies.
The most frequent diagnosis was community-acquired pneumonia (23.8% of all diagnoses),
followed by hospital-acquired pneumonia (15.9%). Cardiovascular-related diagnoses were the
second most frequent group (22.3%), with the predominance of ischemic heart disease (9.0%)
and acute decompensated heart failure (8.1%). Emergency abdominal surgery and heart surgery

(both 4.4%) were the leading conditions among surgical etiologies. Kidney-related diagnoses



Infection-related (n=12723)

Community-acquired pneumonia (n=4081)
Hospital-acquired pneumonia (n=2722)

Abdominal sepsis (n=1329)

Urinary tract infection (n=1302)

Sepsis unknown/unspecified origin (n=1199)

Skin and soft tissue sepsis (n=738)

Infectious exacerbation of chronic lung disease (n=336)
Sepsis in immunocompromided patient (n=268)
HIV/Acquired immunodeficiency syndrome (n=207)
Infective endocarditis (n=195)

Meningitis or encefalitis (n=97)

Severe viral infection (n=89)

Neonatal sepsis (n=71)

Leptospirosis (n=52)

Infectious enterocolitis (n=37)

Cardiovascular-related (n=6423)

Ischemic heart disease (n=1550)

Acute decompensated heart failure (n=1387)
Cerebrovascular accident (n=1065)
Cardiopulmonary arrest (n=616)

Arrhythmia with low cardiac output (n=437)
Aorta and renal vessel disease (n=361)
Exacerbation of peripheral vascular disease (n=285)
Valvular heart disease (n=245)

Pulmonary embolism (n=228)

Congenital heart disease (n=145)

Deep vein thrombosis (n=80)

Pericardial disease (n=24)

Surgery and trauma-related (n=3136)
Emergency abdominal surgery (n=758)
Heart surgery (n=752)

Spine-pelvis-hip trauma or surgery (n=491)
Elective surgery (n=269)

Trauma, accidents, violence (n=254)
Cranioencephalic traumatism (n=208)
Neurosurgery (n=158)

Total nephrectomy (n=4)

44.2%
23.8%
15.9%
7.7%
7.8%
7.0%
4.3%
2.0%
1.6%
1.2%
1.1%
0.6%
0.5%
0.4%
0.3%
0.2%

22.3%
9.0%
8.1%
6.2%
3.6%
2.5%
21%
1.7%
1.4%
1.3%
0.8%
0.5%
0.1%

10.9%
4.4%
4.4%
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1.5%
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1.0%
0.1%
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and non-infectious
inflammatory states
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Pregnancy-related o

Miscellaneous

Infection

Cardiovascular
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related Obstructive
Uropathy

Kidney-

related

Kidney-related (n=2005)

Drug-induced nephrotoxicity (n=1208)
Myoglobin-induced nephrotoxicity (n=215)
Glomerulopathies (n=208)

Malignant hypertension (n=110)

Tumoral lysis syndrome (n=71)

AKI in kidney transplant recipient (n=40)
Hemolytic uremic syndrome (n=39)
Atheroembolism (n=34)

Malignant hypercalcemia (n=22)
Tubulointerstitial nephritis (n=20)
Congenital nephropathy or vesicoureteral reflux (n=20)
Hemolysis-induced nephrotoxicity (n=14)

Surgery or '

trauma-related

7.0%
7.0%
1.2%
1.2%
0.6%
0.4%
0.2%
0.2%
0.2%
0.1%
0.1%
0.1%
0.1%

Hypovolemia and non-infectious inflamation (n=1830)
Gastrointestinal bleeding (n=443)

Vomiting and diarrhea (n=347)

latrogenic bleeding or dyscrasia (n=256)

Acute pancreatitis (n=210)

Non-diabetic hyperosmolar state (n=113)

Diabetic ketoacidosis or hyperosmolar state (n=84)
Non-infectious systemic inflamatory syndrome (n=82)
Paraliticileus (n=78)

Anaphylaxis (n=11)

Neoplasia-related (n=989)

Advanced solid organ neoplasia (n=486)
Hematological neoplasia (n=295)
Plasma cell dyscrasias (n=108)

Bone marrow transplant (n=39)
Retroperitoneal tumours (n=30)

Central nervous system tumors (n=17)
Renal tumor (n=14)

Obstructive uropathy-related (n=710)

Obstructive uropathy, benign causes (n=199)
Obstructive uropathy, gynecological tumor (n=193)
Obstructive uropathy, bladder tumors (n=136)
Obstructive uropathy, prostate tumor (n=99)
Obstructive uropathy, non-genitalurinary tumors (n=83)

Liver-related (n=449)

Acute exacerbation of chronic liver disease (n=449)

Miscelenous (n=443)

Disturbance of consciousness (n=168)

Convulsive status epilepticus (n=134)

Asphyxia or neonatal hypoxia (n=34)

Exogenous intoxication (n=29)

Genetic or metabolic diseases (n=26)

Congenital malformation (non-cardiac or renal) (n=17)
Sickle cell disease (n=14)

Aplastic anemia and myelodysplasia (n=11)

Pregnancy-related (n=111
Non-infectious complications of pregnancy (n=73)
Infectious complications of pregnancy (n=38)

6.4%
2.6%
2.0%
1.5%
1.2%
0.7%
0.5%
0.5%
0.4%
0.1%

3.4%
2.8%
1.7%
0.6%
0.2%
0.2%

0.10%

0.1%

2.5%
1.2%
1.1%
0.8%
0.6%
0.5%

1.6%
2.6%

1.5%
1.0%
0.8%
0.2%
0.2%
0.1%
0.1%
0.1%
0.1%

0.4%
0.4%
0.2%
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Figure 1. Eighty non-exclusive etiologies related, directly or indirectly, with AKI (28809 diagnoses distributed among the 17158 patients in the cohort). Venn's diagram is

illustrative and shows up to three interactions between etiologic groups. The number of individual etiologies refers to absolute percentual in the 17158 patients in the cohort.
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were the fourth most frequent group, with drug-induced nephrotoxicity (7.0%) being the leading
condition associated with AKI-D. Other important conditions included rhabdomyolysis and
glomerular diseases (both 1.2%). Gastrointestinal bleeding (2.6%) and vomiting/diarrhea
(2.0%) were the main diagnoses in the hypovolemia/non-infectious inflammatory states group.
The most frequent diagnoses in the neoplasia-related group were disseminated solid-organ
neoplasms (2.8%) and hematological malignancies (1.7%). Non-malignant causes of
obstructive uropathy, mainly benign prostate hyperplasia and urolithiasis, were identified in
1.2% of all cases.

The liver-related diagnostic group (2.6%) comprised a broad scope of kidney abnormalities
associated with chronic cirrhosis, including hepatorenal syndrome and other conditions.
Pregnancy-related severe AKI was grouped into infectious (e.g., septic abortion) or non-
infectious causes (e.g., severe pre-eclampsia) and represented only 0.4% of all diagnoses.
Finally, miscellaneous causes encompassed a heterogeneous set of diseases with low incidence
and included neurological, congenital, and hematological conditions.

Community-acquired pneumonia was the main admission diagnosis in all age strata, except in
patients aged < 2 months and in those aged between 10 and 29 years. Infections in newborns
(mainly neonatal sepsis) and those 30 years old and above (mainly community and hospital-
acquired pneumonia) were dominant. Urinary tract infections were relevant in patients above
80 years of age.

Heart disease displayed a bimodal distribution; in newborns and infants due to congenital heart
disease and above 50 years of age, mostly due to ischemic heart disease and heart failure. In the
age stratum between 10 to 29 years, an entirely different predominant diagnosis set was
recorded, including hematological malignancies, external causes, pregnancy-related
complications, and glomerular diseases.

Figure 2 and Table 2 present the distribution of specific diagnoses throughout the spectrum of
human life. As expected, particular conditions are entirely limited to neonates and infants (e.g.,
neonatal sepsis, congenital diseases); others are restricted to young adults (e.g., pregnancy-
related complications, sickle cell disease) and in the oldest-old subjects (e.g., complications of
orthopedic surgery, arrhythmias with low cardiac output, chronic pulmonary diseases,
peripheral vascular disease, and obstructive uropathy due to prostate cancer).

Figure 3 presents the Kaplan-Meyer hospital survival curves for the main diagnostic groups.

Higher survival rates were observed in the pregnancy-related and obstructive uropathy groups,



Table 2. Main clinical and surgical diagnosis associated with AKI, stratified by age groups

> 2 months (n=230)

Congenital heart disease (n=78)
Neonatal sepsis (n=68)

Heart surgery (n=57)

Hypoxia and perinatal asphyxia (n=29)
Hospital-acquired pneumonia (n=26)

2 to 12 months (n=124)
Community-acquired pneumonia (n=38)
Congenital heart disease (n=29)

Heart surgery (n=22)

Vomiting and diarrhea (n=10)
Meningitis or encephalitis (n=8)

1to 9 years (n=191)
Community-acquired pneumonia (n=60)
Congenital heart disease (n=23)

Heart surgery (n=20)

Hemolytic uremic syndrome (n=19)
Hematological neoplasia (n=17)

10 to 19 years (=138)

Hematological neoplasia (n=23)
Community-acquired pneumonia (n=23)
Drug-induced nephrotoxicity (n=20)
Glomerulopathies (n=16)

Trauma, accidents, violence (n=14)

20 to 29 years (=358)

Trauma, accidents, violence (=48)
Glomerulopathies (n=43)
Community-acquired pneumonia (n=40)
Myoglobin-induced nephrotoxicity (n=36)
Non-infectious complications of pregnancy (h=31)

19.8%
17.3%
14.5%
7.4%
6.6%

19.5%
14.9%
11.3%
5.1%
4.1%

19.6%
7.5%
6.5%
6.2%
5.5%

9.7%
9.7%
8.4%
6.7%
5.9%

8.1%
7.2%
6.7%
6.0%
5.2%

30 to 39 years (n=522)
Community-acquired pneumonia (n=77)
HIV/Acquired immunodeficiency syndrome (n=51)
Hospital-acquired pneumonia (n=40)
Drug-induced nephrotoxicity (n=37)
Abdominal sepsis (n=37)

40 to 49 years (n=952)
Community-acquired pneumonia (n=121)
Abdominal sepsis (n=79)

Hospital-acquired pneumonia (n=76)
Drug-induced nephrotoxicity (n=75)
HIV/Acquired immunodeficiency syndrome (n=58)
50 to 59 years (n=1843)
Community-acquired pneumonia (n=271)
Hospital-acquired pneumonia (n=223)
Ischemic heart disease (n=189)

Abdominal sepsis (n=169)

Cerebrovascular accident (n=155)

60 to 69 years (n=2654)
Community-acquired pneumonia (n=500)
Hospital-acquired pneumonia (n=348)
Ischemic heart disease (n=317)

Acute decompensated heart failure (n=279)
Sepsis unknown/unspecified origin (n=240)
70 to 79 years (n=4244)
Community-acquired pneumonia (n=1026)
Hospital-acquired pneumonia (n=771)
Ischemic heart disease (n=492)

Abdominal sepsis (n=356)

Acute decompensated heart failure (n=355)

8.8%
5.8%
4.6%
4.2%
4.1%

7.7%
5.1%
4.9%
4.8%
3.8%

8.4%
6.9%
5.9%
5.2%
4.8%

10.9%
7.6%
6.9%
6.1%
5.2%

14.1%
10.6%
6.7%
4.9%
4.8%

80 to 89 years (n=4494)
Community-acquired pneumonia (n=1382)
Hospital-acquired pneumonia (n=863)
Urinary tract infection (n=437)

Ischemic heart disease (n=416)

Acute decompensated heart failure (n=408)
90 to 99 years (n=1370)
Community-acquired pneumonia (n=515)
Hospital-acquired pneumonia (n=319)
Urinary tract infection (n=138)

Acute decompensated heart failure (n=105)
Orthopedic surgery (n=98)

>100 years (n=38)

Community-acquired pneumonia (n=14)
Hospital-acquired pneumonia (n=8)

Acute decompensated heart failure (n=5)
Sepsis unknown/unspecified origin (n=4)
Urinary tract infection (n=3)

18.8%
11.7%
5.9%
5.7%
5.6%

23.8%
14.7%
6.4%
4.8%
4.5%

25.4%
14.5%
9.1%
7.3%
5.4%
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Neonatal sepsis 1

Congenital malformation (non-cardiac or renal)
Congenital heart defect
Asphyxia or neonatal hypoxia 4
Genetic or metabolic disease 1
Hemelytic uremic syndreme 1
Infectious complications of pregnancy
Non-infectious complications of pregnancy
Sickle Cell Disease 1

Glomerular d 1
Leptospirosis 1
Meningitis and encephalitis
Bone marrow transplant
Tumoral lysis syndreme
Severe viral infection
V/AIDS o
Maijor trauma (except head) 1
yelodysplastic syndrome
Exogenous intoxication
AKl in kidney transplant recipients 1
efroperitoneal tumaors 4
Obstructive uropathy, gynecological tumors 1
Obstructive uropathy, other tumors
Myoglobin-induce nephrotoxmlty
Malignant hypertension
Central nervous system tumors 1
Pericardial disease
Total nephectomy 1
Malignant hy& ercalcemia 4
enal tumor
Diabetic ketoacidosis or hyperosmolar state 4
Acute pancreatitis 1
Sepsis in the |mmunosufypressed patient
Hemato oglcal neop\asna 1
Anaphylaxis 4
Acute exacerbation of chronic liver disease 9
Advanced solid organ neoplasia 1
Valvular heart disease 1
Neurosurgery (non-trauma) 1
Infective endocarditis 4
Convulsive status epilepticus 1
Obstructive uropathy, bladder tumor
Flasma cell dyscrasia 4
Obstructive uropathy, benign causes 1
Hemolysis-induced nephrotoxicity 4
Congenital nephropathy or vesicoureteral reflux 4
Heart surgery 1
Elective surgery 1
Vascular surgery
Infectious enterocolitis 1
latrogenic bleeding or dyscrasia
Vomiting and diarrhea
Cutaneous sepsis 1
Non-infectious systemic inflamation 1
Cardiopulmonary arrest
Aorta and renal vessel disease 1
Sepsis, unknown / unspecified source 4
Tubulointerstitial nephritis
Isquemic heart disease 1
Head trauma 1
Exarcebation oflgeripheral vascular disease 1
rug-induced nephrotoxicity 4
Cerebrovascular accident
Abdominal sepsis 1
Gastrointestinal bleeding
Acute descompensted heart failure
Emergency abdominal surgery
Disturbance of consciousness
Urinary tract infection 4
Pulmonary embolism
Paralitic ileus 4
Non-diabetic hyperosmolar state
Exacerbation of chronic pulmonary disease 1
Deep vein thrombosis 1
Atheroembolic disease
Obstructive uropathy, prostate tumor
Hospital-acquired pneumonia 4
Community-acquired pneumonia 4
Arrhythmia with low cardiac output 1
Spine-pelvis-hip surgery surgery 4
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Figure 2. Box-plot distribution of age and disease conditions associated with AKI, stratified by the 10 main diagnostic groups.
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followed by patients with a kidney disease diagnosis. Infections, surgery, neoplasia, and
hypovolemia/inflammation-related causes had high mortality rates. The worst survival was
found in the group with a liver-related diagnosis (log-hank test P <0.001) (Figure 3). Figure 4
presents a forest plot with the results of an adjusted, mixed-effects Cox model that provides the
hazard ratio (HR) and the 95% confidence interval (Cl) for mortality of the ten diagnostic
groups and confirms the findings of the log-rank tests. Mortality was also significantly
associated with age (HR 1.01, CI 95% 1.01-1.01, per year) and the severity of presentation
(number of failing organs, HR 1.34, ClI 95% 1.32-1.35, per organ). No significant interactions
were noted with ethnicity and CCS. Male gender correlated with better survival (HR 0.88, CI
95% 0.86-0.91).

1.00
0.75
>
=
'_a == QObstrutive uropathy
[+ = Obstetric
Ke)
© o050
o == Nephrotoxicity and renal diseases
© '
> = Miscellaneous causes
— = Surgery
E == Cardiovascular
= Hypovolemia
> 0.25 == Neoplasia
(/2] — Infection
Log-rank
p < 00001 = Liver-associated
0.00
0 10 20 30
Time in days
Number at risk
Infection{ 12723 6468 3679 2239
Cardiovascular 6423 3395 1962 1221
Surgery 3136 1604 939 585
Nephrotoxicity and renal diseases 2005 1265 729 450
Hypovolemia 1830 905 496 295
Neoplasia 989 504 258 150
Obstrutive uropathy 710 485 274 161
Liver-associated 449 183 7 27
Miscellaneous causes 433 210 113 73
Obstetric 111 67 27 14
0 10 20 30
Time in days

Figure 3. Kaplan-Meyer curves for survival according to 10 diagnostic groups.

Table 3 shows the bivariate and multiple mixed-effects Cox model for hospital mortality for 29
out of 80 specific diagnoses that reached statistical significance after adjustments, distributed

across the different age strata (the complete table with all specific diagnoses is the
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Supplemental, eTablel). After adjusting for age, gender, ethnicity, the severity of presentation
(number of organ failures) and comorbidities (CCS), infection-related etiologies (such as
community-acquired pneumonia (HR 1.17, Cl 1.12-1.21), neonatal sepsis (HR 1.85, CI 1.36-
2.50), sepsis of unknown source (HR 1.13, CU 1.06-1.21), neoplasia (advanced solid organ
neoplasia (HR 1.16, CI 1.03-1.31), and hematological neoplasia (HR 1.47, ClI 1.27-1.71)),
cardiovascular etiologies such as congenital heart defect (HR 1.91, ClI 1.49-2.45) and
pulmonary embolism (HR 1.22, Cl 1.04-1.21) and exacerbation of chronic liver disease (HR
1.39, CI 1.24-1.55) were all associated with worse survival. However, other conditions were
associated with better survival, including glomerular diseases (HR 0.54, CI 0.40-0.73),
obstructive uropathy (whether benign or tumor-associated), drug-induced nephrotoxicity (HR
0.80, CI 0.73-0.87), and non-infectious pregnancy-related complications (HR 0.53, CI 0.33-
0.87). As a general group, surgery-related diagnoses did not significantly impact survival,
although some individual circumstances, such as elective surgery (HR 0.82, C1 0.69-0.96) and
emergency abdominal surgery (HR 0.83, CI 0.76-0.91), were associated with better survival.

Variable N Hazard ratio p
Cathegories Surgery 3136 - Reference
Infection 12723 i. 1.11 (1.06, 1.16) <0.001
Cardiovascular 6423 I 1.05(1.00, 1.11) 0.05
Kidney 2005 .i 0.87 (0.81, 0.94) <0.001
Hypovolemia 1830 - 1.08 (1.01, 1.16) 0.02
Neoplasia 989 E L] 1.22 (1.12, 1.33) <0.001
Obstructive 710 - i 0.64 (0.56, 0.74) <0.001
Liver 449 i L 1.50 (1.35, 1.67) <0.001
Miscellaneous 433 '-:.-' 1.04 (0.92, 1.18) 0.54
Obstetric 1M1 | —— 0.68 (0.48, 0.97) 0.03
Age (per year) 28809 I- 1.01 (1.01, 1.01) <0.001
Gender Female 13004 * Reference
Male 15805 .i 0.88 (0.86, 0.91) <0.001
Ethinicity White 24099 i Reference
non-White 4710 :- 1.01 (0.97, 1.05) 0.67
Failing organs 28809 ; | 1.34 (1.32, 1.35) <0.001
Charlson score 28809 I 0.99 (0.98, 1.01) 0.30

'
08 08 1 121418

Figure 4. Forest plot depicting hazard ratios of the multiple cox regression model for mortality of patients with
AKI. It was used the individual hospitals as random effects in the mixed-effects Cox model.



