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RESUMO

APECTOS FISIOPATOLOGICOS E CLIiNICOS RELACIONADOS AO ESTADO
NUTRICIONAL DE PACIENTES EM DIALISE PERITONEAL

Introdugéao: Durante 24 horas de Dialise Peritoneal (DP), estima-se que cerca de 100 a
300g da glicose séo absorvidas, o que pode gerar alteragbes metabdlicas e no estado
nutricional. Objetivos: Estudar aspectos fisiopatoldgicos e clinicos relacionados ao
estado nutricional de pacientes em DP. Materiais e métodos: Estudo observacional de
pacientes em DP com analise da composicdo corporal através da bioimpedancia
espectroscopica (Body Composition Monitor, Fresenius Medical Care), avaliagdo da
caracteristica de transporte peritoneal, exames bioquimicos e concentragao sérica de
cobre (°®Cu), zinco (°°zZn), selénio ("®Se), cromo (°’Cr) e niquel (°®Ni) através de
espectometria de massa com plasma indutivamente acoplado. Resultados por artigo:
Artigo 1: Apdés 1 ano de DP, 50,6% ganharam peso, 41,2% perderam massa magra,
65,9% aumentaram massa gorda, sendo encontrado aumento significativo para peso,
indice de massa corporal (IMC), tecido adiposo e indice de massa gorda. Os pacientes
que ganharam peso predominantemente apresentavam baixo transporte peritoneal.
Artigo 2: A modificagdo da composigdo corporal encontrada nao foi diferente entre
modalidades de DP, ambulatorial continua (CAPD) e automatizada (APD). Artigo 3: No
inicio da DP, os pacientes foram classificados em: 29,9% desnutridos (massa magra
percentil <10), 55,5% obesos (massa gorda percentil >90) e 7,9% como desnutridos por
massa gorda (massa gorda percentil <10) e 23,8% desnutricdo e obesidade em
combinagao. A sobrevida cumulativa foi de 92%, 83%, 69%, 67% e 60% (12, 24, 36, 48
e 60 meses, respectivamente). O angulo de fase (abaixo de 5°) possui impacto na
mortalidade, inclusive apds ajuste para idade, sexo e diabetes. Artigo 4: Valores abaixo
da referéncia foram observados para Zn (5,8 £ 1,1 ymol/L) em 100%; Cu (15,7 £ 5,0
pmol/L) em 20,7%; Se (0,59 £ 0,22 umol/L) em 75,9%. Valores acima do recomendado
foram encontrados para Cr (0,29 £ 0,08 pmol/L) em 86,3% e Ni (0,21 (0.17 — 0.26)
pmol/L em 96,6%. Foi observada correlagdo positiva entre Cu e peso seco (r=0,407,
P=0,028), IMC (r=0,460, P=0,012) e indice de massa gorda (r=0,370, P0,048). Zn



apresentou correlagdo positiva com albumina (r=0,527, P=0,003) e negativa com
hiperhidratagdo (r=-0,394, P=0,034) e percentual de agua extracelular (r=-0,466,
P=0,014). Se apresentou correlagdo positiva com albumina (r=0,515, P=0,005) e
colesterol total (r=0,443, P=0,021), mas negativa com percentual de agua extracelular
(r=-0,404, P=0,041) e agua extracelular/agua intracelular (r=0,398, PO0,036). Ni
correlacionou-se negativamente com peso seco (r=-0,377, P0,044). Cu/Zn apresentou
correlagdo com IMC (r=0,376, P=0,044). Conclusées: A composi¢cdo corporal de
pacientes em DP se modifica ao longo do tratamento, o que n&o parece estar
relacionado a exposigdo a glicose ou a modalidade de DP, porém, as alteragbes
parecem estar relacionadas a pacientes que apresentam transportes peritoneais mais
lentos no inicio da terapia. A analise da composicao corporal de forma detalhada pode
gerar dados mais precisos de avaliagao nutricional. Sugere-se 0 uso do angulo de fase
como um marcador de estado nutricional € mais estudos sao necessarios para o melhor
entendimento da associacdo de microelementos séricos e composi¢ao corporal nesta

populacéao.

