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RESUMO

Introducéo: Congestdo venosa estd associada a piores desfechos em varios cenérios, sendo
ainda uma possivel causa de lesdo renal aguda (LRA) e tendo um papel importante nas elevadas
taxas de readmissdo por insuficiéncia cardiaca agudamente descompensada (ICAD) em
pacientes com insuficiéncia cardiaca. O escore de ultrassonografia de excesso venoso (VEXUS)
é uma ferramenta potencialmente Gtil para avaliar congestao sistémica. Objetivos: Verificar se
0 escore VEXUS pode servir como guia para descongestao em pacientes com LRA grave e se a
modificacdo do escore pode estar associada a um aumento no numero de dias livres de terapia
renal substitutiva (TRS) em 28 dias e investigar a associacao entre 0 escore VEXUS na alta
hospitalar de pacientes com insuficiéncia cardiaca com fracdo de ejecdo reduzida e o risco de
readmissdo por ICAD. Métodos: Um estudo quase-experimental foi conduzido em pacientes
admitidos na unidade de terapia intensiva e que desenvolveram LRA grave. A intervencao
consistiu em sugerir ao médico responsavel o uso de diurético em pacientes com VExUS >1.
Ap0s 48 horas, uma nova avaliacdo VEXUS foi realizada. O desfecho primario foi o nimero de
dias livres de TRS no Dia 28. O outro estudo consistiu em uma coorte prospectiva envolvendo
adultos com sinais e sintomas de ICAD, fracdo de ejecdo do ventriculo esquerdo de 40% ou
menos, sintomas de classe funcional Il a IV da New York Heart Association e evidéncia clinica
de congestdo venosa necessitando de diuréticos intravenosos. Antes da alta hospitalar, foi
realizada a avaliacdo do escore VEXUS, do escore EVEREST e da ultrassonografia pulmonar.
O desfecho primario foi um desfecho composto de readmissao ou visitas de emergéncia devido
a ICAD dentro de 90 dias apds a alta hospitalar. Resultados: No primeiro estudo, noventa
pacientes foram incluidos. Os pacientes com escore VEXUS > 1 (n = 36) na inclusdo tiveram
um maior uso de diuréticos nas 48 horas seguintes (75,0%, n = 27) do que 0s pacientes com
uma pontuagdo VExXUS <I (n = 54) na inclusdo (38,9%, n = 21), p = 0,001. Os pacientes que
reduziram o escore VEXUS tiveram um numero significativamente maior de dias livres de TRS
no Dia 28 (28,0; 8,0-28,0) em comparacdo com aqueles que ndo reduziram (15,0; 3,0-27,5), P
= 0,012. No segundo estudo, 49 pacientes foram incluidos, dos quais 11 (22,4%) apresentaram
o desfecho primario. Na alta, 34,7% dos participantes tiveram escore VEXUS de 2 ou 3. Os
pacientes com VEXUS de 2 e 3 tiveram maior propor¢do do desfecho priméario quando
comparados aos pacientes com VExUS de 0 (35,3% versus 9%, p = 0,044). Conclusdes: O uso
do escore VEXUS é aplicavel no manejo de pacientes com LRA e como preditor de readmisséo
por ICAD. Durante a descongestdo de pacientes com LRA, se verificou um maior uso de
diuréticos em pacientes com um escore VEXUS mais elevado, sendo que os pacientes que
reduziram o escore VEXUS em 48 horas tiveram significativamente mais dias livres de TRS em
28 dias. Ainda, em pacientes com insuficiéncia cardiaca com fracdo de ejecdo reduzida, o escore
VEXUS pode ser utilizado para predizer maior risco de readmissao ou visita a emergéncia em
90 dias na alta hospitalar.

Palavras-chave: lesdo renal aguda; dialise; diuréticos; ultrassom de excesso venoso; escore
VEXUS; insuficiéncia cardiaca agudamente descompensada; ultrassonografia a beira leito;
ultrassonografia pulmonar; ultrassom Doppler; congestdo residual; readmisséo hospitalar.



ABSTRACT

Introduction: Venous congestion is associated with worse outcomes in various scenarios, also
being a possible cause of acute kidney injury (AKI) and playing an important role in the high
readmission rates for acute decompensated heart failure (ADHF) in patients with heart failure.
The venous excess ultrasound score (VEXUS) is a potentially useful tool for assessing systemic
congestion. Objectives: To determine whether the VEXUS score can serve as a guide for
decongestion in patients with severe AKI and whether modification of the score can be
associated with an increase in the number of renal replacement therapy (RRT)-free days in 28
days, and to investigate the association between the VEXUS score at hospital discharge in
patients with heart failure with reduced ejection fraction and the risk of readmission for ADHF.
Methods: A quasi-experimental study was conducted on patients admitted to the intensive care
unit who developed severe AKI. The intervention was to suggest to the attending physician the
use of diuretic in patients with VExXUS >1. After 48 hours, a new VEXUS assessment was
performed. Primary outcome was RRT-free days at Day 28. The other study consisted of a
prospective cohort involving adults with signs and symptoms of ADHF, left ventricular ejection
fraction of 40% or less, New York Heart Association functional class Il to IV symptoms, and
clinical evidence of venous congestion requiring intravenous diuretics. Before hospital
discharge, assessment of the VEXUS score, EVEREST score, and pulmonary ultrasound was
conducted. The primary outcome was a composite outcome of readmission or emergency
department visits due to ADHF within 90 days after hospital discharge. Results: In the first
study, ninety patients were included. Patients with a VExUS score >1 (n = 36) at enrollment
had a greater use of diuretics in the following 48 hours (75.0%, n = 27) than patients with a
VExUS <I (n = 54) at enrollment (38.9%, n = 21), P = .001. Patients who reduced the VExXUS
score had a significantly greater number of RRT-free days at Day 28 (28.0; 8.0-28.0) when
compared with those who did not reduce (15.0; 3.0-27.5), p = 0.012. In the second study, 49
patients were included, of whom 11 (22.4%) experienced the primary outcome. At discharge,
34.7% of participants had a VExXUS score >1. Patients with VEXUS scores >1 had a higher
proportion of the primary outcome compared to patients with a VExUS score of 0 (35.3% versus
9%, p = 0.044). Conclusions: The use of the VEXUS score is applicable in the management of
patients with AKI and as a predictor of readmission for ADHF. During the decongestion of
patients with AKI, a higher use of diuretics was observed in patients with a higher VExUS
score, and those who reduced their VExUS score within 48 hours had significantly more RRT-
free days at 28 days. Additionally, in patients with heart failure with reduced ejection fraction,
the VEXUS score can be used to predict a higher risk of readmission or emergency department
visit within 90 days after hospital discharge.

Keywords: acute kidney injury; dialysis; diuretics; venous excess ultrasound; VEXUS score;
acute decompensated heart failure; point-of-care ultrasound; pulmonary ultrasound; Doppler
ultrasound; residual congestion; hospital readmission.
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1 INTRODUCAO

Congestao venosa é uma possivel causa de lesdo renal aguda (LRA) e tem um papel
importante nas elevadas taxas de readmissdo por insuficiéncia cardiaca agudamente
descompensada (ICAD) em pacientes com insuficiéncia cardiaca. (Husain-Syed et al., 2021;
Pérez Calvo et al., 2019) Uma variedade de métodos esta disponivel para avaliar congestdo
venosa, no entanto todos tém importantes limitacbes e sdo dificeis de interpretar quando
utilizados isoladamente, aléem de nenhum determinar com precisdo a congestdo venosa
sistémica. (Banjade et al., 2023; Claure-Del Granado; Mehta, 2016; Marik, 2001; Peacock;
Soto, 2010; Prowle; Kirwan; Bellomo, 2014)

Recentemente, foi desenvolvido o escore de excesso venoso (do inglés, Venous Excess
Ultrasound - VEXUS), que integra achados de ultrassom e Doppler de forma sequencial,
resultando em uma pontuacdo semiquantitativa que reflete a gravidade da congestdo venosa.
(Beaubien-Souligny et al., 2020; Patel et al., 2023) Essa avaliagdo sistematizada de
ultrassonografia que inclui a avaliacdo da veia cava inferior (VCI) e Doppler de veias hepaticas,
portal e intrarrenais, demonstra um grande potencial de identificar de forma mais precisa a
congestdo venosa sistémica, quando comparada com qualquer avaliacdo ultrassonografica
individual. (Beaubien-Souligny et al., 2020)

No caso de pacientes que apresentam leséo renal associada ao aumento progressivo da
pressdo intersticial renal, recentemente denominada nefropatia congestiva, a elevacdo da
pressdo venosa central (PVVC) é transmitida diretamente para as veias renais, aumentando assim
a pressao hidrostéatica intersticial renal, ja que o rim é um érgdo encapsulado. (Husain-Syed et
al., 2021) Com a elevacdo continua da PVC, os fluxos venoso e linfatico reduzem
progressivamente, resultando em uma reducdo tardia do fluxo arterial e da taxa de filtracdo
glomerular (TFG), de forma analoga a sindrome compartimental. (Colbert; Szerlip, 2019;
Damman et al., 2009; Ding; Cheng; Qian, 2017; Husain-Syed et al., 2021; Winton, 1931) Ha
evidéncias de que lesdo congestiva renal apresenta potencial reversibilidade ao se reduzir a
pressdo retrégrada transmitida aos érgdos abdominais. (Blake; Wegria, 1949; Bradley; Bradley,
1947; Doty et al., 1999; Firth; Raine; Ledingham, 1988) Esta melhora da LRA é concomitante
a melhora das alterac6es do Doppler abdominal, que é avaliado no escore VEXUS. (Argaiz,
2021; Argaiz; Rola; Gamba, 2021) Bhardwaj et al. demonstraram que uma redugéo no escore
VEXUS durante a descongestdo de pacientes com sindrome cardiorrenal correlacionou-se
significativamente com o balan¢o hidrico negativo e a resolucdo da LRA. (Bhardwaj et al.,
2020)
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Em relagdo a pacientes com ICAD, embora a congestdo clinica possa se resolver
rapidamente com o tratamento, a congestdo pulmonar pode persistir por mais tempo apesar da
melhora clinica, sendo chamada de congestdo residual. (Coiro et al., 2015; Pérez Calvo et al.,
2019) Pacientes que sdo liberados com congestéo residual tém maior probabilidade de precipitar
sintomas de ICAD que exijam readmissdo. (Goonewardena et al., 2008) Mesmo que 0 manejo
de descongestdo seja o pilar do tratamento desses pacientes, cerca de 30% dos pacientes
apresentam sinais de congestdo na alta hospital (Ambrosy et al., 2013; Coiro et al., 2015;
Rattarasarn; Yingchoncharoen; Assavapokee, 2022). Métodos tradicionais de avaliacdo de
congestdo residual como radiografia de toérax e ultrassonografia pulmonar, além de escore
clinico (como o escore do estudo EVEREST - Effects of Oral Tolvaptan in Patients
Hospitalized for Worsening Heart Failure) foram utilizados para avaliar sua funcdo prognostica
nesses pacientes. (Ambrosy et al., 2013; Coiro et al., 2015; Goonewardena et al., 2008;
Kobayashi et al., 2019; Rattarasarn; Yingchoncharoen; Assavapokee, 2022) O escore VExXUS
foi utilizado em um estudo para avaliar congestdo residual, porém ndo se associou a
reinternacdo. (Torres-Arrese et al., 2023) Dentre as varias criticas deste estudo, esta o carater
exploratério, baixa proporcao de pacientes com VEXUS elevado e ndo ter havido calculo de
tamanho amostral.

Tendo em vista o potencial do escore VEXUS de identificar de forma mais precisa a
congestdo venosa, seu uso pode ser uma ferramenta Util para auxiliar no manejo de fluidos de
pacientes com LRA e na avaliacdo da congestdo residual. (Beaubien-Souligny et al., 2020) Os
objetivos dos estudos desta tese sdo avaliar se um manejo de fluido guiado pelo escore VEXUS
em pacientes com LRA grave na unidade de terapia intensiva (UTI) esta associada a um
aumento no numero de dias livres de terapia renal substitutiva (TRS) em 28 dias e investigar a
associacdo entre o escore VEXUS antes da alta hospitalar em pacientes com insuficiéncia
cardiaca com fracdo de ejecdo reduzida (ICFER) e o risco de readmissdo por ICAD em até 90

dias apos a alta.
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1.1 OBJETIVOS

1.1.1 Objetivo geral

O objetivo geral do estudo é avaliar a aplicabilidade do uso do escore VEXUS em dois
cenarios: avaliar se 0 manejo de fluido guiado pelo escore VEXUS em pacientes com LRA
grave na UTI esta associado a melhora de desfechos e investigar a associacdo entre o escore

VEXUS antes da alta hospitalar em pacientes com ICFER e o risco de readmisséo por ICAD.

1.1.2 Objetivos especificos

Os objetivos especificos do primeiro estudo sdo verificar se o escore VEXUS pode
servir como um guia para a descongestdo em pacientes com LRA grave na UTI e se a
modificacdo do escore pode estar associada a um aumento no nudmero de dias livres de TRS em
28 dias. Ainda, avaliar se a modificacdo do escore VEXUS pode se associar a melhora de
desfechos clinicos como melhora da classificacdo Kidney Disease Improving Global Outcomes
(KDIGO) de LRA, (KDIGO, 2012) reducdo do balanco hidrico, reducdo da mortalidade na
UTI, da mortalidade hospitalar, do tempo de internacdo na UTI, do tempo de internacéo
hospitalar. Além disso, avaliar se existe alguma associa¢do do VEXUS inicial elevado com os
sinais clinicos de congestdo venosa comumente utilizada na UTI, como edema periférico,
variacdo de peso, PVC, balanco hidrico de 24 horas antes da inclusdo, balanco hidrico
cumulativo desde a admissao na UTI até a inclusdo e percentual de sobrecarga de fluidos >10%
no momento da incluséo.

O objetivo especifico do segundo estudo é investigar a associacdo entre o escore
VEXUS, o escore EVEREST e a ultrassonografia pulmonar antes da alta hospitalar em pacientes

com ICFER e o risco de readmissdo por ICAD em até 90 dias ap0s a alta.
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2 REVISAO DA LITERATURA
2.1 CONGESTAO VENOSA

A congestao venosa é associada a eventos adversos a nivel organico e sistémico. Além
de diminuir o gradiente arteriovenoso dos 6rgdos, reduzindo por consequéncia a sua perfuséo,
ela ainda induz aumento do estresse da parede dos atrios e ventriculos, liberando peptideo atrial
natriurético que causa danos ao glicocalix endotelial, aumentando a permeabilidade vascular,
criando um ciclo vicioso. (Banjade et al., 2023; Colbert; Szerlip, 2019; Ding; Cheng; Qian,
2017) Assim, danos generalizados ao endotélio e a liberagdo de citocinas pro-inflamatorias
desencadeiam um aumento prolongado da pressdo hidrostatica capilar, resultando no
agravamento do edema intersticial, comprometendo a oxigenacéo tecidual por difusdo, com
maior potencial de dano aos 6rgdos encapsulados, como os rins e o cérebro. (Banjade et al.,
2023; Malbrain et al., 2014; O’Connor; Prowle, 2015) Além dos érgdos encapsulados, a
congestdo venosa leva a disfuncdes de praticamente todos os sistemas organicos. (Malbrain et
al., 2014; O’Connor; Prowle, 2015) Ainda, varios estudos observacionais demonstraram uma
correlacdo entre congestdo e mortalidade em pacientes criticamente doentes. (Claure-Del
Granado; Mehta, 2016)

A congestdo venosa pode ser consequéncia de sobrecarga hidrica ou disfuncdo
cardiaca, como ocorre em pacientes com ICAD. (Malbrain et al., 2014; Messmer et al., 2020;
O’Connor; Prowle, 2015) Uma variedade de métodos esta disponivel para avalia-la, no entanto
todos tém importantes limitacdes e sdo dificeis de interpretar quando utilizados isoladamente,
além de nenhum determinar com precisdo a congestdo venosa sistémica. (Banjade et al., 2023;
Claure-Del Granado; Mehta, 2016; Marik, 2001; Peacock; Soto, 2010; Prowle; Kirwan;

Bellomo, 2014) O Quadro 1 resume 0s principais métodos de avaliacdo de congestao venosa.
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Quadro 1 — Métodos de avaliagdo de congestdo venosa

Método

Racional para avaliar congestéo

venosa

Vantagens e limitacGes

anamnese

busca de histérico ou sintomas que
aumentem a probabilidade de
sobrecarga hidrica ou ICAD

Presenca de ortopneia, dispneia paroxistica noturna, além de histéria positiva de doenca renal cronica, insuficiéncia cardiaca
cronica, fibrilagdo atrial, doenca arterial coronariana e auséncia de historia de doenga pulmonar obstrutiva cronica aumentaram a
probabilidade de ICAD na emergéncia. No entanto, apresentam baixa razdo de verossimilhanca positiva para o diagndstico de
ICAD. (Martindale et al., 2016; Patel et al., 2023)

exame fisico

busca de sinais que aumentem a
probabilidade de sobrecarga hidrica
ou ICAD

Achados como terceira bulha cardiaca, distensdo venosa jugular, refluxo hepatojugular, edema periférico, crepitantes e auséncia
de febre aumentaram a probabilidade de ICAD na emergéncia. Assim como a anamnese, também apresenta baixa razdo de

verossimilhancga positiva. (Martindale et al., 2016; Patel et al., 2023)

BNP e NTpro-BNP

neuro-hormdnio cardiaco secretado
pelos ventriculos em resposta ao

aumento da tensdo dos ventriculos

pela hipervolemia ou sobrecarga de

pressédo

Niveis de BNP inferiores a 50 pg/ml tem alto valor preditivo negativo (96%), podendo ser um bom teste de exclusdo de ICAD.
Niveis elevados podem se associar a congestao sistémica, porém tem pouca especificidade, com valores falsos positivos em
pacientes com insuficiéncia renal, idade avangada, infarto agudo do miocérdio e embolia pulmonar. (Claure-Del Granado; Mehta,
2016; Maisel et al., 2002; Patel et al., 2023)

CA-125

glicoproteina sintetizada pelas células

mesoteliais, se eleva em resposta ao
aumento das pressdes venosas
hidrostaticas e/ou estimulos

inflamatérios

Niveis de CA-125 sdo fortemente associados a congestéo clinica (edema periférico e derrame pleural) e a elevacéo do didmetro
da VCI. Entretanto, também ndo é especifico para congestdo, ja que seu aumento pode ocorrer em varias doengas benignas e
neoplasias. (Llacer et al., 2021; NUfiez et al., 2021)

radiografia de térax

avalia congestdo pulmonar (dgua

extravascular pulmonar)

Alteragdes como linhas B de Kerley, edema intersticial, cefalizagdo da trama vascular, derrame pleural e aumento da area
cardiaca aumentam a probabilidade de congestdo em pacientes com ICAD. Porém, apresentam baixa sensibilidade, com até 20%
de resultados falso negativos. (Claure-Del Granado; Mehta, 2016; Martindale et al., 2016)
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Método

Racional para avaliar congestéo

venosa

Vantagens e limitacGes

peso seriado e

balango hidrico

estimam sobrecarga hidrica

Apresentam muitas limitagfes, como a imprecisdo dos registros, a dificuldade de contabilizar as perdas insensiveis, além da

perda de massa muscular poder mascarar o ganho de fluidos. (Prowle; Kirwan; Bellomo, 2014)

analise vetorial de

bioimpedancia

avalia o volume corporal total de

agua

Apo6s as medicdes de bioimpedancia elétrica, resisténcia e reatancia, um vetor é gerado, onde um menor comprimento esta
associado a maiores graus de agua corporal total. Um estudo comparou bioimpedancia com PVC em pacientes criticos,
apresentando boa correlagdo com PVC > 13 mmHg. Como limita¢des, pode ser dificil realizar medic6es de boa qualidade em
paciente acamados, além de requerer medida precisa do peso e possuir muitos algoritmos para calcular medidas de volume.
(Claure-Del Granado; Mehta, 2016; Husain-Syed et al., 2021; Kalantari et al., 2013; Peacock; Soto, 2010; Prowle; Kirwan;
Bellomo, 2014)

pressdo venosa
central (PVC)

estimativa da pressdo atrial direita
(PAD) e pré-carga

Utilizada para estimar PAD e pré-carga. Apresenta muitas limitagdes, pois depende da curva pressao-volume da complacéncia do
ventriculo esquerdo, que é alterada pela rigidez das fibras ventriculares, efeitos constritivos do pericardio e do volume diastélico
do ventriculo direito, além da pressdo justacardica, especialmente quando utilizada pressdo positiva. Ainda, apresenta uma
correlagdo muito pobre quando comparada a medidas de avaliagdo de volume sanguineo (albumina radiomarcada) em pacientes
criticos, além de ser necesséario um cateter venoso central para aferi-la. (Broccard, 2012; De Backer et al., 2022; Marik, 2009;
Marik; Baram; Vahid, 2008; Rocha; Menezes; Suassuna, 2010; Poelaert, 2015)

cateter de artéria

pulmonar

estimativa de pré-carga através da
medicdo da presséo de oclusdo da
artéria pulmonar (POAP)

Apresenta as mesmas limitagdes da PCV quando se utiliza a POAP para inferir sobre a pré-carga do ventriculo esquerdo. Ainda,
depende da insercdo e o posicionamento adequado do cateter, que é mais complexo do que a passagem de cateter venoso central.
(Davison; Patel; Chawla, 2012; Marik, 2009; Rocha; Menezes; Suassuna, 2010)

termodiluicéo

transpulmonar

avalia congestdo pulmonar (adgua

extravascular pulmonar)

Avalia a gua extravascular pulmonar através de calculos da mudanca de temperatura de uma infusdo fria administrada entre um
cateter venoso central e um cateter arterial com ponta de termistor. A dgua extravascular pulmonar reflete a extensdo do edema
pulmonar, podendo estar elevada devido ao aumento da pressao intravascular pulmonar (disfungéo cardiaca ou sobrecarga

hidrica) ou ao aumento da permeabilidade capilar pulmonar. As limitagdes desta técnica sdo a necessidade de procedimentos
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Método

Racional para avaliar congestéo

venosa

Vantagens e limitacGes

invasivos e o fato de que ndo existem bons nomogramas em diferentes populacfes de pacientes. (Davison; Patel; Chawla, 2012;
De Backer et al., 2022; VVan der Mullen et al., 2018)

ultrassonografia

pulmonar

avalia congestdo pulmonar (agua

extravascular pulmonar)

Apresenta alta sensibilidade e especificidade para avaliar congestdo pulmonar e derrame pleural. No entanto, o padrdo B também
pode ser observado em condigdes diferentes do edema pulmonar, como pneumonia focal, sindrome do desconforto respiratério
agudo, fibrose pulmonar e contusdo pulmonar. (Agricola et al., 2005; Argaiz; Koratala; Reisinger, 2021; De Backer et al., 2022;

Rozycki; Pennington; Feliciano, 2001)

ecocardiograma

estimativas de pré-carga e avaliagdo
da geometria ventricular para inferir
sobre dilatagdo das cAmaras e estima

pressdes de enchimento elevadas

Pode avaliar congestdo pela dilatagdo do ventriculo direito, pelo achatamento do septo interventricular no eixo curto paraesternal
e estimar a POAP pela avaliagéo do fluxo mitral Doppler (raz&o E/A) ou Doppler tecidual (razdo E/Ea). Como limitagdes,
apresenta dificuldades em pacientes que tém curativos, dispositivos externos, constituicao corporal dificil ou pulmdes
hiperinsuflados (doenga pulmonar obstrutiva cronica, ventilacdo com pressao positiva), além das estimativas das pressdes de
enchimento ndo serem muito precisa, depender do examinador e ser mais adequada para medi¢des semiquantitativas ou
sequenciais. (Argaiz; Koratala; Reisinger, 2021; De Backer et al., 2022; Mackenzie; Noble, 2014; VVan der Mullen et al., 2018;
Patel et al., 2023)

veia cava inferior
(VCI)

estima a PVC em pacientes em

ventilagdo espontanea

Apesar de ser muito difundida e de facil aprendizado, apresenta muitas limitagdes, ja que pode estar dilatada em patologias
obstrutivas, como tamponamento cardiaco e embolia pulmonar aguda, e ndo significar congestdo venosa. Ainda, pode estar
cronicamente dilatada em jovens atletas adaptados ao exercicio crdnico extenuante, na regurgitacéo trictspide grave e na
insuficiéncia ventricular direita. Além disso, o didmetro da VVCI ndo s6 depende do volume intravascular, mas também da pressao
intratoracica, pressao intra-abdominal e funcédo cardiaca. Fatores como obesidade, curativos cirlrgicos ou confusao entre aorta e a
VCI podem resultar em erros e dependendo de como o feixe de ultrassom é direcionado, ele pode ndo representar o verdadeiro
diametro do vaso. Também, estudos demonstram uma concordancia interobservador moderada a fraca entre as medidas da VCI.
(Argaiz; Koratala; Reisinger, 2021; Di Nicolo et al., 2023; Pourmand et al., 2019)
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Método

Racional para avaliar congestéo

venosa

Vantagens e limitacGes

Doppler de veias

hepaticas

avalia as alteragdes no padréo de
onda do Doppler hepatico conforme
0 aumento da PVC

Ocorrem alterac6es no padréo de onda nas veias hepaticas conforme os graus de congestdo. Como limitagdes, pode apresentar
alterac@es falso negativas quando a complacéncia atrial direita é preservada, mesmo com PAD elevada. Ainda, deve ser
acompanhado por um eletrocardiograma simultaneo sempre que possivel para identificar corretamente da onda A (que poderia
ser confundida como uma onda S retrdgrada), além de avaliar corretamente as ondas S e D. (Argaiz, 2021; Galindo et al., 2021;
Rola et al., 2021)

Doppler de veia

porta

avalia a pulsatilidade do Doppler

portal conforme o aumento da PVC

Ocorre aumento de pulsatilidade do Doppler de veia porta conforme os graus de congestéo, podendo ficar retrograda no grau
méaximo de congestdo. Como limitacdes, pode apresentar resultados falso negativos quando o parénquima hepatico € rigido
(cirrose ou doenca hepatica gordurosa ndo alcodlica) apesar da PAD elevada e falso positivos em individuos jovens e saudaveis
com indice de massa corporal baixa ou com malformacdes arteriovenosas mesmo sem elevagdes na PAD. (Argaiz, 2021; Galindo
etal., 2021; Rola et al., 2021)

Doppler de veias

intrarrenais

avalia as interrupg¢des da curva do
Doppler intrarrenal conforme o

aumento da PVC

Ocorre aumento da pulsatilidade com interrupces (bifasico e monofésico) conforme os graus de congestdo. Como limitagdes, o
Doppler intrarrenal é tecnicamente mais desafiador de se obter e pode estar alterado nas patologias uroldgicas obstrutivas.
(Argaiz, 2021; Galindo et al., 2021; Rola et al., 2021)

VEXUS (Venous

Excess Ultrasound)

avalia congestdo venosa sistémica
através da avaliacdo sequencial da
V/CI, seguido do Doppler de veias

hepaticas, veia porta e intrarrenais

Pontuagdo semiquantitativa que reflete a gravidade da congestdo venosa, de 0 a 3. Acumula as vantagens e desvantagens das
ecografias e Dopplers utilizados, no entanto, como o exame sequencial inicia na VCI, aumenta a especificidade, reduzindo a
chance de falsos positivos, além de ser multiparamétrico utilizando véarios pontos da Doppler venoso para avaliar congestdo

venosa, 0 que é uma grande vantagem. (Beaubien-Souligny et al., 2018; Beaubien-Souligny et al., 2020; Patel et al., 2023)

Fonte: Elaborado pelo autor

Legenda: ICAD: insuficiéncia cardiaca agudamente descompensada, VVCI: veia cava inferior, PVC: pressdo venosa central, PAD: pressdo atrial direita, POAP: pressao de
ocluséo da artéria pulmonar, BNP: Brain Natriuretic Peptide, VEXUS: Venous Excess Ultrasound
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Dentre todos os métodos para avaliar congestdo venosa sistémica, a ultrassonografia a
beira do leito tem ganhado cada vez mais espaco como uma ferramenta ndo invasiva para
avaliacOes objetivas de parametros relacionados ao estado volémico. (Argaiz; Koratala;
Reisinger, 2021; Bailey; Davis; Witherspoon, 2017; Beaubien-Souligny et al., 2017)

2.1.1 Ultrassonografia na avaliacio de congestdo venosa

2.1.1.1 Ultrassonografia pulmonar

A ultrassonografia pulmonar pode auxiliar na avaliacdo de congestéo, no entanto, ela
ndo avalia o estado de volume em si, mas o grau de edema pulmonar (ou o contetdo de fluido
no intersticio pulmonar ou agua extravascular pulmonar). (Argaiz; Koratala; Reisinger, 2021;
Beaubien-Souligny et al., 2017; De Backer et al., 2022; Jozwiak; Teboul; Monnet, 2015) Ela é
realizada com o paciente em decubito dorsal e o transdutor perpendicular a parede toracica,
sendo as principais formas de avaliacdo através da divisdo do térax em oito ou vinte e oito

zonas, conforme a Figura 1. (Argaiz; Koratala; Reisinger, 2021)

Figura 1 - Técnica de ultrassonografia pulmonar com vinte e oito (A) e oito zonas (B)

Fonte: Argaiz, 2021.