Table 3. Uni- and multiple mixed-effects Cox proportional hazards model with the 29 specific diagnoses that

were significantly associated with mortality among AKI-D patients.
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Variable

HR

(Univariate)

p

HR

(Multivariate)®

p

Abdominal sepsis

Advanced solid organ neoplasia
Community-acquired pneumonia
Congenital heart defect

Drug induced nephrotoxicity

Elective surgery

Emergency abdominal surgery
Exacerbation of chronic liver disease
Infectious exacerbation of chronic lung disease
Gastrointestinal bleeding

Glomerular diseases

Hematological neoplasia

HIV/AIDS

Infectious enterocolitis

Infective endocarditis

Leptospirosis

Malignant hypercalcemia

Malignant hypertension

Neonatal sepsis

Non-infectious complications of pregnancy
Obstructive uropathy (benign causes)
Obstructive uropathy (bladder tumor)
Obstructive uropathy (gynecological tumors)
Obstructive uropathy (other tumors)
Pulmonary embolism

Sepsis in the immunosuppressed patient
Sepsis unknown/unspecified source

Severe viral infection

Tumor lysis syndrome

1.13 (1.05-1.21)
1.13 (1.01-1.28)
1.26 (1.21-1.31)
151 (1.22-1.87)
0.68 (0.63-0.74)
0.78 (0.67-0.92)
1.07 (0.99-1.17)
1.70 (1.53-1.89)
1.34 (1.17-1.54)
1.38 (1.23-1.54)
0.30 (0.23-0.41)
1.29 (1.12-1.49)
1.03 (0.87-1.23)
1.40 (0.92-2.13)
0.80 (0.67-0.95)
0.43 (0.26-0.73)
1.21 (0.72-2.05)
0.42 (0.30-0.58)
1.81 (1.37-2.41)
0.38 (0.24-0.60)
0.41 (0.32-0.53)
0.43 (0.33-0.58)
0.34 (0.26-0.45)
0.34 (0.23-0.51)
1.42 (1.21-1.66)
1.54 (1.34-1.77)
1.30 (1.22-1.39)
1.20 (0.93-1.55)
0.97 (0.71-1.31)

<0.05
<0.05
<0.001
<0.001
<0.001
0.003
0.105
<0.001
<0.001
p<0.001
<0.001
<0.001
0.699
0.114
<0.05
<0.01
0.4772
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.169
0.829

0.91 (0.85-0.98)
1.16 (1.03-1.31)
1.17 (1.12-1.21)
1.91 (1.49-2.45)
0.80 (0.73-0.87)
0.82 (0.69-0.96)
0.83 (0.76-0.91)
1.39 (1.24-1.55)
1.19 (1.04-1.37)
1.20 (1.07-1.34)
0.54 (0.40-0.73)
1.47 (1.27-1.71)
1.37 (1.15-1.63)
1.57 (1.03-2.40)
0.82 (0.69-0.98)
0.55 (0.32-0.93)
1.75 (1.03-2.96)
0.68 (0.49-0.96)
1.85 (1.36-2.50)
0.53 (0.33-0.87)
0.60 (0.46-0.77)
0.74 (0.55-0.98)
0.52 (0.39-0.69)
0.64 (0.43-0.96)
1.22 (1.04-1.43)
1.52 (1.32-1.76)
1.13 (1.06-1.21)
1.46 (1.13-1.90)
1.48 (1.09-2.01)

<0.05
p<0.05
<0.001
<0.001
<0.001
<0.05
<0.001
<0.001
<0.05
<0.01
<0.001
<0.001
<0.001
<0.05
<0.05
<0.05
<0.05
<0.05
<0.001
<0.05
<0.001
<0.05
<0.001
<0.05
<0.05
<0.001
<0.01
<0.01
<0.05

a. We corrected each etiology's hazard ratios for age, gender, ethnicity, the severity of presentation (number of

organ failures), and comorbidities (Charlson comorbidities score). The individual hospital was taken as random

effects in each mixed-effects Cox model. Schoenfeld residuals analysis confirmed proportional hazards in all

models.

Discussion

After some stagnation since early descriptions of the clinical scenarios associated with the

development of AKI (1), the current era of consensus definitions brought a major conceptual

advance to the field, as dozens of competing definitions were replaced with matrixial

classification systems that were also endowed with prognostic capability (3). However, one

involuntary tradeoff might have been a lesser emphasis on the identification of the multitude of
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AKI clinical sub-phenotypes (3, 5). Herein we describe the considerable burden of extrarenal
disease affecting patients before and concurrent with the AKI episode.

There are particular features of the study that are worth outlining. Our study prospectively
recorded a large set of clinical or surgical diagnoses associated with the AKI-D, and as such,
was able further to enlighten the clinical complexity of the AKI syndrome. The findings were
particularly robust due to building an extensive and age-encompassing database of 17,158
patients embracing 11 years. This approach also allowed us to acquire a new view on the
heterogeneity of the risk factors and the comorbidity associated with AKI stratified throughout
the human lifespan.

Classifying AKI simply into broad categories may potentially lead to misclassification, as it is
impossible to avoid simplifications and diagnosis overlapping (7). Another challenge to assign
an etiologic diagnosis and to develop an appropriate treatment plan to a patient with AKI is that
specific syndromes often coexist (2).

Identifying these clinical correlates and their associated outcomes may refine the body of
knowledge regarding AKI, provide insights into its expected clinical course, and assist in
developing targeted prophylactic and early therapeutic interventions that potentially might even
resolve the AKI episode (2). In addition, modeling AKI as an intermediate event between an
initiating cause and the consequent health outcomes may assist in the establishment of the
primary clinical contexts in which AKI develops, identify susceptible groups where awareness
is paramount, determine clinical conditions associated with increased mortality, and, help to
channel efforts towards the avoidance of preventable deaths (6).

Most previous epidemiological studies about AKI did not pursue specifically associated
diagnoses or report on conditions contributing to its development (9, 10, 15). For example, the
PICARD experience, an essential epidemiologic study on AKI, strived to document relevant
clinical situations contributing to AKI. However, the division of etiologies was not
straightforward, and specific etiologies were grouped into a broad set of presumed etiological
categories (7). By contrast, our approach was to capture a broader range of clinical and surgical
conditions associated with AKI-D diagnosis and analyze them both in isolation and into ten
related diagnostic groups, expecting a novel contribution to the study of AKI epidemiology.
As in other extensive multicentric studies, we also documented that infections, followed by
cardiovascular diseases, are inextricably coupled with AKI (9, 10). For example, in the BEST
Kidney Study, thoracic and intra-abdominal sources of sepsis were diagnosed in roughly half
of the patients with AKI (16). In addition, a study from France employed a novel adaptation of

phenome-wide association studies to mine ten years of electronic health records and uncover
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phenotypes and diagnoses associated with the identification of hospital-acquired AKI. In
agreement with our data, infection and sepsis-related etiologies were by far the most prevalent
diagnosis (66%), followed by cardiovascular-related etiologies (44%) (17).

Of particular note was the association of severe AKI with community-acquired pneumonia,
which was the most prevalent admission diagnosis in our series (23.8%). This was also noted
in other extensive studies. For example, a population-based study in China found that
community-acquired pneumonia was the most frequent clinical correlate for hospital-acquired
AKI, which have developed in 27.3% of the patients with pneumonia that required
hospitalization (18). Sepsis mainly due to pneumonia also accounts for most deaths in patients
with AKI (19). Based on our as well as the data from others, consideration should be given to
the idea that more widespread pneumococcal vaccination, at least in children and elderly
individuals, may reduce the severity of community-acquired pneumonia, the need for hospital
and ICU admission (20) and, eventually, reduce the incidence of AKI.

In this series of AKI-D patients, the worst hazard for mortality occurred in patients with
associated liver diseases. Acute kidney failure in patients with liver disease portends an
ominous prognosis, irrespective of the attributed mechanism for the kidney impairment
(10,19,21). Furthermore, the homeostatic derangement created by the combinations of AKI and
liver failure may be so damaging that when the patient reaches the point of needing RRT, the
obstacles to survival are nearly unsurpassable without liver transplantation or other dedicated
interventions (22).

An interesting aspect was the distribution of etiologies according to age strata; infection and
cardiovascular diseases were the leading associated diagnoses in the pediatric group (< 18
years), as also recorded in several other pediatric series (23). On the other hand, distinct
diagnoses were found in the age stratum between 10 to 29 years, including hematological
malignancies, external causes, glomerular diseases, and pregnancy-related complications.

Of note, cardiovascular diseases displayed a bimodal pattern, although with different etiologies.
Not unexpectedly, congenital diseases and heart surgery predominated in pediatric patients, and
ischemic heart disease and congestive heart failure significantly impacted patients above the
fifth decade of life. Cardiovascular diseases were associated with AKI in 11.3% to 44% of the
significant published series (9, 10, 15, 17).

Our study has several limitations. Due to the structure of the data collection tool and the analytic
methodology employed, it was impossible to infer direct cause-effect relationships.
Nevertheless, our results were instrumental in providing a new and broader view of the clinical

scenarios that surround the development of AKI, depicting a cohort profile that was reminiscent
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of that from higher-developed economies, with a high prevalence of older individuals, often
with significant comorbidities, and a high degree of pre-existing chronic kidney disease as
compared to countries with lower incomes (4, 10). Being Brazil one of the BRICS countries,
there are undoubtedly health-related issues and epidemiology patterns distinctive from those of
other nations. Our observations may not generalize to all practice settings and populations
worldwide and even in Brazil, where regional socio-economic and healthcare access
discrepancies are pervasive. Although reflected in the series, we may not have captured the
exact AKI profile of lower-income regions of Brazil, where community-acquired AKI,
dehydration, leptospirosis, pregnancy complications, and animal envenomation often contribute
to the precipitation of AKI (24). Despite various design and analytic approaches, as an
observational study, we cannot rule out the impact of residual confounding and bias. However,
the process of medical report review contributed to minimizing these inherent biases. In
addition, we analyzed only severe AKI-D patients. Therefore, our results might not be
generalizable to the full spectrum of AKI syndrome. The lack of long-term follow-up of

survivors is also a limitation of this cohort.

Conclusion

Our study offers new insights into the many clinical and surgical conditions associated with
AKI-D development, highlighting the complex nature of AKI syndrome. In addition, we
uncovered the high heterogeneity of diagnoses associated with AKI and explored its
distribution in frequency across different age strata, from newborns to centenarians, and
therefore encompassing the human lifespan. Future studies may relate such clinical detailing
with novel and precise biomarkers, imaging tests, histopathology, and other diagnostic tools to
characterize distinctive phenotypes of AKI, perhaps ushering a new era of precision

nephrology.
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ABSTRACT

Background Socioeconomic deprivation may be associated with a higher incidence of acute
kidney injury (AKI) and worse outcomes in high-income countries. However, there is little
information about these epidemiological factors in emerging countries and the influence of
access to care. It may be particularly relevant in emerging countries like Brazil with two-tiered
health care systems, where the public (free and universal) and private (market-oriented) levels
of hospital care models may impact AKI outcomes.

Methods We studied 15,186 pediatric and adult patients with dialysis-requiring AKI (AKI-D)
admitted to private and public hospitals in the metropolitan area of Rio de Janeiro, Brazil.
Socioeconomic indicators were derived from the patient zip codes according to Brazil's
demographic census. The impact of socioeconomic indicators and hospital governance on
patient survival was assessed by propensity score analysis and a mixed-effects Cox regression.
Results Crude mortality rates were higher in private vs. public hospitals (71.8% vs. 59.5%, p <
0.001) associated with significant difference in age (75 [IQR 61-83] vs. 53 [IQR 31-66]),
baseline renal function (prevalence of chronic kidney disease: 33.2% vs. 23%, p < 0.001),
comorbidities (Charlson score: 2.03 + 0.87 vs. 1.72 £ 0.75, p < 0.001) and severity of
presentation (mechanical ventilation: 76.5% vs. 58%, and vasopressors: 72.8% vs. 50.5%, p <
0.001). We observed no impact of different hospital administration or socioeconomical aspects
on mortality. Poorer AKI-D prognosis was mostly driven by baseline characteristics and the
severity of presentation.

Conclusions Despite profound differences in racial and socio-economical aspects between
hospital governance, there was no independent influence of these indicators on mortality. Future
epidemiological studies should further investigate these relevant assumptions, allowing
healthcare systems to manage this severe syndrome promptly.

Keywords: acute kidney injury, dialysis, epidemiology, socioeconomic

Introduction




79

Acute kidney injury (AKI) remains associated with poor short- and long-term outcomes and
rising treatment costs (1). Therefore, to assist physicians and healthcare policymakers to
consistently and sustainably manage this critical syndrome, it is essential to obtain high-quality
data on the epidemiology of AKI worldwide, not only in its many clinical aspects but also in
its socioeconomic determinants (2, 3).

The influence of socioeconomic differences on health outcomes has been documented for many
disease conditions. For example, studies from multiple countries with varying healthcare
delivery models have reported a consistent association between chronic kidney disease and
socioeconomic deprivation (4). However, the impact of these factors in the AKI setting is much
less studied, although low socioeconomic standing has been linked to a higher risk of AKI and
worse patient outcomes (5-10). Information is even more scarce in developing nations where
health information systems may be lacking or are primitive and incomplete (3). Moreover, there
may exist differences in AKI epidemiology within the same country due to differences in
sanitation, disease distribution, and access to quality healthcare (11, 12).

One aspect compounding disease outcomes relates to differences in the quality of care provided
by the public and private sectors when they coexist in two-tiered healthcare systems.
Unfortunately, it is difficult to pinpoint which factors are related to the type of provider and
which accrue from demographic, environmental, and educational/economic conditions (13, 14).
This study explores epidemiological features and associated outcomes of patients with dialysis-
requiring AKI (AKI-D) in a large metropolitan area of Brazil, focusing on healthcare
institutions' performance either by the market-oriented private sector or by the public
government-funded sector. We also analyzed the impact of other socioeconomic indicators
(education, income, longevity, human development, and inequality) on AKI outcomes.

Materials and Methods

Study Protocol: We conducted a retrospective analysis of the Nefroweb database, an 11-
year (2002-2012) prospective, multicentric study on clinical characteristics and outcomes of
AKI-D in the metropolitan area of Rio de Janeiro, Brazil (referéncia ao manuscrito 1). The
study included 170 hospitals and medical institutions, both private and public. In private
governance hospitals, primary financing was by personal or company-sponsored private health
plans or insurance (market oriented). In public governance hospitals, the primary source of
financing was the National Healthcare System (Sistema Unico de Saude) and was free of charge

at the point of consumption. After nephrology consultation and AKI-D diagnosis, data was
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inputted by the attending nephrologist at the time of initiation of renal replacement therapy in
the clinical module of NefroWeb®, a customized Microsoft SQL Server database. The
institutional research ethics board approved the study protocol and waived the need for
informed consent based on the noninterventional nature of the study. This manuscript adheres
to the STROBE guidelines for cohort studies.

Study Population: Out of 25,624 pediatric and adult patients admitted for renal replacement
therapy (RRT), we excluded 7,289 who had end-stage renal disease. After chart review, we
further excluded 3,149 patients with incomplete reports, missing values, and zip codes (which
were necessary to compute socioeconomic data), leaving the final cohort with 15,186 patients
(Figure 1).

Starting study population

| 25,624 patients starting dialysis during hospital admission from 2002 to 2012

Indication for dialysis

Patients with ESDR (n=7,289)

Provisional cohort

18,335 patients with a diagnosis of AKI

Individual record review

Absent medical report or incomplete medical chart (n=823)
Patient with ESRD (n=277)

Duplicate record (n=55)

Other extracorporeal therapies (n=22)

Absent zip codes (n=1972)

Final study cohort
15,186 patients with a diagnosis of AKI

Figure 1. Study Flowchart

Data Collection: Demographics (age, sex, and race), clinical variables (primary clinical or
surgical diagnosis, renal diagnosis, comorbidities, precipitant cause of AKI-D, and severity of
presentation and failures), AKI-D phenotype (de novo, acute-on-chronic kidney disease
[ACKD], and hospital- or community-acquired AKI), dialysis indication, and modality were
collected at the time of dialysis initiation. Primary outcomes were death, complete or partial
recovery, and dialysis dependence at hospital discharge. In addition, hospitals were categorized
according to governance (private vs. public), the number of beds (small: <50 beds; medium:
50-150 beds; large: >150 beds), and specialty (General, Pediatric, Cardiology,

Emergency/Trauma, Obstetrics, Oncology, and Infectious Diseases). Finally, each record was



81

reviewed for implausible values, event ascertainment, adjudication, and data cleaning by either
a pediatric (TLCY) or adult nephrologist (CLRG or JHRS). For detailed information on data
collection and processing, refer reference (Manuscrito 1).

Socioeconomic Indicators: Based on the geographic region of individual patient
residence derived from postal zip codes, we recovered the following variables: global municipal
human development index (HDIM), further divided into three categories (education, income,
and longevity); Gini index for socioeconomic disparities, and mean monthly per capita income.
Data were presented as continuous variables and categorized in terciles or dichotomized
according to the mean values in Rio de Janeiro state. These indicators, calculated for
municipalities and states, are adapted from the country’s overall HDI by the United Nations
Development Program in Brazil, the Institute for Applied Economic Research, and the Jodo
Pinheiro Foundation and are available on the website http://atlasbrasil.org.br (data from the
2010 census). The HDIM is interpreted the same way as the overall HDI, but its components
aim to adapt the global HDI methodology to Brazilian municipalities at municipal and state
levels. It ranges from O to 1 and enables the comparison of Brazilian cities over time.
Statistical Analysis: Analyses were performed with the R statistical environment.
Significance was set at p < 0.05. Categorical variables were summarized as the number and
percentage and were compared with the chi-square test. Continuous variables were expressed
as the mean and standard deviation (SD) or median and interquartile range (IQR) and compared
with student t-test. In addition to comparing the complete cohort (14,149 patients in the private
group vs. 1,037 patients in the public group), we applied a propensity score-matching approach
by using a logistic regression model including demographic and clinical characteristics
(Supplemental file, section 3, eTable 1) to produce a balanced cohort. Propensity-matched
cohorts of different groups were derived by applying 1:1 ratio greedy-nearest-neighbor
matching on the propensity score, with a caliper of 0.1 SD of the propensity score logit with no
replacement. Covariate balances before and after matching were checked by comparing
standardized mean differences (SMD). An SMD of <0.10 was considered successful balancing.
We did not include socioeconomic indicators in the propensity score to unravel differences
between matched groups and possible relations to outcomes.

We constructed 30-day Kaplan—Meier survival curves to compare public and private hospitals
and HDIM and income, both in the unmatched and matched cohorts. We conducted a log-rank
test for significance in survival between curves. Further, we performed a shared frailty gamma

Cox regression using random effects for individual hospitals of enrollment to compare survival
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between these groups with the following variables: age, sex, HDIM, per capita income (indexes
stratified according to the value mean of the population of the state of Rio de Janeiro), Gini
index (stratified in terciles), AKI phenotype (acquired in the community vs. hospital, de novo
vs. ACKD, septic vs. nonseptic AKI, and oliguric vs. nonoliguric AKI), number of failing
organs and Charlson comorbidity score (CCS), presented as a hazard ratio (HR) with a 95%
confidence interval. We assessed the assumption of the Cox proportional hazards model by the
analysis of Schoenfeld residues. In addition to considering individual hospitals as random
effects in the mixed model and acknowledging the heterogeneity of medical institutions
involved (i.e., the predominance of medium and small private medical facilities), we performed
a sensitivity analysis considering only the large hospitals of private and public governance.
Pearson correlation was performed to assess differences in the association between HDIM and

Gini index with per capita income according to different hospital governance populations.