Palavras-chave: Bioimpedancia. Estado nutricional. Microelementos. Didlise peritoneal.

Angulo de fase. Transporte peritoneal.



ABSTRACT

PHYSIOPATHOLOGICAL AND CLINICAL ASPECTS RELATED TO NUTRITIONAL
STATUS OF PERITONEAL DIALYSIS PATIENTS.

Background: During 24 hours of peritoneal dialysis (PD), it is estimated that 100 to
300g of the glucose are absorbed, which can generate metabolic changes and
nutritional disorders. Objective: To study pathophysiological and clinical aspects related
to nutritional status of PD patients. Materials and Methods: Observational study of PD
patients evaluating body composition by bicimpedance (Body Composition Monitor;
Fresenius Medical Care), examining peritoneal membrane characteristics, measuring
biochemical parameters and using inductively coupled plasma mass spectrometer to
measure serum concentrations of copper (**Cu), zinc (°®Zn), selenium ("®Se), chromium
(°*Cr) and nickel (°®Ni). Results for each paper: Article 1: After 1y on PD, 50.6% had
dry weight (DW) gain, 41.2% showed lean tissue mass (LTM) loss, and 65.9%
presented fat mass (FM) gain and significant differences in DW, body mass index (BMI),
adipose tissue mass (ATM), FM and fat tissue index (FTI) were disclosed. Patients with
lower dialysate-to-plasma creatinine ratio showed FM gain. We observed a higher
percentage of nonfast transporters in DW gain when comparing with no gain. Artigo 2:
No differences were disclosed regarding body composition changes between PD
modalities (CAPD and APD). Article 3: At baseline 29.9% of the patients were classified
as having undernutrition (Lean Tissue Index (LTI) percentile <10™), 55.5% as obese (FTI
percentile >90"), 7.9% as having fat tissue undernutrition (FTI percentile <10™) and
23.8% had LTI undernutrition and obesity in combination. The cumulative survival rates
were 92%, 83%, 69%, 67% and 60% (12, 24, 36, 48 and 60 months, respectively).
Kaplan-Meier survival and Cox regressions analysis showed that only PhA bellow 5°
had an impact on mortality during the follow-up, even after adjusting for age, gender and
diabetes. Artigo 4: Values below references were disclosed for Zn (5.8 £ 1.1 ymol/L) in
100%; Cu (15.7 £ 5.0 ymol/L) in 20.7%; Se (0.59 + 0.22 ymol/L) in 75.9%. Values above
references were disclosed for Cr (0.29 £ 0.08 pymol/L) in 86.3% and Ni (0.21 (0.17 —

0.26) pmol/L) in 96.6%. We observed significant positive corretations between Cu and



DW (r=0.407, P=0.028), BMI (r=0.460, P=0.012) and FTI (r=0.370, P0.048). Zn was
positivily correlated to albumin (r=0.527, P=0.003) and negatively correlated with OH
(r=-0.394, P=0.034) and extracellular water (%ECW) (r=-0.466, P=0.014). Se had a
positive correlation with serum albumin (r=0.515, P=0.005) and total cholesterol
(r=0.443, P=0.021), but a negative correlation with %ECW (r=-0.404, P=0.041) and
extracellular water/intracellular water (r=0.398, P0.036). Ni was negatively correlated to
dry weight (r=-0.377, P0.044). Cu/Zn ratio was only correlated to BMI (r=0.376,
P=0.044). Conclusions: Body composition changes over PD treatment and it does not
seems to be related to the exposure of glucose or to the PD modality, however, it seems
to be related to patients with slower peritoneal transports at the beginning of the
treatment. Detailed analysis of body composition can generate more accurate data of
nutritional status. The use of the phase angle as a marker of nutritional status is
suggested and further studies are needed to better understand the association of serum

microelements and body composition in this population.