A ultrassonografia pulmonar envolve principalmente a interpretacdo dos artefatos em
vez da visualizagdo do parénquima pulmonar, pois o ar é altamente reflexivo ao feixe de

ultrassom. As linhas A sdo linhas horizontais hiperecdicas equidistantes vistas no exame
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pulmonar normal (Figura 2A), sendo artefatos de reverberacdo formados por multiplos reflexos
do feixe de ultrassom entre o transdutor e a pleura com o pulmao subjacente preenchido com
ar. Quando o conteudo de ar no pulméo diminui devido a liquido no intersticio, sdo observados
artefatos hiperecdicos verticais, denominados linhas B (Figura 2B), equivalentes
ultrassonograficos das linhas B de Kerley vistas na radiografia de toérax, estimando
semiquantitativamente a agua extravascular pulmonar. Uma regido de linhas B positivas é
definida como a presenca de trés ou mais linhas B em um plano longitudinal entre duas costelas.
Duas ou mais regides positivas bilateralmente constituem "sindrome intersticial” e indicam
edema pulmonar difuso. Quando o contetdo de ar no pulméo diminui ainda mais, como na
consolidacdo alveolar, o parénquima pulmonar pode ser visualizado na ultrassonografia de
maneira semelhante ao figado e ao bago (Figura 2C). Em contraste, o derrame pleural aparece
como um espaco anecoico acima do diafragma, geralmente envolvendo o pulméo atelectasico
ou consolidado (Figura 2D). (Argaiz; Koratala; Reisinger, 2021; Beaubien-Souligny et al.,
2017; De Backer et al., 2022; Jozwiak; Teboul; Monnet, 2015)

Figura 2 - Achados comuns na ultrassonografia pulmonar. Imagens ultrassonogréaficas demonstrando (A)
pulmao normal com linhas A (setas); (B) linhas B verticais (setas). A ponta de seta aponta para a linha

pleural. (C) Pulmé&o consolidado (seta); (D) derrame pleural (asterisco) acima do diafragma (seta).

Fonte: Argaiz, 2021.
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O método apresenta sensibilidade de 90% e especificidade de 86% na identificacdo de
um volume de agua pulmonar extravascular maior que 500 mL (consistente com edema
pulmonar) e sensibilidade de 84% e especificidade de 100% para identificar derrame pleural.
(Agricola et al., 2005; Rozycki; Pennington; Feliciano, 2001) No entanto, ndo é livre de
limitacGes, ja que as linhas B também podem ser observadas em condicdes diferentes do edema
pulmonar, como pneumonia focal, sindrome do desconforto respiratério agudo, fibrose

pulmonar e contusdo pulmonar. (Argaiz; Koratala; Reisinger, 2021; De Backer et al., 2022)

2.1.1.2 Ecocardiograma

O ecocardiograma € um método historicamente utilizado para estimativas da pré-
carga, como a pressao de oclusdo da artéria pulmonar (POAP) e pressdo diastdlica final do
ventriculo esquerdo, além da avaliacdo da fungdo ventricular. (Davison; Patel; Chawla, 2012;
De Backer et al., 2022; Poelaert, 2015) Com a difusdo do uso da ultrassonografia a beira do
leito e através de uma avaliacdo mais sumaria de janelas ecocardiograficas, este exame nao
mais se restringe aos ecocardiografistas. Pode-se avaliar congestdo pela dilatacdo do ventriculo
direito, pelo achatamento do septo interventricular no eixo curto paraesternal e pela estimativa
da POAP que pode ser feita pela avaliagdo do fluxo mitral Doppler (raz&o E/A) ou Doppler
tecidual (razdo E/Ea). (Mackenzie; Noble, 2014) O Doppler do fluxo mitral pode ajudar a
identificar pacientes com disfuncdo ou comprometimento diastdlico através da razéo das ondas
E (fase inicial de enchimento diastdlico) e A (fase tardia de enchimento diastolico devido a
contracgdo atrial) em pacientes em ritmo sinusal. O Doppler tecidual pode identificar pacientes
com pressdes de enchimento cardiaco esquerdo elevadas através de uma relacdo E/Ea elevada.
(Patel et al., 2023). Métodos de avaliacdo da funcdo do ventriculo esquerdo incluem uma
observacao visual qualitativa, encurtamento fracional, distancia do septo ao ponto E e o0 método
de Simpson. Um dos métodos de avaliacdo da funcdo do ventriculo direito inclui a medida do
deslocamento do anel em relacdo ao apice durante a sistole. (Argaiz; Koratala; Reisinger, 2021;
Patel et al., 2023) Como limitacGes, o ecocardiograma transtoracico apresenta dificuldades em
pacientes que tém curativos, dispositivos externos, constituicdo corporal dificil ou pulmdes
hiperinsuflados (doenga pulmonar obstrutiva cronica, ventilagdo com presséo positiva), além
das estimativas das pressdes de enchimento ndo serem muito precisa, dependerem do
examinador e serem mais adequada para medi¢Oes semiquantitativas ou sequenciais. (De
Backer et al., 2022; VVan der Mullen et al., 2018)
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2.1.1.3 Veia cava inferior

A medicédo do diametro estatico da VVCI e suas flutuacdes respiratorias dindmicas tem
resultados conflitantes quando utilizadas para estimar o estado volémico do paciente. (Di
Nicolo et al., 2023) A ultrassonografia da VCI é usada para estimar a PVC e obter uma ideia
da resisténcia ao retorno venoso, ja que o aumento progressivo da PVC se correlaciona com o
aumento do diametro da VCI, até o seu limite de complacéncia, momento em que apresenta
menor indice de colapsibilidade em pacientes em ventilacdo espontanea, como demonstrado na
Figura 3. (Argaiz; Koratala; Reisinger, 2021; Beigel et al., 2013; Di Nicolo et al., 2023;

Moreno et al., 1984).

Figura 3 - Relacdo entre diametro da veia cava inferior e pressdo venosa central.

b
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Fonte: Di Nicolo, 2023.

Em pacientes que respiram espontaneamente, a VVCI colapsa durante a inspiracéo
devido a pressao intratoracica negativa. Para realizar sua correta medicéo, sob visualizacdo da
janela longitudinal subcostal, o segmento intra-hepéatico da VCI é visualizado enquanto entra
no atrio direito, sendo o diametro méximo da VCI medido de 1,0 a 2,0 cm da jun¢do com o

atrio direito durante o periodo expiratorio final e o diametro minimo da VVCI ap0s a inspiracao

do paciente. Apds a medi¢do do diametro maximo e minimo em um ciclo respiratério, o indice
de colapsibilidade da VCI é calculado através da formula: [(didmetro maximo da VCI -
didmetro minimo da VCl) / didametro maximo da VVCI] (Figura 4). (Argaiz; Koratala; Reisinger,

2021; Kawata et al., 2022)
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Figura 4 - Medida do didametro maximo e minimo da veia cava inferior para o calculo da colapsibilidade

IVC ) .
maximum o . minimum
diameter : diameter

Fonte: Kawata, 2022.

Um diametro da VCI de < 2,1 cm e indice de colapsibilidade de > 0,5 durante a
inspiracdo indica uma PVC normal de 3 mmHg (0-5 mmHg), enquanto um diametro da VVCI de
> 2,1 cm com indice de colapsibilidade inspiratéria de < 0,5 indica uma PVC alta de 15 mmHg
(10-20 mmHg), e cenarios intermediarios correspondem a um valor intermediario de 8 mmHg
(5-10 mmHg). (Argaiz; Koratala; Reisinger, 2021; Kawata et al., 2022) No entanto, esses
valores de referéncia ndo podem ser aplicados em pacientes sob ventilagdo mecanica, pois a
VCI esta dilatada em condi¢des basais devido a ventilagdo com pressao positiva e pode ndo
colapsar durante a respiracdo. (Argaiz; Koratala; Reisinger, 2021; Di Nicolo et al., 2023)

A avaliacdo da VCI, apesar de ser muito difundida e de facil aprendizado, apresenta
muitas armadilhas quando interpretada isoladamente, o que limita sua ampla aplicabilidade.
(Argaiz; Koratala; Reisinger, 2021) Quando a VVCI é ndo pletérica e colapsavel, pode-se excluir
congestdo orgénica que é transmitida retrogradamente pela PVC, mas outros estados de
hipervolemia como aumento da pressdao intra-abdominal ou aumento da permeabilidade
vascular em casos de hipoproteinemia grave com deslocamento de fluido para o terceiro espago
podem existir com a VCI colapsada. De forma contraria, apesar da VCI pletérica e ndo
colapsavel poder estabelecer congestdo venosa quando esta é transmitida retrogradamente, esta
informacdo isolada ndo ajuda a orientar o manejo do paciente. Primeiro, pois a VCI pode estar
dilatada em patologias obstrutivas, como tamponamento cardiaco, embolia pulmonar aguda e
pneumotorax hipertensivo, precisando de intervengdes especificas néo relacionadas a remocéo
de fluido. Segundo, porque a VCI pode estar cronicamente dilatada sem um estado
hipervolémico subjacente, como em pacientes com hipertensdo pulmonar crbnica grave,

insuficiéncia ventricular direita, regurgitacdo tricispide grave, miocardiopatia restritiva,
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pericardite constritiva e atletas adaptados a atividade extenuante. Nesses casos, 0 débito
cardiaco é mantido por um estado que requer uma pressao atrial direita (PAD) elevada; logo a
remocao excessiva de volume visando a normalizacdo da VCI pode prejudicar o paciente.
Terceiro, pois o didmetro da VCI ndo s6 depende do volume intravascular, mas também da
pressdo intratoracica, da pressdo intra-abdominal e da fungdo cardiaca. (Argaiz; Koratala;
Reisinger, 2021; Di Nicolo et al., 2023)

Além das dificuldades de interpretacdo do diametro da VCI, ela possui outras
limitacOes. Fatores como obesidade e curativos cirdrgicos podem dificultar a sua avaliacdo e
confuséo entre aorta e a VCI podem resultar em erros. Dependendo de como o feixe de
ultrassom é direcionado, pode ndo representar o verdadeiro didmetro do vaso. (Argaiz;
Koratala; Reisinger, 2021; Pourmand et al., 2019) Além disso, estudos demonstram uma
concordancia interobservador moderada a fraca entre as medidas da VCI. (Argaiz; Koratala;
Reisinger, 2021). Ainda, uma meta-anélise que incluiu dezesseis estudos, ndo encontrou
significancia estatistica entre PVC e didmetro da VVCI em oito estudos, e a correlacéo e foi fraca
a moderada nos demais. (Ciozda et al., 2016; Di Nicolo et al., 2023)

2.1.2 Doppler venoso na avaliagéo de congestéo venosa

Uma outra forma de avaliar congestdo venosa € através do Doppler de veias
abdominais, ja que a transmissdo retrograda da PAD elevada causa congestdo dos Orgaos
abdominais. (Argaiz, 2021; Koratala; Reisinger, 2022) A PAD ¢ transmitida para a PVC desde
que ndo haja obstrucdo da VCI, podendo ser utilizadas como sindnimos. Aumentos na PVC séo
inicialmente atenuados ao longo da arvore vascular venosa como consequéncia da
distensibilidade venosa, entretanto aumentos progressivos no volume venoso eventualmente
resultardo em paredes venosas maximamente esticadas, atingindo a parte plana da curva de
complacéncia venosa. Neste ponto, a transmissdo de pressdo sera muito aumentada, levando a
congestdo dos orgédos periféricos. (Galindo et al., 2021) A transmisséo de pressdo altera o
padrdo do fluxo sanguineo venoso de forma progressiva conforme o grau de congestdo, sendo
que essas alteracdes podem ser quantificadas usando o Doppler venoso, permitindo uma melhor
avaliacdo de lesdo organica congestiva. (Argaiz, 2021; Koratala; Reisinger, 2022)

Para avaliar o sistema venoso com o Doppler, é importante entender que o padréo do
fluxo é a principal variavel medida. O fluxo é gerado por uma diferenca de presséo entre dois
pontos e, dado um didmetro de vaso relativamente constante, essa diferenca de presséo

determinara a velocidade do fluxo. Ao avaliar o fluxo com Doppler de onda pulsada, a direcédo
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é representada por deflexdes positivas ou negativas em relacdo a linha de base, enquanto a
velocidade sera representada pela amplitude da deflexdo. Se o fluxo se move para longe do
transdutor, a imagem mostrard uma deflexdo negativa (analoga ao 'azul' no Doppler colorido),
enquanto uma deflexdo positiva sera vista se o fluxo estiver direcionado para o transdutor
(analoga ao 'vermelho' no Doppler colorido). Os padrdes de fluxo venoso normais séo
determinados pelas mudancas na PVC ao longo do ciclo cardiaco e modificados pela
complacéncia venosa e distancia do coracdo. Portanto, os padrdes de fluxo serdo diferentes
dependendo do local avaliado. (Deschamps et al., 2023; Galindo et al., 2021)

Para o Doppler das veias hepaticas e porta, o paciente é posicionado em decubito
dorsal ou em posicao lateral esquerda, podendo-se usar um transdutor curvilineo ou setorial
(2,5-5 MHz), que deve ser posicionado na linha axilar média a posterior para identificar os
vasos do figado, com o marcador direcionado para a cabeca do paciente. Um movimento de
inclinacdo direcionado anteriormente revelara a veia hepética e depois a veia porta (com uma
parede ecogénica distinta), como demonstrado na Figura 5. A escala do Doppler colorido deve
ser ajustada para baixas velocidades de fluxo (20-30 cm/s) e o Doppler de onda pulsada no vaso

deve ser realizado no periodo expiratdrio final, evitando manobra de Valsalva. (Argaiz, 2021)

Figura 5 - Aquisicdo de imagem da veia hepética e portal.

Fonte: Argaiz, 2021.

Legenda: S: coluna vertebral; HV: veia hepatica; PV: veia porta; IVC: veia cava inferior.
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2.1.2.1 Doppler de veias hepéticas

O fluxo normal do Doppler das veias hepaticas segue um padrdo semelhante aos
padrdes de onda da PVC. Em um tracado normal de PVC, a contracéo sistdlica atrial resulta em
um aumento na PAD representado como a onda A. Apods o fechamento da valvula tricispide
(onda C), o atrio direito relaxa, e a sistole ventricular puxa o anel tricispide em dire¢do ao
apice, resultando em uma queda na PAD representada como o descenso X. O enchimento do
atrio direito através do sistema venoso durante a sistole ventricular causa um aumento
progressivo na PAD e forma a onda V. O descenso Y é entdo causado pela abertura da valvula
tricuspide. O padréo de fluxo normal da veia hepética consiste em uma onda positiva/retrograda
(A) que representa a contracdo atrial sistolica, andloga a onda A da PVC, e duas ondas
negativas/anterdgradas sistolicas (S) e diastdlicas (D) que representam os descensos X e Y da
PVC, respectivamente. Como o descenso X é mais profundo do que o descenso Y, a onda S
geralmente tem uma amplitude maior do que a onda D (padrédo S > D) (Figura 6). (Argaiz,
2021; Banjade et al., 2023; Fadel et al., 2016; Galindo et al., 2021)

Figura 6 - O padrao de fluxo normal na veia hepatica reflete a curva da presséo venosa central durante o

ciclo cardiaco.
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AlteracBes patoldgicas no padrdo de enchimento do coragdo direito podem alterar o
padrdo de onda na veia hepatica. (Argaiz, 2021) Quando a PAD aumenta, as caracteristicas das
ondas ascendente e descendente formadas dentro do 4trio direito mudam. A medida que a
pressdo de enchimento do atrio direito aumenta, o descenso X diminui em amplitude enquanto
aamplitude do descenso Y aumenta. 1sso ocorre devido a perda de complacéncia do atrio direito
e a diminuicdo da tracdo sistdlica do ventriculo direito no anel da valvula tricispide. A
sobrecarga do ventriculo direito eventualmente causara dilatacdo do anel tricispide e
regurgitacao tricispide, levando a obliteracdo da descendente X e fusdo das ondas C-V do
padrdo de ondas da PVC. Tudo isso sera refletido no fluxo da veia hepética: inicialmente, a
amplitude da onda S diminui em comparagdo com a onda D (padrdo S < D), e com o
agravamento da congestdo, a onda S pode ser obliterada ou tornar-se reversa/retrograda (padrédo
S reverso) se houver regurgitacao tricuspide grave presente. (Galindo et al., 2021) Além disso,
0 aumento do volume atrial com diminui¢do da complacéncia produzird grandes ondas A e V,
geralmente observadas na hipertensdo pulmonar cronica. (Argaiz, 2021) A Figura 7 apresenta
as alteracdes mais comuns no Doppler da veia hepética. Deve-se observar que, em caso de
obstrucdo entre o local de avaliacdo e o atrio direito, esses padrdes de Doppler estardo ausentes
porque a PAD ndo sera transmitida, como no tamponamento cardiaco regional, estenose da veia

hepética pos-transplante hepatico ou sindrome de Budd-Chiari. (Deschamps et al., 2023)

Figura 7 - Exemplos de alteragdes comuns no Doppler da veia hepética.
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As alteragcOes do padrdo da onda da veia hepatica (isto €, padrdo S < D e S reverso) ja
foram associadas a regurgitacao tricispide moderada a grave e PAD elevada. (Ghio et al., 2001;
Loperfido et al., 1993; Mattioli; Castelli; Mattioli, 2000; Pennestri et al., 1984; Sakai et al.,
1984) Além do padréo da onda, o fluxo da veia hepéatica também pode ser avaliado de forma
quantitativa com o uso da razdo sistolica/diastolica (razdo S/D), através da razdo da velocidade
méaxima sistolica/velocidade maxima diastdlica e da fracdo de enchimento sistolico da veia
hepatica, calculada pela formula [velocidade méxima sistélica/(velocidade maxima sistolica -
velocidade méxima diastolica)]. (Deschamps et al., 2023) A razdo S/D € mais comumente
reportada nos estudos, com resultados conflitantes em relagdo a se associar com PAD elevada
em pacientes com insuficiéncia cardiaca congestiva, mas em pacientes submetidos a cirurgia
cardiaca apresentou associa¢do positiva quando os valores sdo reduzidos. (Eljaiek et al., 2019;
Nomura et al., 1995; Tsutsui et al., 2014) Ainda, a razdo S/D também se correlacionou a
pulsatilidade de veia porta. (Beaubien-Souligny et al., 2018; Eljaiek et al., 2019) A fragéo de
enchimento sistolico € menos reportado, tendo resultados conflitantes para estimar a PVC em
pacientes criticos, (Nagueh; Kopelen; Zoghbi, 1996; Zhang et al., 2022) mas um valor < 55%
apresentou boa acuracia em pacientes com PAD > 8 mmHg. (Nagueh; Kopelen; Zoghbi, 1996)
Ainda, estudos relacionam o padrdo S < D e a razdo S/D reduzida com o risco de
desenvolvimento de LRA. (Beaubien-Souligny et al., 2018; Eljaiek et al., 2019; Li et al., 2024;
Pettey et al., 2022; Spiegel et al., 2020)

2.1.2.2 Doppler de veia porta

A veia porta faz parte de um sistema venoso distinto que é isolado das veias centrais
pelos sinusdides hepaticos e do sistema arterial pelos capilares esplancnicos. Portanto, o padrao
de ondas do Doppler da veia porta normal nédo refletira variacdes na PVC e se apresenta como
um fluxo positivo caracteristico (em direcdo ao transdutor) e continuo (ou levemente pulsatil).
(Argaiz, 2021; Galindo et al., 2021) A principal alteracdo no padrdo de ondas da veia porta € o
aumento progressivo na pulsatilidade conforme a elevagdo da PAD (Figura 8). Aumentos
adicionais na PAD podem levar a reversdo do fluxo (abaixo da linha de base) durante a sistole.
A explicacéo fisiologica da pulsatilidade é a reducdo da velocidade do fluxo durante a sistole
secundaria as ondas transmitidas retrogradamente do atrio direito durante esta fase do ciclo
cardiaco. (Argaiz, 2021; Galindo et al., 2021)
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Figura 8 - Padréo normal do fluxo na veia porta e alteracdes decorrentes de congestéo venosa.
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Fonte: Argaiz, 2021.

A pulsatilidade da veia porta pode ser quantificada utilizando-se o indice de
pulsatilidade, calculado com a férmula [(velocidade méaxima - velocidade minima)/velocidade
maxima]. Quando esse valor é multiplicado por 100, se obtém a fracdo de pulsatilidade, que €
mais utilizada nos estudos. Uma fragdo de pulsatilidade > 30% ¢ considerada uma elevagao
leve, enquanto > 50% ¢ considerada grave. A pulsatilidade da veia porta foi associada a PAD
elevada em pacientes submetidos a cirurgia cardiaca, ICAD, insuficiéncia cardiaca cronica e
outras doencas cardiacas (Duerinckx et al., 1990; Eljaiek et al., 2019; Goncalvesova et al.,
2010; Hosoki et al., 1990; Hu et al., 2003; Rengo et al., 1998) e se correlacionou com a
classificacdo da regurgitacdo tricuspide pelo Doppler colorido. (Loperfido et al., 1993) Ainda,
a pulsatilidade portal se associou ao risco de desenvolver LRA em pacientes submetidos a
cirurgia cardiaca e em doentes criticos. (Beaubien-Souligny et al., 2018; Eljaiek et al., 2019;
Hermansen et al., 2021; Li et al., 2024; Spiegel et al., 2020) Em um dos estudos, a melhora na
fracdo de pulsatilidade da veia porta coincidiu com o retorno da creatinina sérica ao nivel basal

em pacientes que apresentaram LRA. (Argaiz; Rola; Gamba, 2021)
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2.1.2.3 Doppler de veias intrarrenais

Para o Doppler venoso intrarrenal, o transdutor é deslocado para obter uma
visualizacdo longitudinal do rim, sendo encontrado posterior e caudalmente ao figado,
conforme demonstrado na Figura 9. (Argaiz, 2021) A escala de imagem do Doppler colorido
deve ser reduzida ainda mais (menos de 20 cm/s) e as veias interlobares devem ser identificadas.
A melhor veia interlobar alinhada deve ser avaliada com Doppler de onda pulsada no periodo
expiratorio final. (Argaiz, 2021)

Figura 9 - Aquisicao de imagem das veias intrarrenais.