Results
We analyzed data from 15,186 patients with AKI-D accrued over 11 years (Figure 1). Of the

170 medical institutions involved, 82% (n = 139) were of private administration and 18% (n =
31) of public administration. Small- and medium-sized general hospitals and medical facilities
were predominant in the private group and medium-sized and larger medical institutions in the
public group. Public hospitals displayed a broader distribution of specialties, including a higher
proportion of emergency/trauma units (Supplemental file, section 1, eTable 2).

Table 1 summarizes the demographic and clinical characteristics of the cohort: 14,149 patients
were admitted to a private hospital and 1,037 patients to public hospitals. The median age was
75 years (IQR 61-83) in private hospitals compared to 53 (IQR 31-66) in public hospitals.
There was a higher proportion of self-declared white ethnicity patients in private than public
hospitals (84.3 vs. 61.0%, respectively, p < 0.001). AKI-D were more frequently de novo and
hospital-acquired. Community-acquired AKI-D was more frequent in public hospitals (45.7%
vs. 27.0%, p < 0.001), and ACKD disease was more frequent in private hospitals (33.2% vs.
23%, p < 0.001).

Comorbidities were more prevalent in private hospitals (arterial hypertension, 44.6% vs. 25.6%;
chronic heart diseases, 33.6% vs. 14.9%; diabetes, 21.2% vs. 11.6% in private vs. public
hospitals, respectively), except for malignance (20.9% vs. 14.2%, in public vs. private hospitals,
respectively); The CCS (2.03 + 0.87 vs. 1.72 + 0.75, p < 0.001) was higher in private hospitals
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(Table 1). Medical reason for admission (76.2% vs. 58.7%) and intensive care unit (ICU)

admission (87.8% vs. 59.4%) also predominated in private hospitals (p < 0.001).

Table 1. Demographics, clinical characteristics, and outcomes of unmatched and matched cohorts

All (n = 15186) Private (n = Public (n = p SMD Private p SMD
14149) 1037) (PSM, n =
1037)

Demographics
Age (median [IQR]) 74 (59-82) 75 (61-83) 53 (31-66)  <0.001  0.965 51(31-68) 0.748  0.023
Male gender (%) 8291 (54.6) 7705 (54.5) 586 (56.5) 0.212 0.041 577 (55.6) 0.723 0.017
Nonwhite (%) 2624 (17.3) 2220 (15.7) 404 (39.0) <0.001  0.541 383(36.9) 0.365 0.042
AKI phenotype
Acute-on-chronic kidney disease (%) 4933 (32.5) 4694 (33.2) 239 (23.0) <0.001 0.227 240 (23.1) 1.000 0.002
Community-acquired AKI (%) 4293 (28.3) 3819 (27.0) 474 (45.7) <0.001  0.397 442 (42.6) 0.170  0.062
Medical admission (%) 11397 (75) 10788 (76.2) 609 (58.7) <0.001 0.381 621 (59.9) 0.623 0.024
ICU admission (%) 13044 (85.9) 12428 (87.8) 616 (59.4) <0.001 0.682 676 (65.2) 0.008 0.120
Comorbidities
Chronic heart Diseases (%) 4902 (32.3) 4748 (33.6) 154 (14.9) <0.001 0.448 168 (16.2) 0.431 0.037
Hypertension (%) 6711 (44.2) 6446 (45.6) 265 (25.6) <0.001  0.427 277 (26.7) 0.582  0.026
Diabetes (%) 3113 (20.5) 2993 (21.2) 120 (11.6) <0.001  0.261 130 (12.5) 0.544 0.030
Neoplasia (%) 2227 (14.7) 2010 (14.2) 217 (20.9) <0.001  0.177 205 (19.8) 0.549  0.029
Chronic neurological diseases (%) 1536 (10.1) 1490 (10.5) 46 (4.4) <0.001 0.233 66 (6.4) 0.065 0.085
Obstructive vascular disease (%) 1631 (10.7) 1561 (11.0) 70 (6.8) <0.001 0.151 54 (5.2) 0.165 0.065
Chronic hepatic Disease (%) 591 (3.9) 565 (4.0) 26 (2.5) 0.021 0.084 24 (2.3) 0.886 0.013
Number of comorbidities (mean [SD]) 1.6 (1.16) 1.6 (1.16) 1.1 (1.05) <0.001 0516  1.16(1.02) 0.124 0.068
Charlson score (mean [SD]) 2.01 (0.86) 2.03(0.87) 1.72 (0.75) <0.001 0.385 1.74(0.78) 0.421 0.035
Precipitating causes of AKI
Sepsis at admission (%) 6940 (45.7) 6457 (45.6) 483 (46.6) 0.579 0.019 502 (48.4) 0.429 0.037
Later sepsis (%) 3954 (26.0) 3820 (27.0) 134 (12.9) <0.001 0.358 144 (13.9) 0.562 0.028
CRS type | (%) 1981 (13.0) 1889 (13.4) 92 (8.9) <0.001  0.143 116 (11.2)  0.093 0.077
Hypovolemia (%) 4299 (28.3) 3989 (28.2) 310 (29.9) 0.255 0.037 298 (28.7)  0.596 0.025
Nephrotoxicity (%) 1390 (9.2) 1277 (9.0) 113 (10.9) 0.050 0.063 105(10.1) 0.616 0.025
Urological conditions (%) 736 (4.8) 559 (4.0) 177 (17.1) <0.001 0.438 150 (14.5) 0.117 0.071
Major surgery (%) 1957 (12.9) 1842 (13.0) 115 (11.1) 0.082 0.059 132 (12.7) 0.278 0.051
CRS type Il (%) 650 (4.3) 636 (4.5) 14 (1.4) <0.001 0.188 13 (1.3) 1.000 0.009
Hepatorenal syndrome (%) 296 (1.9) 287 (2.0) 9(0.9) 0.013 0.097 11 (1.2) 0.822  0.020
Glomerular diseases (%) 162 (1.1%) 151 (1.1%) 11 (1.1%) 1 0.009 12 (1.2) 1 0.009
Obstetric complications (%) 110 (0.7) 52 (0.4) 58 (5.6) <0.001 0.163 25 (2.4) <0.00 0.311
Number of causes (mean [SD]) 1.45 (0.62) 1.46 (0.62) 1.42 (0.61) 0.094 0.055 1.47 (0.61) (1).105 0.071
Indications for commencing RRT
Azotemia (%) 12730 (83.8) 11870 (83.9) 860 (82.9) 0.443 0.026 844 (81.4) 0.390 0.040
Oliguria (%) 11480 (75.6) 10784 (76.2) 696 (67.1) <0.001  0.203 709 (68.4) 0.573 0.027
Acidosis (%) 11077 (72.9) 10397 (73.5) 680 (65.6) <0.001  0.172 700 (67.5) 0.377 0.041
Hypervolemia (%) 5688 (37.5) 5288 (37.4) 400 (38.6) 0.461 0.025 416 (40.1) 0.500 0.032
Hyperkalemia (%) 3125 (20.6) 2758 (19.5) 367 (35.4) <0.001 0.362 329 (31.7) 0.085 0.078
Number of indications (mean (SD)) 2.92 (1.02) 2.92 (1.01) 2.94(1.20)  0.508 0.020  2.94(1.11) 0.924 0.004
Organ failures
Mechanical ventilation (%) 11424 (75.2) 10823 (76.5) 601 (58.0) <0.001 0.403 646 (62.3) 0.048 0.089
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Vasopressors (%) 10829 (71.3) 10305 (72.8) 524 (50.5)  <0.001 0471  574(554) 0.031 0.097
Isolated kidney failure (%) 2655 (17.5) 2370 (16.8) 288 (27.5)  <0.001  0.368  257(24.8) 0.255 0.089
Additional failing organs (mean (SD)) 2.03 (1.23) 2.06 (1.21) 166 (1.32) <0001 0312 1.78(1.32) 0035 0.093
RRT modality (%) <0.001  0.651 0.249  0.089
SLED 7112 (46.8) 6909 (48.8) 203 (19.6) 204 (19.7)

IHD 4859 (32.0) 4343 (30.7) 516 (49.8) 477 (46.0)

SCHD 2890 (19.0) 2612 (18.5) 278 (26.8) 305 (29.4)

PD 325 (2.1) 285 (2.0) 40 (3.9) 51 (4.9)

Hospital stay, days (median [IQR]) 21 (11-29) 21 (11-39) 17 (8-32)  <0.001  0.171 16 (9-32)  0.946 0.033
Mortality (%) 10771 (70.9) 10154 (71.8) 617 (59.5)  <0.001  0.353  631(60.8) 0597 0.073

AKI: acute kidney injury; SMD: standardized mean difference; PSM: propensity score matching; ICU: intensive care unit; CRS:
cardiorenal syndrome; RRT: renal replacement therapy; SLED: sustained low-efficiency dialysis; HD: intermittent hemodialysis;
SCHD: slow-continuous hemodialysis; PD: peritoneal dialysis; SD: standard deviation; IQR: interquartile range

The incidence of sepsis at admission, major surgery, nephrotoxicity, and glomerular diseases
as precipitating causes of AKI-D was similar between the two groups. Sepsis after admission
(27% vs. 12.9%), cardiorenal syndrome (CRS) type 1 (13.4% vs. 8.9%) and Il (4.5% vs. 1.4%),
and hepatorenal syndrome (2.0% vs. 0.9%) were more prevalent in private hospitals. whereas
hypovolemia (29.9% vs. 28.2%), obstructive uropathy (17.1% vs. 4.0%), and preeclampsia
(5.6% vs. 0.4%) were more frequent in public hospitals (Figure 2). More than 70% of the cohort

Sepsis at admission
Hypovolemia

Laler sepsis

Cardiorenal syndrome type |
Major surgery

Nephrotoxicity

Obstructive uropathy

Cardiorenal syndrome type |1 L
Liver diseases |
Other causes I
Glomerular diseases 1
Malignany hypertension I
Obstetric causes - Hospital governance
Hemolyic uremic syndrome I Private
v 4 M Public

o

10 20 30
Patients number (%)

was on mechanical ventilation and vasopressor support, but these interventions significantly
differed between the two groups (mechanical ventilation: 76.5% vs. 58%, and vasopressors:
72.8 s. 50.5, in private vs. public hospitals, respectively, p <0.001). Isolated kidney failure was
more common in public hospitals (27.5% vs. 16.8%, p < 0.001).

Figure 2. Precipitant causes of severe dialysis-requiring acute Kidney injury stratified by hospital governance. Causes are not

mutually exclusive.

Most patients were initially treated with slow low-efficiency dialysis (SLED) in private

hospitals, whereas conventional intermittent (IHD) therapy was the most frequent initial
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modality of RRT in public hospitals (Table 1). However, the use of slow-continuous
hemodialysis with standard dialysis equipment (SCHD) was higher in public vs. private
hospitals. Finally, the hospital length of stay was significantly longer in private (21 days, [IQR
11-39]) as compared to public hospitals (17 days [IQR, 8-32]).

After propensity score matching, 1,037 cases were assigned to each group (Table 1). The
matching process produced a balanced cohort. A decrease of <0.1 of the MSD between private
and public hospitals was observed for most baselines matched covariates, except for
socioeconomic covariates, which were purposely not included in the matching process.
Baseline demographics indicators, AKI-D phenotype, comorbidities, precipitating causes of
AKI-D (except obstetrical conditions), RRT modalities, and outcomes were comparable.

The socioeconomic indicators differed significantly between private vs. public hospital patients
(Table 2, Figure 3).

Table 2. Socioeconomic Indicators according to hospital governance in the unmatched and matched cohorts

All (n = 15186) Private (n = 14149)  Public (n=1037) p SMD Private (PSM, n =1037) p SMD
Socioeconomic indicators
HDIM - Global (mean [SD]) 0.83 (0.09) 0.84 (0.09) 0.78 (0.08) <0001 0732 0.82 (0.09) <0.001 0494
HDIM - Income (mean [SD]) 0.84 (0.12) 0.84 (0.12) 0.76 (0.09) <0.001 0.742 0.82 (0.11) <0.001 0501
HDIM - Longevity (mean [SD]) 0.88 (0.05) 0.89 (0.05) 0.85 (0.05) <0.001 0684 0.88 (0.05) <0.001 0478
HDIM - Education (mean [SD]) 0.78 (0.10) 0.79 (0.10) 0.72 (0.09) <0.001 0692 0.76 (0.11) <0.001 0.462
Income (mean [SD]) 2059.95 (1642.21)  2122.61 (1658.97)  1205.01 (1076.27) <0.001 0656 1810.67 (1560.05) ~ <0.001 0.452
Gini Index (mean [SD]) 0.47 (0.05) 0.47 (0.05) 0.46 (0.05) <0.001 028 0.47 (0.06) <0.001 0.200

HDIM: human development index (municipality); SMD: standardized mean difference; SD: standard deviation; PSM:

propensity score matching.
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Figure 3. Socioeconomic indicators of dialysis-requiring acute Kidney injury patients among private vs. public
hospitals. (A) unmatched and (B) matched cohorts. HDIM: human development index (municipality).
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The HDIM was significantly higher in private hospitals than public hospitals, and this
difference was constant in all subdivisions of the HDIM index. Patients in public hospitals were
stratified by a lower Gini index than those in private hospitals. Income was significantly higher
in private hospitals (Table 2). There was a significant correlation between socioeconomic
indicators and level of income: higher incomes were associated both with higher HDIM (R =
0.94, p < 0.001) and greater inequality, as shown by the Gini index (R = 0.51, p <0.001), both
in private and public hospitals (Figure 4). All socioeconomic indicators were lower in nonwhite
populations than in white patients, but this difference was significantly different in private

hospital patients after stratification (Supplemental file, section 5, eTable 3, eFigure 1).

B)

Private Public Private Public

.
R=051,p<22e-16 R=051p<22e-16

R=094 p<22e-16 R=094 p<22e-16

8,

. og..
*

300 1000 3000 10000 200 1000 3000 1000 300 1000 3000 10000 300 1000 3000 1000
Income Income

Figure 4. Correlation between income and HDIM and Gini index according to hospital administration. HDIM:
human development index (municipality). Income is presented in Brazilian currency (reais, R$).

Within 30 days after RRT initiation, crude mortality rate was 70.9% (10,771 patients); being
71.8% (10,154 patients) in the private group and 59.5% (617 patients) in the public group (p <
0.001). On the other hand, mortality rates were similar in the balanced matched cohort (60.8%
vs. 59.5% in private vs. public hospitals, p = 0.597). Figures 5a and 5b depict the Kaplan—Myer
curves for overall mortality in the unmatched and matched cohorts. Worse socioeconomic
indicators (HDIM, income, and Gini index) in the univariate mixed-effects Cox proportional
model of the unmatched cohort were all associated with higher mortality (Table 3). his
difference remained significant only for higher income in the multivariate model. However, no
socioeconomic variable was significantly associated with mortality in the multivariate model
(Figure 5c¢-f).
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Figure 5. Survival curves, according to Kaplan—Meier estimates according to hospital administration (a and b),
HDIM (c and d), and income (e and f), with log-rank test for significance, in the unmatched and matched cohorts.
HDIM: human development index (municipality).



Table 3. Uni- and multivariate mixed-effects Cox regression model on mortality in the matched and unmatched cohort
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HR (univariable)

HR (multivariable)

Full Cohort (n = 15186 patients)

HR (univariable)

HR (multivariate)

Matched Cohort (n = 2074 patients)

Age

(per year)

1.01 (1.01-1.01, p < 0.001)

1.01 (1.01-1.01, p < 0.001)

1.01 (1.01-1.01, p < 0.001)

1.01 (1.01-1.01, p <0.001)

Gender

Female
Male

0.88 (0.85-0.92, p < 0.001)

0.92 (0.89-0.96, p < 0.001)

1.07 (0.96-1.20, p = 0.238)

0.98 (0.87-1.10, p = 0.717)

Ethnicity

White
Nonwhite

0.94 (0.90-0.99, p = 0.027)

1.00 (0.95-1.06, p = 0.975)

1.02 (0.91-1.14, p = 0.751)

1.09 (0.97-1.23, p = 0.148)

Hospital Governance

Private
Public

0.91 (0.83-0.98, p = 0.017)

0.98 (0.82-1.17, p = 0.852)

0.99 (0.89-1.11, p = 0.852)

0.92 (0.76-1.11, p = 0.380)

AKI phenotype 1

Acute
ACKD

0.75 (0.72-0.78, p < 0.001)

0.85 (0.81-0.89, p < 0.001)

0.72 (0.63-0.83, p < 0.001)

0.89 (0.76-1.03, p = 0.125)

AKI phenotype 2

Hospital-
acquired
Community-
acquired

0.65 (0.63-0.69, p <0.001)

0.86 (0.82-0.90, p < 0.001)

0.59 (0.52-0.66, p < 0.001)

0.86 (0.75-0.98, p = 0.021)

AKI phenotype 3

Nonseptic
AKI

Septic AKI

1.28 (1.24-1.33, p < 0.001)

1.14 (1.09-1.18, p < 0.001)

1.65 (1.47-1.84, p < 0.001)

1.36 (1.21-1.53, p < 0.001)

AKI phenotype 4

Nonoliguric
AKI
Oliguric
AKI

1.55 (1.48-1.63, p < 0.001)

1.32 (1.25-1.38, p < 0.001)

1.76 (1.55-2.00, p < 0.001)

1.35 (1.17-1.55, p < 0.001)

Additional organ failure

(per organ)

1.37 (1.35-1.40, p < 0.001)

1.34 (1.32-1.37, p < 0.001)

1.45 (1.40-1.52, p < 0.001)

1.39 (1.32-1.46, p < 0.001)

Charlson score

(per point)

1.02 (1.00-1.04, p = 0.062)

1.00 (0.97-1.02, p = 0.707)

1.05 (0.98-1.13, p = 0.183)

1.01 (0.94-1.10, p = 0.727)

HDIM

Low
High

1.10 (1.05-1.15, p < 0.001)

0.98 (0.92-1.05, p = 0.615)

1.03 (0.92-1.16, p = 0.568)

0.89 (0.75-1.06, p = 0.189)

Income

Low
High

1.13 (1.09-1.18, p < 0.001)

1.08 (1.01-1.15, p = 0.025)

1.11 (0.99-1.24, p = 0.068)

1.18 (1.00-1.41, p = 0.054)

Gini Index

0.29t0 0.44
0.44t00.48
0.48 t0 0.63

1.05 (1.00-1.09, p = 0.062)
1.10 (1.05-1.15, p < 0.001)

1.01 (0.96-1.06, p = 0.789)
0.98 (0.93-1.04, p = 0.567)

1.07 (0.94-1.23, p = 0.293)
1.17 (1.02-1.34, p = 0.026)

1.10 (0.95-1.26, p = 0.198)
1.15 (0.99-1.34, p = 0.073)

AKI: acute kidney injury; ACKD: acute-on-chronic kidney disease; HDIM:

human development index (municipality
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Multivariate analysis in the unmatched and matched cohort showed that age, oliguric AKI,
septic AKI, and the number of organ failures were all independently associated with mortality.
Male gender, community-acquired AKI-D, and ACKD were associated with better survival in
the unmatched cohort (Table 3).