Keywords: Bioimpedance. Nutritional status. Trace elements. Peritoneal dialysis. Angle

phase. Peritoneal transport.
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1. INTRODUCAO

1.1 CONSIDERACOES INICIAIS

Esta tese apresenta estudos que fazem parte das pesquisas desenvolvidas pelo
Grupo de Pesquisas em Nefrologia da Pontificia Universidade Catdlica do Rio Grande
do Sul (PUCRS) e esta relacionada a linha de pesquisa de Dialise extra-renal da
PUCRS. Foi desenvolvida no Laboratéorio de Nefrologia do Instituto de Pesquisas
Biomédicas (IPB) da PUCRS em parceria com a Escola de Medicina da PUCRS, com o
Servigo de Nefrologia do Hospital Sdo Lucas (HSL), com o Instituto de Toxicologia da
PUCRS e com o Departamento de Nefrologia, Didlise e Transplante do International
Institute of Renal Research of Vicenza (IRRIV), Italia.

A estrutura desta tese segue as orientagbes formais presentes no modelo da
Associacao Brasileira de Normas Técnicas (ABNT) NBR 14724: apresentagdo de
trabalhos académicos, atualizada em abril de 2011, disponibilizado pela Biblioteca
Central Irmao José Otdao da PUCRS, que dividem a tese em parte interna e externa
(PONTIFICIA UNIVERSIDADE CATOLICA DO RIO GRANDE DO SUL, 2011). Os trés
elementos textuais fundamentais da parte interna sio: introducdo, desenvolvimento e
conclusdo. Na introducdo, sao apresentados o referencial tedrico, os objetivos e
justificativa para o desenvolvimento do trabalho. O desenvolvimento esta dividido em
duas partes, enfatizando os trabalhos desenvolvidos em diferentes locais e em parceria
com distintos grupos de estudo e sera apresentado por artigos cientificos.

A Parte 1 é composta por trés artigos cientificos desenvolvidos apds parceria com
o International Institute of Renal Research of Vicenza referente ao projeto concebido na
PUCRS e executado usando os dados de pacientes da ltalia, onde foi realizado parte
do Doutorado Sanduiche da aluna. O primeiro artigo, intitulado The influence of glucose
exposure load and peritoneal membrane transport on body composition and nutritional
status changes after 1 year on peritoneal dialysis, foi publicado pela Peritoneal Dialysis
International (fator de impacto 1.557 — qualis B2), em abril de 2017. O segundo artigo,
intitulado Is there a difference in body composition and nutritional status between
peritoneal dialysis modalities after one year of treatment?, encontra-se em avaliagao,

também pelo corpo editorial do Peritoneal Dialysis International. O terceiro artigo,
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intitulado Bioimpedance phase angle is associated with mortality in peritoneal dialysis
patients, sera submetido para publicacdo no Clinical Journal of the American Society of
Nephrology (fator de impacto 4.78 — quails A1).

A Parte 2 contém dados de pacientes do Servigo de Nefrologia do Hospital Sado
Lucas (Porto Alegre, RS, Brasil) e técnicas analiticas realizadas no Laboratorio de
Nefrologia da PUCRS e no Instituto de Toxicologia da mesma Universidade. Os dados
também s&o apresentados em formato de artigo cientifico, intitulado Trace elements
and body composition in peritoneal dialysis, o qual sera submetido a Revista Nutrients
(fator de impact 3.77 — qualis A2).

As referéncias utilizadas no desenvolvimento do trabalho, serdo apresentadas ao
final de cada artigo, conforme regras de submissao de cada Revista. O idioma utilizado
para apresentagdo dos quatro artigos que compdem a tese é o inglés. Os elementos
pos-textuais sdo compostos por referéncias, apéndices e anexos. Nesta etapa, as
referéncias indicam os autores utilizados para elaboracao da introducéo, que versa de
maneira breve sobre os temas relevantens aos trabalhos descritos no desenvolvimento.
Os apéndices apresentam os resumos de trabalho apresentados em congressos.
Também na parte pos-textual da tese, os anexos apresentam documentos sobre a

participacao da aluna no Doutorado Sanduiche, realizado no ano de 2015, na Italia.
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1.2 REFERENCIAL TEORICO