Fonte: Argaiz, 2021.

Em leitos vasculares mais distais, como é o caso das veias intrarrenais, o tracado
também nao refletira diretamente as variacdes da PAD, devido a alta complacéncia do sistema
venoso e a atenuacdo das variagdes da PAD com o aumento da distancia do coracao. O tragado
venoso intrarrenal € frequentemente acompanhado por um tracado arterial acima da linha de
base, pois a amostra do Doppler cobre tanto a veia interlobar quanto a artéria, que sdao muito
menores em comparagdo com outros vasos, como a Vveia hepatica. (Galindo et al., 2021) O
padrdo de fluxo nas veias intrarrenais normais sera predominantemente continuo, sem ondas
discerniveis, embora ondas de baixa amplitude S e D possam ser vistas. Este padréo torna-se
interrompido bifasico a medida que a PAD aumenta e duas ondas distintas (S e D) podem ser

observadas. Essas ondas sdo analogas ao padrao hepatico normal e representam um aumento na
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transmissdo de pressdo do coragdo para as veias renais interlobares. Com o agravamento da
congestdo, a onda S pode se tornar reversa ou desaparecer (obscurecida no tragado arterial),
apresentando um padréo interrompido monofasico, conforme a Figura 10. (Argaiz, 2021;
Galindo et al., 2021)

Figura 10 - Padrdo normal do fluxo venoso intrarrenal e alteracdes decorrentes de congestdo venosa.
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Os padrbes de Doppler intrarrenal com interrupcbes (bifasicos e monofasicos) se
associaram a regurgitacdo tricuspide moderada a grave e PAD elevada em pacientes com
insuficiéncia cardiaca congestiva e hipertensao pulmonar (lida et al., 2016; Pichon et al., 2023),
mas ndo em pacientes criticamente doentes com sepse. (Fujii et al., 2023) Uma das medidas
quantitativas comumente relatadas com o uso do Doppler intrarrenal é o indice de impedancia
venosa, calculado através da seguinte formula: [(velocidade maxima - velocidade minima) /
velocidade maxima], idéntico ao calculo do indice de pulsatilidade da veia porta. Apesar do
indice de impedéancia venosa ser muito relatado nos estudos, o reconhecimento de padrdes de
interrupgao de onda do Doppler € muito mais simples. (Galindo et al., 2021) Além disso, 0 seu

resultado consegue apenas diferenciar o padréo continuo (resultado 0, ja que os valores maximo
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e minimo s&o iguais) do pulsatil (resultado 1, j& que o valor minimo é zero), ndo conseguindo
diferenciar os padrfes de interrupcdo bifasicos (congestdo moderada) de monofasicos
(congestdo grave). (Galindo et al., 2021) Nesse sentido, o indice de estase venosa renal (do
inglés, Renal Venous Stasis Index - RVSI) proposto recentemente por Husain-Syed et al. reflete
melhor todo o continuum da congestdo renal. (Husain-Syed et al., 2019) Ele indica a proporcao
do ciclo cardiaco durante o qual ndo ha fluxo venoso e é calculado através da formula: [(tempo
do ciclo cardiaco - tempo do fluxo venoso / tempo do ciclo cardiaco)]. Assim, um padrédo
continuo normal tem o valor zero, um padrao bifésico tem valor maior que zero, porém menor

que um padrdo monofasico, como exemplificado na Figura 11. (Galindo et al., 2021)

Figura 11 - Quantificacdo do fluxo venoso intrarrenal usando o Indice de Estase Venosa Renal (RVSI).
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Alteracdes no fluxo venoso renal se associaram a risco de desenvolver LRA em
pacientes submetidos a cirurgia cardiaca e com ICAD (Beaubien-Souligny et al., 2018;
Hermansen et al., 2021; Li et al., 2024; Trpkov; Grant; Fine, 2021), mas apresentou resultados
conflitantes em doentes criticos. (Fujii et al., 2023; Spiegel et al., 2020; Wiersema et al., 2020a)

Recentemente, Deschamps et al. propds uma descrigdo padronizada por gravidade da
congestdo para os Dopplers de veias hepaticas, veia porta e intrarrenais (Figura 12).
(Deschamps et al., 2023)
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Figura 12 - Descricao proposta dos padrdes de Doppler de veia hepatica, Doppler intrarrenal e Doppler de

veia porta por gravidade da congest&o.
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Legenda: o fluxo anterogrado € representado pelo sinal de adi¢do vermelho +; VH: veia hepética; IRVF: fluxo

venoso intrarrenal; PVF: fluxo venoso portal.

2.1.2.4 Limitacdes do Doppler venoso

A avaliacdo de congestdo venosa com o uso do Doppler venoso ndo € livre de

limitacbes. Em primeiro lugar, a avaliacdo depende do operador, sendo que estudos que

avaliaram a concordancia entre operadores experientes encontraram um coeficiente kappa de

0,95 para o Doppler da veia hepatica e de veia porta e 0,87 para o Doppler de veia intrarrenal.

(Beaubien-Souligny et al., 2018; Carricart et al., 2005) Em segundo lugar, ha de se atentar aos
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casos de alteracOes falso negativas e falso positivas, que podem interferir na sua interpretagéo.
Pacientes com doengas que deixem o paréngquima hepatico rigido (como na cirrose ou na doenga
hepética gordurosa ndo alcodlica) apesar da PAD elevada podem apresentar Doppler de veia
porta normal, enquanto pacientes com regurgitacao tricuspide grave pode apresentar Doppler
de veia hepatica sem alteragdes caso a complacéncia atrial direita esteja preservada — sendo
essas alteracdes falso negativas. Por outro lado, individuos jovens e saudaveis com indice de
massa corporal baixo ou com malformacdes arteriovenosas sem elevacdes na PAD podem
apresentar Doppler de veia porta pulsatil — sendo essa alteracdo falso positiva. (Galindo et al.,
2021; Rola et al., 2021) Terceiro, o Doppler da veia hepéatica deve preferencialmente ser
acompanhado pelo eletrocardiograma simultaneo, caso contrario, o observador pode identificar
incorretamente a onda A como onda S retrograda e vice-versa. Ainda, as ondas S e D podem
ser confundidas entre si. E quarto, o Doppler venoso intrarrenal é tecnicamente mais desafiador
de se obter e pode se encontrar alterado por patologias uroldgicas obstrutivas. (Argaiz, 2021;
Galindo et al., 2021)

Devido a essas limitacGes, a interpretacao individual e isolada do Doppler venoso pode
levar a conclusdes incorretas. Portanto, avaliar multiplos locais venosos, incluindo a VCl, veias
hepéticas, veia porta e veias intrarrenais de maneira organizada e sequencial pode melhorar o
desempenho diagnostico. Corroborando esse entendimento, um estudo recente utilizou uma
avaliacdo incluindo a VCI e Doppler venoso de forma protocolizada, sendo denominado escore
de Ultrassom de Excesso Venoso (do inglés, Venous Excess Ultrasound - VEXUS), em que
demonstrou maior especificidade para lesdo renal congestiva do que qualquer avaliacdo
individual em pacientes submetidos a cirurgia cardiaca. (Argaiz, 2021; Beaubien-Souligny et
al., 2020; Galindo et al., 2021)

2.2 ESCORE DE ULTRASSOM DE EXCESSO VENOSO (VEXUS)

O escore VEXUS, desenvolvido em um estudo publicado em 2020, integra achados de
ultrassom e Doppler em uma pontuacdo semiquantitativa que reflete a gravidade da congestéo
venosa. (Beaubien-Souligny et al., 2020; Patel et al., 2023) Nesse estudo exploratério, 0
principal objetivo foi desenvolver um sistema prototipico de classificacdo ultrassonografica
para a gravidade da congestdo venosa e validar seu potencial valor clinico em predizer a
ocorréncia de LRA pelos critérios KDIGO ap0s cirurgia cardiaca. (Beaubien-Souligny et al.,
2020)
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Os autores realizaram uma analise post-hoc de um estudo prospectivo unicéntrico de
2018 envolvendo 145 pacientes submetidos a cirurgia cardiaca, em que eram realizadas
avaliacGes de ultrassom antes da cirurgia, na admissdo da UTI e diariamente nos trés dias
subsequentes, incluindo ultrassom da VCI, Doppler das veias hepaticas, veia porta e
intrarrenais. (Beaubien-Souligny et al., 2018) Os padroes de fluxo de Doppler foram
classificados como normais, levemente anormais ou gravemente anormais e o didametro da VVCl
foi convertido em uma variavel binaria com ponto de corte em 2 cm. Essas informacdes foram
combinadas e foram desenvolvidos cinco prototipos nomeados de VEXUS "A" a "E" do sistema
de classificacdo VExXUS com base na gravidade dos marcadores ultrassonograficos, conforme

a Figura 13. (Beaubien-Souligny et al., 2020)

Figura 13 - Os prototipos do sistema de classificagdo VEXUS combinando o didmetro da veia cava inferior

e padréao do Doppler venoso das veias hepaticas, portal e intrarrenais.
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Cada prototipo proposto, conforme seu critério de classificacdo, tem uma habilidade
diferente de graduar os graus de congestdo. Por exemplo, sistemas de classificacdo que
requerem a presenca de multiplos padrdes de Doppler com anormalidades de fluxo grave, como
0 VEXUS C e E, apresentaram menor proporcao de congestdo venosa grave (Grau 3) quando
comparados com sistemas em que se necessitava apenas um desse achado, como o VExUS A,
ou a combinacdo de alteracOes leves e graves, como o VEXUS B e D. (Beaubien-Souligny et
al., 2020)

O critério de congestdo grave (Grau 3) de todos os modelos se associou a LRA, sendo
que o VExXUS C foi mais fortemente associado com Hazard Ratio - HR de 3,69 (Intervalo de
Confianca - 1C 95% 1,65-8,24), seguido pelo VExUS A com HR de 3,21 (IC 95% 1,55-6,67).
O critério de congestdo leve (Grau 2) sé foi significativo no modelo do VEXUS C, porém perdeu
a significancia estatistica apos analise multivariada. Ao considerar apenas a avaliacdo realizada
na admissdo na UTI apds a cirurgia, o escore de congestdo grave do VExXUS C apresentou alta
especificidade (96%, IC 95% 89-99%), mas baixa sensibilidade (27%, IC 95% 15-41%) para
o desenvolvimento de LRA, resultando em uma razdo de verossimilhanca positiva moderada
de 6,37 (IC 95% 2,19-18,5), que superou o desempenho de outros sistemas de classificacao.
(Beaubien-Souligny et al., 2020) Os sistemas de classificacdo VEXUS que incluiram a avaliacdo
da VClI tiveram uma pequena melhora na especificidade, sugerindo que a dilatacdo da VVCI pode
ser Gtil para evitar falso positivos. (Beaubien-Souligny et al., 2020)

Como ¢é uma ferramenta descrita recentemente, alguns relatos e séries de casos foram
publicados avaliando a utilidade clinica do escore VEXUS, mas poucos estudos estdo
disponiveis. (Koratala; Reisinger, 2022; Rola et al., 2021; Samant; Koratala, 2021; Singh;
Carvalho, 2021; Singh; Koratala, 2020; Varudo et al., 2022) Bhardwaj et al. avaliou o uso do
VEXUS em pacientes com sindrome cardiorrenal na UTI, apresentando correlacdo significativa
de maior proporcdo de melhora da classificacdo de LRA e menor BH nos pacientes que
reduziram o escore VEXUS. (Bhardwaj et al., 2020) Em outro estudo, o0 VEXUS se associou a
PAD elevada medida de forma invasiva, superando o desempenho do didmetro da VCI.
(Longino et al., 2023) Em pacientes com LRA grave na UTI, escore VEXUS indicando
congestdo (graus 2 e 3) se associou independentemente a mortalidade. (Beaubien-Souligny et
al., 2024) Em pacientes com ICAD, VEXUS grau 3 na admisséo se associou a maior risco de
mortalidade. (Torres-Arrese et al., 2023)

Nem todos os estudos com o VEXUS foram positivos. Em pacientes de UTI geral, o
escore VEXUS foi pouco preditivo para resposta adequada a deplecéo de fluidos induzida por

diuretico, quando comparado a pulsatilidade da veia porta e alteracdo do fluxo intrarrenal
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isoladamente. (Guinot et al., 2022) Ainda em pacientes criticos, a prevaléncia de congestdo
grau 2 e 3 na admissdo foram baixas (20%), e o escore VEXUS ndo foi associado ao
desenvolvimento de LRA nem a mortalidade em 28 dias em um estudo de coorte. (Andrei et
al., 2023) No primeiro estudo randomizado utilizando o escore VEXUS, a descongestdo guiada
pelo VEXUS em pacientes com sindrome cardiorrenal tipo 1 ndo melhorou a probabilidade de
recuperacdo da funcdo renal, mas aumentou as chances de descongestdo. (Islas-Rodriguez et
al., 2024)

Apesar de resultados conflitantes em diferentes populagdes, o escore VEXUS € uma
técnica a beira leito inovadora que permite a avaliagdo e classificagdo da congestdo venosa e
suas repercussdes hemodinamicas a nivel organico, com potencial de ser introduzida na pratica
clinica. Embora o uso do Doppler venoso possa melhorar a detec¢do clinica de congestao
venosa, pelos poucos estudos disponiveis, ndo se sabe se o tratamento direcionado
especificamente para melhorar as alteragdes do fluxo venoso resultara em melhores desfechos
para 0 paciente, e novos estudos sdo necessarios para investigar essa possibilidade. Estudos
direcionados a uma populacdo de pacientes com nefropatia congestiva e sindrome cardiorrenal
provavelmente mostrariam os melhores resultados, pois a descongestao eficaz pode resultar em

melhora da fung&o renal. (Argaiz, 2021)

2.3 NEFROPATIA CONGESTIVA

Nefropatia congestiva foi recentemente definida como um subtipo de LRA associada
ao aumento progressivo da presséo intersticial renal e consequente diminuicao do fluxo venoso
renal, com potencial reversibilidade através da descongestdo eficaz. (Husain-Syed et al., 2021)
LRA é uma sindrome que abrange varias etiologias e processos fisiopatoldgicos que resultam
numa diminuicdo abrupta da funcéo renal. (KDIGO, 2012; Hoste et al., 2018) Os primeiros
relatos na literatura médica de LRA foram em 1917, descrita como “war nephritis”, ou “nefrite
de guerra”, em traducéo livre, ja que foram observados casos de nefrite aguda com edema,
albumindria e dispneia em soldados jovens na Franca durante a Primeira Guerra Mundial.
(Dunn; McNee, 1917) Desde entdo, os critérios diagnosticos variaram ao longo do tempo, com
mais de trinta e cinco defini¢des até o primeiro consenso ser publicado em 2004 pelo grupo
Acute Dialysis Quality Initiative (ADQI), sendo atualizado em 2007 pelo grupo Acute Kidney
Injury Network (AKIN). (Bellomo et al., 2004; Matuszkiewicz-Rowinska; Matyszko, 2020;
Mehta et al., 2007) Em 2012, o grupo da KDIGO revisou e unificou os critérios, definindo LRA

como um aumento de 0,3 mg/dl da creatinina basal em 48 horas ou > 50% em até sete dias ou
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reducdo do debito urinario menor que 0,5 mL/kg/h por 6 a 12 horas, classificando em trés
estagios, conforme o0 Quadro 2. (KDIGO, 2012)

Quadro 2 — Classificacdo KDIGO para Lesdo Renal Aguda

Critérios

Estagios . o - s
Creatinina sérica Débito urinario

Aumento em >0,3 mg/dL em 48 horas ou 1,5-1,9 x da creatinina

1 basal em 7 dias <0,5 ml/kg/h por 6 a 12 horas
2 Aumento de 2,0-2,9 x da creatinina basal <0,5 ml/kg/h por >12 horas
3 Aumento de >3,0 x da creatinina basal ou creatinina > 4,0 mg/dL <0,3 ml/kg/h por >24 horas

ou necessidade de terapia renal substitutiva ou antiria por >12 horas
Fonte: KDIGO, 2012.

A incidéncia de LRA em pacientes criticos varia de 10,4% a 78,7% utilizando a
classificacio KDIGO (APENDICE A). (Bayrakgi et al., 2022; Han et al., 2014) Muitos dos
estudos epidemioldgicos utilizam apenas o critério de creatinina sérica pela relativa
complexidade do monitoramento do débito urinario. Quando se acrescenta o critério de debito
urinério, a incidéncia de LRA aumenta substancialmente. (Kellum et al., 2015; Koeze et al.,
2017; Macedo et al., 2011; Melo et al., 2020; Wlodzimirow et al., 2012; Wu et al., 2023) Ainda,
ha de se atentar que, mesmo se utilizando a classificacdo KDIGO, a incidéncia de LRA pode
variar de 28% a 75% dependendo da abordagem de estimativa da creatinina basal quando
ausente e diferentes métodos de lidar com o débito urinario. (Wiersema et al., 2020b) A
necessidade de TRS em doentes criticos varia de 5,1% a 38,7% (Ralib; Nor, 2017
Sengthavisouk et al., 2020) e a mortalidade de 12,4% a 77,4%. (Bayrakg¢i et al., 2022;
Thongprayoon et al., 2016)

Em relacdo a etiologia de LRA no hospital, quando ela é adquirida na comunidade
(diagnosticada em até 48 horas da admissao hospitalar), a maioria dos pacientes apresenta causa
pré-renal, sendo mais comum hipovolemia, enquanto pacientes que adquirem LRA no hospital
apresentam mais causa intrarrenal, como necrose tubular aguda e uso de medicamentos
nefrotoxicos. (Kaufman et al., 1991; Kaul et al., 2012; Khan et al., 2022; Schissler et al., 2013;
Sengthavisouk et al., 2020; Shemiesa et al., 2022; Stucker et al., 2017) No paciente critico,
causas comuns de LRA sdo geralmente multifatoriais, incluindo sepse, cirurgia cardiaca,
faléncia hepéatica aguda, sindrome hepatorrenal, malignidade e congestdo venosa renal
(sindrome cardiorrenal e hipertensdo abdominal). (Griffin; Liu; Teixeira, 2020)

Congestao venosa renal € uma causa de LRA negligenciada, ja que nenhum estudo

epidemioldgico em pacientes criticos a relatam como etiologia provavel (APENDICE B).(Abd
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ElHafeez et al., 2017; Bouchard et al., 2015; Hoste et al., 2015; Jiang et al., 2019; Medve et
al., 2011; Nisula et al., 2013; Piccinni et al., 2011; Sengthavisouk et al., 2020) Apesar do termo
nefropatia congestiva ser definido recentemente, o0 seu conceito ndo é novo. Desde 1931
modelos animais demonstram uma associacao entre aumento da pressao venosa renal e reducédo
do fluxo sanguineo renal. (Winton, 1931) No experimento representado pela Figura 14, pode
se observar que 0 aumento da pressdo venosa reduziu mais o fluxo renal do que a reducgéo da
pressdo arterial, e que perfusdo renal retornou ao basal apds suspenséo do aumento de presséo

venosa.

Figura 14 — Experimento animal simulando congesté@o venosa, demonstrando que fluxo sanguineo renal
reduz mais com o aumento da pressdo venosa do que com uma diminuicdo equivalente na pressdo arterial.
Ainda, ocorre proteindria reversivel associada a obstrugdo venosa e a concentracgdo de cloreto secretada é

a mesma sob as duas diferentes condi¢des de presséo.
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A elevacdo da PVC é transmitida diretamente as veias renais, 0 que causa elevacdo da
pressdo capilar peritubular a nivel glomerular, aumentando a pressdo hidrostatica intersticial
renal. (Husain-Syed et al., 2021) Como o rim é um 6rgéo encapsulado, pequenos aumentos de
pressdo nas veias renais vao elevar grandemente a pressao intrarrenal. Um experimento em que
solucdo salina era injetada na pelve renal e a pressdo intrarrenal monitorizada através da
insercdo de um cateter no parénquima renal, demonstrou que um aumento progressivo do
volume injetado aumentou de forma exponencial a presséo intrarrenal. (Cruces, 2014) A Figura

15 demonstra a curva pressdo-volume do experimento.

Figura 15 - Curva pressao-volume no compartimento renal, demonstrando aumento exponencial da

presséo intrarrenal a medida que solugdo salina era injetada com incrementos sucessivos na pelve renal
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Fonte: Cruces, 2014.

Inicialmente, 0 aumento da pressdo hidrostatica glomerular resulta em um aumento da
pressdo arteriolar eferente, que por sua vez gera um aumento transitorio da TFG, comparavel a
hiperfiltracdo do glomérulo. Este mecanismo autorregulatorio coincide com o aumento da
pressdo venosa até 6,25 mmHg em um estudo experimental e até 6 mmHg em um estudo em
pacientes com doenca cardiovascular submetidos a cateterismo direito. (Damman et al., 2009;
Firth; Raine; Ledingham, 1988) Conforme a PVC aumenta a partir desse valor, a pressao
arteriolar eferente aumenta e, por consequéncia, a perfusdo arteriolar aferente diminui,
momento em que a TFG cai acentuadamente, assim como a funcdo tubular. Em estagio
avancado, ocorre a reducdo do fluxo arterial, analogo a sindrome compartimental. (Colbert;
Szerlip, 2019; Cruces et al., 2014; Ding; Cheng; Qian, 2017; Husain-Syed et al., 2021) Estudos

experimentais e um estudo em humanos demonstraram que a reducdo da TFG e da perfusédo
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renal induzida por congestdo se resolve completamente quando a pressdo venosa € restaurada
aos niveis basais. (Blake; Wegria, 1949; Bradley; Bradley, 1947; Doty et al., 1999; Firth; Raine;
Ledingham, 1988; Winton, 1931) A Figura 16 resume a fisiopatologia da nefropatia
congestiva. (Husain-Syed et al., 2021)

Figura 16 - Fisiopatologia da nefropatia congestiva
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Fonte: Husain-Syed et al., 2021.

Além da reducdo do gradiente arteriovenoso renal, fatores hormonais e inflamatorios
também parecem estar envolvidos na diminuicdo da TFG. (Huang et al., 2018; Husain-Syed et
al., 2021) Com o aumento da pressao intersticial renal, ocorre compressdo de vasos e tubulos,
reduzindo assim a secrecdo e reabsorcdo tubular, resultando na ativagdo do sistema renina-
angiotensina-aldosterona, que leva a retencdo de sddio, edema intersticial, disfuncéo endotelial,
aumento da producgdo de citocinas inflamatdrias e espécies reativas de oxigénio. (Husain-Syed
et al., 2021) A hipervolemia também induz aumento do estresse da parede dos atrios e
ventriculos, liberando peptideo atrial natriurético, que causa danos ao glicocalix endotelial,
aumentando a permeabilidade vascular, o que pode causar um aumento ainda maior do edema
tecidual, criando um ciclo vicioso. (Colbert; Szerlip, 2019; Ding; Cheng; Qian, 2017) As
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alteracOes histologicas encontradas em modelos experimentais foram congestdo hemorrégica
nos capilares peritubulares do cortex e medula e descolamento de células endoteliais,
potencialmente resultando em desregulacdo do cortex e da circulacdo medular, levando a
hipdxia e lesdo tubular. (Chang et al., 2013; Owji; Nikeghbal; Moosavi, 2018; Shimada et al.,
2018)

O diagnostico de nefropatia congestiva é desafiador pois ndo h4 um padréo-ouro para
avaliar a congestdo venosa renal. Durante a avaliacdo de LRA, é importante investigar
sobrecarga de volume e disfuncgéo cardiaca, além de atentar se ha reversibilidade da LRA apds
a descongestdo, que pode servir retrospectivamente como critério diagnostico. (Husain-Syed et
al., 2021)

Em relacdo ao tratamento, existem evidéncias de que a nefropatia congestiva é uma
condicdo reversivel atravées da reducdo da congestdo venosa — seja através de diureticoterapia
ou ultrafiltracdo. (Husain-Syed et al., 2021) No entanto, em pacientes com doenca renal cronica,
hipoperfusdo renal ou congestdo venosa prolongada, o dano tubulointersticial pode ser

irreversivel, ndo sendo efetiva a descongestdo nestes casos. (Husain-Syed et al., 2021)

2.4 MANEJO DE FLUIDOS EM PACIENTES COM LESAO RENAL AGUDA

Poucos estudos avaliaram como a descongestdo de pacientes com LRA impacta nos
desfechos. Recentemente, Bhardwaj et al. conduziu uma coorte prospectiva na UTI, avaliando
0 uso do escore VEXUS em pacientes com diagnostico operacional de sindrome cardiorrenal,
realizando avaliacdo ecogréfica até a resolucdo da LRA ou necessidade de TRS. (Bhardwaj et
al., 2020) O estudo incluiu trinta pacientes, dos quais 66,7% apresentaram congestdo grave
(VExXUS grau 3) durante a avaliacdo. A reducdo do escore VEXUS foi significativamente
associada a resolucdo do LRA, assim como ao balan¢o hidrico negativo. Os sinais periféricos
de sobrecarga de volume (edema pulmonar, derrame pleural, edema de pedal e ascite) e PVC
ndo se associaram a modificagcdo do VExUS, demonstrando as limitages do exame fisico e na
PVC para avaliar o estado volémico do paciente. Assim, este estudo gerador de hipotese parece
indicar que o escore VEXUS pode ser uma maneira confidvel de avaliar a congestao venosa e
ajudar a guiar a decis@o de remover fluido, além de inferir que a descongestdo de pacientes com
LRA e congestéo venosa pode melhorar desfechos.