In a sensitivity analysis considering only hospitals with more than 150 beds of private and
public governance (20 vs. 21 hospitals, respectively; n = 6993 patients; 6,036 patients in private
vs. 957 patients in public hospitals), no significant difference in patients characteristics and
outcomes were observed, as compared to the entire cohort (Supplemental file, section 2, eTables
4 and 5).

Among the 4,415 survivors (3,995 in private hospitals and 420 in public hospitals), 1,034
(23.4%) were discharged on RRT, 945 (23.7%) vs. 89 (21.2%) in private vs. public hospitals
(p < 0.001). Discharge with complete recovery was more frequent in private hospitals (27.8%)
than in public hospitals (16%), whereas partial recovery was more frequent in public hospitals
(49% vs. 30.3%). Kidney status at discharge was indeterminate in 17.8% of the patients. There
was no difference in discharge outcomes among socioeconomic indicators (Supplemental file
section 7, eTable 6).

Discussion

To our knowledge, this is the first study directly comparing the influence of private vs. public
hospitals administration on the outcomes of patients with AKI-D. Additionally, we analyzed
socioeconomic indicators and outcomes in these patients, which were only previously described
with large administrative databases in high-income countries.

Age, sepsis, oliguria, and the number of failing organs were associated with poor survival, while
male vs. female gender, community- versus hospital-acquired AKI, and ACKD versus de novo
AKI displayed more favorable outcomes. These clinical characteristics and associations are
well sedimented in other publications of comprehensive series of AKI (15-22). Interestingly, in
the context of the present study, some of these covariates were unequally distributed among
patients assisted in the private as opposed to the public hospital sector.

Previous studies in Brazilian ICUs have compared sepsis outcomes in patients admitted to
public vs. private hospitals, with conflicting results. One early multicentric study based on a
convenience sample of patients with sepsis found that those admitted to public hospitals fared
worse than those treated in private hospitals. In contrast, a more extensive and perhaps less

biased multicentric study on a large stratified pseudo-random sample of healthcare institutions
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showed no difference in mortality among inpatients with sepsis admitted to public or private
ICUs (13, 23). In the present investigation, limited to AKI-D patients, crude mortality was
higher in private hospitals. However, after adjustment for confounding, especially in the
propensity-matched cohort, mortality rates were not significantly different, indicating that at
least in the particular environment under study, other demographic and clinical features would
appear to be the main drivers of poor outcomes in AKI-D.

Socioeconomic indicators differed according to hospital administration. In the unadjusted
analysis, higher socioeconomic indicators were associated with higher mortality, a pattern that
was also observed in other population-level analyses (5, 8). However, after adjustments, no
significant impact of HDIM, its components (education, income, and longevity), and the Gini
coefficient was observed on survival. Higher income was associated with worst survival, but
the significance was lost in the multivariate model on the balanced matched cohort. However,
in contrast to our findings, in high-income countries, both the burden of comorbidity and
severity of AKI at presentation may contribute to the impact of social deprivation on AKI-
associated mortality (5, 8, 10).

Despite the profound differences in socioeconomic indicators related to ethnicity and the
marked difference in the distribution of these groups in the two hospital systems, we did not
find an independent influence of race on survival, contrary to findings in high-income countries
(24). More significant economic deprivation and high burden of comorbidities in the nonwhite
population is a feature of social discrepancies in Brazil (25), but it did not translate into higher
mortality risk in our study.

Similar to several cohort studies of AKI, sepsis at admission was the most prevalent condition
associated with AKI-D development in private and public hospitals (6, 16, 17, 20). However,
markers of worse outcomes, such as sepsis occurring after admission, CRS type I, and
hepatorenal syndrome, predominated in private hospitals, whereas factors associated with better
survival odds, such as obstructive uropathy and preeclampsia, were more prevalent in public
hospitals. This difference partly explains the lower survival observed in private hospitals.

We did not detect an association of socioeconomic indicators with renal recovery in survivors.
It was distinct from a recent epidemiologic study from Taiwan, where higher regional economic
status was an independent factor for renal recovery (6). We acknowledge, however, that the
analysis of kidney recovery outcomes was affected by the lack of long-term follow-up, as a
proportion of AKI survivors discharged on RRT may eventually become dialysis independent
(24).
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Some limitations of this study are worth mentioning. First, the distribution of private and public
hospitals in this cohort does not replicate the actual situation of the Brazilian health care system.
Approximately 90% of the inpatients in this cohort were admitted to private hospitals, but only
20-25% of the Brazilian population is covered by private health insurance (25). Second,
significant differences in hospital phenotypes were observed, predominately small or medium
medical institutions in the private sector and large hospitals in the public sector. Reassuringly,
a sensitivity analysis restricted to larger hospitals from both types of governance reproduced
the results of the entire cohort. Third, given the different determinants of health and potential
unevenness in the quality of care across different parts of our county, these results may not be
extrapolated to all regions of the vast Brazilian territory (26). Finally, socioeconomic data was
retrieved from census information based on the residence code rather than on individual-level
measures of socioeconomic status, which may have led to a degree of misclassification (10).
However, this strategy is primarily utilized in studies that assess the socioeconomic status and
AKI incidence and outcomes (5,8,10).

Conclusions

AKI-D has short- and long-term adverse consequences. Despite differences in socioeconomic
characteristics, the present study found no impact of different hospital governance systems on
overall mortality. Poor AKI results were mainly motivated by the patient’s baseline
characteristics and by the severity of presentation. Future large-scale epidemiological studies
should further investigate these relevant assumptions, allowing health systems to manage this

severe syndrome promptly and accurately.
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Epidemiologia da lesao renal aguda em pediatria

Acute Kidney Injury Epidemiology in pediatrics

Resumo

Foi realizada busca na base de dados ME-
DLINE utilizando o termo MeSH “Acute
Kidney Injury”, selecionando o subtépico
“Epidemiology”, e aplicados os filtros de
idade e ano de publicagdo. Também foram
realizadas buscas pelos termos “acute renal
failure” e “epidemiology” “acute tubular
necrosis” e “epidemiology” nos campos
titulo e resumo com os mesmos filtros. Na
segunda busca, foram pesquisadas palavras
na base de dados LILACS, com os termos
“lesao renal aguda”, “insuficiéncia renal
aguda” ou “injuria renal aguda” e o filtro
de idade. Todos os resumos foram avaliados
pelos autores ¢ os artigos considerados mais
relevantes, examinados na integra. A mor-
talidade relacionada a Lesio Renal Aguda
(LRA) variou entre 3-63% nos estudos in-
cluidos nesta revisio. A etiologia da LRA
tem marcantes diferengas regionais, sendo
sepse a principal causa em paises desenvolvi-
dos. Em paises em desenvolvimento, as do-
engas renais primarias € a hipovolemia ainda
configuram causas frequentes de LRA.

Palavras-chave: Insuficiéncia Renal; Lesdo
Renal Aguda; Epidemiologia.

ABsTRACT

We performed a search in the MED-
LINE database using the MeSH term:
"Acute Kidney Injury", selecting the sub-
topic "Epidemiology", and applying age
and year of publication filters. We also
scarched for the terms: "acute renal fail-
ure" and "epidemiology" "acute tubu-
lar necrosis" and "epidemiology" in the
title and summary fields with the same
filters. In a second search, we searched
in the LILACS database, with the terms:
"acute renal injury”, or "acute renal fail-
ure" or "acute kidney injury" and the age
filter. All abstracts were evaluated by the
authors and the articles considered most
relevant, were examined in their entirety.
Acute Kidney Injury (AKI) -related mor-
tality ranged from 3-63% in the studies
included in this review. AKI etiology has
marked regional differences, with sepsis
being the main cause in developed coun-
tries. In developing countries, primary
renal diseases and hypovolemia are still a
common cause of AKI.

Keywords: Renal Failure; Acute Kidney
Injury; Epidemiology.

INTRODUGAO
A lesdo renal aguda (LRA) € definida co-

mo a redugdo stibita da fungio renal que
pode causar desde alteragdes discretas
em marcadores bioquimicos até faléncia
renal com necessidade de suporte renal
artificial (SRA). Trata-se de complicagao
grave, com alta morbimortalidade em pa-
cientes criticamente enfermos, e frequen-
temente de etiologia multifatorial.!

Até o inicio da década de 2000, a au-
séncia de padronizagao para o diagnéstico,
com a existéncia de mais de 30 defini¢des
publicadas para LRA,? impossibilitou a de-
terminacao de sua magnitude, bem como a

comparagio entre os diferentes estudos so-
bre o assunto. Os estudos mais amplamente
disponiveis tratam principalmente de LRA
com necessidade de SRA, relatando morta-
lidade entre 11% e 63% em pacientes pe-
didtricos.** Criangas que apresentaram LRA
tém tempo de internagdo e de permanéncia
em centro de terapia intensiva pedidtrica
(CTIP) mais longo e maior necessidade de
ventilagio mecAnica.>® Além disso, criangas
que sobrevivem a um episédio de LRA po-
dem evoluir com doenga renal crénica (até
60% das criancas permanecem com protei-
niria, hipertensao e algum grau de redugao
da taxa de filtragdo glomerular - TEG).”?

275




95

276

Les&o renal aguda em pediatria

A necessidade de uniformizagao na defini¢io de LRA
resultou na criagdo da primeira definigio padronizada
publicada em 2004, denominada RIFLE (do inglés Risk,
Injury, Failure, Loss, End-stage).? Trés anos depois, esses
critérios foram adaptados para a populagio pediatrica,
dando origem ao RIFLE pedidtrico (pRIFLE).!® Desde
entao, esse critério sofreu outras duas modificagdes, sen-
do a mais recente o sistema de classificagio do KDIGO
(do inglés Kidney Disease: Improving Global Outcome),
publicada em 2012.1

O SRA € o tratamento mais efetivo para LRA grave
em pacientes criticamente enfermos. Os primeiros relatos
do uso de hemodidlise (HD) em humanos datam da dé-
cada de 1940, quando Kolff et al. descreveram o uso do
entdo denominado “rim artificial” em uma paciente de 29
anos com glomerulonefrite crénica e uremia.”> Em 1957,
o mesmo autor descreveu os avangos 1nos equipamentos
desenvolvidos até entdo e citou as indicagdes para o uso
do rim artificial, incluindo LRA secundéria a choque.®* O
uso de HD em criangas necessitou de mais tempo para ser
implementado, devido a dificuldades que ainda persistem,
tais como o pequeno calibre dos vasos em pacientes pedid-
tricos € necessidade de grandes volumes para preenchimen-
to do circuito extracorpéreo.* Em 1957, foi publicado o
primeiro relato de casos de HD em criangas, descrevendo
melhora clinica e maior facilidade no manejo conservador
apbs seu uso em cinco criangas de 2 a 14 anos de idade.**
No entanto, essa modalidade nao se mostrou segura para
lactentes e criangas pequenas. Nesse contexto, Segar et al.
descreveram a importincia do uso da didlise peritoneal em
pacientes menores de 1 ano e/ou com menos de 15kg.'’

Desde os primeiros relatos de LRA até os dias atuais
houve melhora significativa nas técnicas e na disponibili-
dade dos procedimentos dialiticos, bem como mudangas
dramadticas na epidemiologia, principalmente nas causas
da LRA. Inicialmente predominavam as doengas renais
primdrias, como glomerulonefrite aguda e sindrome he-
molitico-urémica. Apbs o advento da terapia intensiva,
sepse, cirurgias de grande porte (destacando-se as cardia-
cas) e problemas oncolégicos tornaram-se as causas mais
frequentes,'®"” embora, em paises em desenvolvimento, a
desidratagdo ainda constitua causa relevante de LRA.12°
Além disso, também ocorreram avangos tecnol4gicos pa-
ra atendimento a criangas menores. Em 2015, foi descrita
a primeira hemodiélise em neonato com LRA usando um
novo equipamento desenvolvido especificamente para es-
sa faixa etdria.”!

O objetivo deste artigo é fazer uma revisao his-
térica e descrever as principais informagdes sobre a
epidemiologia da LRA em pacientes pediatricos.

Braz. ]. Nephrol. (]. Bras. Nefrol,) 2019;41(2):275-283
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Para esta revisdo foi realizada inicialmente uma busca na
base de dados MEDLINE por meio do portal PUBMED
utilizando o termo MeSH (do inglés Medical Subject
Headings) “Acute Kidney Injury”, selecionando o sub-
tépico “Epidemiology”. Foram aplicados em seguida
os filtros de idade (0 a 18 anos) e ano de publicagdo
(Gltimos 5 anos). A busca, realizada em abril de 2017,
resultou em 306 artigos. Também foram realizadas bus-
cas pelos termos “acute renal failure” e “epidemiology”,
“acute tubular necrosis” e “epidemiology” nos campos
“titulo” e “resumo” com os mesmos filtros (idade e ano
de publicacao), selecionando 8 e nenhum artigo, res-
pectivamente. Todos os resumos foram avaliados pelos
autores, ¢ os artigos considerados mais relevantes foram
examinados na integra. Visando buscar maior nime-
ro de artigos sobre a epidemiologia da LRA no PBrasil
e América Latina, foi realizada uma segunda busca na
base de dados LILACS (Literatura Latino-Americana e
do Caribe em Ciéncias da Satde) no portal da Biblioteca
Virtual em Satde utilizando a busca por palavras com os
termos “lesdo renal aguda”, “insuficiéncia renal aguda”
ou “injuria renal aguda” e o filtro de idade (0 a 18 anos).
Essa segunda busca selecionou 302 artigos, cujos resu-
mos foram examinados pelos autores. Os artigos consi-
derados mais relevantes foram avaliados na integra; € os
selecionados, incluidos nesta revisao. Além disso, foram
realizadas pesquisas diretas para a obtengao de artigos
histéricos sobre o tema. Artigos citados pelos autores
selecionados considerados relevantes também foram in-
cluidos nesta revisdo.

CLassIFicacAo A LRA

A primeira definicdo padronizada para LRA foi a clas-
sificagdo de RIFLE publicada em 2004. Trata-se de um
acrénimo com as iniciais das 5 fases propostas para a
classificagdo da LRA: risco (“risk™), injiria (“injury”),
faléncia (“failure”), perda da fungio (“loss”) e doenca
renal em estdgio terminal (“end stage renal disease”).
Essa classificagdo baseou-se em dois marcadores para a
fungdo renal amplamente disponiveis: mudancas na cre-
atinina sérica ou taxa de filtracdo glomerular e débito
urindrio.” Os valores considerados na sua elaboragao, no
entanto, contemplavam mudangas na TFG e na creati-
nina sérica em pacientes adultos, impossibilitando sua
aplicagdo na faixa etdria pedidtrica. Nesse contexto, em
2007, foi publicada uma adaptagio dessa classificagao
para a faixa etéria pedidtrica. O p-RIFLE utilizou a re-
dugdo no clearance de creatinina (ClCr) estimado para
aferi¢ao de alteragio na fungio renal.’’
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Os avangos nos estudos sobre as consequéncias da
LRA em pacientes criticamente enfermos evidenciaram
que MeEsmo pequenos aumentos na creatinina sérica oca-
sionaram maior mortalidade, o que levou ao desenvol-
vimento da classificagio AKIN (do inglés, Acute Kidney
Injury Network) para LRA. Esse novo modelo classifi-
coua LRA em 3 estdgios, de acordo com sua gravidade,
sendo o estagio 1 definido como aumento de 0,3 mg/dL
na creatinina sérica em relacdo ao valor basal.”

Em 2012, a classificagio do KDIGO foi estabelecida,
visando unificar as 3 classificagdes existentes até entao
para simplificar e universalizar seu uso, uma vez que po-
de ser usada para pacientes adultos e pedidtricos. Essa
defini¢do, a mais atual disponivel na literatura, também
leva em conta duas caracteristicas de facil afericao: crea-
tinina sérica (ou ClCr estimado para pacientes menores
que 18 anos) e débito urinario.'* Embora seja a classifica-
¢ao mais atual e adequada para a faixa etiria pediatrica,
houve ainda a necessidade de adaptagio para o periodo
neonatal, fase em que a fisiologia renal tem particulari-
dades. Assim, foi publicada em 2015 a classificagdo de
KDIGO para LRA no periodo neonatal,?® na qual consi-
dera-se como LRA estigio 2 a redugao do débito urinario
por um periodo menor, € o valor absoluto de creatinina
sérica maior ou igual a 2,5mg/dL é considerado estagio
3, uma vez que representa um ClCr menor que 10 mL/
min/1,73 m? em neonatos. Outra particularidade é que o
valor basal de creatinina é definido como o menor valor
prévio, haja vista que a creatinina ao nascimento reflete a
creatinina materna e fisiologicamente evolui com queda
ao longo dos primeiros dias de vida.?®

O célculo do CICr estimado ¢ feito utilizando-se a
férmula de Schwartz, que considera o CICr o resultado
da multiplicagio da estatura do paciente em centimetros
por uma constante k, dividida pela creatinina sérica em
mg/dL.2%?* A férmula original utiliza a creatinina sérica
medida pelo método de Jaffe e a constante k variando de
acordo com a faixa etdria do paciente.?* A versio mais
atual da férmula de Schwartz utiliza um valor tinico para
aconstante k = 0,413, independentemente da faixa etaria
€ a creatinina sérica aferida pelo método enzimético.?’

Clearance de creatinina estimado (mL/min/1,73
m?) = k X altura (cm)/creatinina sérica (mg/dL)

ATabela 1 ilustra as classificagdes para LRA descritas.

EPIDEMIOLOGIA MUNDIAL DA LRA PEDIATRICA

Dados epidemiolégicos demonstrando o significativo
custo financeiro e elevada morbimortalidade associados
a LRA? foram reportados nos estudos sobre o tema em

al aguda e

pacientes peditricos na literatura nos tltimos anos. No
entanto, esses estudos ainda se concentram em paises de-
senvolvidos. Os dados sobre as caracteristicas da LRA
em paises em desenvolvimento permanecem escassos.