1.2.1 Dialise Peritoneal: aspectos epidemiolégicos

A doenca renal crbnica é considerada um problema de saude publica crescente
na atualidade. Segundo o Censo Brasileiro de Dialise da Sociedade Brasileira de
Nefrologia, 0 numero de pacientes em terapia renal substitutiva (TRS) no pais, no ano
de 2016, foi de 122.825 (596 pmp), sendo 39.714 (193 pmp) pacientes incidentes
(SOCIEDADE BRASILEIRA DE NEFROLOGIA 2016). Entre os anos de 2010 e 2014,
foi observado um aumento anual médio de 5%, o que confirma que o problema
permanece em crescimento no Brasil (SESSO et al., 2016). Este fato se sustenta na
observacado dos dados de 2015 para 2016, quando o aumento foi de mais de 10%
nestes numeros, sendo 7,9% em dialise peritoneal (DP) (SOCIEDADE BRASILEIRA DE
NEFROLOGIA 2016). Sabe-se que 83% dos pacientes em TRS dependem do sistema
publico de saude brasileiro, e mais 65% deles estdo na faixa dos 20 aos 64 anos de
idade, parte produtiva da populacao (SOCIEDADE BRASILEIRA DE NEFROLOGIA
2016), gerando altos gastos publicos. A proposta do Ministério da Saude apos
implementagdo do Programa de Diretrizes Clinicas para o Cuidado ao Paciente com
Doenca Renal Crénica no Sistema Unico de Saude que, através da Portaria N° 389, de
13 de marco de 2014, definiu os critérios para a organizagdo de uma linha de cuidado
para esta patologia, sugere que 25% dos pacientes em TRS deveriam estar em DP
(BRASIL, 2014).
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Figura 1. Total estimado de pacientes em dialise por ano no Brasil.
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Fonte: Dados provenientes do Censo Brasileiro de Dialise ano 2016. (SOCIEDADE BRASILEIRA DE
NEFROLOGIA, 2016)

Esta situagdo nao é observada somente no Brasil, 0 constante crescimento da
doenca renal cronica esta gerando custos de maneira global e a utilizagdo de técnicas
menos onerosas é necessaria. Como em muitos estudos os resultados clinicos da DP
sao equivalentes ou superiores aos obtidos através da hemodialise, observa-se um
crescimento do uso desta técnica em muitos paises como a China, Estados Unidos e
Tailandia (LI et al., 2017), sendo esta considerada uma opg¢do com melhor custo
efetividade (KLARENBACH et al., 2009; LI e KWONG 2017).

A European Renal Association - European Dialysis and Transplant Association
(ERA-EDTA) coleta dados europeus sobre a TRS e os divulga anualmente. No relatério
de 2015, onde foram analisados um conjunto de dados provenientes de 52 registros
renais nacionais ou regionais em 36 paises da Europa, a prevaléncia de pacientes em
didlise foi de 546.783 (801 pmp) e a incidéncia de 81.373 (119 pmp). Em 5 das 20
regides da Italia descritas neste relatorio, a prevaléncia foi 17.832 (1050 pmp) e o

numero de casos novos foi de 2.232 pacientes (131 pmp). Deste total, 5% realizam a
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DP, 11% dos novos pacientes. Na Europa, dos pacientes prevalentes em dialise, 56%
possuem de 20 a 64 anos de idade, valores mais baixos que os encontrados no Brasil,
porém também relevantes quanto a faixa etaria produtiva da populacdo. Dados deste
estudo, mostram também que a sobrevida melhorou nos ultimos 20 anos, tanto para
pacientes em DP quanto em hemodialise (ERA-EDTA, 2017).