Antes desse estudo, revisdes sistematicas e metanalises investigando os potenciais
beneficios da furosemida para prevenir ou tratar LRA ndo encontraram melhora na mortalidade
nem reducdo da necessidade de TRS (Bove et al., 2018; Ho; Power, 2010; Ho; Sheridan, 2006;
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Krzych; Czempik, 2019) Além das limitac6es metodoldgicas dos estudos incluidos e de doses
variaveis e elevadas de furosemida (600 a 3400 mg/dia), os pacientes ndo eram selecionados
nem apresentavam indicacdo de uso de diuréticos, como sinais de sobrecarga hidrica. O uso de
diurético de alca nesses estudos era baseado nos potenciais efeitos de renoprotecdo na LRA, e
ndo pelo efeito diurético com o objetivo de descongestdo em si. Em teoria, os diuréticos de al¢a
reduziriam o consumo de oxigénio na al¢a de Henle, reduzindo a lesdo isquémica, além de
acelerar a recuperacdo da LRA ao lavar os detritos necréticos (que bloqueariam os tubulos) e
ao inibir a prostaglandina desidrogenase (reduzindo a resisténcia renovascular e aumentando o
fluxo sanguineo renal). No entanto, além de existirem dados minimos para apoiar essa teoria,
ha evidéncias de algum dano associado ao uso de diuréticos de al¢a para prevenir ou tratar a
LRA, como o aumento do estresse oxidativo renal. (Silbert et al., 2017) E de se esperar que
mesmo com algum embasamento tedrico e experimental de renoprotecdo da furosemida em
pacientes com LRA, esses resultados ndo tenham sido encontrados na prética clinica, indo de
encontro ao entendimento mais recente de que a patogénese da LRA é muito mais complexa do
gue um simples modelo de hipdxia, envolvendo mecanismos inter-relacionados de isquemia,
toxinas, coagulacao, inflamacéo e interacdes neutrofilo-endoteliais. (Ho; Power, 2010) Embora
a furosemida ndo seja util diretamente na reducdo da mortalidade e do risco de TRS em
pacientes ndo selecionados com LRA, ainda tem um papel importante na descongestdo de
pacientes com ICAD e sindrome cardiorrenal. (Chahal et al., 2020) Portanto, ndo s6 ha a
necessidade de novos estudos que selecionem uma populacdo com LRA que se beneficie do
uso de diureticoterapia (como pacientes com congestdo venosa), mas também do uso de
ferramentas que identifique adequadamente pacientes com grau elevado de congestdo (como o
escore VExUS).

O escore VEXUS demonstra um grande potencial de identificar de forma mais precisa
a congestdo venosa sistémica, quando comparada com qualquer avaliacdo ultrassonografica
individual. (Beaubien-Souligny et al., 2020) Assim, o seu uso pode identificar pacientes que se
beneficiem de descongestdo. Evidéncias experimentais de lesdo congestiva renal (i.e.,
nefropatia congestiva) demonstraram potencial reversibilidade ao se reduzir a pressédo
retrégrada transmitida aos Orgdos abdominais pela congestdo sistémica. Inclusive, ha
evidéncias de que durante a descongestdo desses pacientes ocorre a melhora das alteracfes de
Doppler concomitante a melhora da funcao renal. (Argaiz, 2021; Argaiz; Rola; Gamba, 2021)

Logo, pode-se imaginar que pacientes que apresentem escore VExUS elevado (i.e.,
maior grau de congestdo) se beneficie de diureticoterapia e, com a descongestdo, apresente

potencial de maior retorno a funcéo renal basal e melhora de desfechos clinicos, como reducéo
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no uso de TRS e menor mortalidade. (Argaiz, 2021; Blake; Wegria, 1949; Doty et al., 1999;
Firth; Raine; Ledingham, 1988; Husain-Syed et al., 2021)

2.5 INSUFICIENCIA CARDIACA AGUDAMENTE DESCOMPENSADA (ICAD)

Assim como pacientes com nefropatia congestiva, pacientes portadores de ICAD
também se beneficiam de diureticoterapia, ja que € o pilar de seu tratamento. (Joseph et al.,
2009) A ICAD pode ser definida como o surgimento subito ou gradual dos sintomas e/ou sinais
de insuficiéncia cardiaca que requerem consulta ou hospitalizacdo ndo planejadas devido a
congestdo pulmonar e sistémica pelo aumento das pressoes de enchimento do coragdo esquerdo
e/ou direito. (Gheorghiade et al., 2005; Joseph et al., 2009) ICAD é um espectro clinico da
insuficiéncia cardiaca, que € definida atualmente como uma sindrome clinica com sintomas
e/ou sinais causados por uma anormalidade cardiaca estrutural e/ou funcional, corroborada por
niveis elevados de peptideo natriurético e/ou evidéncia objetiva de congestdo pulmonar ou
sistémica. (Bozkurt et al., 2021; Savarese et al., 2023)

A incidéncia de insuficiéncia cardiaca varia de cerca de 6 a 8 casos por 1000 pessoas-
ano na populacdo ap6s os 45 anos de idade e 21 casos por 1000 pessoas-ano apds 0s 65 anos de
idade. (Tsao et al., 2023) Os fatores cardiometaboélicos sdo atribuidos a cerca de 52% dos casos
de insuficiéncia cardiaca, que incluem doenca arterial coronariana, hipertensdo, diabetes,
obesidade e tabagismo. (Tsao et al., 2023) A insuficiéncia cardiaca é uma sindrome complexa
e multifatorial, com varias etiologias subjacentes possiveis, mas sintomas comuns. As
etiologias mais comuns sdo doenca cardiaca isquémica, hipertensdo, doenca valvar e cardiaca
reumatica, miocardiopatia dilatada idiopatica, miocardiopatia chagasica, miocardiopatia
induzida por quimioterapia e radioterapia e doenca cardiaca congénita. (Savarese et al., 2023)

A insuficiéncia cardiaca pode ser classificada de acordo com a fracdo de ejecdo do

ventriculo esquerdo, atualizada recentemente, conforme o Quadro 3. (Bozkurt et al., 2021)

Quadro 3 — Classificacao da insuficiéncia cardiaca conforme a fracéo de ejecdo do ventriculo esquerdo

Denominagéo Fracao de Eje¢do do Ventriculo Esquerdo
Insuficiéncia cardiaca com fracdo de ejecdo reduzida <40%
Insuficiéncia cardiaca com fracdo de ejecdo levemente reduzida 41-49%
Insuficiéncia cardiaca com fragdo de ejecdo preservada >50%
S . x A <40% com um aumento de > 10 pontos da
Insuficiéncia cardiaca com fracdo de ejecdo melhorada L -
inicial e uma segunda medicéo > 40%

Fonte: Bozkurt, 2021.
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Em relacdo aos estagios de desenvolvimento e progressdo, a insuficiéncia cardiaca
pode ser classificada em quatro estagios, conforme o Quadro 4:

Quadro 4 — Estagios de desenvolvimento e progressao de insuficiéncia cardiaca
Estagio Significado

Definigéo
. P paciente sem sintomas e/ou sinais de insuficiéncia cardiaca e sem
Risco de insuficiéncia ~ . . .
A cardiaca alteraces cardiacas estruturais ou biomarcadores elevados de doenca
cardiaca

pacientes sem sintomas e/ou sinais de insuficiéncia cardiaca, mas com
evidéncia de um dos seguintes: doenca cardiaca estrutural, funcéo
cardiaca anormal ou niveis elevados de peptideo natriurético

c Insuficiéncia cardiaca pacientes com sintomas e/ou sinais de insuficiéncia cardiaca causados
por uma anormalidade cardiaca estrutural e/ou funcional

pacientes com sintomas graves e/ou sinais de insuficiéncia cardiaca em
S . repouso, hospitaliza¢Ges recorrentes apesar da terapia guiada por
Insuficiéncia cardiaca N y ; : .
D avancada diretrizes, refratarios ou intolerantes ao tratamento guiado, necessitando
¢ de terapias avancadas como consideracdo para transplante, suporte
circulatério mecénico ou cuidados paliativos
Fonte: Bozkurt, 2021.

B Pré-insuficiéncia cardiaca

Ainda, a classificacdo funcional da New York Heart Association (NYHA) é importante
para caracterizar os sintomas e capacidade funcional de pacientes com insuficiéncia cardiaca
sintomatica (Estagio C) ou avancada (Estagio D). O sistema de classificacdo da NYHA

categoriza a insuficiéncia cardiaca em uma escala de | a IV, conforme o Quadro 5. (Bozkurt et
al., 2021)

Quadro 5 — Classes funcionais da classificacdo da New York Heart Association (NYHA)
Classe Definigéo

| sem limitacdo da atividade fisica

1 leve limitacdo da atividade fisica

Il | limitagdo marcada da atividade fisica

IV |sintomas ocorrem mesmo em repouso
Fonte: Bozkurt, 2021.

Em pacientes com ICAD, um sistema clinicamente relevante e muito utilizado
classifica os pacientes com base na presenca ou auséncia clinica de hipoperfusdo (frio vs.
quente, respectivamente) e da presenca ou auséncia de congestdo sistémica (Umido vs. seco,
respectivamente), determinando a gravidade da doenca e tendo valor prognostico (Figura 17).
No perfil A e L, ambos ndo tém evidéncia de congestdo, porém o perfil L apresenta sinais de
hipoperfusdo e o A, ndo. No perfil B e C, ao contrario, ambos apresentam sinais de congestéo,

sendo que o perfil C apresenta sinais de hipoperfusdo e o B, ndo. Pacientes com perfil clinico
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A (quente e seco) apresentaram uma taxa de mortalidade em 6 meses inferiores ao perfil C (frio

e Umido), com 11% vs 40%, respectivamente. (Joseph et al., 2009; Nohria et al., 2003)

Figura 17 - Perfis clinicos de pacientes com insuficiéncia cardiaca agudamente descompensada
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Fonte: Joseph, 2009.

As hospitalizagdes por insuficiéncia cardiaca representam 1 a 2% de todas as
admissdes hospitalares no mundo ocidental. Além disso, a insuficiéncia cardiaca é a causa mais
frequente de hospitalizacdo entre individuos com mais de 65 anos. Aproximadamente 30 a 40%
desses pacientes tém histdrico de hospitalizacdo por ICAD, e 50% sdo readmitidos dentro de
um ano apds o diagndstico inicial de insuficiéncia cardiaca. (Savarese et al., 2023)

A mortalidade permanece alta, com taxas de 15 a 30% em um ano e de até 75% em
cinco anos em populacdes especificas, sem grandes diferencas entre os pacientes com fracéo de
ejecdo do ventriculo esquerdo preservada ou reduzida. (Savarese et al., 2023) Nas Ultimas
décadas, o prognéstico da insuficiéncia cardiaca melhorou ligeiramente, com a reducdo na
mortalidade sendo atribuida principalmente a implementacdo de abordagens baseadas em
evidéncias para tratar ICFER e a implementacdo de tratamento com bloqueadores neuro-
hormonais, revascularizacdo coronariana, desfibriladores cardioversores implantaveis e
terapias de ressincronizagdo cardiaca. A terapia guiada por diretrizes para ICFER (terapia
quadrupla com antagonistas da neprilisina e receptores da angiotensina, beta blogueadores,
antagonistas dos receptores de mineralocorticoides e inibidores do cotransportador de sodio-
glicose-2) reduz o risco de morte cardiovascular ou hospitalizacdo por ICAD em até 62%. (Tsao
etal., 2023)
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2.6 CONGESTAO RESIDUAL E READMISSAO DE PACIENTES COM ICAD

A principal razdo para reinternacédo por ICAD é o aumento da pressdo de enchimento
do ventriculo esquerdo (congestdo cardiopulmonar), que leva a uma maior ativagdo neuro-
hormonal, isquemia subendocérdica e regurgitacdo mitral e/ou tricispide progressiva devido a
alteracdo da geometria ventricular. Além disso, as altas pressdes atriais direitas levam a edema
miocardico acompanhado por uma funcéo diastélica e contratilidade diminuidas. (Gheorghiade
et al., 2005)

Os pacientes com ICAD geralmente apresentam sobrecarga de volume, sendo a
remocdo de fluidos um dos principais manejos para aliviar os sintomas da insuficiéncia
cardiaca. Nesses pacientes, a diureticoterapia com diurético de alca deve ser prontamente
iniciada, pois a intervencdo precoce se associa a melhores desfechos. Ao reduzir o volume
intravascular, a diurese diminui a PVC e a POAP, o que reduz o edema pulmonar e muitas vezes
resulta em aumento do volume de ejec¢do e débito cardiaco. Outros beneficios incluem reducgdes
na regurgitacdo tricuspide e mitral, consequentes de diminui¢des nos volumes de enchimento
dos ventriculos direito e esquerdo. (Joseph et al., 2009) Para pacientes que tém insuficiéncia
cardiaca mais avancada ou que respondem pouco a terapia inicial de descongestdo com
diuréticos de al¢a, algumas estratégias podem ser adotadas, como aumento da dose e associagdo
de diuréticos de outras classes, como tiazidicos, além de ultrafiltracdo para remocao de fluidos.
Ainda, pode-se lancar mdo de vasodilatadores que reduzem a pressdo de enchimento do
ventriculo esquerdo, melhorando o volume de ejecdo e o débito cardiaco, sem aumentar
arritmias. Os inotropicos devem ser reservados para pacientes com insuficiéncia cardiaca
avancada (disfuncéo sistdlica grave do ventriculo esquerdo com dilatacdo ventricular com
sintomas clinicos devido ao baixo débito cardiaco) ou pela falta de resposta a terapia diurética
ou vasodilatadora. (Joseph et al., 2009)

Mesmo que o0 manejo de descongestdo seja o pilar do tratamento desses pacientes,
cerca de 30% dos pacientes apresentam sinais de congestdo na alta hospital (Ambrosy et al.,
2013; Coiro et al., 2015; Rattarasarn; Yingchoncharoen; Assavapokee, 2022) A persisténcia de
sinais de congestdo ap6s tratamento inicial aparentemente eficaz foi denominada "congestao

residual™ e esta associada a um mau prognostico. (Pérez Calvo et al., 2019)
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2.7 MANEJO DE FLUIDOS EM PACIENTES COM CONGESTAO RESIDUAL

Pacientes com congestdo residual apresentam maior risco de reinternacdo e
mortalidade e alguns estudos utilizaram diferentes abordagens para sua identificacdo, ja que
ndo existe um padrdo-ouro para seu diagnostico. Goonewardena et al. avaliou a combinacdo da
medida da VCI com dosagem de BNP (do inglés Brain Natriuretic Peptide — BNP) na alta para
identificar pacientes com maior risco de readmissao por ICAD. Nesse estudo, pacientes que no
dia da alta apresentavam elevacdo da transformacédo logaritmica do BNP, além de diametro
maximo e minimo da VCI elevados e indice de colapsibilidade da VVCI atenuado apresentaram
maior probabilidade de readmissdo. (Goonewardena et al., 2008) Neste estudo, 0s pacientes
readmitidos apresentaram uma média de 7,2 litros de balanco hidrico negativo e melhora
marcada nos sintomas durante a internacao.

O estudo EVEREST utilizou um escore clinico para identificar pacientes com
congestdo residual no momento da alta. O escore EVEREST avalia a presenca de dispneia,
ortopneia, fadiga, crepitantes na ausculta pulmonar, edema e distensdo venosa jugular, sendo
que cada item pode pontuar de 0 a 3, podendo totalizar 18 pontos (Quadro 6). No estudo, 15,3%
apresentavam escore > 3, sendo que pacientes com pontuacao elevada (3-9), quando comparado
com pacientes sem alteracfes no escore (0), apresentaram elevada taxa de mortalidade (42,8%
vs 9,1%, respectivamente) e readmissdo (34,7% vs 26,2%, respectivamente). Porém, mesmo
ndo apresentando alteracdo no escore, a taxa de reinternacao era alta, de 26,2%. (Ambrosy et
al., 2013)

Quadro 6 — Sistema de pontuacéo do escore EVEREST
Sintomas/Sinais 0 1 2 3

Dispneia nenhuma | rara frequente  |continua
Ortopneia nenhuma | rara frequente continua

Fadiga nenhuma | rara frequente  |continua

Distensédo de veia jugular (cmH20) <6 6-9 10-15 >15
Crepitantes pulmonares nenhuma |bases |bases até < 50%| > 50%
Edema ausente | leve moderada  [marcada

Fonte: Ambrosy, 2013.

Coiro et al. avaliaram congestdo pulmonar residual na alta hospitalar através de
ultrassonografia pulmonar como potencial preditor de desfechos. A presenca de > 30 linhas B

na avaliacéo foi fortemente preditor do desfecho combinado de morte por todas as causas ou



49

re-hospitalizagdo por ICAD com HR de 5,66 (IC 95% 1,74-18,39), juntamente com NYHA >
11 com HR de 6,6 (IC 95% 2,0-21,6). Nesse estudo, 30% dos pacientes ainda apresentavam >
30 linhas B na alta hospitalar, apesar da melhora clinica significativa (apenas 15% persistiam
na classe funcional da NYHA > III). (Coiro et al., 2015) Rattarasarn et al. também avaliaram o
valor prognostico da ultrassonografia pulmonar, sendo que 32,5% apresentavam > 12 linhas B
na alta hospitalar, apresentando maior risco de readmissao em 6 meses por ICAD, com HR de
11,74 (1,30-106,16) na analise multivariada. (Rattarasarn; Yingchoncharoen; Assavapokee,
2022)

No estudo retrospectivo de Kobayashi et al., congestdo pulmonar residual no dia da
alta foi avaliada por um escore radiografico de térax (pontuacdo de congestdo variando de 0 a
18), além de outras variaveis como BNP, classe funcional NYHA e sinais vitais. Nesse estudo,
72% apresentavam escore > 0,33 na alta, sendo que apenas o escore radiografico e 0 BNP na
alta hospitalar se associaram ao desfecho composto de re-hospitalizacdo por ICAD ou morte
por qualquer causa. (Kobayashi et al., 2019)

Bouabdallaoui et al. avaliaram congestao residual na alta hospitalar em pacientes com
ICAD utilizando do Doppler de veia porta. Neste estudo, 24,2% dos pacientes apresentavam
indice de pulsatilidade > 0,5 na alta hospitalar, se associando a maior mortalidade por todas as
causas nesses pacientes. (Bouabdallaoui et al., 2020)

Apenas um estudo avaliou congestéo residual utilizando o escore VExXUS em pacientes
com insuficiéncia cardiaca e NT-proBNP acima de 500 pg/mL. (Torres-Arrese et al., 2023)
Neste estudo, apenas 16,3% dos pacientes apresentavam VEXUS graus 2 e 3 na alta, sendo que
estes pacientes ndo apresentaram maior reinternacdo em 90 dias. Apenas o doppler intrarrenal
na alta se associou ao desfecho. Este estudo possui varias limitacBes, como ser de carater
exploratério, incluir poucos pacientes, ndo realizar calculo amostral e, possivelmente, ndo
apresentar poder necessario para o desfecho estudado.

Tendo em vista o potencial do escore VExXUS de identificar de forma mais precisa a
congestdo venosa sistémica, seu uso pode ser uma ferramenta util para a avaliacdo da congestédo
residual em pacientes com insuficiéncia cardiaca. (Beaubien-Souligny et al., 2020) Embora a
congestao clinica possa se resolver rapidamente com o tratamento, a congestao subclinica pode
persistir por mais tempo apesar da diurese agressiva. (Coiro et al., 2015) J& que pacientes que
séo liberados com congestéo residual ttm maior probabilidade de precipitar sintomas de ICAD
que exijam readmissdo, mais estudos que avaliem o valor prognoéstico da identificacdo de
congestdo residual com ferramentas adequadas se fazem necessario. (Goonewardena et al.,
2008)
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ABSTRACT

Objectives: Venous congestion is a potential cause of acute kidney injury (AKI) and venous
excess ultrasound (VEXUS) score is a potentially useful tool in this scenario. The aim of this
study is to verify whether the VEXUS score can serve as a guide to decongestion in patients
with severe AKI and whether the modification of the score can be associated with an increase
in the number of renal replacement therapy (RRT)-free days in 28 days.

Methods: This quasi-experimental study was conducted in patients admitted to the intensive
care unit who developed severe AKI. The intervention was to suggest to the attending physician
the use of diuretic in patients with VExUS > 1. After 48 hours, a new VEXUS assessment was
performed. Primary outcome was RRT-free days at Day 28.

Results: Ninety patients were included. Patients with a VEXUS score > 1 (n=36) at enroliment
had a greater use of diuretics in the following 48 hours (75.0%, n=27) than patients with a
VExUS <1 (n=54) at enrollment (38.9%, n=21), p = 0.001. Patients who reduced the VEXUS
score had a significantly greater number of RRT-free days at Day 28 (28.0; 8.0-28.0) when
compared to those who did not reduce (15.0; 3.0-27.5), p = 0.012.

Conclusions: We found a higher diuretic use in patients with a higher VExUS score, and
patients who reduced the VExUS in 48 hours had significantly more RRT-free days in 28 days.

KEY WORDS: acute kidney injury, venous excess ultrasound, VEXUS score, diuretics, dialysis
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INTRODUCTION

Acute kidney injury (AKI) is one of the most common complications of critical illness.
1 The incidence of AKI ranges from 30 to 60% in critically ill patients, of which 10 to 20%
require renal replacement therapy (RRT), with an associated mortality close to 50% in severe
cases. 2-5 AKI is increasingly recognized as a heterogeneous syndrome not only with regard
to exposure and pathophysiology but also regarding clinical presentation. 6 The identification
of these clinical phenotypes with different pathophysiologies is essential to individualize
treatment. 7 Recently, venous congestion has gained more prominence as a potential cause of
AKI in the intensive care unit (ICU). 8 However, this concept is not new. Since 1931, animal
models have demonstrated an association between increased renal venous pressure and reduced
renal blood flow. 9 The elevation of central venous pressure (CVP) is directly transmitted to
the renal veins, therefore increasing the renal interstitial hydrostatic pressure as the kidney is
an encapsulated organ. 8 At first, a compensatory increase in renal lymphatic flow occurs, but
the continued elevation of CVP progressively reduces venous and lymphatic outflow, resulting
in a late-stage reduction of arterial inflow and the glomerular filtration rate (GFR), analogous
to compartment syndrome. 8-12 Experimental and human studies have already shown that
these changes are reversible when venous pressure returns to baseline. 13-16 Congestive
nephropathy is a recent term for this potentially reversible subtype of renal dysfunction
associated with declining renal venous outflow and progressively increasing renal interstitial
pressure. 8

The assessment of renal venous congestion is a challenge to establish the diagnosis of
congestive nephropathy because a gold standard is lacking. 8,17 Abnormal Doppler flow
patterns secondary to increased right atrial pressure in abdominal organs have been associated
with congestive organ damage, highlighting the importance of assessing splanchnic venous
congestion. 18-21 More recently, a study verified an association between AKI and the venous
excess ultrasound (VExUS) score, which incorporates the assessment of the diameter of the
inferior vena cava (IVC), in addition to venous Doppler of the hepatic, portal and intrarenal
veins, suggesting that this tool could potentially be useful in clinical practice. 22

The next step after identifying this clinical phenotype is to offer an individualized
intervention. Therapies directed at relieving venous congestion in patients with acute
decompensated heart failure may improve congestive organ damage by reversing organ venous
flow alterations. 20,23,24 Bhardwaj et al. demonstrated that a reduction in the VExXUS score

significantly correlated with negative fluid balance and AKI resolution. 24 However, the ability
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of the ultrasound-guided fluid management of venous congestion in critically ill patients with
AKI to improve outcomes has not yet been evaluated. The aim of this study was to verify
whether the VEXUS score can serve as a guide to decongestion in patients with severe AKI in
the ICU and whether the modification of the score can be associated with an increase in the

number of RRT-free days in 28 days.
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METHODS

Study Population

This quasi-experimental study was conducted in patients aged 18 or older from a
consecutive sample of patients admitted to the ICU of Hospital de Clinicas de Porto Alegre
(HCPA) in Brazil. HCPA is an academic tertiary hospital with approximately 30,000
hospitalizations per year. Patients were screened daily for eligibility during a one-year period
from January 2021 to January 2022. Patients were considered eligible if their admission to the
ICU was nonelective AND if they developed severe AKI defined either by a > 2-fold increase
in serum creatinine within the prior 7 days or urine output < 0.5 ml/kg/h for > 12 hours as
defined by the Kidney Disease Improving Global Outcomes (KDIGO) Clinical Practice
Guideline for AKI. 25 Patients with a life-threatening indication of RRT (defined as intractable
hyperkalemia, acidosis, uremic symptoms) at enrollment, RRT before recruitment, known
prehospitalization advanced chronic kidney disease (defined by an estimated GFR < 30
mL/min/1.73 m2 or chronic RRT), a lack of commitment to provide RRT as part of the
limitation of ongoing life support, use of extracorporeal membrane oxygenation (ECMO),
diagnosis of hepatic cirrhosis or other condition with portal hypertension or postrenal causes of
AKI were excluded.

The study was approved by the institutional Review Board of HCPA (CAAE
54076121.1.1001.5327). Written informed consent was obtained from each patient or their legal

representative prior to inclusion.

Study Protocol

After consent was obtained, patients underwent VEXUS score evaluation up to 6 hours
after enrollment. The intervention was to suggest to the attending physician the use of diuretic
in patients with VEXUS score > 1 at enrolment. There was no specific protocol for the type or
dosage of diuretics to be used. After 48 hours, a new VEXUS score assessment was performed

and registered.