O primeiro amplo estudo epidemiolégico envolven-
do grande nimero de pacientes pedidtricos foi publicado
em 2010, usando o p-RIFLE para o diagnéstico de LRA®
Foi demonstrada incidéncia de LRA de 11% em pacientes
entre 31 dias € 21 anos de vida admitidos em CTIP em
um tnico centro norte-americano. Um estudo multicéntri-
co posterior no mesmo pais descreveu incidéncia de 3,9
casos/1.000 hospitalizagdes, tendo havido necessidade
de TRS em 8,8% dos casos. Os autores também relata-
ram maior mortalidade no grupo que necessitou de TRS
(27,1% versus 14,2%, p < 0,001)*” Em avaliagdo prospec-
tiva de 226 criangas entre 0 ¢ 14 anos submetidas a TRS
em centro Unico na Nova Zelandia, no periodo de 2001-
2006, os autores reportaram mortalidade de 11%.°

Novos estudos vém sendo publicados utilizando a
classificagao do KDIGO como critério para o diagnbs-
tico de LRA. Numa coorte retrospectiva de 8.260 pa-
cientes admitidos em CTT, dos quais 974 tiveram o diag-
néstico de LRA de acordo com os critérios do KDIGO,
observou-se mortalidade de 25,3% em 28 dias, maior
nos pacientes que ndo se recuperaram no petiodo de
observagao (40,5% x 11,2%, p < 0,01).2® Mais recente-
mente, em analise prospectiva de 4.984 pacientes entre 3
meses € 25 anos admitidos em 32 CTIPs em 4 continen-
tes, foi encontrada incidéncia de 26,9% de IRA em qual-
quer estagio e mortalidade de 11% em pacientes com
LRA estigios 2 ou 3 versus 3,4% nos pacientes que nao
desenvolveram LRA.?* Em outro grande estudo epide-
miolégico conduzido nos Estados Unidos, publicado em
2014, foram avaliados neonatos prematuros de extremo
baixo peso e reportou-se incidéncia de LRA de 39,8%, de
acordo com a classificagio do KDIGO modificada para
o periodo neonatal, além de maior mortalidade e tempo
de internagdo ajustados para a gravidade do paciente.®

Os estudos disponiveis sobre a epidemiologia da LRA
pedidtrica em paises em desenvolvimento sdo, em sua
maioria, estudos observacionais conduzidos em centro
tnico. Uma excegdo é um estudo envolvendo 388.736
pacientes menores de 18 anos admitidos em 27 hospitais
chineses, no qual foi relatada incidéncia de LRA (defini-
da pelo critério AKIN) de 0,32% e mortalidade de 3,4%
em pacientes que desenvolveram LRA em qualquer esta-
gio.”® Estudos realizados na Nigéria, India, Tailandia e
Paquistao demonstraram mortalidade de 41,5%, 50,4%
¢ 30%, respectivamente. 203132

Braz. . Nephrol. (]. Bras. Nefrol,) 2019;41(2):275-283
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TaBELA 1 CLASSIFICAGOES DISPONIVEIS PARA LRA
Classificacdo Ano  Estagio Creatinina Débito urinario
R Aumento > 1,5 x ou redugdo TFG > 25%
| Aumento > 2 x ou redugo TFG > 50% < OSmLikglpst Bh
RIFLE? 2004 F Aumento > 3 x ou creatinina > 4 mg/dL <0.5mlAkapariZh
L Faléncia persistente por > 4 semanas < 0,3m|.[/l§g/h por 24 h
ou andria por 12 h
E Faléncia persistente por > 3 meses
R Redugao do CICr estimado > 25%
| Redugéo do CICr estimado > 50% < 0,5mL/kg/h por 8 h
p-RIFLE™ 2007 F Redugao do CICr estimado > 75% ou CICr estimado < < 0,5mL/kg/h por 16 h
i 2
: 35mL/min/1,73m <0,3mL/kg/h por 24 h
Faléncia persistente por > 4 semanas ou anuria por 12 h
E . .
Faléncia persistente por > 3 meses
A to >0,3 dL t 150-200% d
: umento > 0,3 mg/ VZE)?E:S? o para b do <0,5mL/kg/h por 6 h
AKIN?Z2 2007 2 Aumento para 200-300% do valor basal <0, SHILKGIpeF T2 h
3 Aumento para > 300% do valor basal ou Cr >4 mg/dL s 2?;%’:2/%‘?(722: B
com aumento agudo de 0,5 mg/dL P
) 0,
: Aumento de 0,3 m(gﬁb(zg;&i h) ou 150-200% % BEmiLJkghrpor Bh
KDIGO™ 012 2 Aumento > 200-300% <0.5ml/kg/h por 16 h
3 Aumento > 300%, Cr >4 mg/dL ou dialise ou TFG E 25’2’:1%1/:2/%20{22: H
estimada < 35mL/min/1,73 m? para < 18 anos P
; Sem aumento ou aumento < 0,3 mg/dL < 0 5mglkglh
Aumento > 0,3 mg/dL emflS Ah ou aumgnto >1,5-1,9% < 0,5mg/dL por 6-12 h
KDIGO 1 valor de referéncia em 7 dias
e 2015 : < 0,5mg/dL por =12 h
neonata 2 Aumento > 2,0-2,9x valor de referéncia ! -
3 Aumento > 3x valor de referéncia ou Cr > 2,5 mg/dL ou % USmg/d|.porzeih

dialise ou anuria por = 12 h

Os dados sobre a epidemiologia mundial da LRA
estdo descritos na Tabela 2.

EripEmioLOGIA DA LRA PEDIATRICA NO BRASIL

Estudos sobre a epidemiologia da LRA em pacientes pe-
diatricos no Brasil sdo raros. Em um estudo retrospectivo
publicado em 2008, observou-se mortalidade global de
53,3% em criangas de 0 a 12 anos com LRA dialitica
submetidas a didlise peritoneal, sendo ainda mais eleva-
da (73,9%) no periodo neonatal.® Outro estudo, publi-
cado em 2009, selecionou 110 criangas de 1 més a 15
anos de idade, usando como critério de inclusio valor de
creatinina sérica acima do valor de referéncia normal pa-
ra a idade e estatura, tendo observado mortalidade glo-
bal menor (33,6%), provavelmente devido ao fato de os
pacientes menores de 1 més terem sido excluidos, € tam-
bém pela inclusio de pacientes que ainda nao haviam
atingido o estdgio mais grave da LRA.3* Estudos que
utilizaram o pRIFLE para diagnéstico e classificagio do

Braz. ]. Nephrol. (]. Bras. Nefrol,) 2019;41(2):275-283

estagio da LRA em pacientes admitidos em unidades de
terapia intensiva pedidtrica mostraram que os pacientes
que desenvolveram LRA durante a internagao apresen-
taram maior taxa de mortalidade e tempo de internagao
do que os pacientes que mantiveram fungio renal nor-
mal.*?* Em pesquisa mais recente, limitada a LRA rela-
cionada a sepse, foi evidenciada mortalidade de 33,7 %,
tendo como principais fatores de risco para mortalidade
a duragio da internagio, uso de ventilagio mecAnica, hi-
poalbuminemia e necessidade de didlise.”” Em estudo epi-
demiolégico prospectivo, no qual foram utilizados pRI-
FLE ¢ os critérios do KDIGO para o diagnéstico de LRA,
encontrou-se prevaléncia similar de LRA com o uso de
ambos (49,4 ¢ 46,2 %, respectivamente).>® A mortalidade
observada foi 11,4% em pacientes com IRA diagnostica-
da pelo pRIFLE e 12,2% em pacientes com diagnéstico
de LRA pelos critérios do KDIGO.*#

A Tabela 3 resume os dados epidemiolégicos dis-
poniveis sobre a LRA pedidtrica no Brasil.
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Les&o renal aguda em pediatria
TABELA 3 EpiDEMIOLOGIA DA LRA No BRasIL
Critério 5 Ndamero
Ano e diagnostico de Caracter‘lstlcas o de %TRS Incidéncia Mortalidade
estudo pacientes .
LRA pacientes
Pacientes 0-12
Retrospectivo Pacientes anos admitidos em
2008 o submetidos a CTIP ou UTIN qgue 45 100 533
Centro tnico  diglise peritoneal necessitaram de DP
entre 2002 e 2006
Creatinina acima  Pacientes 0-15 anos
Prospectivo do valor de com LRA admitidos
4
2009 Centro Gnico  referéncia para em CTIP entre 2002- o %2 - S
idade/estatura 2004
Pacientes 28 dias-
Prospectivo 15 anos admitidos
35
2013 Centro Unico pRIFLE em CTIP durante 3 2o 1< 40 =0
meses
Retrospectivo Pacientes 29 dias-18
2015% . pRIFLE anos admitidos em 375 54,9 16
Centro Unico CTIPem 1 ano
51,3% 1,4%
Prospectivo . iti (pRIFLE)  (pRIFLE)
2016% Y oREEKDiGe  O20ancs admitdes o,
Centro Unico em CTIP em 6 meses 42% 12,2%
(KDIGO) (KDIGO)
Pacientes 1 més-11
Retrospectivo anos admitidos em
2017°7 n pRIFLE CTIP em 4 anos com 77 42,8 33,7
Centro tinico diagndstico de sepse
e LRA
ETioLoGIA da difusdo dos conceitos publicados pela “Campanha

Os primeiros estudos epidemiolégicos sobre LRA
relatavam doengas renais primérias como causa fre-
quente.* Com o advento da terapia intensiva e dos
avangos tecnolégicos que melhoraram a assisténcia ao
paciente criticamente enfermo, as etiologias da LRA
mudaram notavelmente. Atualmente a LRA multifa-
torial é uma realidade, pois, no ambiente da terapia
intensiva, é comum o mesmo paciente permanecer
exposto, por exemplo, a sepse, choque e nefrotoxici-
dade por drogas. Além disso, complexas cirurgias car-
diacas e tratamento quimioterdpico para neoplasias
também evoluiram e se tornaram mais amplamente
disponiveis, deixando esses pacientes também expos-
tos ao risco de LRA relacionada a esses cuidados de
satde.

Essas mudangas etiolégicas sdo mais evidentes em
paises desenvolvidos, onde mais estudos sobre LRA
estao disponiveis. Em um deles, envolvendo pacientes
admitidos entre 1999 e 2001, em centro tercidrio nos
Estados Unidos, ainda relatava-se isquemia como prin-
cipal causa de LRA (21%) seguida por nefrotoxicidade
(16%) e sepse (11%).*° Esses casos ocorreram antes
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sobrevivendo a sepse” (em inglés, Survinving sepsis
campaign), quando o inicio de antibioticoterapia pa-
renteral e expansdo volémica precoces passaram a ser
recomendados como terapia indispensivel para a re-
dugdo da mortalidade a ela relacionada.” Em paises
desenvolvidos, dados atuais apontam a sepse ¢ cirur-
gias cardiacas como agentes etiolégicos relacionados a
LRA em pacientes criticamente enfermos.?”*?> Quando
estendemos a avaliagao a pacientes hospitalizados em
sctores de menor complexidade, a importincia da
nefrotoxicidade como fator etiolégico se torna mais
evidente, pois, embora muito presente no ambiente
de terapia intensiva, seu papel no desenvolvimento da
LRA fica mais claro se avaliada na auséncia de outros
fatores de risco. Goldstein et al. descreveram o desen-
volvimento de LRA em um ter¢o das admissdes em
setor de baixa complexidade, em pacientes recebendo
aminoglicosideos por > 3 dias ou pacientes que rece-
beram > 3 drogas nefrotéxicas durante a internagao.*
Em neonatos, além da sepse, nefrotoxicidade e cirurgia
cardiaca, a asfixia perinatal também tem um papel im-
portante como etiologia da LRA.*
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Em paises em desenvolvimento, as doengas renais
primérias ainda sdo causas importantes de LRA na po-
pulagio pedidtrica. Em estudo multicéntrico na China,
publicado em 2013, observou-se a glomerulonefrite agu-
da como principal responsavel pela LRA na populagiao
estudada, seguida por desidratagao severa.'

A Tabela 4 destaca as principais etiologias de LRA de
acordo com o local e 0 ano em que o estudo foi conduzido.

PERSPECTIVAS FUTURAS

Atualmente, estao sendo desenvolvidas amplas pesquisas
na busca de fatores preditores de LRA, cujo objetivo é
encontrar fatores que possam prever ou detectar riscos
para a ocorréncia da LRA, possibilitando que o proble-
ma seja evitado ou atenuado. A creatinina, marcador de
fungdo renal amplamente utilizado, sofre restricdes de-
vido ao aumento tardio no curso da LRA, bem como
por sua susceptibilidade a mudangas por fatores nao
renais, como sexo, idade e massa muscular.* Os novos
biomarcadores surgiram como uma grande promessa
nesse sentido. Dentre eles, o mais amplamente estudado
é a NGAL (do inglés, neutrophil gelatinase-associated li-
pocalin), que mostrou boa acuricia para a detecgdo de
LRA horas apés insulto em pbs-operatério de cirurgias

cardiacas, sepse € uso de contraste.**#

Lesdo renal aguda e

Visando melhorar a probabilidade pré-teste dos
biomarcadores disponiveis, em 2010 foi desenvolvido
o conceito de “angina renal”, que utiliza caracteristi-
cas que indicam risco para LRA e sinais clinicos pre-
coces de lesdo renal para seu calculo, criando um es-
core preditor de ocorréncia de LRA que poderia servir
como triagem para determinar quais pacientes devem

3051 Para o célculo do

ter seus biomarcadores dosados.
“Indice de Angina Renal” (IAR), os autores definiram
fatores que tornam a crianga susceptivel & LRA (ris-
co) e sinais clinicos precoces de LRA (lesdo). A pre-
senca de cada caracteristica confere uma pontuacio,
¢ a pontuagao obtida em “risco” é multiplicada pela
pontuagdo obtida em “lesdo”, sendo seu resultado o
“Indice de Angina Renal”. Um resultado maior ou
igual a 8 apresentou predigao para LRA no 3° dia de
admissdo com uma 4rea sob a curva de 0.74-0.81.52
Na Figura 1 esta ilustrado como € feito o célculo do
IAR.

Em estudo prospectivo recente, incorporou-se a
NGAL urinéria ao IAR e observou-se que o modelo
combinado conseguiu prever LRA severa e persistente
(KDIGO 2 ou 3) com uma area sob a curva ROC de
0,97.5* Embora promissoras, essas observagdes ainda

necessitam ser replicadas em outros locais.

TaBeLA4  EmioLoGias DE IRA DE ACORDO COM O LOCAL E ANO DE ESTUDO
Ano Iéztcua(;go Caracteristicas dos pacientes Principais etiologias da LRA
2005% Esntigizs Eg(}:&entes (21 AnpeiEain piaghigsed de isquemia, nefrotoxicidade e sepse

2006"™  Tailandia

Pacientes 0-17 anos com diagnéstico de

sepse, hipovolemia e GNDA

LRA
2007™ E:gizs Pacientes 0-21 anos com LRA. pneumonia, sepse e choque
20074 Estados Pacientes 0-25 anos que receberam Terapia  sepse, transplante de medula éssea e
Unidos Substitutiva Renal Continua doengas cardiacas

16 A i
2008 Mo Zelandia Substitutiva Renal

Pacientes 0-15 anos que receberam Terapia

cirurgia cardiaca, sindrome hemolitico-
urémica e sepse

Pacientes com idade média de 52 meses
que receberam Terapia Substitutiva Renal

2010% Espanha

doengas cardiacas, sepse e exacerbacio de
faléncia renal

Continua
201377 Estados Pacientes de 0-18 anos admitidos em 4121
Unidos hospitais

choque, sepse e doengas hepaticas

Pacientes 0-17 anos admitidos em 27

2013 China hospitai
ospitais

glomerulonefrite aguda, desidratagéo severa
e sindrome nefrética

32 I
2016 India 1 hospital

Pacientes 0-18 anos admitidos em CTIP em

choque, sepse e faléncia respiratéria

Pacientes de 0-15 anos admitidos em 1

31 iats
2016 Paquistao hospital

glomerulonefrite pés-infecciosa, urolitiase e
GN crescéntica
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Figura 1. Calculo do Indice de Angina Renal. Nota: O resultado pode variar de 1 a 40. Valor > 8 determina a presenga de angina renal. Fonte:

traduzido e adaptado de Basu et al.
Fatores de Risco
Admissiao em CTI
Transplante (érgao sélido ou MO)

Ventilaciio ou vasopressores

Categoria de Risco Escore de Risco
Meédio 1
Alto 3

Muito Alto 5

X

Mudanca na Cr Sobrecarga de volume % Escore de injuria

<0

<0-5% 1

1,0-1,49x 5-9,99% 2

1,5-1,99x 10 -14,99% 4

>2x

ConcLusAo

A LRA ¢é uma condigdo grave, de etiologia multifa-
torial em muitos casos e com mortalidade varidvel,
podendo chegar a mais de 60% em pacientes submeti-
dos a didlise. Do ponto de vista epidemiolégico, ainda
ha caréncia significativa de estudos robustos sobre a
incidéncia, a prevaléncia e os desfechos da LRA na
populagio pediatrica, notavelmente em paises em de-
senvolvimento, como o nosso. Estudos promissores
que visam diagnéstico e intervengdo precoces podem
prevenir sua ocorréncia ou atenuar seus efeitos.
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CONCLUSOES

A IRA ¢é uma sindrome complexa que compreende uma multiplicidade de cenarios
clinicos, etiologias subjacentes, comorbidades, exposicdo a drogas e espectros amplos de
gravidade (19). Afeta cerca de 20-200 por milhdo de pessoas/ano na comunidade, 7-18% dos
pacientes hospitalizados e em cerca de 50% dos pacientes admitidos no CTI (121). O curso da
IRA varia com o contexto clinico, e sua gravidade e a duracdo impactam em desfechos como
dependéncia de dialise, recuperacdo funcional e sobrevida (17, 19, 36, 37, 75).

Nos paises de alta renda, o progresso das ultimas décadas no conhecimento
epidemioldgico da IRA grave se traduziu em melhora na prevencdo, diagnostico e tratamento.
No entanto, em paises de renda baixa ou média, incluindo o Brasil, a epidemiologia da IRA ¢
menos descrita. Em muitos desses paises, a pouca disponibilidade de infraestrutura e de
recursos sdo associados ao reconhecimento tardio e tratamento inadequado (81, 122). Em
pacientes com doenca critica, ainda que as caracteristicas e incidéncia de IRA sejam similares,
os desfechos principais sdo piores nos paises em desenvolvimento comparados aos
desenvolvidos (48, 82).

No sentido de chamar a atencdo para o problema e implementar uma melhoria nos
sistemas de reconhecimento da IRA, a sociedade Internacional de Nefrologia implementou o
projeto mundial chamado Oby25, cujo objetivo € evitar todas as mortes potencialmente
preveniveis por IRA até 2025 (36, 81).

Infelizmente, existem poucas informacdes a respeito das caracteristicas e incidéncia de
IRA no Brasil e na América Latina como um todo. Tem sido postulado que nesses paises, assim
como em outros paises emergentes ou de baixa renda, a apresentacdo € bimodal: em areas
urbanas e de maior renda, apresenta-se com um perfil similar aos paises desenvolvidos, com
individuos idosos, sendo uma condic¢do adquirida no hospital e no contexto de doenca critica.
Esse aspecto convive com o perfil de areas carentes e rurais, com um perfil fortemente
influenciado por fatores ambientais, condi¢do socioecondmica e cultural, maior prevaléncia de
doencas infecciosas como maléria, leptospirose, diarreia infecciosa, febre amarela, dentre
outras (79, 80, 122, 123).

Nesse aspecto, nosso trabalho fornece importante contribuicdo epidemiologica ao
descrever uma grande base de dados em uma regido metropolitana de um pais emergente, com

suas complexidades e contradi¢Bes, descrevendo caracteristicas e desfechos em uma gama
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ampla de instituigdes publicas e privadas, oferecendo um retrato inédito da IRA grave, dialitica,
em um pais em desenvolvimento.

Depreendemos que a IRA € um problema de saude significativo na nossa populacéo,
usualmente como parte da sindrome de faléncia mdltipla de 6rgdos, sendo a sepse o principal
desencadeador, com uma grande proporcdo de pacientes gravemente doentes. Nossos dados
confirmam uma mortalidade maior nos extremos da vida, com sobrevida melhor nos
adolescentes e adultos jovens. Apesar disto, uma parcela dos idosos ou muito jovens tem
chances de sobreviver, portanto a decisdo de negar o suporte renal artificial baseado na idade
isoladamente pode ser questionavel.

Os resultados mostram um perfil de paciente eminentemente urbano, idoso, com
multiplas comorbidades, admitido principalmente em CTI, cursando com faléncia organica
multipla e com altas taxas de mortalidade. Esse perfil predominou significantemente no hospital
privado, que mostrou as maiores taxas de mortalidade. O perfil dos pacientes nos hospitais
publicos foi diferente, apresentando menor faixa etaria, menos comorbidades, menor gravidade
clinica, com prevaléncia mais elevada de condicdes uroldgicas, complicacfes da gestacdo e
trauma como precipitante. Nao houve diferenca entre mortalidade ap6s ajuste para variaveis
que traduzem maior gravidade clinica entre os dois tipos de hospital.