O United States Renal Data System (USRDS), através de seu relatério anual,
também oferece uma fonte detalhada sobre a epidemiologia da doenga renal em
estagio terminal nos Estados Unidos. O ultimo relatério do USRDS, atualizado em 2016,
mostra que, em 2013, a incidéncia de pacientes em dialise nos Estados Unidos era de
117.162 (363 pmp) e a prevaléncia de 661.648 (2.034 pmp). Dos pacientes novos em
didlise, 9% realizavam DP, enquanto que 6,8% dos prevalentes realizavam esta técnica
como forma de TRS. Nesta populacdo, a mortalidade observada foi de 152 pacientes a
cada 1000 pacientes/ano (USRDS-ADR, 2015).

Estudo brasileiro, multicéntrico, prospectivo e observacional (BRAZPD) analisou
em torno de 65 a 70% dos pacientes em DP no pais e revelou que, no periodo de
dezembro de 2004 a janeiro de 2011, mais de 7 mil pacientes eram incidentes nesta
terapia, e, destes, mais de 3 mil pacientes tinham a DP como primeira forma de TRS.
Neste periodo, a mortalidade relatada foi de 19%, sendo as doengas cardiovasculares a
principal causa de morte (em 36% dos casos). As taxas de sobrevida descritas nesta
populacao foram de 85%, 74%, 64%, 54% e 48% em 1,2,3,4 e 5 anos, respectivamente
(MORAES et al., 2014).

As doencgas cardiovasculares sao a principal causa de morte em pacientes em
TRS, sendo 10 a 20 vezes maior nestes pacientes que populagdo em geral (DE JAGER
et al., 2009). Muitos estudos recentes avaliam a mortalidade de pacientes em DP e os
fatores que quando possiveis de serem modificados poderiam aumentar a sobrevida da
populacdo e a manutencdo da técnica (PERL et al., 2016), tais como ocorréncia de
peritonite (YE et al., 2017), hipervolemia (DREPPER et al., 2016) estado nutricional
(FEIN et al., 2015; LEE et al., 2016; PENG et al., 2017), diferengas na composi¢géao
corporal (MALGORZEWICZ et al., 2016), niveis séricos de potassio (LEE et al., 2017),
inflamacéao (LI, NG E MCINTYRE, 2017), modalidade de DP (BEDUSCHI et al., 2015),

influéncia do género (KITTERER et al., 2017), entre outros fatores.
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Uma das maiores coortes prospectivas de observacao entre pacientes em DP,
chamada Peritoneal Dialysis Outcomes and Practice Patterns Study (PDOPPS),cuja
geréncia € a Arbor Research Collaborative for Health, vém sendo conduzida pela
Sociedade Internacional de Dialise Peritoneal em parceria com diversos grupos de
estudos localizados em diversas partes do mundo (Australia, Japao, Estados Unidos,
Reino Unido e Canadd), cujo objetivo principal € fornecer evidéncias cientificas que
fortalecam a tomada de decisdo na pratica clinica (PERL et al., 2014). A primeira
publicacdo deste estudo, a qual mostra a relevante do tema na atualidade, apresentou
0s principais questionamentos a serem respondidos com a futura analise longitudinal de
3 anos, os quais serao voltados a variagdo das técnicas aplicadas nos diferentes
centros avaliados e os seus resultados de faléncia da técnica e da sobrevida dos

pacientes em DP encontrados (PERL et al., 2016).

1.2.2 Dialise Peritoneal: a técnica e o transporte peritoneal

A DP é uma modalidade de dialise que possibilita que o paciente com doenca
renal crénica em estagio terminal realize o tratamento em domicilio, a qual possui
inumeras vantagens no que se refere a qualidade de vida (BROWN et al., 2017). A DP
consiste na utilizacdo do peritbnio como membrana dialisadora, baseada na troca de
solutos e fluidos entre o sangue (através dos capilares peritoneais) e a solugéo de
dialise. A técnica baseia-se na infusdo de um liquido chamado dialisato, um periodo de
permanéncia no peritbnio e, posterior, drenagem (Figura 2). Para a infusdo, é
necessaria a insercdo de um cateter apropriado. O movimento de solutos ocorre
principalmente por difusdo, baseado no gradiante de concentracéo entre o dialisato e o
sangue e a retirada de volume ¢é feita, através de um gradiente osmético que € obtido
pelo dialisato hiperosmolar. Neste processo, uma pequena quantidade de fluido e
solutos também é reabsorvida via sistema linfatico (VARDHAN et al., 2009). De forma
simplificada, no estagio inicial em que a solugéo de glicose entra em contato com a
cavidade peritoneal, a ultrafiltracdo transcapilar € o principal componente do transporte
de agua através da membrana peritoneal e, reduzindo o gradiente, a absorgao linfatica