Ultrasound Assessment

All exams were performed by MFR or MMB, both with point of care ultrasound
(POCUS) training. The investigators performing the ultrasound examination were instructed
not to collect any patient information, including the commonly fluid overload variables used in

the ICU that are specified later, to minimize the risk of bias. However, as the IVC can be
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interpreted as a surrogate of the CVP, this assessment could not be blinded. As soon as the
images were collected, another investigator not involved in their interpretation would assess
those variables. During the second VEXUS score assessment, the use of RRT could not be
blinded if the catheter was visible or dialysis was in use.

Ultrasound assessment was performed bedside using a curvilinear abdominal probe.
Patients were positioned in a dorsal decubitus position during the examination with the head of
the bed at 0° to 30°.21,24 All Doppler findings were obtained during the end-expiratory phase
of the patient’s respiratory cycle, and all images were recorded. Expiratory pauses were
performed when necessary to allow the better identification of each phase of venous pulsatility.

Initially, the diameter of the IVC was measured in its intrahepatic portion at 2 cm from
the junction with the hepatic veins using a longitudinal view from a subxiphoid position.22
When the subxiphoid window was not appropriate, the probe was moved laterally to the right
side of the body over the liver until an adequate view was achieved.22 The maximal diameter
during the respiratory cycle was measured.22 If the IVC was nonplethoric (< 2 cm), the patient
was classified as VExUS 0. If it was plethoric (diameter > 2 c¢cm), hepatic vein (HV) Doppler
and portal vein (PV) Doppler were then evaluated.

HV Doppler and PV Doppler were preferentially assessed with the probe in the mid- to
posterior axillary position,26 but the subxiphoid position could be used.

HV was interrogated by pulsed wave Doppler, with the identification of A, S and D
waves, and interpreted as follows:22
-Normal: S>D
- Mild abnormality: S <D
- Severe abnormality: S is reversed

PV was interrogated by pulsed wave Doppler, and the peak (Vmax) and Nadir velocities
(Vmin) during the cardiac cycle were recorded. The PV pulsatility fraction was subsequently
calculated with the formula (Vmax — Vmin)/Vmax and interpreted as follows:22
- Normal: pulsatility fraction < 0,3
- Mild abnormality: pulsatility fraction 0,3 to < 0,5
- Severe abnormality: pulsatility fraction > 0.5

The VEXUS A grading system score interpretation was used,22 as by Bhardwaj et al.:24
-VEXUS 0: IVC <2cm
- VExXUS 1: IVC > 2 cm and Doppler normal patterns
- VExXUS 2: IVC > 2 c¢m and at least one Doppler mild abnormality
- VExXUS 3: IVC > 2 cm and at least one Doppler severe abnormality
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Doppler Waveform Interpretation
MFR and MMB independently assessed the recorded images blinded to any clinical data

or outcomes. Any disagreements were adjudicated by a discussion between MFR and MMB.

Data and Outcome Collection

Demographic and baseline clinical data were collected, including age, sex, Simplified
Acute Physiology Score (SAPS) 3, COVID-19 diagnosis at enrollment (defined as positive
SARS-CoV-2 by RT-PCR), sepsis diagnosis at enrollment (defined according to Sepsis-3)27,
need for invasive mechanical ventilation and vasopressors at enroliment and diuretic use from
enrollment to 48 hours. We collected the following variables commonly used to assess fluid
overload in the ICU: pedal edema, weight variation from ICU admission to enroliment, CVP at
enrollment, fluid balance 24 hours before enrollment, cumulative fluid balance from ICU
admission to enrollment and fluid overload percentage > 10%.17,28 Pedal edema, CVP, weight
and cumulative fluid balance were evaluated after the VExXUS images were recorded. Fluid
overload percentage was calculated using the following formula [(total fluid input from ICU
admission to enrollment —total fluid output from ICU admission to enrollment)/admission body
weight x 100].

The primary outcome was RRT-free days during the first 28 days, defined as the number
of days alive and free from RRT. Patients discharged from the hospital before 28 days were
considered alive and free from RRT at Day 28. Nonsurvivors at Day 28 were considered to
have no RRT-free days.

Secondary outcomes were 28-day RRT use, KDIGO AKI staging improvement (i.e.,
reducing the KDIGO category), fluid balance from enrollment to 48 hours, ICU mortality, in-
hospital mortality, length of ICU and hospital stay.

Data were collected using data extraction methods from manual and electronic health
records. Outcomes were collected after the Doppler waveform interpretation and classification
of the VEXUS score of all patients.

Sample Size

As there were no previous studies that provided information on VExUS modification in
patients with KDIGO > 2 in the ICU for the outcome of RRT-free days, we performed an
interim analysis of the first 20 enrolled patients which identified that patients who did not
reduce the VEXUS score had 16.5 £ 11.0 RRT-free days in 28 days and patients who reduced
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the VEXUS score had 22.0 + 6.0 RRT-free days in 28 days. Considering a study power of 80%
and an alpha error of 5%, the sample size based on this mean difference should be 84 patients.

Statistical Analysis

Continuous variables are expressed as the mean + standard deviation or the median and
interquartile range. Categorical variables are presented as frequencies and proportions.
Differences between groups at baseline were analyzed using the t test or Wilcoxon-Mann—
Whitney U test according to normality criteria. Fisher’s exact test was applied to categorical
variables. A multivariate model was constructed to identify variables independently associated
with the primary outcome. For multivariate analysis, VEXUS change in 48 hours was
maintained as a variable of interest. Other variables defined a priori were variables plausibly
associated with the primary outcome (sepsis, COVID-19, KDIGO AKI Staging at enrollment
and SAPS 3). A Cox proportional hazards model was used to calculate hazard ratios (HRs) for
cumulative use of RRT since enrollment. For this analysis, data from all patients were censored
at the time of death or at Day 28. We also performed these analyses among the a priori defined
strata of patients with VExXUS > 1. All analyses were performed using IBM SPSS Statistics,
version 20.0 (IBM Corp., Armonk, NY, USA). Statistical significance was set at 0.05.
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RESULTS

Of the 155 eligible patients, 90 were analyzed. The reasons for the exclusion of the 65
patients are shown in Figure 1.

The baseline characteristics of the patients are described in Table 1. The baseline
characteristics did not differ between these groups, with the exception of the need for invasive
mechanical ventilation, sepsis and the diagnosis of COVID-19 at enroliment.

Regarding the use of the VEXUS score as a guide for decongestion, patients with a
higher score of VEXUS at enroliment received more loop diuretics in the following 48 hours [n
= 27 (75.0%) in patients with VExUS 2-3; n = 10 (58.8%) in patients with VExUS 1; n = 11
(29.7%) in patients with VEXUS 0; p < 0,001]. The furosemide dose used in this period also
showed a significant difference, with 100.0 (5.0-200.0) mg in the VEXUS score > 1 group and
0.0 (0.0-85.0) mg in the VExXUS score < 1 group (p = 0.002). No difference was found among
VEXUS scores < 1 and > 1 at enrollment regarding the commonly used fluid overload variables
in the ICU.

The outcomes are described in Table 2. Patients who reduced the VEXUS score had a
significantly greater number of RRT-free days at Day 28 (28.0; 8.0-28.0) when compared to
those who did not reduce (15.0; 3.0-27.5), p = 0.012, including the a priori analysis of the
subgroup of patients with VExUS > 1.

A Sankey diagram (Figure 2) shows the flow of patients that variated the VEXUS score
with the intervention from enrollment to 48 hours and the proportion that used or not RRT
regarding overall patients (A) and a scenario without patients with VExUS score of 0 at
enrollment (B). Because patients with a VExXUS score of 0 at enroliment could not reduce their
score, we performed a post hoc analysis of the primary outcome without this group. In this
analysis, the group that did not reduce the VEXUS score still had fewer RRT-free days (13.5;
3.0-22.8) than the group that reduced the VEXUS score (28.0; 8.0-28.0) (p = 0.007).

In the multivariate linear regression analysis, only SAPS 3 (B coefficient 0.136,
Standardized B -0.235, p 0.030) and a reduction of the VEXUS score (B coefficient 4.792,
Standardized f 0.214, p 0.044) were associated with the primary outcome. In the Cox
regression, a reduction of the VExUS score was independently associated with the cumulative
use of RRT from enrollment up to Day 28 (adjusted HR 0.461; 0.224-0.948; p = 0.035) (Figure
3).
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DISCUSSION

In this quasi-experimental study involving critically ill patients with severe AKI, we
found a higher diuretic use in patients with a higher VExXUS score. Furthermore, patients who
reduced the score in 48 hours had more RRT-free days at Day 28 than patients who did not
reduce the VEXUS score.

Although venous congestion is emerging as a potential cause of AKI in critically ill
patients, AKI management remains based on inflow pressure correction rather than outflow
pressure evacuation. 8,17,24 More recently, using the VEXUS score, Bhardwaj et al. found that
the reduction in venous congestion (i.e., reduction in the VEXUS score) was associated with an
improvement in renal function in an observational study.24 In our study, in addition to
reinforcing this association, the VEXUS score possibly guided a greater use of diuretics for
patients with venous congestion. Furthermore, the variables commonly used to identify patients
with venous congestion, such as CVP, fluid balance, peripheral edema and weight gain, were
not different between the groups with VExUS < 1 and > 1, a similar finding evidenced by
Bhardwaj et al.24 These results reinforce the importance of evaluating the venous side of the
circulation with a more accurate tool. The lack of accuracy of these variables used in the ICU
may justify the controversial findings of fluid restriction studies in critically ill patients,29-31
in which the intervention was used without the precise identification of phenotypes that may
benefit more from volume restriction or even decongestion. Moreover, the prevalence of AKI
due to venous congestion in critically ill patients is unknown, as no epidemiological study has
ever reported this etiology. 2,3,5,32 In our sample of patients with severe AKI in a general ICU,
40% had a VEXUS score > 1 at enrollment.

Interestingly, we observed a higher prevalence of sepsis in the VExUS <1 at enrollment
group, which might indicate that sepsis may be the main cause of AKI in this group rather than
congestive nephropathy. On the other hand, we found more patients on invasive mechanical
ventilation in the group of patients with VExUS > 1 at enrollment. One possible explanation is
that they may have both systemic and pulmonary congestion, which requires respiratory
support. Additionally, mechanical ventilation using positive pressure might increase retrograde
pressure transmission and raise the VEXUS score.

Our study was conducted in critically ill patients from a general ICU, unlike the original
VEXUS study, in which noncritical cardiac surgery postoperative patients were included.22,26
In addition, previous studies included patients with a higher pretest probability of benefitting

from diuretic therapy, such as patients with acute decompensated heart failure and cardiorenal
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syndrome; in our sample, only 10% of patients had these characteristics.19,23,24,33 These data
reinforce a wider use of the VExUS score, such as in critically ill individuals.

We did not include the assessment of intrarenal vein Doppler, similar to Argaiz et al.
and Bhardwaj et al. 23,24 Although the use of intrarenal venous Doppler has been studied in
the assessment of renal congestion, 26,34-36 and it is also one of the evaluations incorporated
into the VEXUS score,22 two studies demonstrated that the accuracy of intrarenal venous
Doppler in predicting AKI in critically ill patients was limited. 37,38 Additionally, alterations
in PV correlate with intrarenal venous Doppler data, and the assessment of PV Doppler is easier
and faster to obtain and can be integrated in a more realistic manner.23,26

Our study had several limitations. First, this work describes a single-center study that
included only a small number of patients, which limits the generalization of the results. Second,
we did not include a control group. The VEXUS score had been extensively discussed in our
service, and we recognized that withholding this information from the attending physician
would be challenging, as they were likely to perform the evaluation themselves and consider
the use of diuretics based on the score. The absence of a control group in this quasi-experimental
study limits our power to conclude that the use of the VEXUS score to decide fluid management
was responsible for the improvement in renal dysfunction. Third, although we suggested the
use of diuretic in patients with VExXUS score > 1 at enrollment, we did not provide a protocol
for diuretic therapy. The final decision to use diuretic was made at the discretion of the attending
physician, and we could not specify if he already had the intention to do so before the disclosure
of the VEXUS score. However, patients with a VEXUS score > 1 used significantly more
diuretics, even without differences in other variables commonly used to assess venous
congestion (and also to consider decongestion), which indicates that fluid management was
possibly based on the suggestion provided. Fourth, as only two investigators performed all
VEXUS scans, it also limits generalizability.

In conclusion, we found a higher diuretic use in patients with a higher VExUS score,
and patients who reduced the VExXUS score in 48 hours had significantly more RRT-free days
in 28 days when comparing with those who did not reduce the score. The impact of
incorporating the VEXUS score to guide fluid management in critically ill patients with AKI

should be evaluated in future clinical trials.
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TABLES

Table 1. Baseline characteristics of the overall population
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VExUS score <1 at

enrollment (n=54)

VEXUS score > 1 at

enroliment (n=36)

p
n (%)? n (%)?2
Age (years)® 59.0 (46.0-67.3) 55.5 (41.0-65.8) 0.391
Male gender 29 (53.7) 19 (52.8) 1.000
BMI (kg/m2)® 28.4 (24.0-35.8) 31.4 (25.6-34.1) 0.668
SAPS 3b 65.5 (50.8-81.5) 64.0 (53.3-72.5) 0.463
COVID-19 17 (31.5) 19 (52.8) 0.043
Sepsis 35 (64.8) 13 (36.1) 0.007
ICU admission to enrollment® 2.5(1.0-6.3) 2.0 (1.0-4.0) 0.238
Physiological support at enrollment
Invasive mechanical ventilation 37 (68.5) 34 (94.4) 0.003
Vasopressor 37 (68.5) 23 (63.9) 0.648
Preexisting conditions
Hypertension 20 (37.0) 20 (55.6) 0.083
Diabetes mellitus 15 (27.8) 14 (38.9) 0.269
Solid tumor 13 (24.1) 4 (11.1) 0.171
Hematological malignancy 9(16.7) 3(8.3) 0.349
Chronic heart failure 7 (13.0) 2 (5.6) 0.306
Chronic kidney disease 1(1.9) 1(2.8) 1.000
Source of admission 0.290
Medical 41 (75.9) 31 (86.1)
Surgical 13 (24.1) 5(13.9)
Commonly used fluid overload variables in the
ICU
Pedal edema at enroliment 7 (13) 2 (5.6) 0.306
Weight variation from ICU admission
to enrollment (kg) 0.0 (-1.1-2.6) 0.3 (-0.5-3.7) 0.404
Central venous pressure at enroliment 1314430 1414440 0.357

(mmHg)©
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VEXUS score <1 at VEXUS score > 1 at
enrollment (n=54) enroliment (n=36) D
n (%)a n (%)a
Fluid balance 24 hours before
14429 + 1277.0 1337.6 + 1602.6 0.730

enrollment (mL)®

Cumulative fluid balance from ICU
2538.0 (887.5-5578.8) 1913.0 (537.5-4300.3) 0.441

admission to enrollment (mL)°

Fluid overload percentage > 10% at
9 (16.7) 4 (11.1) 0.551

enrollment

BMI: body mass index, COVID-19: coronavirus disease, ICU: intensive care unit, SAPS: Simplified Acute
Physiology Score, VEXUS: venous excess ultrasonography.

aUnless otherwise stated.

®Values are expressed as the median (interquartile range).

®Values are expressed as the mean + standard deviation.

dAvailable in 39 patients.

€Available in 32 patients.



Table 2. Primary and secondary outcomes
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score (n =57)

Did not reduce the VEXUS Reduced the VExUS

score (n = 33)

p
n (%) n (%)
Primary outcome
Overall population (n=90)
RRT-free days at Day 28° 15.0 (3.0-27.5) 28.0 (8.0-28.0) 0.012
Patients with VExXUS > 1 (n=36)
RRT-free days at Day 28° 13.5 (3.3-22.8) 23.5(8.0-28.0) 0.044
Secondary outcomes
Overall population (n=90)
28-day RRT use 33 (57.9) 11 (33.3) 0.030
KDIGO AKI Staging improvement 14 (24.6) 20 (60.6) 0.001
Fluid balance from enrollment to 48 hours (mL)® 1556817458 838212l <0001
ICU mortality 29 (50.9) 11 (33.3) 0.127
In-hospital mortality 33 (57.9) 11 (33.3) 0.030
Length of ICU stay (days)® 21.0 (11.0-35.0) 19,0 (12.0-32.5) 0.607
Length of hospital stay (days)® 35.0 (22.0-60.0) 35,0 (19.0-49.0) 0.628
Patients with VExUS > 1 (n=36)
28-day RRT use 10/12 (83.3) 8/24 (33.3) 0.012
KDIGO AKI Staging improvement 2/12 (16.7) 14/24 (58.3) 0.032
Fluid balance from enrollment to 48 hours (mL)® 1806.3 £ 1239.1 0233+ 22107 0.001
ICU mortality 6/12 (50.0) 9/24 (37.5) 0.499
In-hospital mortality 7/12 (58.3) 9/24 (37.5) 0.298
Length of ICU stay (days)® 24.5 (12.0-34.8) 17.5 (12.0-36.5) 0.712
Length of hospital stay (days)® 34.0 (16.0-46.0) 29.5 (18.3-49.8) 0.790

AKI: acute kidney injury, ICU: intensive care unit, KDIGO: Kidney Disease: Improving Global Outcomes, RRT:

renal replacement therapy, VEXUS: venous excess ultrasonography.

aUnless otherwise stated.

bValues are expressed as the median (interquartile range).

®Values are expressed as the mean = standard deviation.



FIGURES

Figure 1. Flowchart of analyzed patients
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AKI, acute kidney injury; CKD, chronic kidney disease; ECMO, extracorporeal membrane oxygenation; eGFR,

estimated glomerular filtration rate; ICU, intensive care unit; RRT, renal replacement therapy.
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Figure 2. Sankey diagram of (A) the overall patients (n = 90) and (B) a scenario without patients with VExUS
score of 0 at enrollment (n = 53)

the VExUSiscore

VExUS > 1 at enroliment

Did not'useRRT;

[Reducedithe VExUS score

\VEXUS > 1 at enroliment

i h
ETSA AR Same or increased the VExUS score

Same or increased the VExUS score
VEXUS 1 at enrollment

A B

A Sankey diagram includes nodes and arcs. The size of each node and width of each arc represent the proportion
of patients in scale. Focus on the arcs as they flow from left to right of each image. A, Following the blue node
(patients with VExUS >1 at enrollment), we see that the majority of these patients (n = 24; 66%, upper blue arc)
reduced the VExUS score. Following the orange node (patients with VExUS <1 at enrollment), the majority of
these patients (n = 45; 83%, lower orange arc) did not reduce the VEXUS score. A greater proportion of patients
that reduced the VEXUS score (n = 22; 66%, upper gray arc) did not use RRT and a higher proportion of patients
that did not reduce the VEXUS score (n = 33; 58%, lower green arc) required RRT. B, The majority of patients
with VExUS 1 at enrollment (n = 9; 52%, upper orange arc) reduced the VEXUS score and a higher proportion of
patients that did not reduce the VEXUS score (n = 15; 75%, lower green arc) used RRT.



Figure 3. Cumulative use of RRT from enrollment up to Day 28 in the overall population
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ABSTRACT

Background: Residual venous congestion is a major contributor to readmission of heart failure
patients and venous excess ultrasound (VEXUS) score is a potentially useful tool to evaluate
systemic congestion.

Objectives: The aim of this study is to investigate the association between VEXUS score before
hospital discharge among patients with heart failure and the risk of readmission due to acute
decompensated heart failure (ADHF) within 90 days after discharge.

Methods: This prospective cohort study enrolled adults with signs and symptoms of ADHF,
left ventricular ejection fraction of 40% or below (HFrEF), New York Heart Association
functional class Il to IV symptoms and clinical evidence of venous congestion necessitating
intravenous diuretics. Just prior to discharge, we conducted VEXUS score evaluation. Primary
outcome was a composite endpoint of readmission or emergency visits due to ADHF within 90
days following hospital discharge. Statistical significance was set at p < 0.05

Results: The cohort comprised 49 individuals, which 11 (22.4%) experienced the primary
outcome. At discharge, 34.7% of participants had VEXUS score 2 or 3. Patients with VEXUS 2
and 3 had a higher proportion of the primary outcome when compared with patients with
VEXUS of 0 (35.3% vs 9%, p=0.044).

Conclusions: A significant proportion of HFrEF patients admitted for ADHF presented clinical
and ultrasound signs of residual congestion at discharge. VEXUS score of 2 or 3 at the time of
hospital discharge were found to be at higher risk of readmissions or emergency visits due to
ADHF after 90 days.
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INTRODUCTION

Heart failure (HF) is a highly prevalent condition worldwide, affecting over 64 million
people and accounting for a significant proportion of hospitalizations and readmissions (1,2).
Unfortunately, up to 50% of patients are readmitted within six months after initial HF
hospitalization (3), which can substantially affect their quality of life (4).

Congestion-related signs and symptoms are among the most common causes of
hospitalization for heart failure and subsequent readmissions (5), highlighting the significance
of unresolved congestion following acute decompensated heart failure (ADHF) as a major
contributor to higher readmission rates (6). Consequently, managing clinical congestion has
long been one of the primary goals of hospitalization (7). However, registry data reveals that
around 40% of patients are discharged despite persistent symptoms of HF (8,9). Moreover,
elevated cardiac filling pressures may exist without clinical congestion, underscoring the role
of subclinical hemodynamic abnormalities in HF pathophysiology. This reinforces the need for
a comprehensive volume status evaluation to optimize volume management in ADHF patients
(10).

The Efficacy of Vasopressin Antagonism in Heart Failure: The Outcome Study with
Tolvaptan (EVEREST) score is a clinical tool used to assess congestion and guide decongestion
therapy in patients with ADHF (10,11). However, current evidence suggests that traditional
methods of assessing congestion, such as chest radiography and clinical assessment, may be
limited in accuracy. Lung ultrasound (LUS) has emerged as a promising tool for assessing
pulmonary congestion, with higher accuracy than traditional methods (12,13). In particular, the
presence of B-lines on LUS has been shown to predict a higher risk of readmission or death in
patients with HF (14). Another method of assessing systemic congestion is the venous excess
ultrasonography (VEXUS) score, which combines inferior vena cava (IVC) dilation and pulsed-
wave Doppler of the hepatic, portal, and intrarenal veins (15). While the VExUS score has
gained popularity in the evaluation of HF, its usefulness in guiding therapy or predicting
outcomes remains uncertain. Therefore, this study aims to investigate the association between
VEXUS score before hospital discharge among patients with HFrEF and the risk of readmission

or emergency visits due to ADHF within 90 days after discharge.
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METHODS

Study Population

This prospective cohort study with convenience sampling enrolled individuals aged 18
years or older presenting with all of the following: signs and symptoms of acute decompensated
heart failure (ADHF), left ventricular ejection fraction of 40% or below, New York Heart
Association (NYHA) functional class Il to IV symptoms and clinical evidence of venous
congestion necessitating intravenous diuretics. Patients with hepatic cirrhosis, those on dialysis
at discharge, individuals who declined participation and those with planned rehospitalization
for elective procedures such as revascularization or arrhythmia ablation were excluded.

The study took place at two tertiary hospitals in southern Brazil during September 2021
and November 2022 and was approved by the Research Ethics Committees of both institutions
(CAAE 49971121.3.0000.5327). Written informed consent was obtained from all the patients

or their legal representative prior to inclusion.

Study Design

Patients received treatment from cardiologists and cardiology fellows who were not
involved in the study, and researchers were notified upon discharge. Just prior to discharge,
after consent acquisition, a single operator (PR) conducted ultrasound evaluations (VExXUS
score and LUS) and clinical examinations to assess the EVEREST score. The ultrasound
findings were not disclosed to the attending physician and did not influence the patient's

treatment plan.

Data and Outcome Collection

Baseline and discharge data were extracted from electronic medical records. We
collected demographic data (age, sex), medical history (comorbidities, history of ADHF
admission), NYHA class at admission, need for noninvasive ventilation, intravenous
vasodilators and inotropes during hospitalization. Biochemical markers (hemoglobin,
creatinine and sodium) and medications used at admission and prescribed at discharge were
recorded, as well as blood pressure and heart rate at discharge. Last available echocardiography
evaluation measures were also collected, including left ventricular ejection fraction and
presence of right ventricular systolic dysfunction, defined as one of the following: Tricuspid
Annular Plane Systolic Excursion < 16mm, DTI-derived tricuspid lateral annular systolic

velocity wave (S’) <9.5cm/s or fractional area change <35%.
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The primary outcome was a composite endpoint of readmission or emergency visits due
to ADHF (defined as admission for inpatient IV administration of diuretics to manage volume
status) within 90 days following hospital discharge. Follow-up data were collected through a
review of the patient's hospital records and a telephone interview. To avoid bias, patients who

died during follow-up were also excluded, as death was a competing event for readmission.

EVEREST score

The EVEREST score was calculated as the sum of scores ranging from 0 to 3 assigned
to six clinical parameters: dyspnea, orthopnea, fatigue, jugular venous pressure, rales and
peripheral edema, resulting in a final score ranging from 0 (no congestion) to 18 (maximal
clinical congestion). (10,11) Upon discharge, an EVEREST score of > 2 was interpreted as

indicative of clinical residual congestion.

Ultrasound assessment
Ultrasound assessment was performed using M-TURBO, Fujifilm Sonosite Inc. All
patients were placed in a dorsal decubitus position with the head of the bed at 30°. Images

obtained were recorded for subsequent evaluation.