De forma geral os estudos epidemioldgicos em IRA dialitica agrupam as doencas
associadas e possiveis etiologias da IRA em categorias amplas, 0 que implica muitas vezes em
imprecisdo quanto a natureza heterogénea dos diagndsticos subjacentes. Essa visdao simplista
tem dado lugar a descricdes sindromicas mais amplas, como nas definicdes de sindrome
cardiorrenal, o que pode enriquecer, a0 menos em parte, a compreensao do problema (17, 116).
A abordagem agregadora também dificulta a identificacdo de doengas de notificacdo
compulsoria, doencas crénicas e de traumas e acidentes, potencialmente ocultando dados de
interesse epidemiologico amplo. Além disso, como a idade parece ser importante no desfecho
da IRA, é preciso indagar se existem diferencas etioldgicas observadas entre as varias faixas
etarias capazes de impactar na mortalidade da IRA.

Ao descrever de forma detalhada as condigfes clinicas e/ou cirurgicas se associaram,
direta ou indiretamente, com o desenvolvimento da IRA, contribuimos para ampliar a percepc¢ao
do contexto clinico da sindrome, principalmente ao estratificar por faixas etérias, o que forneceu
uma visdo mais detalhada de vérias e diversas associa¢des nosoldgicas com a IRA ao longo da
vida. Observamos que o contexto dominante é o de IRA associada a doengas infecciosas, sendo
a pneumonia comunitaria o diagnéstico clinico mais prevalente ao longo da vida humana,

particularmente nos jovens e idosos. Para além das condigdes infecciosas, a transi¢éo das faixas
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etarias direciona os diagndsticos desde condi¢cBes como trauma e acidentes, complicacdes
gestacionais, glomerulopatias e neoplasia hematoldgica nos jovens, passando por uma transicao
que abarca neoplasias ginecolégicas e trauma na meia idade, caminhando para causas
eminentemente vasculares e cardiacas no idoso, assim como maior prevaléncia de malignidade
e complicacgdes cirurgicas.

A descricdo detalhada das caracteristicas socioeconémicas dos pacientes com IRA grave
representou uma andlise inédita no Brasil, e as evidéncias mostraram que ndo ha um impacto
direto das condicBes socioecondmicas na mortalidade. Os desfechos adversos estdo mais
ligados as caracteristicas demogréficas, clinicas e de gravidade. No entanto, dos dados
confirmam a profunda desigualdade socioeconémica entre as popula¢Ges admitidas nos dois
tipos de hospital e também as diferencas socioecondmicas entre as etnias. Ao mesmo tempo
que os parametros de renda e bem-estar sdo significantemente maiores nos pacientes de etnia
branca internados em hospitais privados, o indice de desigualdade de Gini também é maior
nesta populagdo, traduzindo as contradi¢@es ja conhecidas de nossa realidade (76). Uma maior
privacao socioecondmica e maior carga de comorbidades sdo uma caracteristica importante das
populacdes ndo-brancas no Brasil (77), porém ndo se traduziram em piores desfechos no
presente estudo, ao contrario de evidéncias em paises de renda mais alta (124). Nestes paises,
as evidéncias apontam para maior incidéncia e piores desfechos da IRA em populages com
privacdo socioecondmica; no entanto, esses achados sdo baseados em bases de dados
populacionais que nao dispdem do grau de detalhamento clinico que dispomos, o que representa
uma limitacdo na interpretacdo dos resultados, haja vista a impossibilidade de ajuste para
variaveis importantes que impactam na mortalidade (84-86).

Nosso estudo tem diversas limitagbes. Primeiro, como em qualquer trabalho
epidemioldgico observacional, vieses residuais de confundimentos ndo podem ser destacados,
apesar de todas as ferramentas de analise realizadas. Segundo, ao trabalharmos com grande
base de dados primariamente administrativa, problemas como dados ausentes e imprecisdes na
entrada de dados categoricos sdo esperados. Procuramos mitigar essas dificuldades através da
revisao individual de todos os relatorios médicos emitidos por paciente, extraindo dessa forma
informagdes que muitas vezes ndo foram capturadas pelo médico que registrou o paciente e
contribuindo para a categorizacao correta dos diagndsticos. Terceiro, nosso foco foi nos casos
no espectro mais grave da IRA, quando é necessario SRA, portanto apresentando taxas de
mortalidade maiores. Os resultados podem ndo ser diretamente relacionados aos perfis de
pacientes em estratos menos graves da IRA. Quarto, por se tratar de dados extraidos da vida

real do cuidado nefrologico, ndo havia uma uniformidade nos critérios para indicagdo do inicio
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do SRA, que estava & critério do médico assistente no momento da avaliacdo. Quinto, para
encorajar o registro fidedigno e minimizar a carga de trabalho dos médicos atendentes, a base
de dados foi composta de forma a capturar dados eminentemente categéricos, através de caixas
de selecdo e menus dropdown, em detrimento da coleta de dados laboratoriais, sinais vitais e
demais dados numéricos. A falta de dados numéricos pode resultar em perda de informacdes
valiosas e capacidade preditiva, no entanto o volume e profundidade dos dados coletados e o
tamanho amostral contrabalancearam essas limitagdes.

Embora a andlise ndo tenha identificado o tamanho e tipo do hospital como
influenciando significativamente a sobrevida, as instituicbes diferiam em pessoal,
disponibilidade de recursos e tecnologia e, provavelmente, na qualidade geral do atendimento,
todos os quais, em Ultima analise, podem ter um impacto ndo medido na sobrevida. Esses fatores
podem se apresentar como uma sexta limitacdo deste estudo. O processo meticuloso de revisao
de relatdrios individuais, incluindo a varidvel hospital individual como efeitos aleatérios nos
modelos multivariados, e analise de sensibilidade que considerou o tamanho do hospital foram
empregados para minimizar algumas dessas limitacGes.

Né&o foi nossa intengdo produzir uma analise em nivel populacional sobre a incidéncia e
prevaléncia de IRA com necessidade de didlise. As instituicdes envolvidas ndo representam
toda a abrangéncia dos estabelecimentos médicos do Rio de Janeiro, como pode ser constatado
pela maior prevaléncia de hospitais privados na coorte; a distribuicdo de hospitais privados e
publicos nesta coorte ndo replica a situacdo real do sistema de salde brasileiro. Hospitais
privados compreenderam mais de 80% de nossa coorte, cobrindo mais de 90% dos pacientes
do estudo, embora apenas 20% —25% dos populacdo tem acesso a seguro saude privado (77).
Da mesma forma, os resultados ndo refletem inteiramente a diversidade complexa da
distribuicdo de agravos em satde em todo o Brasil, considerando que a regido metropolitana do
Rio de Janeiro é geralmente mais urbanizada e possui uma melhor infraestrutura de satude em
comparacdo com algumas outras regibes do pais (125). Finalmente, a auséncia de
acompanhamento de longo prazo dos sobreviventes representa uma limitacdo adicional da
coorte

Por outro lado, a forca do estudo € a constituicao de um grande banco derivado
prospectivamente da pratica clinica do mundo real de pacientes com IRA com necessidade de
dialise, ao invés de estudos derivados de centros de exceléncia ou de ensaios com critérios de
selecdo estritos. Este tipo de desenho permite a coleta de dados com consideravel detalhamento
clinico e pode fornecer informac@es valiosas sobre a gama e distribui¢do de pacientes com uma

determinada condicdo clinica. Resultados mais generalizaveis e aplicaveis ao atendimento
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clinico também podem ser produzidos, revelando novas oportunidades de prevencdo e, ao
mesmo tempo, auxiliando na sele¢éo de alvos potenciais para uma melhor alocagao de recursos.
Por fim, abordamos a lacuna de conhecimento sobre a epidemiologia mundial da IRA do ponto
de vista de um pais de renda média.

Em conclusdo, os dados contribuem para expandir o conhecimento epidemioldgico da
IRA em paises emergentes, descrevendo uma sindrome mais complexa do que usualmente
descrito, mostrando importantes diferencas entre populacées dentro de uma mesmo pais, além

de espectro etioldgico amplo.
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Titulo da Pesquisa: Epidemiologia da Injuria Renal Aguda Dialitica no Rio de Janeiro
Pesquisador: conrado lysandro rodrigues gomes

Area Tematica:

Versao: 1

CAAE: 59602516.0.0000.5259

Instituicao Proponente: Faculdade de Ciéncias Médicas

Patrocinador Principal: Financiamento Préprio

DADOS DO PARECER

Namero do Parecer: 1.734.281

Apresentacao do Projeto:

A injuria renal aguda € uma condicdo grave e potencialmente prevenivel, de forma que o conhecimento
detalhado de sua epidemiologia pode

potencialmente ajudar a tragar agées em saude para redugdo de danos. Acreditamos que nossa andlise
podera contribuir para esse objetivo. Mais

ainda, a comparagédo entre as caracteristicas entre hospitais publicos e privados pode mostrar discrepancias
no acesso & salde e seu impacto

epidemioloégico, fornecendo conhecimento para melhoria das condi¢gdes de acesso e servigos em saude.

Objetivo da Pesquisa:

Objetivo Primario:

Descrever os aspectos epidemioldgicos, clinicos e de desfecho da IRA dialitica no Estado do Rio de Janeiro,
utilizando-se uma grande base de

dados com mais de 15.000 pacientes com IRA, em uma gama variada de instituigdes publicas e privadas,
fornecendo um retrato inédito dessa

condig&o clinica.
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Avaliagao dos Riscos e Beneficios:
Prezado pesquisador: Caracteriza-se como risco direto para os participantes da pesquisa a possibilidade de
desconforto ou constrangimento no momento do preenchimento dos questionarios. Os pesquisadores

devem se comprometer a minimizar os riscos ou desconfortos que possam vir a ser causados.

Comentarios e Consideragdes sobre a Pesquisa:

O NefroWeb & um banco de dados criado a partir de um sistema de gerenciamento de dados - SQL server -
da Microsoft, com integragéo na

internet, iniciado em 2002 para fins de gerenciamento da atividade de suporte nefrolégico de um grupo de
médicos que prestam servigos 4 uma

ampla gama de hospitais da rede publica e privada no estado do Rio de Janeiro. E dividido em um médulo
gerencial e um moédulo clinico e

epidemiolégico, que serviu como base para a coleta de dados para a presente tese.

O registro inicial do paciente incluia dados demograficos gerais, um relatério da internagio e motivagdo da
indicag&o do suporte renal artificial,

entrada de caédigo CID-10 da patologia precipitante da admissé&o e da modalidade da doenga renal, além de
campos pertinentes a co-morbidades e

situagdes clinicas associadas. O desfecho sera analisado com base na alta hospitalar, que incluia 6bito,
recuperacgdo completa ou parcial ou

permanéncia em terapia renal substitutiva posterior. A mortalidade sera analisada inicialmente de forma
global e posteriormente avaliada de acordo

com as faixas etarias, sendo também representada como curva de sobrevida em 30, 45 e 60 dias a partir do

inicio do suporte renal artificial.

Consideragdes sobre os Termos de apresentagio obrigatdria:
Apresentou dispensa de TCLE, termo de ciéncia e documento da clinica de doengas remais (CDR)
autorizando o uso do banco de dados. Os Termos de apresentagdo obrigatéria estdo de acordo com a

legislagdo pertinente e devidamente assinados pelos responsaveis.

Conclusoes ou Pendéncias e Lista de Inadequacgoes:
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organograma) de pastas chamada - "Aprecia¢éc", e depois na Pasta chamada "Pareceres", o Parecer

estara nesse local.

Consideragdes Finais a critério do CEP:

Tendo em vista a legislagéo vigente, o CEP recomenda ao Pesquisador: Comunicar toda e qualquer
alteragdo do projeto e no termo de consentimento livre e esclarecido, para analise das mudangas; Informar
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oérgdos competentes.
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Background: Current information about AKI epidemiology in developing nations derives
mainly from isolated centers, with few quality multicentric epidemiological studies. Our
objective was to describe a large cohort of patients with dialysis-requiring AKI derived
from ordinary clinical practice within a large metropolitan area of an emerging country,
assessing the impact of age and several clinical predictors on patient survival across
the spectrum of human life.

Methods: We analysed registries drawn from 170 hospitals and medical facilities in Rio
de Janeiro, Brazil, in an eleven-year period (2002-2012). The study cohort was
comprised of 17,158 paediatric and adult patients. Data were analysed through
hierarchical logistic regression models and mixed-effects Cox regression for survival
comparison across age strata.

Results: Severe AKI was mainly hospital-acquired (72.6%), occurred predominantly in
the intensive care unit (ICU) (84.9%), and was associated with multiple organ failure
(median SOFA score, 11; IQR, 6-13). The median age was 75 years (IQR, 59-83;
range, 0-106 years). Community-acquired pneumonia was the most frequent
admission diagnosis (23.8%), and sepsis was the overwhelming precipitating cause
(72.1%). Mortality was 71.6%, and was higher at the age extremes. Poor outcomes
were driven by age, mechanical ventilation, vasopressor support, liver dysfunction,
type 1 cardiorenal syndrome, the number of failing organs, sepsis at admission, later
sepsis, the Charlson score, and ICU admission. Community-acquired AKI, male
gender, and pre-existing chronic kidney disease were associated with better outcomes.
Conclusions: Our study adds robust information about the real-world epidemiology of
dialysis-requiring AKI, with considerable clinical detail. AKl is a heterogeneous
syndrome with variable clinical presentations and outcomes, including differences in
the age of presentation, comorbidities, frailty state, precipitation causes, and
associated diseases. In the cohort studied, AKI phenotype bore more similarities to that
of upper-income countries, as opposed to the pattern traditionally associated with
resource-limited economies.
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ANEXO D - Material suplementar S1 e S2 — Manuscrito 1

Material suplementar S1
Supplementary Methods
1. The NefroWeb® database

The web-based Nefroweb® is a relational database developed for administrative purposes using the Microsoft
SQL Server management system. It was designed to support a privately outsourced mobile inpatient dialysis
enterprise in a wide range of public and private hospitals in the metropolitan area of Rio de Janeiro, Brazil. A
clinical and epidemiological module was later added to the original database.

Each attending nephrologist was assigned a unique user ID and password to gain access to the database. The
individual record of each incident patient contained all the variables described in the Methods section, along with
a structured written report. RRT initiation date corresponded to the time zero, which was used as the primary
reference for the study. The records were anonymized, exported to Microsoft Excel, and individually reviewed for
consistency and categorization of variables before exporting for statistical analysis.

After the preliminary analysis and database expansion described in the Methods section, every new record included
checklists containing at least one primary diagnostic group, one renal diagnosis, an extensive choice of
comorbidities, and clinical setting details. This uniformity of date collections implies that, despite the potential
differences in hospital complexity and specialisation, staffing, number of beds, access to state-of-the-art
technology, and overall quality of care, the final database was remarkably consistent.

1.2 Involved medical institutions

During the 11-years period, our medical group provided high-quality nephrological support for a total of 170
medical institutions in the metropolitan region of Rio de Janeiro. There was a predominance of private hospitals
and medical facilities that corresponded to 82% of total institutions (n=139 private institutions), and the
representativity of public institutions (18%, n=31 public institutions) was lower than the actual distribution in Rio
de Janeiro. eTable 1 depicts the characteristics of involved institutions. However, this does not invalidate our
findings because it was not our intention to conduct a population-based analysis or track longitudinal changes in
incidence and prevalence. Our primary objective was to describe overall characteristics of dialysis-requiring AKI

in a large cohort of patients, and we addressed this in the discussion section of the manuscript.



eTable 1. Characteristics of involved institutions

All (n=170)

Private (n=139; 81.8%)

Public (n=31; 18.2%)

Size (number of beds)

Small (< 50) 57 (33.5%) 57 (41%) 0 (0%)
Medium (51-150) 72 (42.4%) 62 (44.6%) 10 (32.3%)
Large (> 151) 41 (24.1%) 20 (14.4%) 21 (67.7%)
Especiality

General 119 (70.0%) 106 (76.3%) 13 (41.9%)
Pediatric 14 (8.2%) 11 (7.9%) 3 (9.7%)
Cardiology 13 (7.6%) 11 (7.9%) 2 (6.5%)
Emergency/Trauma 11 (6.5%) 3(2.2%) 8 (25.8%)
Obstetric 8 (4.7%) 7 (5.0%) 1(3.2%)
Oncology 3 (1.8%) 1(0.7%) 2 (6.5%)
Infectious Diseases 2 (1.2%) 0 (0%) 2 (6.5%)
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1.3 Data acquisition, categorisations, indication of dialysis and organ failure definition
The attending nephrologist was responsible for patient evaluation, the indication of dialysis and the appropriate
method, and collecting the relevant data for feeding the database. We conducted these procedures on the day of
dialysis indication by reviewing medical reports, physical examination, and laboratory results. The collection of a
considerable amount of data, including raw data, would substantially increase the medical practice's daily burden.
Therefore, we dichotomised most of our data into categories, including comorbidities and the presence of pre-
existing CKD (a data imputed by attending nephrologist according to medical history, examination of pre-existing
laboratory results, if available, and caregiver consultation). The recording of organ failures, for instance, was also
a process based on clinical judgment, on-site laboratory review, and current medical practice and knowledge,
resulting in categorisation of organ failure and SOFA scoring computing. According to classical indications (e.g.,
refractory hyperkalaemia, hypervolemia, severe acidaemia, azotaemia) or clinical judgment (e.g., progressive fluid
overload), the initiation of dialysis was at the discretion of the attending nephrologist. The coding of precipitating
causes of AKI was also based on clinical judgment at the bedside, medical history and chart review, physical
examination, laboratory tests, and image studies mirroring the real-life aspects of nephrology actuation. Based on
clinical judgment and laboratory review, this sort of medical evaluation was also applied for other categorisations,
such as the definitions of precipitating cause of AKI (e.g., sepsis, hypovolaemia, CRS type I). As stated in the
Methods section, we recorded 80 non-mutually exclusive diagnostic categories involved, directly or indirectly, in
the AKI pathogenesis. We described only the ten most frequent clinical situations and the five most frequent
surgical situations in Table 2.

2 Supplemental Tables — Paediatric group

Participants < 18 years of age, the paediatric group, comprised 666 (3.8%) of the entire cohort from premature
new-borns to late adolescents. The crude mortality rate of this segment was 63.3%. The overall presentation was
very severe, with > 90% of patients admitted to the ICU and > 70% with more than two failing organs. The

following tables describe the general aspects of this group.