torna-se mais importante (AGUIRRE et al., 2014). Em longo prazo, pode ocorrer fibrose
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instersticial diminuindo o transporte de agua, podendo levar a faléncia da ultrafiltragcao
(MORELLE et al., 2015) e, assim, necessidade de troca da terapia de substituicdo

renal.

Figura 2. Técnica da dialise peritoneal. Infusdo, permanéncia e drenagem do liquido de

diadlise na cavidade peritoneal.
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Os capilares peritoneais parecem ser a principal barreira de resisténcia ao
transporte de solutos e agua, que é mediado por poros de diferentes tamanhos,
conhecido como Modelo de Trés Poros (RIPPE e KREDIET, 1994). Este modelo sugere
que o transporte peritoneal seja realizado por dois caminhos diferentes através da
parede capilar: um transcelular (aquarorinas - poros ultrapequenos que permitem
apenas a passagem de agua) e outro transcapilar (pequenos poros por onde passam
agua e solutos de baixo peso molecular, como ureia, creatinina e glicose, e outros
poros maiores, por onde passam macromoléculas) (RIPPE e CARLSON, 1999;
PANNEKEET et al., 1996).

A DP é uma TRS que requer treinamento e habilidades especificas que devem ser

desenvolvidas e supervisionadas ao longo do tratamento pela equipe multiprofissional.
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O ensino da técnica, que sera realizada em domicilio, conferindo ao paciente e/ou
cuidador autonomia de seu cuidado, deve ser realizado de maneira cuidadosa por
enfermeiro especializado e através de um treinamento estruturado e efetivo
(FIGUEIREDO et al., 2016). Existem duas modalidades principais de DP: a dialise
peritoneal ambulatorial continua (CAPD) e a didlise peritoneal automatizada (DPA). Na
CAPD, o paciente ou o cuidador realiza as trocas manualmente, com intervalos de
aproximadamente 6 horas, totalizando 4 intervengdes diarias (em torno de 30 minutos
cada procedimento). Ja na DPA, a técnica é realizada com auxilio de uma cicladora,
equipamento especifico que ira realizar a infusdo, permanéncia e drenagem do liquido
de forma automatizada conforme a programagao da equipe assistencial, normalmente
realizada durante a noite por um periodo de 8 a 12 horas (DAUGIRDAS, BLAKE e ING,
2003).

Na pratica, as caracteristicas da membrana peritoneal, em relacdo ao transporte
de solutos e a ultrafiltracao, sao diferentes entre os pacientes, o que ira determinar
absorcao de glicose distinta e prescricbes médicas individualizadas para alcance de
uma dialise efetiva (TWARDOWSKI, NOLPH e KHANNA, 1987; LA MILIA et al., 2005).
As caracteristicas do transporte peritoneal sao avaliadas através do coeficiente de
transferéncia de creatinina entre o sangue e o dialisado (D/P creatinina) e do
conhecimento da area de superficie vascular peritoneal (RIPPE e KREDIET, 1994).
Esta avaliagao é feita através do teste de equilibrio peritoneal (PET), que mede a razao
entre a concentragdo de creatinina no dialisato sobre a concentragao plasmatica (D/P
creatinina) apos quatro horas de permanéncia do liquido de didlise na cavidade
abdominal. Este procedimento classifica as membranas como alto, alto-médio, baixo-
médio e baixo transportadores (TWARDOWSKI, NOLPH e KHANNA, 1987,
FIGUEIREDO et al., 2002). Existem variagdes do PET, como o mini-PET (LA MILIA et
al., 2005) e o PET modificado (LA MILIA et al., 2006) que também utilizam a D/P
creatinina para classificagdo do transporte peritoneal. Na pratica clinica e manejo das
prescricdes dialiticas, recomenda-se o uso da terminologia a seguir: transportadores
lentos, médios ou rapidos, dependendo do valor encontrado neste teste (D/P creatinina
< 0,60; 0,61 — 0,80 and > 0,80, respectivamente) (VAN BIESEN et al., 2010). Mais