VEXUS score

VEXUS score assessment was performed using a phased-array probe and all Doppler
findings were obtained during the end-expiratory phase of the respiratory cycle. The diameter
of the intrahepatic portion of the I\VC was initially measured using a longitudinal view from a
subxiphoid position, 2 cm from the junction with the hepatic vein (15). If an adequate view was
not obtained, the probe was moved laterally to the right side of the body over the liver. The
maximal diameter during the respiratory cycle was recorded, and patients with an I\VC diameter
less than 2 cm were classified as having VExUS 0. For patients with a plethoric IVC (diameter
> 2 cm), hepatic vein and portal vein Doppler were evaluated using pulsed-wave Doppler.
Hepatic vein Doppler was interpreted as normal (S > D), mildly abnormal (D > S) or severely
abnormal (S reverse) based on the A, S, and D waves identified using pulsed-wave Doppler.
Portal vein Doppler was evaluated based on peak (Vmax) and nadir velocities (Vmin) during
the cardiac cycle, and the pulsatility fraction was subsequently calculated ([Vmax-
Vmin]/Vmax) and interpreted as follows: normal (pulsatility fraction < 0.3), mildly abnormal
(pulsatility fraction 0.3 to < 0.5) or severely abnormal (pulsatility fraction > 0.5). The VExUS

score interpretation used in this study did not include an assessment of intrarenal veins, similar
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to the approach used by Bhardwaj et al. (16): 0 (IVC <2 cm), 1 (IVC > 2 cm and Doppler
normal patterns), 2 (IVC > 2 cm and at least one Doppler mild abnormality) or 3 (IVC > 2 cm

and at least one Doppler severe abnormality).

LUS

LUS assessment was performed using a curvilinear probe with an 8-zone examination
approach of 15 cm depth. Each lung was divided into four zones, and a zone was considered
positive if >3 B-lines were identified (17). The number of positive lung zones was categorized

into three groups: 0—1 positive zone, 2—3 positive zones and 4-8 positive zones.

LUS and VEXUS score interpretation
PR and MMB independently assessed the recorded images. They were blinded to the

clinical data and outcomes, and any disagreements were adjudicated through discussion.

Statistical analysis

Continuous variables are reported as mean + standard deviation or median with
interquartile range according to data normality, while categorical variables are presented as
frequencies and proportions. Normality of the data was tested using the Shapiro-Wilk test.
Differences between groups at baseline were analyzed using the unpaired Student’s t-test or
Wilcoxon-Mann—Whitney U test, depending on normality assumptions. The chi-squared test
was used to analyze categorical variables. The sensitivity, specificity, positive predictive value
and negative predictive value were calculated for VEXUS score 2 or 3 as a post hoc analysis.
All statistical analyses were conducted using IBM SPSS Statistics version 20.0 (IBM Corp.,
Armonk, NY, USA). Statistical significance was set at p < 0.05.

RESULTS

Study Sample Characteristics

We initially enrolled 58 patients, however 9 individuals were excluded. Two of them
due to planned rehospitalization, specifically, one for atrial flutter ablation and another for
coronary artery bypass graft surgery; one patient required dialysis at discharge, one declined to
provide consentment and five participants died during follow-up period. The final cohort

comprised 49 individuals, among whom 11 (22.4%) experienced the primary outcome.
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The baseline characteristics of the study sample are described in Table 1. The study
population predominantly consisted of male patients with a median age of 60 years. Nearly half
of the patients had ischemic cardiomyopathy, 30% had a history of HF hospitalization during
last year, 55% had associated right ventricular dysfunction, and two thirds were in NYHA
functional class IV upon admission. Seventy percent of patients were receiving at least two
from the four pillars of guideline-directed medical therapy for HFrEF at admission, which
increased to 90% at discharge.

Patients who experienced the primary outcome exhibited a significantly higher
proportion of digoxin and thiazide use at admission, along with more restricted heart rate
control and lower plasma sodium concentrations. Upon discharge, they also showed higher
plasma creatinine concentrations and continued to have lower plasma sodium levels.
Furthermore, 45.5% of them (5 out of 11) were prescribed sequential nephron blockade,
involving the administration of three classes of diuretics, in contrast to only 10.5% (4 out of 38)
of individuals without the outcome, p=0.08.

EVEREST score, LUS and VEXUS score at discharge and Primary Outcome

At discharge, the majority of patients (53.1%) had an EVEREST score > 2, 38.7% had
at least two positive quadrants at LUS and approximately one-third had a VExUS score of 2 or
3. Table 2 presents EVEREST score, LUS, VEXUS score and primary outcome.

While there was no difference in the EVEREST score and number of positive lung zones
between patients with and without the primary outcome, participants with VExXUS 2 and 3 had
a significative higher proportion of the primary outcome (6 out of 17, 35.3%) when comparing
with patients with VEXUS score of 0 with the outcome (2 out of 22, 9%, p=0.044).

When each individual component of VEXUS was assessed in isolation, only IVC > 2cm
showed a statistically significant difference, as it was present in 81.8% of those with the primary
outcome (9 out of 11) and in 47.4% of those without the outcome (18 out of 38), p=0.043. The
isolated assessment of the hepatic vein Doppler and the pulsatility of the portal vein showed no
association with the primary outcome. However, among all participants with IVC > 2cm (27
out of 49, 55.1%), only 33.3% experienced the outcome, and of these, 66.7% had at least one
Doppler abnormality (VEXUS 2 or 3). In contrast, among those with 1IVC > 2cm but without
any altered Doppler parameters (VEXUS 1), 70% did not experience the outcome.
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VEXUS score 2 or 3 at discharge and Primary Outcome
In predicting HF-related readmission or emergency visits, the VExUS score of 2-3
exhibited a sensitivity of 54.5% and a specificity of 71%, yielding a positive predictive value

of 35.3% and a negative predictive value of 84.4%.
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DISCUSSION

We found that a significant number of patients hospitalized for ADHF exhibited a
VEXUS score of 2 or 3 at hospital discharge, which was associated with a higher risk of HF-
related readmission or emergency department visits at 90 days.

While clinicians aim to achieve effective decongestion to improve discharge readiness
in ADHF (18), there is limited consensus on the best method for evaluating it. In addition to the
clinical assessment of congestion, the presence of B-lines on lung ultrasound at the time of
discharge was associated with a greater risk of readmission (14,17,19-21). In our study,
however, the EVEREST score was very similar between groups and lung congestion evaluated
with LUS did not demonstrate correlation with the outcome. One potential explanation for this
was the timing of the study during the SARS-Cov-2 pandemic, a condition associated with
pneumonia, marked by ultrasound findings that may include B-lines (22). This situation could
have potentially contributed to a reduced specificity of the method for accurately detecting
congestion and may have interfered with the prediction of the outcome.

The VEXUS score, a recently developed bedside tool, integrates Doppler analysis of
venous flow. Its shallow learning curve, especially for those with POCUS experience, facilitates
its integration into clinical practice. In our study, patients with a VExUS score of 2 or 3 had
poorer outcomes than those with a VExXUS score of 0. Determining whether an altered VExUS
score reflects persistent splanchnic congestion, the severity of underlying cardiovascular
disease, or both, is challenging as these factors may be intertwined. However, this could be seen
as an advantage of the VExXUS score. Portal vein pulsatility is more reflective of the presence
of residual splanchnic congestion, which is important since abnormal volume redistribution
from the splanchnic reservoir may contribute to decompensation (23,24). On the other hand,
the 1VC diameter and hepatic veins are more sensitive to cardiac conditions (25), and both
factors may play a role in the prognosis of patients with ADHF. Our data has demonstrated that
a VExUS score of 0, or, in other words, a non-plethoric IVC, signifies a group with a very low
likelihood of readmission. While an IVC > 2cm was found to be significantly associated with
the outcome, nearly half of the patients with this characteristic did not experience the outcome,
highlighting the low specificity of this isolated parameter in this population. In contrast, a
plethoric IVC with normal Doppler patterns (VExXUS 1) or isolated Doppler alterations did not
show a significant correlation with the outcome. These findings suggest that the integration of
IVVC measurements with the Doppler parameters in the VEXUS score may enhance the accuracy

of assessing residual systemic congestion.
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Previous studies have demonstrated the prognostic value of splanchnic compartment
ultrasound in evaluating patients with HF. IVC diameter at admission, at hospital discharge, or
at follow-up showed an association with higher mortality and/or a higher risk of readmission
(26-28). Portal vein pulsatility has also been associated with poor outcomes in recent studies
(26,29). In the study by Bouabdallaoui et al. (29), although portal vein pulsatility was associated
with worse outcomes, it did not improve EVEREST score discrimination. To date, only one
study has evaluated the role of VExXUS score in this scenario. Torres-Arrese et al. (25) found
that the VEXUS score at hospital discharge was not useful to predict readmission, while our
study suggests that it can identify patients at higher risk. The difference between the two studies
could be attributed to patient characteristics. Specifically, our study included 100% of patients
with HFrEF, compared to only 13.5% in the Torres-Arrese study (26). Moreover, only 16.3%
of patients had a VEXUS score 2 or 3 at hospital discharge in the Torres-Arrese study (26),
indicating either a lower severity of disease or more effective decongestive therapy, in contrast
to 34.7% in our study. Another explanation for that difference could be the varied VExXUS
approach employed in studies. The aforementioned study utilized a more intricate and less
sensitive approach, incorporating intrarenal Doppler and requiring one severe Doppler
abnormality for VExUS 2 and two or more severe Doppler patterns for VExUS 3 classification.

Our study has several limitations. First, we utilized a convenience sampling method,
which relied on discharge announcements made by the attending medical team for inclusion.
This approach may have led to losses and contributed to the relatively small size of our final
sample, potentially affecting the generalizability of our findings. Second, due to the limited
sample size, we were unable to conduct logistic regression analysis, which restricts the
interpretation of our results. Third, our study focused on a specific population with ejection
fraction <40%, and the results may not be applicable to patients with preserved ejection fraction.
Furthermore, the presence of an elevated EVEREST score, indicating residual clinical
congestion, along with lower sodium levels, higher creatinine values and a more frequent use
of diuretic triple therapy hints at the possibility that patients with outcome experienced greater
challenges in achieving decongestion or had refractory congestion. It also suggests that their
physicians may have been aware of these factors at the time of discharge. Finally, while VExXUS
can serve as an useful tool for detecting residual congestion and assessing the risk of future
decompensation, it remains uncertain whether it represents a modifiable factor or merely an
indicator of disease severity and outcomes. In contrast, our study was the first to investigate

VEXUS as a prognostic tool in the discharge of HFrEF patients and one of the pioneering efforts
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to assess this technique in HF patients, addressing a need in the field. Although this approach
has been incorporated into clinical practice, it still lacks robust scientific evidence.
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CONCLUSIONS

Our study revealed that a significant proportion of patients admitted for ADHF had a
VEXUS score of 2 or 3 at the time of hospital discharge. Such patients were found to be at
higher risk of readmissions or emergency visits due to ADHF after 90 days. Our study serves
as a hypothesis generator, introducing the VEXUS score as an additional potential tool in the
challenging multimodal assessment of residual congestion and the risk of HF-readmission or
emergency department visits upon discharge in patients with HFrEF . Additional research is
needed to investigate the potential of the VEXUS score as a target for guiding decongestion
therapy and improving the outcomes of patients with ADHF.
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LIST OF ABBREVIATION

ADHF: acute decompensated heart failure

EVEREST: Efficacy of Vasopressin Antagonism in Heart Failure: The Outcome Study with
Tolvaptan

HF: heart failure

HFrEF: heart failure with reduced ejection fraction

IVC: inferior vena cava

LUS: lung ultrasound

NYHA: New York Heart Association

VEXUS: venous excess ultrasonography
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Table 1. Baseline characteristics of the study population
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Variables All patients (n=49) V(\)/:Jttr(:glrjr;(ep(rrzr3a8r)y oﬁggnﬁ)er I(r::a/) p
n (%)* n (%)* n (%)*

Age, yearst 59.5 (47.3 - 69.0) 56.0 (46.5 - 70.0) 64.0 (57.0 - 69.0) 0.259
Male gender 35 (71.4) 25 (65.8) 10 (90.9) 0.104
Preexisting conditions
Hypertension 32 (65.3) 23 (60.5) 9 (81.8) 0.191
Diabetes 15 (30.6) 10 (26.3) 5 (45.5) 0.225
Ischemic Cardiomyopathy 21 (42.9) 16 (42.1) 5 (45.5) 0.843
Atrial Fibrillation 14 (28.6) 12 (31.6) 2(18.2) 0.386
CKD 4 (8.2) 2 (5.3) 2(18.2) 0.168
COPD 7 (14.3) 6 (15.8) 1(9.1) 0.576
ﬁg:]nt;]sssmn for ADHF in the last 12 16 (32.7) 10 (26.3) 6 (54.5) 0.079
NYHA Functional Classification 0.439

1 5 (10.2) 3(7.9) 2(18.2)

1| 15 (30.6) 13 (34.2) 2(18.2)

v 29 (59.2) 22 (57.9) 7 (63.6)
Baseline Medications

Beta blocker 36 (73.5) 26 (68.4) 10 (90.9) 0.137

ACE inhibitor/ARB 36 (73.5) 27 (71.1) 9(81.8) 0.476

Mineralocorticoid Antagonist 22 (44.9) 15 (39.5) 7 (63.6) 0.156

ARNi 3(6.1) 3(7.9) - 0.336

Nitrate 8 (16.3) 6 (15.2) 2(18.2) 0.850

SGLT?2 inhibitor 4(8.2) 4 (10.5) - 0.261

Digitalis 9(18.4) 4 (10.5) 5 (45.5) 0.008

Loop diuretic 37 (75.5) 28 (73.7) 9(81.8) 0.581

Thiazide 2(4.1) - 2 (18.2) 0.047
Laboratory data at baseline

Hemoglobin (g/dL)i 13.4+20 13.6+2.0 128+21 0.291

Creatinine (mg/dL)T 1.2 (0.9-1.4) 1.1 (0.9-1.3) 1.3(1.1-1.6) 0.122

Sodium (mmol/L)} 139.0 (136.0-141.0)  140.0 (136.8-142.0) 136.0 (132.0-139.0) 0.018
Ejection Fraction} 242+6.4 243+6.2 24070 0.896
Right ventricular dysfunction 27 (55.1) 21 (55.3) 6 (54.5) 0.966
Noninvasive ventilation 6 (12.2) 6 (15.8) - 0.159
Intravenous vasodilator 15 (30.6) 11 (28.9) 4 (36.4) 0.638
Inotrope use 5 (10.2) 3(7.9) 2(18.2) 0.321
Hospital LOS (days)t 15.0 (9.0-21.0) 14.5 (8.8-21.0) 15.0 (10.0-18.0) 0.548
Discharge medications

Beta blocker 47 (95.9) 37 (97.4) 10 (90.9) 0.340

ACE inhibitor/ARB 34 (69.4) 28 (73.7) 6 (54.5) 0.225

Mineralocorticoid Antagonist 39 (79.6) 28 (73.7) 11 (100.0) 0.057

ARNi 7 (14.3) 5(13.2) 2 (18.2) 0.675

Nitrate 13 (26.5) 10 (26.3) 3(27.3) 0.950

SGLT2 inhibitor 10 (20.4) 8(21.1) 2(18.2) 0.835
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Variables All patients (n=49) V(\)/:Jttr(:glrjr;(ep(rrzr3a8r)y oﬁggnﬁ)er I(r::a/) p
n (%)* n (%)* n (%)*

Digitalis 19 (38.8) 15 (39.5) 4 (36.4) 0.852

Loop diuretic 46 (93.9) 35(92.1) 11 (100.0) 0.336

Thiazide 10 (20.4) 5(13.2) 5 (45.5) 0.019
Vital signs at discharge

Systolic blood pressuref (94?1?9.0) (94.18(3)—%58.5) (93.18-5130.0) 0.914

Heart rate} 724+129 74.1+13.6 66.5+8.0 0.027
Laboratory findings at discharge

Creatinine (mg/dL)t 1.1 (1.0-1.6) 1.1 (1.0-1.3) 1.6 (1.1-2.1) 0.028

Sodium (mmol/L)} 138.0 (134.0-139.0)  138.0(135.8-139.0) 134.0 (133.0-138.0) 0.047

ACE: angiotensin-converting enzyme, ADHF: acute decompensated heart failure, ARB: angiotensin Il receptor
blocker, ARNi: angiotensin receptor-neprilysin inhibitor, CKD: chronic kidney disease, COPD: chronic
obstructive pulmonary disease, LOS: length of stay, NYHA: New York Heart Association, SGLT2: sodium-
glucose co-transporter-2.

*Unless otherwise stated.

tValues are expressed as the median (interquartile range).

1Values are expressed as the mean + standard deviation.



92

Table 2. EVEREST score, LUS and VEXUS score and primary outcome

All patients (n=49) outcome (N=38)

Without primary With primary

outcome (n=11) P

Variable
n (%)* n (%)* n (%)*

EVEREST scoret 2.0(1.0-3.0) 1.5(1.0-3.0) 2.0(1.0-3.0) 0.759
EVEREST score > 2 26 (53.1) 19 (50.0) 7 (63.6) 0.425
Number of positive 0.692
quadrants on the LUS

0-1 30 (61.2) 24 (63.2) 6 (54.5)

2-3 13 (26.5) 9 (23.7) 4 (36.4)

4-8 6 (12.2) 5(13.2) 1(9.1)
VEXUS score

0 22 (44.9) 20 (52.6) 2(18.2)

1 10 (20.4) 7 (18.4) 3(27.3) 0.131%

2o0r3 17 (34.7) 11 (28.9) 6 (54.5) 0.044%

EVEREST: Efficacy of Vasopressin Antagonism in Heart Failure:
Lung ultrasound, VEXUS: venous excess ultrasonography.

*Unless otherwise stated.

tValues are expressed as the median (interquartile range).

$Using VEXUS score 0 as reference.

The Outcome Study with Tolvaptan, LUS:
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4 CONSIDERACOES FINAIS

O escore VEXUS é uma ferramenta inovadora que integra de forma sequencial o uso
de ultrassonografia e Doppler em uma pontuacdo semiquantitativa que reflete a gravidade da
congestdo venosa. Como toda avaliacdo diagnostica, ele também possui limitagdes, mas por
avaliar multiplos pontos do sistema venoso, tem um maior potencial preditivo de congestéo
sistémica do que qualquer avaliacdo individual e isolada. Mesmo assim, ha de se destacar que
a integracdo do VEXUS juntamente com dados clinicos, laboratoriais e com outros parametros
de congestdo sistémica, como ultrassonografia pulmonar e ecocardiograma, especialmente no
doente critico, pode acrescentar informag6es importantes do estado hemodindmico do paciente,
auxiliando nas decisdes de ndo administrar mais fluidos ou, ainda, na remocdao de fluidos com
diuréticos ou ultrafiltracdo, permitindo um manejo individualizado.

Tendo em vista o potencial do escore VEXUS de identificar de forma mais precisa a
congestdo venosa sistémica, 0 seu uso € aplicavel tanto para o manejo de fluidos em pacientes
com LRA quanto como preditor de readmissdo por ICAD em pacientes com ICFER. Com o
uso do escore VEXUS em pacientes com LRA grave na UTI, se verificou um maior uso de
diuréticos em pacientes com um escore VEXUS mais elevado, sendo que os pacientes que
reduziram o escore VEXUS em 48 horas tiveram significativamente mais dias livres de TRS em
28 dias. Em pacientes com ICFER, o escore VExXUS auxiliou na identificagdo de congestdo
residual, e os pacientes com escore VEXUS elevado na alta hospitalar apresentaram maior risco
de readmissao ou visita a emergéncia em 90 dias.

Essas novas evidéncias utilizando o escore VEXUS, mesmo que promissoras, podem
ser consideradas geradoras de hipdtese pelo desenho dos estudos. Ndo é definitivo o
entendimento de que o uso de diureticoterapia em pacientes com LRA para melhorar as
alteracdes do fluxo venoso resulta em melhores desfechos para o paciente ou se existe
causalidade reversa pela melhora clinica ja esperada do paciente. Também, é dificil determinar
se 0 escore VEXUS alterado na alta hospitalar reflete congestdo esplancnica persistente ou
apenas gravidade da doenca cardiovascular subjacente. Ainda, ensaios clinicos sdo necessarios
para avaliar se € possivel modificar o escore VEXUS na alta hospitalar e se essa modificacdo
melhora os desfechos. Portanto, estudos futuros sdo necessarios utilizando o escore VExUS
tanto como guia de manejo de fluido em pacientes criticos com LRA quanto para a identificagdo

e manejo de congestéo residual na alta hospitalar em pacientes com ICFER.



94

REFERENCIAS

ABD ELHAFEEZ, S. et al. Risk, predictors, and outcomes of acute kKidney injury in patients
admitted to intensive care units in egypt. Scientific reports, v. 7, n. 1, p. 17163, 2017.
Disponivel em: http://dx.doi.org/10.1038/s41598-017-17264-7.

AGRICOLA, E. et al. “Ultrasound comet-tail images”: a marker of pulmonary edema: a
comparative study with wedge pressure and extravascular lung water. Chest, v. 127, n. 5, p.
1690-1695, 2005. Disponivel em: http://dx.doi.org/10.1378/chest.127.5.1690.

AMBROSY, A. P. et al. Clinical course and predictive value of congestion during
hospitalization in patients admitted for worsening signs and symptoms of heart failure with
reduced ejection fraction: findings from the EVEREST trial. European heart journal, v. 34,
n. 11, p. 835-843, 2013. Disponivel em: http://dx.doi.org/10.1093/eurheartj/ehs444.

ANDREI, S. et al. Prevalence of systemic venous congestion assessed by venous excess
ultrasound grading system (VEXUS) and association with acute kidney injury in a general
ICU cohort: a prospective multicentric study. Critical care / the Society of Critical Care
Medicine, v. 27, n. 1, p. 224, 2023. Disponivel em: http://dx.doi.org/10.1186/s13054-023-
04524-4.

ANDRIKQOS, E. et al. Epidemiology of acute renal failure in ICUs: a multi-center prospective
study. Blood purification, v. 28, n. 3, p. 239-244, 2009. Disponivel em:
http://dx.doi.org/10.1159/000231986.

ARGAIZ, E. R. VEXUS nexus: bedside assessment of venous congestion. Advances in
chronic kidney disease, v. 28, n. 3, p. 252-261, 2021. Disponivel em:
http://dx.doi.org/10.1053/j.ackd.2021.03.004.

ARGAIZ, E. R.; KORATALA, A.; REISINGER, N. Comprehensive assessment of fluid
status by point-of-care ultrasonography. Kidney360, v. 2, n. 8, p. 1326-1338, 2021.
Disponivel em: http://dx.doi.org/10.34067/KI1D.0006482020.

ARGAIZ, E. R.,; ROLA, P.; GAMBA, G. dynamic changes in portal vein flow during
decongestion in patients with heart failure and cardio-renal syndrome: a POCUS case series.
Cardiorenal medicine, v. 11, n. 1, p. 59-66, 2021. Disponivel em:
http://dx.doi.org/10.1159/000511714.

BAILEY, B. A.; DAVIS, S.; WITHERSPOON, B. Assessment of volume status using
ultrasonography. The Nursing clinics of North America, v. 52, n. 2, p. 269-279, 2017.
Disponivel em: http://dx.doi.org/10.1016/j.cnur.2017.01.004.

BANJADE, P. et al. Systemic venous congestion reviewed. Cureus, v. 15, n. 8, p. e43716,
2023. Disponivel em: http://dx.doi.org/10.7759/cureus.43716.

BAYRAKCI, N. et al. The role of RIFLE, AKIN and KDIGO criteria in determining the
relationship between acute kidney injury and mortality in intensive care patients. Namik
Kemal Tip Dergisi, v. 10, n. 1, p. 37-42, 2022. Disponivel em:
http://cms.galenos.com.tr/Uploads/Article_51123/nkmj-10-37-En.pdf.



95

BEAUBIEN-SOULIGNY, W. et al. Alterations in portal vein flow and intrarenal venous flow
are associated with acute kidney injury after cardiac surgery: a prospective observational
cohort study. Journal of the American Heart Association, v. 7, n. 19, p. e009961, 2018.
Disponivel em: http://dx.doi.org/10.1161/JAHA.118.009961.

BEAUBIEN-SOULIGNY, W. et al. Extracardiac signs of fluid overload in the critically ill
cardiac patient: a focused evaluation using bedside ultrasound. The Canadian journal of
cardiology, v. 33, n. 1, p. 88-100, 2017. Disponivel em:
http://dx.doi.org/10.1016/j.cjca.2016.08.012.

BEAUBIEN-SOULIGNY, W. et al. Prospective study of ultrasound markers of organ
congestion in critically ill patients with acute kidney injury. Kidney international reports, v.
9, n. 3, p. 694-702, 2024. Disponivel em: http://dx.doi.org/10.1016/j.ekir.2023.12.018.

BEAUBIEN-SOULIGNY, W. et al. Quantifying systemic congestion with point-of-care
ultrasound: development of the venous excess ultrasound grading system. The ultrasound
journal, v. 12, n. 1, p. 16, 2020. Disponivel em: http://dx.doi.org/10.1186/s13089-020-00163-
W.

BEIGEL, R. et al. Noninvasive evaluation of right atrial pressure. Journal of the American
Society of Echocardiography: official publication of the American Society of
Echocardiography, v. 26, n. 9, p. 1033-1042, 2013. Disponivel em:
http://dx.doi.org/10.1016/j.ech0.2013.06.004.

BELLOMO, R. et al. Acute renal failure - definition, outcome measures, animal models, fluid
therapy and information technology needs: the second international consensus conference of
the acute dialysis quality initiative (ADQI) group. Critical care / the Society of Critical
Care Medicine, v. 8, n. 4, p. R204-12, 2004. Disponivel em:
http://dx.doi.org/10.1186/cc2872.