Table 2a. Patient demographic and clinical aspects at hospital admission

Variable Levels All (n=666) (Snu:r\zlil\go)rs Non-Survivors (n=422) |p
Age Mean (SD)  [3.7 (5.5) 5.0 (6.2) 2.9 (5.0) <0.001
Gender Female 227 (34.1)  [81(33.2) |146 (34.6) 0.778
Male 439 (65.9) 163 (66.8) | 276 (65.4)
Ethnicity Asian 3(0.5) 0(0.0) 3(0.7) 0.397
White 482 (72.6) 179 (73.7) {303 (72.0)
Afro-Brazilian | 179 (27.0) |64 (26.3) | 115 (27.3)
(Hsg\s/girtr?;nce Private 508 (76.3) | 182 (74.6) |326(77.3) 0.494
Public 158 (23.7)  |62(25.4) |96 (22.7)
Comorbidities
Heart Disease 142 (21.3) 46 (18.9) 96 (22.7) 0.278
Prematurity 90 (13.5) 25 (10.2) 65 (15.4) 0.079
E:J;?p:;thy 66 (9.9) 27(11.1)  |39(9.2) 0.532
Neoplasia 63 (9.5) 24 (9.8) 39 (9.2) 0.908
Immunodeficiency 27 (4.1) 9(3.7) 18 (4.3) 0.873
Lung Disease 21 (3.2) 7(2.9) 14 (3.3) 0.929
Hypertension 12 (1.8) 6 (2.5) 6 (1.4) 0.505
Immobility 9(1.4) 5(2.0) 4(0.9) 0.402
Liver disease 3(0.5) 0(0.0) 3(0.7) 0.472
Obesity 4 (0.6) 2(0.8) 2 (0.5) 0.971
CCS 1 463 (69.5) 164 (67.2) {299 (70.9) 0.366
2 182 (27.3)  |72(295) |110(26.1)
3 18 (2.7) 8 (3.3) 10 (2.4)
4 3(0.5) 0(0.0) 3(0.7)
EES Mean (SD)  [1.9 (1.0) 1.8 (0.9) 2.0 (1.1) 0.011

Table 2b. Clinical aspects at the day of RRT initiation
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Variable All (n=666) | Survivors (n=244) | Non-Survivors (n=422) |p
Clinical Setting (%)

Medical 482 (72.4) | 179 (73.4) 303 (71.8) 0.731
Surgical 150 (22.5) 50 (20.5) 100 (23.7) 0.391
Urological 914 5(2.0) 4(0.9) 0.402
Trauma 21 (3.2 8(3.3) 13 (3.1) 1.000
ICU admission (%6) 628 (94.3) 229 (93.9) 399 (94.5) 0.841
Main medical or surgical

diagnosis (%)

Community acquired pnemonia 133 (20.0) 43 (17.6) 90 (21.3) 0.293
Congenital Heart Disease 131 (19.7) 44 (18.0) 87 (20.6) 0.480
Heart surgery 100 (15.0) 33 (13.5) 67 (15.9) 0.480
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Neonatal sepsis 68 (10.2) 17 (7.0) 51 (12.1) 0.049
Hospital acquired pnemonia 49 (7.4) 14 (5.7) 35 (8.3) 0.288
Unspecified sepsis 40 (6.0) 14 (5.7) 26 (6.2) 0.958
Hematological neoplasia 38 (5.7) 12 (4.9) 26 (6.2) 0.622
Neonatal Hypoxia 34 (5.1) 10 (4.1) 24 (5.7) 0.475
Abdominal sepsis 28 (4.2) 10 (4.1) 18 (4.3) 1.000
Drug induced nephrotoxicity 28 (4.2) 15 (6.1) 13(3.1) 0.089
Meningitis encephalitis 27 (4.1) 10 (4.1) 17 (4.0) 1.000
Glomerulopathies 25 (3.8) 20 (8.2) 5(1.2) <0.001
Sepsis immunocompromised 24 (3.6) 8 (3.3) 16 (3.8) 0.899
Thrombotic microangiopathy 24 (3.6) 14 (5.7) 10 (2.4) 0.042
Diarrhea 23 (3.5) 15 (6.1) 8 (1.9) 0.007
Neurosurgery 3(0.5) 1(0.4) 2 (0.5) 1.000
Organ Failure
Mechanical Ventilation 559 (83.9) 168 (68.9) 391 (92.7) <0.001
\Vasopressors 512 (76.9) 142 (58.2) 370 (87.7) <0.001
Neurological 211 (3L.7) 59 (24.2) 152 (36.0) 0.002
Coagulation 157 (23.6) 32 (13.1) 125 (29.6) <0.001
Liver 89 (13.4) 19 (7.8) 70 (16.6) 0.002
Grastointestival 54 (8.1) 18 (7.4) 36 (8.5) 0.705
Failures
73 (11.0) 54 (22.1) 19 (4.5) <0.001
62 (9.3) 43 (17.6) 19 (4.5
221 (33.2) 73 (29.9) 148 (35.1)
>3 310 (46.5) 74 (30.3) 236 (55.9)
SOFA (Mean (SD)) 9.9 (5.6) 7.6 (4.8) 12.8 (5.4) 0.003
Table 2c. AKI and RRT aspects at the day of dialysis initiation
Variable All (n=666) Survivors (n=244) Non-Survivors (n=422) p
AKI Phenotypel
De novo AKI 591 (88.7) 208 (85.2) 383 (90.8) 0.041
ACKD 75 (11.3) 36 (14.8) 39(9.2)
AKI Phenotype2
Hospital acquired 471 (70.7) 140 (57.4) 331 (78.4) <0.001
Community acquired 195 (29.3) 104 (42.6) 91 (21.6)
Precipitating causes of AKI
Sepsis on admission 321 (48.2) 104 (42.6) 217 (51.4) 0.035
Hypovolemia 162 (24.3) 53 (21.7) 109 (25.8) 0.273
Later sepsis 148 (22.2) 38 (15.6) 110 (26.1) 0.002
CRS type | 142 (21.3) 38 (15.6) 104 (24.6) 0.008
Surgery 126 (18.9) 45 (18.4) 81(19.2) 0.892
Nephrotoxicity 49 (7.4) 20 (8.2) 29 (6.9) 0.633
Urological Condictions 15 (2.3) 93.7) 6 (1.4) 0.103
CRS type Il 4(0.6) 2(0.8) 2(0.5) 0.971
HRS 4(0.6) 0(0.0) 4(0.9) 0.315
Glomerular diseases 24 (3.6) 21 (8.6) 3(0.7) <0.001
Number of causes
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1 390 (58.6) 165 (67.6) 225 (53.3) 0.003
2 242 (36.3) 71(29.1) 171 (40.5)
3 31(4.7) 7(2.9) 24 (5.7)
4 3(0.5) 1(0.4) 2 (0.5)
Criteria for commencing RRT
Oliguria 590 (88.6) 196 (80.3) 394 (93.4) <0.001
Acidosis 403 (60.5) 123 (50.4) 280 (66.4) <0.001
Hypervolemia 387 (58.1) 131 (53.7) 256 (60.7) 0.094
Hyperkalemia 173 (26.0) 56 (23.0) 117 (27.7) 0.207
Azotemia 421 (63.2) 165 (67.6) 256 (60.7) 0.087
Number of indications
1 61(9.2) 32(13.1) 29 (6.9) 0.008
2 165 (24.8) 66 (27.0) 99 (23.5)
3 231 (34.7) 88 (36.1) 143 (33.9)
4 131 (19.7) 35 (14.3) 96 (22.7)
5 76 (11.4) 23(9.4) 53 (12.6)
6 2(0.3) 0(0.0) 2(0.5)
Initial RRT modality®
PD 326 (48.9) 118 (48.4) 208 (49.3) 0.001
CVVHD 215 (32.3) 58 (23.8) 157 (37.2)
HDI 54 (8.1) 37 (15.2) 17 (4)
SLED 64 (9.6) 29 (11.9) 35(8.3)
Other RRT data
Days_pre_RRT Mean (SD) 10.2 (25.1) 8.4 (25.7) 11.3 (24.8) 0.155
Days_post_ RRTMean (SD) 12.0 (19.5) 18.0 (26.4) 8.5(12.9) <0.001
Sessions Mean (SD) 12.2 (17.0) 14.7 (17.7) 10.8 (16.4) 0.009

ACKD: acute-on-chronic kidney disease; CRS: cadiorenal syndrome; HRS: hepatorenal syndrome; RRT: renal replacement therapy; PD:
peritoneal dialysis; CVVHD: continuous hemodialysis; IHD: intermittent hemodialysis; SLED: extended slow-efficiency dialysis. a)There
was 7 missing values in this category.

3 Sensitive analysis — Hospital Size

As expected, the stratification of patients according to hospital size yield significant difference in clinical
characteristics, disease presentation and outcomes (eTable 3a). In order to minimize individual hospitals bias in
the logistic model, we performed a hierarchical mixed-effect model taking individual hospitals as random effect.
To explore the potential influence of hospital dichotomization according to number of beds, we performed a further
analysis including hospital size in the original model (eTable 3b), and also conducted another hierarchical logistic
model including three levels (the same fixed-effects covariates of original multilevel model, with individual
hospitals and hospital size as random effects [eTable 3c]). In all above scenarios, after including hospital size in

the analysis, no significant difference to the original model assumptions were observed.

Table 3a. Demography and clinical characteristics of patients according to hospital size

Overall (n=170) Small (n=57) Medium (n=72) Large (n=41) p
Number of Patients 17158 2281 6973 7904

76.00 [63.00, 74.00 [60.00, <0.00

Age (median [IQR]) 74.00 [59.00, 83.00] 84.00] 83.00] 73.00 [57.00, 82.00] |1
Male gender (%) 9302 (54.2) 1236 (54.2) 3726 (53.4) 4340 (54.9) 0.197
<0.00

ICU admission (%) 14710 (85.7) 2109 (92.5) 6278 (90.0) 6323 (80.0) 1
<0.00

Sepsis on admission (%) 7767 (45.3) 1060 (46.5) 3554 (51.0) 3153 (39.9) 1
<0.00

Later sepsis (%) 4598 (26.8) 625 (27.4) 1757 (25.2) 2216 (28.0) 1
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Liver disfunction (%) 334 (1.9) 35(1.5) 134 (1.9) 165 (2.1) 0.237
<0.00
Oliguria (%) 13007 (75.8) 1641 (71.9) 5439 (78.0) 5927 (75.0) 1
<0.00
ACKD (%) 5440 (31.7) 817 (35.8) 2177 (31.2) 2446 (30.9) 1
Community-acquired AKI
(%) 4698 (27.4) 564 (24.7) 1982 (28.4) 2152 (27.2) 0.002
Mechanical ventilation <0.00
(%) 12829 (74.8) 1778 (77.9) 5276 (75.7) 5775 (73.1) 1
<0.00
Vasopressors (%) 12122 (70.6) 1695 (74.3) 4937 (70.8) 5490 (69.5) 1
Non-renal organ failure
(mean (SD)) 2.02 (1.23) 2.09 (1.19) 1.99 (1.20) 2.02 (1.27) 0.007
Charlson score (mean
(SD)) 2.03 (0.88) 2.05(0.87) 2.01 (0.87) 2.03 (0.88) 0.157
<0.00
Mortality (%) 12288 (71.6) 1685 (73.9) 5110 (73.3) 5493 (69.5) 1

ICU: intensive care unit; ACKD: acute-on-chronic kidney disease; AKI: acute kidney injury

Table 3b. Addition of hospital size in the original multilevel logistic regression model

Fixed effects:
Estimate Std. Error | z value Pr(>|z))

(Intercept) -2.087.917 0.142860 | -14.615 < 2e-16 ***
Age 0.021289 0.001142 | 18.638 < 2e-16 ***
Male Gender -0.134715 0.042130 -3.198 0.00139 **
Sepsis admission 0.468326 0.050007 9.365 < 2e-16 ***
Later sepsis 0.311715 0.060240 5.175 2.28e-07 ***
Liver disfunction 1.563.786 0.215294 7.263 3.77e-13 ***
Public hospital 0.076572 0.150009 0.510 0.60974
ACKD -0.124711 0.046278 -2.695 0.00704 **
ICU admission -0.393249 0.061359 -6.409 1.46e-10 ***
Community-acquired AKI -0.458699 0.049108 -9.341 < 2e-16 ***
Oliguria 0.382532 0.047893 7.987 1.38e-15 ***
Charlson score 0.054011 0.025385 2.128 0.03336 *
Mechanical ventilation 0.487649 0.073453 6.639 3.16e-11 ***
Vasopressors 0.453457 0.069846 6.492 8.45e-11 ***
Non-renal organ failure (per organ) 0.304700 0.033902 8.988 < 2e-16 ***
Hospital size: Small (< 50 beds) Reference - - -

Medium (51-150
beds) 0.169784 0.118061 1.438 0.15040

Large (> 151 beds) 0.123951 0.143393 0.864 0.38736
Signif. codes: 0 “***>0.001 “**>0.01
*70.05°°01°°1
Random effects:
Groups Name Variance
Std.Dev.
Hospital (Intercept) 0.1705 0.4129
Number of obs: 17158, groups:
Hospital, 170
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eTable 3c. Three-level hierarchical logistic regression (individual hospitals and hospital size as random-effects)

Fixed effects:

Estimate Std. Error z value Pr(>z|)
(Intercept) -1.973.713 0.117509 -16.796 < 2e-16 ***
Age 0.021251 0.001142 18.602 < 2e-16 ***
Male Gender -0.135124 0.042100 -3.210 0.00133 **
Sepsis admission 0.468686 0.049957 9.382 < 2e-16 ***
Later sepsis 0.311767 0.060196 5.179 2.23e-07 ***
Liver disfunction 1.564.324 0.214928 7.278 3.38e-13 ***
Public hospital 0.087947 0.135786 0.648 0.51719
ACKD -0.125196 0.046245 -2.707 0.00678 **
ICU admission -0.392455 0.061293 -6.403 1.52e-10 ***
Community-acquired AKI -0.458023 0.049081 -9.332 < 2e-16 ***
Oliguria 0.383404 0.047862 8.011 1.14e-15 ***
Charlson score 0.054297 0.025363 2.141 0.03229 *
Mechanical ventilation 0.487100 0.073417 6.635 3.25e-11 ***
Vasopressors 0.452836 0.069810 6.487 8.77e-11 ***
Non-renal organ failure (per organ) 0.304403 0.033873 8.987 < 2e-16 ***
Signif. codes: 0 “****(0.001 “*** 0.01 “*’
0.05°°0.1°’1
Random effects:
Groups Name Variance Std.Dev.
Hospital  (Intercept) 1.717e-01 0.4143472
Hospital.Size (Intercept) 2.500e-08
0.0001581
Number of obs: 17158, groups: Hospital,
170; Hospital.Size, 3
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eFigure 1. Age distribuition across study period. A) Time series with smooth line trend in age distribution and

B) blox-plot representation of age distribution in the 11-year period.

eFigure 2. The most frequent clinical and surgical etiologies and conditions associated with Acute Kidney Injury

Requiring Dialysis.
eFigure 3. Concurrent failing organs in addition to AKI in each of 13 age strata.
eFigure 4. Temporal trends in incident causes of severe AKI in the 11-year period

eFigure 5. Number of patients per year and crude mortality rates over 11-year period.

eFigure 6. Number of concurrent failing organs in addition to AKI in survivors and non-survivors.

eFigure 7. Survival curves according to Kaplan-Meier estimates, stratified by number of organ failures

eFigure 8. Discharge outcomes according to AKI phenotype.
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eFigure 1. Age distribution across study period. A) Time series with smooth line trend in age distribution and B) blox-plot

representation of age distribuition in the 11-year period.
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eFigure 2. The most frequent clinical and surgical etiologies and conditions associated with Acute Kidney Injury Requiring

Dialysis.
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eFigure 3. Concurrent failing organs in addition to AKI in each of 13 age strata.
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eFigure 4. Temporal trends in incident causes of severe AKI in the 11-year period
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eFigure 5. Number of patients per year and crude mortality rates over 11-year period.

eFigure 6. Number of concurrent failing organs in addition to AKI in survivors and non-survivors.
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eFigure 7. Survival curves according to Kaplan-Meier estimates, stratified by number of organ failures
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eTable 1. Mixed-effects Cox regression among 80 diagnostic groups
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HR

disease

Variable n HR (Univariate) p (Multivariate) p
Abdominal sepsis 1329 |1.13(1.05-1.21) |<0.05 0.91 (0.85-0.98) |<0.05
Acute decompensated heart failure 1387 |0.86 (0.80-0.93) |<0.001 0.96 (0.89-1.03) |0.262
Acute pancreatitis 210 |1.11(0.94-1.31) |0.225 0.97 (0.82-1.15) |0.738
Advanced solid organ neoplasia 486 1.13(1.01-1.28) |<0.05 1.16 (1.03-1.31) |p<0.05
AKI in kidney transplant recipients 40 0.47 (0.26-.082) |<0.01 0.80 (0.46-1.42) |0.435
Anaphylaxis 11 0.93(0.44-1.95) |0.873 1.21 (0.57.2.54) |0.620
Aorta and renal vessel disease 361 0.93(0.81-1.07) |0.325 1.01 (0.87-1.17) |0.909
Aplastic anemia and myelodysplasia 11 1.65(0.74-3.66) |0.223 1.72 (0.76-3.90) |0.192
Arrhythmia with low cardiac output 437 0.96 (0.84-1.09) |0.523 0.96 (0.85-1.10) |0.583
Asphyxia or neonatal hypoxia 34 2.07 (1.33-3.21) |<0.001 1.57 (0.95-2.58) |0.076
Atheroembolic disease 34 0.41 (0.22-0.76) 0.005 0.57 (0.31-1.06) |0.08
Bone marrow transplant 39 1.06 (0.72-1.57) 0.759 1.32(0.88-1.97) |0.177
Cardiopulmonary arrest 616 1.24 (1.13-1.37) <0.001 1.06 (0.96-1.16) |0.264
Central nervous system tumors 17 0.85 (0.35-2.04) 0.712 0.67 (0.28-1.63) |0.382
Cerebrovascular accident 1065 |1.08(1.01-1.16) |0.004 (1):81')(0'87 i 0.108
Community-acquired pneumonia 4081 |1.26(1.21-1.31) <0.001 1.17 (1.12-1.21) |<0.001
Congenital heart defect 145 1.51 (1.22-1.87) <0.001 1.91 (1.49-2.45) |<0.001
chr”e%zr;;ta' malformation (non-cardiac | 47 |4 49070-2.80) |0342  |151(0.73-3.13) |0.265
Congenttal nephropathy or 20 |1.12(0.62-203) |0700  |1.36(0.75-2.46) |0.317
Convulsive status epilepticus 134 0.94 (0.74-1.18) 0.570 0.81 (0.64-1.03) |0.080
Cutaneous sepsis 738 |0.90(0.82-0.99) |<0.05 0.96 (0.87-1.05) |0.379
Deep vein thrombosis 80 |1.18(0.89-1.55) |0.254 1.03 (0.78-1.36) |0.841
Sﬁsem ketoacidosis or hyperosmolar | g, 174 (055.1.0) 0285 | 0.77 (0.57-1.04) |0.098
Disturbance of consciousness 168 0.87 (0.71-1.07) |0.186 0.94 (0.76-1.16) |0.563
Drug-induced nephrotoxicity 1208 |0.68 (0.63-0.74) |<0.001 0.80 (0.73-0.87) |<0.001
Elective surgery 269 0.78 (0.67-0.92) |0.003 0.82 (0.69-0.96) |<0.05
Emergency abdominal surgery 758 1.07 (0.99-1.17) |0.105 0.83 (0.76-0.91) |<0.001
Exacerbation of chronic liver disease 449 1.70 (1.53-1.89) |<0.001 1.39 (1.24-1.55) |<0.001
Eézgigba“"“ of chronic pulmonary 336 [1.34(1.17-154) |<0.001  |1.19(1.04-1.37) |<0.05
Exacerbation of peripheral vascular 285 |1.01(0.87-117) |0.935  |1.10(0.95-1.28) |0.217