BHARDWAJ, V. et al. Combination of inferior vena cava diameter, hepatic venous flow, and
portal vein pulsatility index: venous excess ultrasound score (VEXUS score) in predicting
acute kidney injury in patients with cardiorenal syndrome: a prospective cohort study. Indian
journal of critical care medicine: peer-reviewed, official publication of Indian Society of
Critical Care Medicine, v. 24, n. 9, p. 783-789, 2020. Disponivel em:
http://dx.doi.org/10.5005/jp-journals-10071-23570.

BLAKE, W. D.; WEGRIA, R. Effect of increased renal venous pressure on renal function.
The American journal of physiology, v. 157, n. 1, p. 1-13, 1949. Disponivel em:
http://dx.doi.org/10.1152/ajplegacy.1949.157.1.1.

BOUCHARD, J. et al. A prospective international multicenter study of AKI in the intensive
care unit. Clinical journal of the American Society of Nephrology: CJASN, v. 10, n. 8, p.
1324-1331, 2015. Disponivel em: http://dx.doi.org/10.2215/CJN.04360514.

BOVE, T. et al. Intermittent furosemide administration in patients with or at risk for acute
kidney injury: Meta-analysis of randomized trials. PloS one, v. 13, n. 4, p. €0196088, 2018.
Disponivel em: http://dx.doi.org/10.1371/journal.pone.0196088.



96

BOZKURT, B. et al. Universal definition and classification of heart failure: a report of the
heart failure society of America, heart failure association of the European society of
cardiology, Japanese heart failure society and writing committee of the universal definition of
heart failure: endorsed by the Canadian heart failure society, heart failure association of India,
cardiac society of Australia and New Zealand, and Chinese heart failure association.
European journal of heart failure, v. 23, n. 3, p. 352-380, 2021. Disponivel em:
http://dx.doi.org/10.1002/ejhf.2115.

BRADLEY, S. E.; BRADLEY, G. P. The effect of increased intra-abdominal pressure on
renal function in man. The Journal of clinical investigation, v. 26, n. 5, p. 1010-1022, 1947.
Disponivel em: http://dx.doi.org/10.1172/JC1101867.

BROCCARD, A. F. Cardiopulmonary interactions and volume status assessment. Journal of
clinical monitoring and computing, v. 26, n. 5, p. 383-391, 2012. Disponivel em:
http://dx.doi.org/10.1007/s10877-012-9387-4.

CARRICART, M. et al. Incidence and significance of abnormal hepatic venous Doppler flow
velocities before cardiac surgery. Journal of cardiothoracic and vascular anesthesia, v. 19,
n. 6, p. 751-758, 2005. Disponivel em: http://dx.doi.org/10.1053/j.jvca.2004.11.052.

CHAHAL, R. S. et al. Heart failure and acute renal dysfunction in the cardiorenal syndrome.
Clinical medicine, v. 20, n. 2, p. 146-150, 2020. Disponivel em:
http://dx.doi.org/10.7861/clinmed.2019-0422.

CHANG, Y. et al. Hepatorenal syndrome: insights into the mechanisms of intra-abdominal
hypertension. International journal of clinical and experimental pathology, v. 6, n. 11, p.
2523-2528, 2013. Disponivel em: https://www.ncbi.nlm.nih.gov/pubmed/24228115.

CIOZDA, W. et al. The efficacy of sonographic measurement of inferior vena cava diameter
as an estimate of central venous pressure. Cardiovascular ultrasound, v. 14, n. 1, p. 33,
2016. Disponivel em: http://dx.doi.org/10.1186/s12947-016-0076-1.

CLAURE-DEL GRANADO, R.; MEHTA, R. L. Fluid overload in the ICU: evaluation and
management. BMC nephrology, v. 17, n. 1, p. 109, 2016. Disponivel em:
http://dx.doi.org/10.1186/s12882-016-0323-6.

COIRO, S. et al. Prognostic value of residual pulmonary congestion at discharge assessed by
lung ultrasound imaging in heart failure. European journal of heart failure, v. 17, n. 11, p.
1172-1181, 2015. Disponivel em: http://dx.doi.org/10.1002/ejhf.344.

COLBERT, G. B.; SZERLIP, H. M. Euvolemia - a critical target in the management of acute
kidney injury. Seminars in dialysis, v. 32, n. 1, p. 30-34, 2019. Disponivel em:
http://dx.doi.org/10.1111/sdi.12753.

CRUCES, P. et al. The renal compartment: a hydraulic view. Intensive care medicine
experimental, v. 2, n. 1, p. 26, 2014. Disponivel em: http://dx.doi.org/10.1186/540635-014-
0026-x.

DAHER, E. F. et al. Differences in community, hospital and intensive care unit-acquired
acute kidney injury: observational study in a nephrology service of a developing country.



97

Clinical nephrology, v. 78, n. 6, p. 449-455, 2012. Disponivel em:
http://dx.doi.org/10.5414/CN107167.

DAMMAN, K. et al. Increased central venous pressure is associated with impaired renal
function and mortality in a broad spectrum of patients with cardiovascular disease. Journal of
the American College of Cardiology, v. 53, n. 7, p. 582-588, 2009. Disponivel em:
http://dx.doi.org/10.1016/j.jacc.2008.08.080.

DAVISON, D. L; PATEL, K.; CHAWLA, L. S. Hemodynamic monitoring in the critically ill:
spanning the range of kidney function. American journal of kidney diseases: the official
journal of the National Kidney Foundation, v. 59, n. 5, p. 715-723, 2012. Disponivel em:
http://dx.doi.org/10.1053/j.ajkd.2011.12.016.

DE BACKER, D. et al. How can assessing hemodynamics help to assess volume status?
Intensive care medicine, v. 48, n. 10, p. 1482-1494, 2022. Disponivel em:
http://dx.doi.org/10.1007/s00134-022-06808-9.

DENG, Y. et al. Evaluation of clinically available renal biomarkers in critically ill adults: a
prospective multicenter observational study. Critical care / the Society of Critical Care
Medicine, v. 21, n. 1, p. 46, 2017. Disponivel em: http://dx.doi.org/10.1186/s13054-017-
1626-0.

DESCHAMPS, J. et al. Venous Doppler to assess congestion: a comprehensive review of
current evidence and nomenclature. Ultrasound in medicine & biology, v. 49, n. 1, p. 3-17,
2023. Disponivel em: http://dx.doi.org/10.1016/j.ultrasmedbio.2022.07.011.

DING, X.; CHENG, Z.; QIAN, Q. Intravenous fluids and acute kidney injury. Blood
purification, v. 43, n. 1-3, p. 163-172, 2017. Disponivel em:
http://dx.doi.org/10.1159/000452702.

DI NICOLO, P. et al. Inferior vena cava ultrasonography for volume status evaluation: an
intriguing promise never fulfilled. Journal of clinical medicine research, v. 12, n. 6, 2023.
Disponivel em: http://dx.doi.org/10.3390/jcm12062217.

DOTY, J. M. et al. Effect of increased renal venous pressure on renal function. The Journal
of trauma, v. 47, n. 6, p. 1000-1003, 1999. Disponivel em:
http://dx.doi.org/10.1097/00005373-199912000-00002.

DUERINCKX, A. J. et al. The pulsatile portal vein in cases of congestive heart failure:
correlation of duplex Doppler findings with right atrial pressures. Radiology, v. 176, n. 3, p.
655-658, 1990. Disponivel em: http://dx.doi.org/10.1148/radiology.176.3.2202011.

DUNN, J. S.; MCNEE, J. W. A contribution to the study of war nephritis. British medical
journal, v. 2, n. 2971, p. 745-751, 1917. Disponivel em:
http://dx.doi.org/10.1136/bmj.2.2971.745.

ELJAIEK, R. et al. High postoperative portal venous flow pulsatility indicates right
ventricular dysfunction and predicts complications in cardiac surgery patients. British
journal of anaesthesia, v. 122, n. 2, p. 206-214, 2019. Disponivel em:
http://dx.doi.org/10.1016/j.bja.2018.09.028.



98

ER, R. E. et al. Comparison between RIFLE, AKIN, and KDIGO: acute kidney injury
definition criteria for prediction of in-hospital mortality in critically ill patients. Iranian
journal of kidney diseases, v. 14, n. 5, p. 365-372, 2020. Disponivel em:
https://www.ncbi.nlm.nih.gov/pubmed/32943591.

FADEL, B. M. et al. Spectral doppler of the hepatic veins in rate, rhythm, and conduction
disorders. Echocardiography, v. 33, n. 1, p. 136-40; quiz 135, 2016. Disponivel em:
http://dx.doi.org/10.1111/echo.13091.

FIRTH, J. D.; RAINE, A. E.; LEDINGHAM, J. G. Raised venous pressure: a direct cause of
renal sodium retention in oedema? The Lancet, v. 1, n. 8593, p. 1033-1035, 1988.
Disponivel em: http://dx.doi.org/10.1016/s0140-6736(88)91851-x.

FUJII, K. et al. Association between intrarenal venous flow from Doppler ultrasonography
and acute kidney injury in patients with sepsis in critical care: a prospective, exploratory
observational study. Critical care / the Society of Critical Care Medicine, v. 27, n. 1, p.
278, 2023. Disponivel em: http://dx.doi.org/10.1186/s13054-023-04557-9.

FUJII, T. et al. Diagnosis, management, and prognosis of patients with acute kidney injury in
Japanese intensive care units: The JAKID study. Journal of critical care, v. 47, p. 185-191,
2018. Disponivel em:
https://www.sciencedirect.com/science/article/pii/S088394411830649X.

GALINDO, P. et al. Point of care venous Doppler ultrasound: exploring the missing piece of
bedside hemodynamic assessment. Pediatric critical care medicine: a journal of the
Society of Critical Care Medicine and the World Federation of Pediatric Intensive and
Critical Care Societies, v. 10, n. 6, p. 310-322, 2021. Disponivel em:
http://dx.doi.org/10.5492/wjccm.v10.i6.310.

GARZOTTO, F. et al. The dose response multicentre investigation on fluid assessment
(DoReMIFA) in critically ill patients. Critical care / the Society of Critical Care Medicine,
v. 20, n. 1, p. 196, 2016. Disponivel em: http://dx.doi.org/10.1186/s13054-016-1355-9.

GHEORGHIADE, M. et al. Acute heart failure syndromes: current state and framework for
future research. Circulation, v. 112, n. 25, p. 3958-3968, 2005. Disponivel em:
http://dx.doi.org/10.1161/CIRCULATIONAHA.105.590091.

GHIO, S. et al. Doppler velocimetry in superior vena cava provides useful information on the
right circulatory function in patients with congestive heart failure. Echocardiography, v. 18,
n. 6, p. 469-477, 2001. Disponivel em: http://dx.doi.org/10.1046/j.1540-8175.2001.00469.x.

GONCALVESOVA, E. et al. Changes of portal flow in heart failure patients with liver
congestion. Bratislavske lekarske listy, v. 111, n. 12, p. 635-639, 2010. Disponivel em:
https://www.ncbi.nlm.nih.gov/pubmed/21384730.

GOONEWARDENA, S. N. et al. Comparison of hand-carried ultrasound assessment of the
inferior vena cava and N-terminal pro-brain natriuretic peptide for predicting readmission
after hospitalization for acute decompensated heart failure. JACC. Cardiovascular imaging,
v. 1, n. 5, p. 595-601, 2008. Disponivel em: http://dx.doi.org/10.1016/j.jcmg.2008.06.005.



99

GRIFFIN, B. R.; LIU, K. D.; TEIXEIRA, J. P. Critical care nephrology: core curriculum
2020. American journal of kidney diseases: the official journal of the National Kidney
Foundation, v. 75, n. 3, p. 435-452, 2020. Disponivel em:
http://dx.doi.org/10.1053/j.ajkd.2019.10.010.

GUINOT, P. G. et al. Doppler study of portal vein and renal venous velocity predict the
appropriate fluid response to diuretic in ICU: a prospective observational echocardiographic
evaluation. Critical care / the Society of Critical Care Medicine, v. 26, n. 1, p. 305, 2022.
Disponivel em: http://dx.doi.org/10.1186/s13054-022-04180-0.

HAN, S. S. et al. Proteinuria and hematuria are associated with acute kidney injury and
mortality in critically ill patients: a retrospective observational study. BMC nephrology, v.
15, p. 93, 2014. Disponivel em: http://dx.doi.org/10.1186/1471-2369-15-93.

HERMANSEN, J. L. et al. Perioperative Doppler measurements of renal perfusion are
associated with acute kidney injury in patients undergoing cardiac surgery. Scientific reports,
v.11,n. 1, p. 19738, 2021. Disponivel em: http://dx.doi.org/10.1038/s41598-021-99141-y.

HO, K. M; POWER, B. M. Benefits and risks of furosemide in acute kidney injury.
Anaesthesia, v. 65, n. 3, p. 283-293, 2010. Disponivel em: http://dx.doi.org/10.1111/j.1365-
2044.2009.06228 .x.

HO, K. M.; SHERIDAN, D. J. Meta-analysis of frusemide to prevent or treat acute renal
failure. BMJ, v. 333, n. 7565, p. 420, 2006. Disponivel em:
http://dx.doi.org/10.1136/bmj.38902.605347.7C.

HOSOKI, T. et al. Portal blood flow in congestive heart failure: pulsed duplex sonographic
findings. Radiology, v. 174, n. 3 Pt 1, p. 733-736, 1990. Disponivel em:
http://dx.doi.org/10.1148/radiology.174.3.2406781.

HOSTE, E. A. J. et al. Epidemiology of acute kidney injury in critically ill patients: the
multinational AKI-EPI study. Intensive care medicine, v. 41, n. 8, p. 1411-1423, 2015.
Disponivel em: http://dx.doi.org/10.1007/s00134-015-3934-7.

HOSTE, E. A. J et al. Global epidemiology and outcomes of acute kidney injury. Nature
reviews. Nephrology, v. 14, n. 10, p. 607-625, 2018. Disponivel em:
http://dx.doi.org/10.1038/s41581-018-0052-0.

HU, J. T. et al. Percentage of peak-to-peak pulsatility of portal blood flow can predict right-
sided congestive heart failure. World journal of gastroenterology: WJG, v. 9, n. 8, p.
1828-1831, 2003. Disponivel em: http://dx.doi.org/10.3748/wjg.v9.i8.1828.

HUANG, X. et al. Sodium intake but not renal nerves attenuates renal venous pressure-
induced changes in renal hemodynamics in rats. American journal of physiology. Renal
physiology, v. 315, n. 3, p. F644-F652, 2018. Disponivel em:
http://dx.doi.org/10.1152/ajprenal.00099.2018.



100

HUSAIN-SYED, F. et al. Congestive nephropathy: a neglected entity? Proposal for
diagnostic criteria and future perspectives. ESC heart failure, v. 8, n. 1, p. 183-203, 2021.
Disponivel em: https://onlinelibrary.wiley.com/doi/10.1002/ehf2.13118.

HUSAIN-SYED, F. et al. Doppler-derived renal venous stasis index in the prognosis of right
heart failure. Journal of the American Heart Association, v. 8, n. 21, p. e013584, 2019.
Disponivel em: http://dx.doi.org/10.1161/JAHA.119.013584.

IIDA, N. et al. Clinical implications of intrarenal hemodynamic evaluation by Doppler
ultrasonography in heart failure. JACC. Heart failure, v. 4, n. 8, p. 674-682, 2016.
Disponivel em: http://dx.doi.org/10.1016/j.jchf.2016.03.016.

ISLAS-RODRIGUEZ, J. P. et al. Effect on kidney function recovery guiding decongestion
with VEXUS in patients with cardiorenal syndrome 1: a randomized control trial.
Cardiorenal medicine, v. 14, n. 1, p. 1-11, 2024. Disponivel em:
http://dx.doi.org/10.1159/000535641.

IZAWA, J.; UCHINO, S.; TAKINAMI, M. A detailed evaluation of the new acute kidney
injury criteria by KDIGO in critically ill patients. Journal of anesthesia, v. 30, n. 2, p. 215-
222, 2016. Disponivel em: https://doi.org/10.1007/s00540-015-2109-6.

JIANG, L. et al. Epidemiology of acute kidney injury in intensive care units in Beijing: the
multi-center BAKIT study. BMC nephrology, v. 20, n. 1, p. 468, 2019. Disponivel em:
http://dx.doi.org/10.1186/s12882-019-1660-z.

JIANG, Y. J. et al. Risk factors, clinical features and outcome of new-onset acute kidney
injury among critically ill patients: a database analysis based on prospective cohort study.
BMC nephrology, v. 22, n. 1, p. 289, 2021. Disponivel em:
http://dx.doi.org/10.1186/s12882-021-02503-X.

JOSEPH, S. M. et al. Acute decompensated heart failure: contemporary medical management.
Texas Heart Institute journal / from the Texas Heart Institute of St. Luke’s Episcopal
Hospital, Texas Children's Hospital, v. 36, n. 6, p. 510-520, 2009. Disponivel em:
https://www.ncbi.nlm.nih.gov/pubmed/20069075.

JOZWIAK, M.; TEBOUL, J. L.; MONNET, X. Extravascular lung water in critical care:
recent advances and clinical applications. Annals of intensive care, v. 5, n. 1, p. 38, 2015.
Disponivel em: http://dx.doi.org/10.1186/s13613-015-0081-9.

KALANTARI, K. et al. Assessment of intravascular volume status and volume
responsiveness in critically ill patients. Kidney international, v. 83, n. 6, p. 1017-1028,
2013. Disponivel em: http://dx.doi.org/10.1038/ki.2012.424.

KAUFMAN, J. et al. Community-acquired acute renal failure. American journal of kidney
diseases: the official journal of the National Kidney Foundation, v. 17, n. 2, p. 191-198,
1991. Disponivel em: http://dx.doi.org/10.1016/s0272-6386(12)81128-0.

KAUL, A. et al. Spectrum of community-acquired acute kKidney injury in India: a
retrospective study. Saudi journal of kidney diseases and transplantation: an official



101

publication of the Saudi Center for Organ Transplantation, Saudi Arabia, v. 23, n. 3, p.
619-628, 2012. Disponivel em: https://www.ncbi.nlm.nih.gov/pubmed/22569459.

KAWATA, T. et al. Factors influencing inferior vena cava diameter and its respiratory
variation: Simultaneous comparison with hemodynamic data. Journal of cardiology, v. 79, n.
5, p. 642-647, 2022. Disponivel em:
https://www.sciencedirect.com/science/article/pii/S0914508721003439.

KELLUM, J. A. et al. Classifying AKI by urine output versus serum creatinine level. Journal
of the American Society of Nephrology: JASN, v. 26, n. 9, p. 2231-2238, 2015. Disponivel
em: http://dx.doi.org/10.1681/ASN.2014070724.

KHAN, F. G. et al. Community acquired versus hospital acquired acute kidney injury; causes
and outcome. Journal of the Pakistan Medical Association, v. 72, n. 6, p. 1128-1132, 2022.
Disponivel em: http://dx.doi.org/10.47391/JPMA.3385.

Kidney Disease: Improving Global Outcomes (KDIGO) Acute Kidney Injury Work Group.
KDIGO Clinical Practice Guideline for Acute Kidney Injury. Kidney international, v. 2, n.
Suppl, p. 1-138, 2012. Disponivel em: http://dx.doi.org/ 10.1038/kisup.2012.6.

KOBAYASHI, M. et al. Mid-term prognostic impact of residual pulmonary congestion
assessed by radiographic scoring in patients admitted for worsening heart failure.
International journal of cardiology, v. 289, p. 91-98, 2019. Disponivel em:
https://www.sciencedirect.com/science/article/pii/S0167527318334934.

KOEZE, J. et al. Incidence, timing and outcome of AKI in critically ill patients varies with
the definition used and the addition of urine output criteria. BMC nephrology, v. 18, n. 1, p.
70, 2017. Disponivel em: http://dx.doi.org/10.1186/s12882-017-0487-8.

KORATALA, A.; REISINGER, N. Venous excess doppler ultrasound for the nephrologist:
pearls and pitfalls. Kidney Medicine, v. 4, n. 7, p. 100482, 2022. Disponivel em:
https://www.sciencedirect.com/science/article/pii/S259005952200098X.

KRZYCH, L. J.; CZEMPIK, P. F. Impact of furosemide on mortality and the requirement for
renal replacement therapy in acute kidney injury: a systematic review and meta-analysis of
randomised trials. Annals of intensive care, v. 9, n. 1, p. 85, 2019. Disponivel em:
http://dx.doi.org/10.1186/s13613-019-0557-0.

LEVI, T. M. et al. Comparison of the RIFLE, AKIN and KDIGO criteria to predict mortality
in critically ill patients. Revista Brasileira de terapia intensiva, v. 25, n. 4, p. 290-296,
2013. Disponivel em: http://dx.doi.org/10.5935/0103-507X.20130050.

LI, Z. T. et al. Comparison of various surrogate markers for venous congestion in predicting
acute kidney injury following cardiac surgery: a cohort study. Journal of critical care, v. 79,
p. 154441, 2024. Disponivel em: http://dx.doi.org/10.1016/j.jcrc.2023.154441.

LINDER, A. et al. Small acute increases in serum creatinine are associated with decreased
long-term survival in the critically ill. American journal of respiratory and critical care
medicine, v. 189, n. 9, p. 1075-1081, 2014. Disponivel em:
http://dx.doi.org/10.1164/rccm.201311-20970C.



102

LLACER, P. et al. Comparison between CA125 and NT-proBNP for evaluating congestion in
acute heart failure. Medicina clinica, v. 156, n. 12, p. 589-594, 2021. Disponivel em:
http://dx.doi.org/10.1016/j.medcli.2020.05.063.

LONGINO, A. et al. Correlation between the VExUS score and right atrial pressure: a pilot
prospective observational study. Critical care / the Society of Critical Care Medicine, v.
27,n. 1, p. 205, 2023. Disponivel em: http://dx.doi.org/10.1186/s13054-023-04471-0.

LOPERFIDO, F. et al. Doppler analysis of portal vein flow in tricuspid regurgitation. The
Journal of heart valve disease, v. 2, n. 2, p. 174-182, 1993. Disponivel em:
https://www.ncbi.nIm.nih.gov/pubmed/8261155.

LUO, X. et al. A comparison of different diagnostic criteria of acute kidney injury in critically
ill patients. Critical care / the Society of Critical Care Medicine, v. 18, n. 4, p. R144, 2014.
Disponivel em: http://dx.doi.org/10.1186/cc13977.

MACEDO, E. et al. Oliguria is an early predictor of higher mortality in critically ill patients.
Kidney international, v. 80, n. 7, p. 760767, 2011. Disponivel em:
http://dx.doi.org/10.1038/ki.2011.150.

MACKENZIE, D. C.; NOBLE, V. E. Assessing volume status and fluid responsiveness in the
emergency department. Clinical and experimental emergency medicine, v. 1, n. 2, p. 67—
77, 2014. Disponivel em: http://dx.doi.org/10.15441/ceem.14.040.

MAISEL, A. S. et al. Rapid measurement of B-type natriuretic peptide in the emergency
diagnosis of heart failure. The New England journal of medicine, v. 347, n. 3, p. 161-167,
2002. Disponivel em: http://dx.doi.org/10.1056/NEJM0a020233.

MALBRAIN, M. L. N. G et al. Fluid overload, de-resuscitation, and outcomes in critically ill
or injured patients: a systematic review with suggestions for clinical practice.
Anaesthesiology intensive therapy, v. 46, n. 5, p. 361-380, 2014. Disponivel em:
http://dx.doi.org/10.5603/AlIT.2014.0060.

MARIK, P. E. Assessment of intravascular volume: a comedy of errors. Critical care
medicine, 2001. Disponivel em: http://dx.doi.org/10.1097/00003246-200108000-00024.

MARIK, P. E. Techniques for assessment of intravascular volume in critically ill patients.
Journal of intensive care medicine, v. 24, n. 5, p. 329-337, 2009. Disponivel em:
http://dx.doi.org/10.1177/0885066609340640.

MARIK, P. E.; BARAM, M.; VAHID, B. Does central venous pressure predict fluid
responsiveness? A systematic review of the literature and the tale of seven mares. Chest, v.
134, n. 1, p. 172-178, 2008. Disponivel em: http://dx.doi.org/10.1378/chest.07-2331.

MARTINDALE, J. L. et al. Diagnosing acute heart failure in the emergency department: A
systematic review and meta-analysis. Academic emergency medicine: official journal of

the Society for Academic Emergency Medicine, v. 23, n. 3, p. 223-242, 2016. Disponivel
em: https://dx.doi.org/10.1111/acem.12878.



103

MATTIOLI, A. V.; CASTELLI, A.; MATTIOLLI, G. Relationship between mean right atrial
pressure and Doppler parameters in patients with right ventricular infarction. Clinical
cardiology, v. 23, n. 10, p. 771-775, 2000. Disponivel em:
http://dx.doi.org/10.1002/clc.4960231015.

MATUSZKIEWICZ-ROWINSKA, J.; MALYSZKO, J. Acute kidney injury, its definition,
and treatment in adults: guidelines and reality. Polish archives of internal medicine, v. 130,
n. 12, p. 1074-1080, 2020. Disponivel em: http://dx.doi.org/10.20452/pamw.15373.

MEDVE, L. et al. Epidemiology of acute kidney injury in Hungarian intensive care units: a
multicenter, prospective, observational study. BMC nephrology, v. 12, p. 43, 2011.
Disponivel em: http://dx.doi.org/10.1186/1471-2369-12-43.

MEHTA, R. L. et al. Acute kidney injury network: report of an initiative to improve
outcomes in acute kidney injury. Critical care / the Society of Critical Care Medicine, v.
11, n. 2, p. R31, 2007. Disponivel em: http://dx.doi.org/10.1186/cc5713.

MELO, F. A. F. et al. A systematic review and meta-analysis of acute kidney injury in the
intensive care units of developed and developing countries. PloS one, v. 15, n. 1, p.
e0226325, 2020. Disponivel em: http://dx.doi.org/10.1371/journal.pone.0226325.

MESSMER, A. S. et al. Fluid overload and mortality in adult critical care patients - a
systematic review and meta-analysis of observational studies. Critical care medicine, v. 48,
n. 12, p. 1862-1870, 2020. Disponivel em:
http://dx.doi.org/10.1097/CCM.0000000000004617

MORENGO, F. L. et al. Evaluation of size and dynamics of the inferior vena cava as an index
of right-sided cardiac function. The American journal of cardiology, v. 53, n. 4, p. 579-585,
1984. Disponivel em: http://dx.doi.org/10.1016/0002-9149(84)90034-1.

NAGUEH, S. F.; KOPELEN, H. A.; ZOGHBI, W. A. Relation of mean right atrial pressure to
echocardiographic and Doppler parameters of right atrial and right ventricular function.
Circulation, v. 93, n. 6, p. 1160-1169, 1996. Disponivel em:
http://dx.doi.org/10.1161/01.cir.93.6.1160.

NISULA, S. et al. Incidence, risk factors and 90-day mortality of patients with acute kidney
injury in Finnish intensive care units: the FINNAKI study. Intensive care medicine, v. 39, n.
3, p. 420-428, 2013. Disponivel em: http://dx.doi.org/10.1007/s00134-012-2796-5.

NOHRIA, A. et al. Clinical assessment identifies hemodynamic profiles that predict outcomes
in patients admitted with heart failure. Journal of the American College of Cardiology, v.
41, n. 10, p. 1797-1804, 2003. Disponivel em: http://dx.doi.org/10.1016/s0735-
1097(03)00309-7.

NOMURA, T. et al. Evaluation of hepatic venous flow using transesophageal
echocardiography in coronary artery bypass surgery: an index of right ventricular function.
Journal of cardiothoracic and vascular anesthesia, v. 9, n. 1, p. 9-17, 1995. Disponivel
em: http://dx.doi.org/10.1016/s1053-0770(05)80049-7.



104

NUNEZ, J. et al. Antigen carbohydrate 125 as a biomarker in heart failure: a narrative review.
European journal of heart failure, v. 23, n. 9, p. 1445-1457, 2021. Disponivel em:
https://onlinelibrary.wiley.com/doi/10.1002/ejhf.2295.

O’CONNOR, M. E.; PROWLE, J. R. Fluid overload. Critical care clinics, v. 31, n. 4, p.
803-821, 2015. Disponivel em: http://dx.doi.org/10.1016/j.ccc.2015.06.013.

OWII, S. M.; NIKEGHBAL, E.; MOOSAVI, S. M. Comparison of ischaemia-reperfusion-
induced acute kidney injury by clamping renal arteries, veins or pedicles in anaesthetized rats.
Experimental physiology, v. 103, n. 10, p. 1390-1402, 2018. Disponivel em:
http://dx.doi.org/10.1113/EP087140.

PATEL, S. et al. Objective methods of assessing fluid status to optimize volume management
in kidney disease and hypertension: the importance of ultrasound. Journal of clinical
medicine research, v. 12, n. 19, 2023. Disponivel em:
http://dx.doi.org/10.3390/jcm12196368.

PEACOCK, W. F.; SOTO, K. M. Current techniques of fluid status assessment.
Contributions to nephrology, v. 164, p. 128-142, 2010. Disponivel em:
http://dx.doi.org/10.1159/000313726.

PENNESTRI, F. et al. Assessment of tricuspid regurgitation by pulsed Doppler
ultrasonography of the hepatic veins. The American journal of cardiology, v. 54, n. 3, p.
363-368, 1984. Disponivel em: http://dx.doi.org/10.1016/0002-9149(84)90198-X.

PEREZ CALVO, J. I. et al. Residual congestion and clinical intuition in decompensated heart
failure. Revista clinica espanola, v. 219, n. 6, p. 327-331, 2019. Disponivel em:
http://dx.doi.org/10.1016/j.rce.2019.02.004.

PETTEY, G. et al. Ultrasound hepatic vein ratios are associated with the development of
acute kidney injury after cardiac surgery. Journal of cardiothoracic and vascular
anesthesia, v. 36, n. 5, p. 13261335, 2022. Disponivel em:
http://dx.doi.org/10.1053/j.jvca.2021.07.039.

PICCINNI, P. et al. Prospective multicenter study on epidemiology of acute kidney injury in
the ICU: a critical care nephrology Italian collaborative effort (NEFROINT). Minerva
anestesiologica, v. 77, n. 11, p. 1072-1083, 2011. Disponivel em:
https://www.ncbi.nlm.nih.gov/pubmed/21597441.

PICHON, J. et al. Clinical relevance and prognostic value of renal Doppler in acute
decompensated precapillary pulmonary hypertension. European heart journal
cardiovascular Imaging, v. 24, n. 11, p. 1518-1527, 2023. Disponivel em:
http://dx.doi.org/10.1093/ehjci/jead104.

POELAERT, J. Assessment of loading conditions with cardiac ultrasound. A comprehensive
review. Anaesthesiology intensive therapy, v. 47, n. 5, p. 464-470, 2015. Disponivel em:
http://dx.doi.org/10.5603/AIT.a2015.0068.



105

POURMAND, A. et al. The utility of point-of-care ultrasound in the assessment of volume
status in acute and critically ill patients. World journal of emergency medicine, v. 10, n. 4,
p. 232-238, 2019. Disponivel em: http://dx.doi.org/10.5847/wjem.j.1920-8642.2019.04.007.

PROWLE, J. R.; KIRWAN, C. J.; BELLOMO, R. Fluid management for the prevention and
attenuation of acute kidney injury. Nature reviews. Nephrology, v. 10, n. 1, p. 37-47, 2014.
Disponivel em: http://dx.doi.org/10.1038/nrneph.2013.232.

RALIB, A. M.; NOR, M. B. M. Validating a lower urine output criteria in predicting death in
critically ill patients. IlTUM Medical Journal Malaysia, v. 16, n. 1, 2017. Disponivel em:
https://journals.iium.edu.my/kom/index.php/imjm/article/view/357. Acesso em: 1 maio 2024.

RATTARASARN, I.; YINGCHONCHAROEN, T.; ASSAVAPOKEE, T. Prediction of
rehospitalization in patients with acute heart failure using point-of-care lung ultrasound. BMC
cardiovascular disorders, v. 22, n. 1, p. 330, 2022. Disponivel em:
http://dx.doi.org/10.1186/s12872-022-02781-9.

RENGO, C. et al. Portal vein pulsatility ratio provides a measure of right heart function in
chronic heart failure. Ultrasound in medicine & biology, v. 24, n. 3, p. 327-332, 1998.
Disponivel em: http://dx.doi.org/10.1016/s0301-5629(97)00272-x.

ROCHA, P. N.; MENEZES, J. A. V.; SUASSUNA, J. H. R. Avaliacdo hemodinamica em
paciente criticamente enfermo. Brazilian Journal of Nephrology, v. 32, n. 2, p. 201-212,
2010. Disponivel em: https://www.scielo.br/j/jbn/a/RFPchJIGFghT4BBQvhm4GqD/. Acesso
em: 13 abr. 2024.

ROLA, P. et al. Clinical applications of the venous excess ultrasound (VExUS) score:
conceptual review and case series. The ultrasound journal, v. 13, n. 1, p. 32, 2021.
Disponivel em: http://dx.doi.org/10.1186/s13089-021-00232-8.

ROZYCKI, G. S; PENNINGTON, S. D.; FELICIANO, D. V. Surgeon-performed ultrasound
in the critical care setting: its use as an extension of the physical examination to detect pleural
effusion. The Journal of trauma, v. 50, n. 4, p. 636-642, 2001. Disponivel em:
http://dx.doi.org/10.1097/00005373-200104000-00007.

SAKALI, K. et al. Evaluation of tricuspid regurgitation by blood flow pattern in the hepatic
vein using pulsed Doppler technique. American heart journal, v. 108, n. 3Pt 1, p. 516-523,
1984. Disponivel em: http://dx.doi.org/10.1016/0002-8703(84)90417-4.

SAMANT, S.; KORATALA, A. Point-of-care Doppler ultrasound in the management of
hyponatremia: another string to nephrologists’ Bow. Clinical case reports, v. 9, n. 8, p.
e04687, 2021. Disponivel em: http://dx.doi.org/10.1002/ccr3.4687.

SANTOS, P. R.; MONTEIRO, D. L. S. Acute kidney injury in an intensive care unit of a
general hospital with emergency room specializing in trauma: an observational prospective
study. BMC nephrology, v. 16, p. 30, 2015. Disponivel em:
http://dx.doi.org/10.1186/s12882-015-0026-4.



106

SAVARESE, G. et al. Global burden of heart failure: a comprehensive and updated review of
epidemiology. Cardiovascular research, v. 118, n. 17, p. 3272-3287, 2023. Disponivel em:
http://dx.doi.org/10.1093/cvr/cvac013.

SCHISSLER, M. M. et al. Characteristics and outcomes in community-acquired versus
hospital-acquired acute kidney injury. Nephrology, v. 18, n. 3, p. 183-187, 2013. Disponivel
em: http://dx.doi.org/10.1111/nep.12036.

SENGTHAVISOUK, N. et al. Epidemiology and short-term outcomes of acute kidney injury
among patients in the intensive care unit in Laos: a nationwide multicenter, prospective, and
observational study. BMC medicine, v. 18, n. 1, p. 180, 2020. Disponivel em:
http://dx.doi.org/10.1186/s12916-020-01645-3.

SHEMIESA, R. S. et al. Characteristics, risk factors and outcomes of community-acquired
acute kidney injury in the elderly: a prospective tertiary hospital study, Egypt. African health
sciences, v. 22, n. 2, p. 350-361, 2022. Disponivel em:
http://dx.doi.org/10.4314/ahs.v22i2.40.

SHIMADA, S. et al. Pathophysiological and molecular mechanisms involved in renal
congestion in a novel rat model. Scientific reports, v. 8, n. 1, p. 1-15, 2018. Disponivel em:
https://www.nature.com/articles/s41598-018-35162-4. Acesso em: 23 abr. 2022.

SHINJO, H. et al. Comparison of kidney disease: improving global outcomes and acute
kidney injury network criteria for assessing patients in intensive care units. Clinical and
experimental nephrology, v. 18, n. 5,

p. 737-745, 2014. Disponivel em: http://dx.doi.org/10.1007/s10157-013-0915-4.

SIGURDSSON, M. I. et al. Acute kidney injury in intensive care units according to RIFLE
classification: a population-based study. Acta anaesthesiologica Scandinavica, v. 56, n. 10,
p. 1291-1297, 2012. Disponivel em: http://dx.doi.org/10.1111/j.1399-6576.2012.02767 .x.

SILBERT, B. I. et al. Does furosemide increase oxidative stress in acute kidney injury?
Antioxidants & redox signaling, v. 26, n. 5, p. 221-226, 2017. Disponivel em:
http://dx.doi.org/10.1089/ars.2016.6845.

SINGH, T. B. et al. Hospital-acquired acute kidney injury in medical, surgical, and intensive
care unit: A comparative study. Indian journal of nephrology, v. 23, n. 1, p. 24-29, 2013.
Disponivel em: http://dx.doi.org/10.4103/0971-4065.107192.

SINGH, K.; CARVALHO, R. Perioperative venous excess ultrasound score (VExXUS) to
guide decongestion in a dilated cardiomyopathy patient presenting for urgent surgery.
Cureus, v. 13, n. 12, p. e20545, 2021. Disponivel em:
http://dx.doi.org/10.7759/cureus.20545.

SINGH, S.; KORATALA, A. Utility of Doppler ultrasound derived hepatic and portal venous
waveforms in the management of heart failure exacerbation. Clinical case reports, v. 8, n. 8,
p. 1489-1493, 2020. Disponivel em: http://dx.doi.org/10.1002/ccr3.2908.



107

SPIEGEL, R. et al. The use of venous Doppler to predict adverse kidney events in a general
ICU cohort. Critical care / the Society of Critical Care Medicine, v. 24, n. 1, p. 615, 2020.
Disponivel em: http://dx.doi.org/10.1186/s13054-020-03330-6.

SRISAWAT, N. et al. The epidemiology and characteristics of acute kidney injury in the
Southeast Asia intensive care unit: a prospective multicentre study. Nephrology, dialysis,
transplantation: official publication of the European Dialysis and Transplant
Association - European Renal Association, v. 35, n. 10, p. 1729-1738, 2020. Disponivel
em: http://dx.doi.org/10.1093/ndt/gfz087.

STUCKER, F. et al. Risk factors for community-acquired acute kidney injury in patients with
and without chronic kidney injury and impact of its initial management on prognosis: a
prospective observational study. BMC nephrology, v. 18, n. 1, p. 380, 2017. Disponivel em:
http://dx.doi.org/10.1186/s12882-017-0792-2.

THONGPRAYOON, C. et al. The impact of fluid balance on diagnosis, staging and
prediction of mortality in critically ill patients with acute kidney injury. Journal of
nephrology, v. 29, n. 2, p. 221-227, 2016. Disponivel em: http://dx.doi.org/10.1007/s40620-
015-0211-3.

TORRES-ARRESE, M. et al. Usefulness of systemic venous ultrasound protocols in the
prognosis of heart failure patients: results from a prospective multicentric study. Journal of
clinical medicine research, v. 12, n. 4, 2023. Disponivel em:
http://dx.doi.org/10.3390/jcm12041281.

TRPKOV, C.; GRANT, A. D. M.; FINE, N. M. Intrarenal Doppler ultrasound renal venous
stasis index correlates with acute cardiorenal syndrome in patients with acute decompensated
heart failure. CJC open, v. 3, n. 12, p. 1444-1452, 2021. Disponivel em:
http://dx.doi.org/10.1016/j.cjc0.2021.07.010.

TSAO, C. W. et al. Heart disease and stroke statistics-2023 update: a report from the
American heart association. Circulation, v. 147, n. 8, p. €93-e621, 2023. Disponivel em:
http://dx.doi.org/10.1161/CIR.0000000000001123.

TSUTSUI, R. S. et al. Precision of echocardiographic estimates of right atrial pressure in
patients with acute decompensated heart failure. Journal of the American Society of
Echocardiography: official publication of the American Society of Echocardiography, v.
27, n. 10, p. 1072-1078.e2, 2014. Disponivel em:
http://dx.doi.org/10.1016/j.ech0.2014.06.002.

VAN DER MULLEN, J. et al. Assessment of hypovolaemia in the critically ill.
Anaesthesiology intensive therapy, v. 50, n. 2, p. 141-149, 2018. Disponivel em:
http://dx.doi.org/10.5603/AIT.a2017.0077.

VARUDO, R. et al. Use of venous excess ultraSound (VExXUS) score in hyponatraemia
management in critically ill patient. BMJ case reports, v. 15, n. 2, 2022. Disponivel em:
http://dx.doi.org/10.1136/bcr-2021-246995.

WAHRHAFTIG, K. M.; CORREIA, L. C. L.; SOUZA, C. A. M. RIFLE Classification:
prospective analysis of the association with mortality in critical ill patients. Brazilian



108

Journal of Nephrology, v. 34, n. 4, p. 369-377, 2012. Disponivel em:
https://dx.doi.org/10.5935/0101-2800.20120027.

WIERSEMA, R. et al. Diagnostic accuracy of arterial and venous renal Doppler assessment
for acute kidney injury in critically ill patients: A prospective study. Journal of critical care,
v. 59, p. 57-62, 2020a. Disponivel em: http://dx.doi.org/10.1016/j.jcrc.2020.05.012.

WIERSEMA, R. et al. Different applications of the KDIGO criteria for AKI lead to different
incidences in critically ill patients: a post hoc analysis from the prospective observational
SICS-11 study. Critical care / the Society of Critical Care Medicine, v. 24, n. 1, p. 164,
2020b. Disponivel em: http://dx.doi.org/10.1186/s13054-020-02886-7.

WINTON, F. R. The influence of venous pressure on the isolated mammalian kidney. The
Journal of physiology, v. 72, n. 1, p. 49-61, 1931. Disponivel em:
http://dx.doi.org/10.1113/jphysiol.1931.sp002761.

WLODZIMIROW, K. A. et al. A comparison of RIFLE with and without urine output criteria
for acute kidney injury in critically ill patients. Critical care / the Society of Critical Care
Medicine, v. 16, n. 5, p. R200, 2012. Disponivel em: http://dx.doi.org/10.1186/cc11808.

WU, L. et al. Prediction differences and implications of acute kidney injury with and without
urine output criteria in adult critically ill patients. Nephrology, dialysis, transplantation:
official publication of the European Dialysis and Transplant Association - European
Renal Association, v. 38, n. 10, p. 2368-2378, 2023. Disponivel em:
http://dx.doi.org/10.1093/ndt/gfad065.

ZHANG, H. et al. Hepatic vein Doppler in critically ill patients: a reflection of central venous
pressure or right ventricular systolic function? BMC anesthesiology, v. 22, n. 1, p. 332, 2022.
Disponivel em: http://dx.doi.org/10.1186/s12871-022-01872-6.

ZHOU, J. et al. A comparison of RIFLE, AKIN, KDIGO, and Cys-C criteria for the definition
of acute kidney injury in critically ill patients. International urology and nephrology, v. 48,
n. 1, p. 125-132, 2016. Disponivel em: http://dx.doi.org/10.1007/s11255-015-1150-6.



109

APENDICE A - EPIDEMIOLOGIA DE LESAO RENAL AGUDA EM DOENTES
CRITICOS PELA CLASSIFICACAO KDIGO

Estudo tort]al % LFnzA Estagio 1 Estagio 2 Estagio 3 TRS Mortalidade Mo;gl)i?ja de
Nisula, 2013 2901 39,3% 1141 499 (43,7%) 232 (20,3%) 410 (36,0%) 296 (10,2%) 292 (25,6%) hospitalar
Levi, 2013 190 6320% 120 71(59,2%) 14 (11,7%) 35 (29,1%) 62 (51,7%) uTI
Luo, 2014 3107 51,00% 1584 718 (453%) 368 (23,2%) 498 (31,5%) 250 (16,4%) 434 (27,4%)  hospitalar
Linder, 2014 1844 57,0% 1052 340 (32,3%) 223 (22,2%) 489 (46,5%) 340 (32,3%) 1ano
Han, 2014 1883 78,7% 1482 698 (47,1%) 440 (29,7%) 344 (23,2%) 132 (8,9%)

shinjo, 2014 2579 38,4% 991 639 (64,5%) 159 (16,0%) 193 (195%) 80 (8,1%)  138(13,9%)  hospitalar
Santos, 2015 279 33,0% 92 31(33.7%) 27 (29.4%) 34(36.9%) 20 (21,7%) 66 (71,7%) uTI
Zhou,2016 1036 37,80% 392 172 (439%) 93 (23,7%) 127 (324%) 73(18,6%) 203 (51,8%) 28 dias
Tho”%%rlag’oon' 7696 242% 1860 230 (12,4%) uTlI
lzawa, 2016 767 51,9% 398 202 (50,8%) 106 (26,6%) 90 (22,6%) 36 (9,1%) 59 (14,8%) hospitalar
Garzotto, 2016 1734 42,8% 743 490 (66%) 134 (18%) 110 (16%) 183 (24,6%) 166 (22,3%) uTI
Ralib,2017 143 650% 93  18(19%) 23(25%) 52 (56%) 36(38,7%) 28(30,1%)  hospitalar
Koeze, 2017 1376 14,40% 198 96 (48,5%) 42 (21,2%) 60 (30,3%) 36/198 (18,2%) hospitalar
Abd Eg‘l"';feez' 532 62,2% 331 136 (41,1%) 124 (37,5%) 71 (21,4%) 48 (145%) 105(317%) 30 dias
Deng, 2017 1084 30,1% 326 224 (68,7%) 102 (31,3%) 20(6,1%)  51(156%)  hospitalar
Fujii, 2018 2292 44,7% 1024 512 (50,0%) 257 (25,1%) 255 (24,9%) 171 (16,7%) 175 (17,1%)  hospitalar
Jiang, 2019 3107 51,0% 1584 718 (453%) 368 (232%) 498 (315%) 270 (17,0%) 346 (21,9%) uTI
Wi‘;rosggna' 1003 41,3% 414 148 (35,7%) 122 (29,5%) 144 (34,8%)
Sengtgg‘z’go“k' 1460 34,8% 508 59 (11,6%) 150 (295%) 299 (58,9%) 26 (5,1%) 226 (445%)  hospitalar
Srisawat, 2020 4668 52,9% 2471 352 (14,2%) 768 (31,1%) 1351 (54,7%) 369 (14,9%) 1009 (40,8%) hospitalar
Er,2020 303 50,20% 152 48 (31,6%) 43(283%) 61 (40,1%) 109 (71,7%)  hospitalar
Jiang, 2021 3374 30,0% 1012 464 (45,8%) 177 (17,5%) 371(36,7%) 220 (21,7%) 345 (34,1%)  hospitalar
Bayrakci, 2022 1491 10,40% 155 20 (18,7%) 42 (27,1%) 84 (54,2%) 52 (33,5%) 120 (77,4%) hospitalar

Fonte: Elaborador pelo autor
Legenda: LRA: lesdo renal aguda; TRS: terapia renal substitutiva
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APENDICE B — ESTUDOS COM ETIOLOGIA PRESUMIDA DE LESAO RENAL
AGUDA EM DOENTES CRITICOS

Estudo

Tipo de Estudo

Etiologia Presumida

Andrikos, 2009

Coorte Prospectiva

Sepse/choque séptico (45,3%)
Pos-cirurgico (21,2%)
Isquémico (14,7%)
Pré-renal (9,4%)
Agentes nefrotdxicos (7,1%)

Piccinni, 2011

Coorte Prospectiva

Hipovolemia (29,5%)
Choque séptico (13,5%)
Cirurgia de grande porte (12,1%)
Choque cardiogénico (11,8%)

Medve, 2011

Coorte Prospectiva

Choque séptico (44,0%)
Hipovolemia (39,0%)
Choque cardiogénico (20,0%)
Cirurgia de grande porte (16,0%)
Relacionado a medicamentos (2,0%)
Obstrucéo (1,0%)

Daher, 2012

Coorte Prospectiva

Renal (85,3%)
Pés-renal (6,7%)
Pré-renal (4,0%)

DRC agudizada (4,0%)

Wahrhaftig, 2012

Coorte Prospectiva

Choque séptico (44,2%)
Sepse (21,1%)
Baixo débito cardiaco (16,8%)

Sigurdsson, 2012

Coorte Retrospectiva

Choque cardiogénico (40,5%)
Insuficiéncia respiratoria (35,5%)
Pds-operatorio (35,0%)
Choque séptico (26,4%)
Medicamentos (7,7%)
Choque hipovolémico (6,4%)
Trauma (5,5%)
Hemorragia (5,0%)

Nisula, 2013

Coorte Prospectiva

Hipovolemia (41,4%)
Hipotensdo (35,4%)
Sepse grave (34,0%)
Baixo débito cardiaco (7,1%)
Rabdomidlise (3,6%)

Singh, 2013

Coorte Prospectiva

Sepse (35,2%)
Medicamentos (23,5%)
Perda de volume (14,7%)
Hipotensdo (11,7%)
Perda de volume + sepse (8,8%)
Sepse + medicamentos (5,8%)

Bouchard, 2015

Coorte Prospectiva

Pré-renal
Perdas de fluido intravascular
Sepse
Insuficiéncia cardiaca
Necrose tubular aguda
Doengas hepéticas
Perdas de fluido extracorpdreo
Multissistémico
Induzido por contraste
Nefrite intersticial
Glomerulonefrite




Estudo

Tipo de Estudo

Etiologia Presumida

Obstrucao
Vascular

Hoste, 2015

Transversal

Sepse (40,7%)
Hipovolemia (34,1%)
Relacionado a medicamentos (14,4%)
Choque cardiogénico (13,2%)
Sindrome hepatorrenal (3,2%)

Obstrucdo do trato de saida da urina (1,4%)

Abd ElHafeez, 2017

Coorte Prospectiva

Sepse (36,0%)
Hipovolemia (22,0%)
Choque cardiogénico

Hepatorrenal
Induzido por medicamentos
Rabdomidlise

Jiang, 2019

Coorte Prospectiva

Hipovolemia (25,4%)
Sepse (22,2%)
Baixo débito cardiaco (20,5%)

Sengthavisouk, 2020

Coorte Prospectiva

Hipoperfusao renal (47,4%)
Sepse (27,5%)

Trauma e cirurgia (11,8%)
Complicagdes obstétricas (2,0%)
Doencgas geniturinérias (1,6%)
Infeccéo tropical (1,2%)
Toxinas e envenenamentos (0,2%)
Doencas sistémicas (0,2%)

Srisawat, 2020

Coorte Prospectiva

Sepse (47,0%)
Cardiovascular (24,3)
Pulmonar (6,0%)
Trauma/cirurgia (5,7%)
Genitourinario (3,4%)
Hipoperfuséo renal (3,2%)
Infeccdo tropical (1,4%)
Hepético (1,3%)
Sistémico (1,0%)
Toxinas e envenenamentos (0,7%)
Gravidez (0,7%)

Fonte: Elaborado pelo autor
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