136

Exogenous intoxication 29 0.93 (0.56-1.54) 0.771 1.07 (0.64-1.78) |0.802
Gastrointestinal bleeding 443 1.38(1.23-1.54) |p<0.001 |1.20(1.07-1.34) |<0.01
Genetic or metabolic disease 26 0.70 (0.39-1.27) |0.244 1.13 (0.61-2.07) |0.702
Glomerular diseases 208 |0.30(0.23-0.41) |<0.001 0.54 (0.40-0.73) |<0.001
Head trauma 208 |1.16(0.98-1.37) |<0.05 0.94 (0.80-1.12) |0.508
Heart surgery 752 |0.90(0.81-0.99) |0.025 0.95 (0.86-1.05) |0.305
Hematological neoplasia 295 1.29 (1.12-1.49) |<0.001 1.47 (1.27-1.71) |<0.001
Hemolysis induced nephrotoxicity 14 0.73(0.36-1.46) |0.371 1.01 (0.50-2.03) |0.972
Hemolytic uremic syndrome 39 0.48 (0.28-0.83) |<0.01 0.77 (0.44-1.33) |0.347
HIV/AIDS 207 1.03 (0.87-1.23) 0.699 1.37 (1.15-1.63) |<0.001
Hospital-acquired pneumonia 2722 |1.16 (1.11-1.21) <0.001 1.01 (0.97-1.06) |0.150
latrogenic bleeding or dyscrasia 256 0.90 (0.77-1.06) 0.216 0.87 (0.74-1.03) |0.101
Infectious complications of pregnancy 38 0.57 (0.34-0.94) | <0.05 1.05 (0.61-1.78) |0.871
Infectious enterocolitis 37 1.40 (0.92-2.13) |0.114 1.57 (1.03-2.40) |<0.05
Infective endocarditis 195 0.80 (0.67-0.95) | <0.05 0.82 (0.69-0.98) |<0.05
Isquemic heart disease 1550 |0.93(0.87-1.0) <0.05 1.0 (0.93-1.07) |0.940
Leptospirosis 52 0.43(0.26-0.73) |<0.01 0.55 (0.32-0.93) |<0.05
Major trauma (except head) 254 |0.96 (0.82-1.13) |0.657 0.92 (0.78-1.08) |0.302
Malignant hypercalcemia 22 1.21 (0.72-2.05) 0.4772 1.75(1.03-2.96) |<0.05
Malignant hypertension 110 0.42 (0.30-0.58) <0.001 0.68 (0.49-0.96) |<0.05
Meningitis and encephalitis 97 1.16 (0.89-1.50) 0.267 1.11 (0.85-1.45) |0.433
Myoglobin induced nephrotoxicity 215 0.74 (0.61-0.90) <0.01 0.95 (0.78-1.43) |0.608
Neonatal sepsis 71 1.81(1.37-2.41) <0.001 1.85(1.36-2.50) |<0.001
Neurosurgery (non-traumatic) 158 1.19 (0.99-1.44) |0.060 0.96 (0.80-1.16) |0.663
Noninfectious complications of 73 |0.38(0.24-060) |<0.001 |0.53(0.33-0.87) |<0.05
pregnancy

Noninfectious systemic inflammation 82 0.97 (0.72-1.29) 0.808 1.03(0.77-1.38) |0.819
Non-diabetic hyperosmolar state 113 1.25(1.01-1.54) |<0.05 1.04 (0.84-1.29) |0.697
Obstructive uropathy (benign causes) 199 0.41 (0.32-0.53) | <0.001 0.60 (0.46-0.77) |<0.001
Obstructive uropathy (bladder tumor) 136 0.43 (0.33-0.58) | <0.001 0.74 (0.55-0.98) |<0.05
Sjtr’jg;‘)’”"e uropathy (gynecological 193 |0.34(0.26-0.45) |<0.001  |052(0.39-0.69) |<0.001
Obstructive uropathy (other tumors) 83 0.34 (0.23-0.51) |<0.001 0.64 (0.43-0.96) |<0.05
Obstructive uropathy (prostate tumor) 99 0.53 (0.39-0.74) | <0.001 0.87 (0.63-1.22) |0.424
Paralytic ileus 284 |1.26(1.10-1.45) |[<0.01 1.02 (0.88-1.17) |0.827
Pericardial disease 24 1.22 (0.75-1.99) |0.430 1.55 (0.94-2.54) |0.083
Plasma cell dyscrasia 108 0.66 (0.50-0.86) |<0.01 0.86 (0.66-1.12) |0.272
Pulmonary embolism 228 1.42 (1.21-1.66) |<0.001 1.22 (1.04-1.43) |<0.05
Renal tumor 14 0.43 (0.16-1.15) 0.093 0.51(0.19-1.37) |0.185
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Retroperitoneal tumors 30 0.72 (0.45-1.16) |0.182 1.01 (0.63-1.64) |0.959
Sggzinsti” the immunosuppressed 268 |1.54(1.34-1.77) |<0.001  |1.52(1.32-1.76) |<0.001
Sepsis unknown/unspecified source 1199 |1.30(1.22-1.39) |<0.001 1.13(1.06-1.21) |<0.01
Severe viral infection 89 1.20 (0.93-1.55) |0.169 1.46 (1.13-1.90) |<0.01
Sickle Cell Disease 14 1.11 (0.58-2.13) 0.759 1.26 (0.65-2.42) |0.498
Spine, pelvis and hip surgery 491 1.15(1.03-1.28) |p<0.001 |1.00(0.90-1.12) |0.971
Total nephrectomy 4 0.29 (0.04-2.07) |0.217 0.61 (0.09-4.37) |0.625
Tubulointerstitial nephritis 20 0.83(0.43-1.60) |0.578 1.21 (0.63-2.34) |0.562
Tumor lysis syndrome 71 |097(0.71-1.31) |0.829 1.48 (1.09-2.01) |<0.05
Urinary tract infection 1302 |0.90 (0.84-0.97) <0.05 0.93 (0.87-1.01) |0.075
Valvular heart disease 245 0.99 (0.84-1.18) 0.358 0.93 (0.78-1.10) |0.379
Vascular surgery 246 1.04 (0.88-1.22) 0.657 |1.04(0.88-1.23) |0.608
Vomiting and diarrhea 347 0.70 (0.60-0.82) <0.001 {0.98(0.83-1.15) |0.798

We corrected each etiology's hazard ratios for age, gender, ethnicity, the severity of presentation (humber of organ
failures), and comorbidities (Charlson comorbidities score). The individual hospital was taken as random effects
in each mixed-effects Cox model. Schoenfeld residuals analysis confirmed proportional hazards in all models.
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eFigure 1. Distribution of 80 diagnosis associated with AKI, stratified by etiologic group
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ANEXO F - Material Suplementar — Manuscrito 3

eTablel. Variables used in initial logistic regression for the propensity score matching process

Age Number of causes
Gender Medical admission
Ethnicity Surgical admission
AKI de novo vs. Acute-on-chronic kidney disease Obstetric admission
Community-acquired vs. Hospital-acquired Urological conditions
Arterial hypertension ICU admission
Diabetes Sepsis at admission
Chronic heart disease Later sepsis
Neoplasia Cardiorenal syndrome type |
Chronic hepatic disease Nephrotoxicity
Charlson score Hepatorenal syndrome
Hypovolemia Mechanical ventilation
Metabolic acidosis Vasopressors
Oliguria Number of failing organs
Hyperkalemia Type of renal replacement therapy
Uremia

1. Involved medical institutions

During the 11-year period, our medical group provided high-quality nephrological support for a total of 170
medical institutions in the metropolitan region of Rio de Janeiro. There was a predominance of private hospitals
and medical facilities that corresponded to 82% of total institutions (n = 139 private institutions), and the
representativity of public institutions (18%, n = 31 public institutions) was lower than the actual distribution in

Rio de Janeiro. Table 1 depicts the characteristics of involved institutions.

eTable 2. Distribution of size and specialty of enrolled medical institutions.

All (n =170) Private (n = 139; 81.8%) Public (n = 31; 18.2%)
Size (number of beds)
Small (<50) 57 (33.5%) 57 (41%) 0 (0%)
Medium (51-150) 72 (42.4%) 62 (44.6%) 10 (32.3%)
Large (>151) 41 (24.1%) 20 (14.4%) 21 (67.7%)
Specialty
General 119 (70.0%) 106 (76.3%) 13 (41.9%)
Pediatric 14 (8.2%) 11 (7.9%) 3(9.7%)
Cardiology 13 (7.6%) 11 (7.9%) 2 (6.5%)
Emergency/Trauma 11 (6.5%) 3 (2.2%) 8 (25.8%)
Obstetric 8 (4.7%) 7 (5.0%) 1 (3.2%)
Oncology 3 (1.8%) 1 (0.7%) 2 (6.5%)
Infectious Diseases 2 (1.2%) 0 (0%) 2 (6.5%)




eTable 3. Socioeconomic distribution stratified by ethnicity
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Overall White Nonwhite p

n 15186 12536 2617

Gini Index (mean (SD)) 0.47 (0.05) 0.47 (0.05) 0.46 (0.05) <0.001
HDIM - Global (mean (SD)) 0.83 (0.09) 0.84 (0.09) 0.80 (0.08) <0.001
HDIM - Income (mean (SD)) 0.84 (0.12) 0.85 (0.12) 0.79 (0.10) <0.001
HDIM - Longevity (mean (SD)) 0.88 (0.05) 0.89 (0.05) 0.86 (0.05) <0.001
HDIM - Education (mean (SD)) 0.78 (0.11) 0.79 (0.11) 0.74 (0.10) <0.001
Income (R$) (mean (SD)) 2099.11 (1674.56) 2242.14 (1719.69) 1408.34 (1213.58) | <0.001
HDIM: human development index - municipality

Socioeconomic indicators and Ethnicity
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eFigure 1. Distribution of socioeconomic data among different ethnic groups stratified by hospital administration. ***p <

0.001
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2. Sensitive analysis — Large hospitals of private and public governance

Considering that many patients were admitted in small hospitals and medical facilities of private administration,
and there was no hospital with <50 beds in public administration, we performed an additional analysis
considering only large hospitals with more than 151 beds. As a result, there were twenty large hospitals of
private administration vs. twenty-one hospitals of public administration. Thus, the total number of patients in this
sub analysis comprises 6993 patients, 6036 patients in private vs. 957 patients in public hospitals. eTable 3
depicts the characteristics of this cohort, and eTable 4 depicts the results of a shared frailty gamma Cox
regression on survival in this cohort. Note that no significant differences were observed in this subgroup analysis

compared with the entire cohort.

eTable 4. Comparison of large hospitals of private vs. public governance

Overall (n =41) Private (n = 20) Public (n = 21) p
n n=6993 n =6036 n =957
Demographics
Age (median [IQR]) 72.00 [57.00-82.00] | 75.00 [61.00-83.00] 22:38][32'00* <0.001
Male (%) 3870 (55.3) 3338 (55.3) 532 (55.6) 0.895
Nonwhite ethnicity (%) 1090 (15.6) 719 (11.9) 371 (38.8) <0.001
AKI phenotype
Acute-on-chronic kidney disease (%) 2221 (31.8) 2001 (33.2) 220 (23.0) <0.001
Community-acquired AKI (%) 1968 (28.1) 1521 (25.2) 447 (46.7) <0.001
Medical admission (%) 4783 (68.4) 4231 (70.1) 552 (57.7) <0.001
ICU admission (%) 5562 (79.5) 4996 (82.8) 566 (59.1) <0.001
Comorbidities
Chronic heart diseases (%) 2207 (31.6) 2070 (34.3) 137 (14.3) <0.001
Diabetes (%) 1294 (18.5) 1181 (19.6) 113 (11.8) <0.001
Obstructive vascular disease (%) 818 (11.7) 751 (12.4) 67 (7.0) <0.001
Chronic hepatic disease (%) 293 (4.2) 269 (4.5) 24 (2.5) 0.007
Hypertension (%) 2765 (39.5) 2513 (41.6) 252 (26.3) <0.001
Neoplasia (%) 1246 (17.8) 1039 (17.2) 207 (21.6) 0.001
Charlson score (mean (SD)) 2.01(0.87) 2.06 (0.88) 1.72 (0.75) <0.001
Precipitating causes of AKI
Sepsis at admission (%) 2812 (40.2) 2378 (39.4) 434 (45.4) 0.001
Later sepsis (%) 1908 (27.3) 1788 (29.6) 120 (12.5) <0.001
CRS type | (%) 984 (14.1) 902 (14.9) 82 (8.6) <0.001
Hypovolemia (%) 2160 (30.9) 1870 (31.0) 290 (30.3) 0.701
Nephrotoxicity (%) 756 (10.8) 653 (10.8) 103 (10.8) 1.000
Urological conditions (%) 445 (6.4) 273 (4.5) 172 (18.0) <0.001
Major surgery (%) 1143 (16.3) 1033 (17.1) 110 (11.5) <0.001
CRS type I1 (%) 291 (4.2) 278 (4.6) 13 (1.4) <0.001
Hepatorenal syndrome (%) 145 (2.1) 138 (2.3) 7(0.7) 0.003
Number of causes (mean (SD)) 1.50 (0.65) 1.51 (0.65) 1.42 (0.60) <0.001




Indications for commencing RRT

Oliguria (%) 5225 (74.7) 4587 (76.0) 638 (66.7) <0.001
Acidosis (%) 5109 (73.1) 4488 (74.4) 621 (64.9) <0.001
Azotemia (%) 5847 (83.6) 5053 (83.7) 794 (83.0) 0.594
Hypervolemia (%) 2630 (37.6) 2266 (37.5) 364 (38.0) 0.797
Hyperkalemia (%) 1534 (21.9) 1194 (19.8) 340 (35.5) <0.001
Number of indications (mean (SD)) 2.93(1.02) 2.93(0.99) 2.92 (1.20) 0.935
Organ failures
Mechanical ventilation (%) 5129 (73.3) 4589 (76.0) 540 (56.4) <0.001
Vasopressors (%) 4891 (69.9) 4416 (73.2) 475 (49.6) <0.001
Additional failing organs (mean (SD)) 2.03(1.27) 2.09 (1.25) 1.63 (1.32) <0.001
RRT modality (%) <0.001

SLED 3094 (44.3) 2909 (48.3) 185 (19.4)

IHD 2389 (34.2) 1909 (31.7) 480 (50.3)

SCHD 1398 (20.0) 1147 (19.0) 251 (26.3)

PD 103 (1.5) 64 (1.1) 39 (4.1)
Socioeconomic indicators
Gini (mean (SD)) 0.47 (0.05) 0.48 (0.05) 0.45 (0.05) <0.001
HDIM - Global (mean (SD)) 0.84 (0.09) 0.85 (0.08) 0.77 (0.08) <0.001
HDIM - Income (mean (SD)) 0.85(0.12) 0.86 (0.11) 0.76 (0.09) <0.001
HDIM - Longevity (mean (SD)) 0.89 (0.05) 0.90 (0.05) 0.85 (0.05) <0.001
HDIM - Education (mean (SD)) 0.79 (0.10) 0.80 (0.10) 0.71 (0.09) <0.001
Income (mean (SD)) 222457 (1717.40) 2395.71 (1743.41) 1145.15 (1016.36) | <0.001
Outcome (%) <0.001

Mortality 4804 (68.7) 4235 (70.2) 569 (59.5)

Discharged on chronic dialysis 484 (6.9) 403 (6.7) 81 (8.5)

Unknown 295 (4.2) 241 (4.0) 54 (5.6)

Partial recovery 831 (11.9) 640 (10.6) 191 (20.0)

Total recovery 579 (8.3) 517 (8.6) 62 (6.5)
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AKI: acute kidney injury; ICU: Intensive care unit; CRS: cardiorenal syndrome; RRT: renal replacement therapy;
SLED: sustained low-efficiency dialysis; HD: intermittent hemodialysis; SCHD: slow-continuous hemodialysis;
PD: peritoneal dialysis, HDMI: human development index (municipality); SD: standard deviation.



eTable 5. Survival according to a frailty

gamma Cox regression in the large hospitals’ cohort
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all

HR (univariable), p

HR (multivariable), p

Age Mean (SD) 67.4 (20.1) 1.01 (1.01-1.01, p < 0.001) | 1.01 (1.01-1.01, p <0.001)
Gender Female 3123 (100.0) - -

Male 3870 (100.0) 0.90 (0.85-0.95, p < 0.001) | 0.93(0.87-0.98, p = 0.008)
Ethnicity White 5904 (100.0) - -

Nonwhite 1089 (100.0) 0.92 (0.85-1.00, p = 0.055) | 1.03 (0.95-1.13, p = 0.449)
Hospital governance Private 6036 (100.0) - -

Public 957 (100.0) 0.94 (0.86-1.03, p=0.188) | 1.05 (0.82-1.35, p = 0.698)
AKI phenotype | Acute 4772 (100.0) - -

Acute-on-chronic

kidney disease 2221 (100.0) 0.74 (0.69-0.79, p < 0.001) |0.84 (0.79-0.90, p <0.001)
AKI phenotype Il Hospital-acquired | 5025 (100.0) - -

Community-

acquired 1968 (100.0) 0.66 (0.62-0.71, p <0.001) |0.86 (0.80-0.93, p <0.001)
AKI phenotype IlI Nonseptic AKI 4181 (100.0) - -

Septic AKI 2812 (100.0) 1.31 (1.24-1.39, p < 0.001) | 1.16 (1.09-1.23, p < 0.001)
AKI phenotype IV Nonoliguric AKI 1768 (100.0) - -

Oliguric AKI 5225 (100.0) 1.75 (1.63-1.88, p < 0.001) | 1.43 (1.33-1.54, p < 0.001)
Number of organ failures
(per-organ) Mean (SD) 2.0(1.3) 1.39 (1.35-1.42, p<0.001) |[1.35(1.32-1.39, p <0.001)
Charlson score (per-point) | Mean (SD) 2.0(0.9) 1.04 (1.01-1.08, p=10.009) |1.03(1.00-1.07,p =0.078)
Human development
Index Low 1600 (100.0) - -

High 5393 (100.0) 1.10 (1.03-1.18, p=0.007) | 0.99 (0.89-1.09, p = 0.798)
Income Low 2334 (100.0) - -

High 4659 (100.0) 1.10 (1.04-1.17, p = 0.001) | 1.02 (0.92-1.12, p = 0.707)
Gini index (0.29, 0.45) 2933 (100.0) - -

(0.45, 0.49) 1875 (100.0) 1.03 (0.96-1.11, p=0.393) | 1.02 (0.95-1.10, p = 0.580)

(0.49, 0.63) 2185 (100.0) 1.11 (1.04-1.19, p=0.002) | 0.98 (0.91-1.06, p = 0.597)

Frailty (hospital)

AKI: acute kidney injury; SD: standard deviation,



eTable 6. Discharge outcomes among survivors, stratified by hospital administration and socioeconomic
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indicators.

a) Stratified by hospital administration
All (n =4415) :I;’gis\)/sa)te (n= Z_lzj(t)))“c (n= p value

Dialysis dependence | 1034 (23.4) 945 (23.7) 89 (21.2) <0.001

Partial recovery 1416 (32.1) 1210 (30.3) 206 (49.0)

Complete recovery 1179 (26.7) 1112 (27.8) 67 (16.0)

Unknown 786 (17.8) 728 (18.2) 58 (13.8)

b) Stratified by socioeconomic indicators

ol | [ (G Tucoun [pvae

n (%) 4415 (100) 1034 (23.4) 1416 (32.1) | 1179 (26.7) 786 (17.8)

HDIM (mean (SD)) 0.82 (0.09) 0.82 (0.09) 0.82 (0.09) | 0.83(0.09) 0.83(0.09) |0.053

Income (%) Low 1841 (41.7) 450 (43.5) 602 (42.5) 459 (38.9) 330 (42.0) 0.136
High 2574 (58.3) 584 (56.5) 814 (57.5) | 720 (61.1) 456 (58.0)

Gini Index (%) (0.29, 0.44) 1657 (37.5) 416 (40.2) 519 (36.7) 428 (36.3) 294 (37.4) 0.362
(0.44, 0.48) 1415 (32.0) 329 (31.8) 448 (31.6) 379 (32.1) 259 (33.0)
(0.48,0.63) 1343 (30.4) 289 (27.9) 449 (31.7) 372 (31.6) 233 (29.6)

HDIM: human development index (municipality); SD: standard deviation.