recentemente, La Milia e colaboradores, através de um estudo com 758 pacientes
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incidentes em DP, sugeriram que a realizagdo do PET utilizando 2L solugéo de glicose
a 3,86% € a melhor forma de obter informacdes sobre a ultrafiltracdo e a
permeabilidade de sédio e propdem novos valores de referéncia para o teste: (D/P
creatinina < 0,62; 0,62 — 0,84 and > 0,84) também utilizando a nomenclatura lentos,
médios e rapidos, respectivamente (LA MILIA et al., 2017). No Brasil a solugédo de
glicose com concentragédo de 3,86% nao é disponivel, portanto empregamos a solugao
de glicose com concentracéo de 4,25%.

Ao longo do tratamento, podem ocorrer danos na membrana peritoneal,
observados através de mudangas tanto na sua estrutura quanto na sua fungdo (CRUZ
et al., 2010). A forma mais comum de faléncia do processo de ultrafiltracédo € causada
pela transicdo acelerada no transporte peritoneal, rapida dissipacdo do gradiente
osmotico e consequente ultrafiltragéo ineficiente. De maneira geral, o estado urémico, a
exposicao a glicose e seus produtos de degradagdo, assim como os efeitos de
possiveis episodios de peritonite nestes pacientes promovem a produgdao de
mediadores proinflamatérios e angiogénicos, tais como citocinas e fatores de
crescimento. Estes, por sua vez, estdo associados a neoangiogénese, culminando no
aumento da superficie peritoneal efetiva e no transporte rapido de soluto com
capacidade de ultrafiltragdo reduzida (TEITELBAUM e BURKART, 2003).

Desde o estudo do grupo Canada-USA Peritoneal Dialysis Study, CANUSA,
(CHURCHILL et al., 1998), os transportadores rapidos vém sendo associados ao
aumento do risco de morte (RUMPSFELD et al., 2006; BRIMBLE et al., 2006; JANDA et
al., 2014). Diversos estudos, relatam que pacientes com este tipo de transporte
peritoneal possuem maior risco cardiovascular (JANDA et al., 2014; HAMASAKI et al.,
2014) e de disturbios vasculares subclinicos (HAMASAKI et al., 2014). Em pacientes
anuricos, representam alto risco de mortalidade por causas em geral, especialmente em
casos onde ha doencga cardiovascular pré-existente (XIONG et al., 2015). Observa-se,
também, associagédo entre hipoalbuminemia e maior permeabilidade peritoneal (UNAL
et al., 2016). Estudo brasileiro retrospectivo que analisou dados de pacientes em DP de
1980 a 2005, confirmou estas afirmacdes, demonstrando que a sobrevida da técnica no
grupo de transportadores rapidos foi de 90%, 66%, 39% e 8%, apos 1, 3, 5 e 10 anos
respectivamente, versus 92%, 82%, 72% e 52% dos demais transportadores (MORAES
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et al., 2009). Porém, ainda ha controversas sobre a diferenga na repercussao clinica a
longo prazo conforme transporte peritoneal (LEE et al., 2010) e esta associagdo nao
parece estar presente em pacientes diabéticos (HUANG et al., 2014; GUAN et al., 2015)
ou em uso da APD (CHANG et al., 2010), por exemplo.

A glicose é utilizada como principal agente osmético possibilitanto a didlise por ser
um componente barato e razoavelmente seguro em curto prazo (PAGNIEZ et al., 2017).
Porém, a toxicidade causada pelas altas concentragdes de glicose no dialisato € bem
documentada. A quebra da glicose em seus produtos de degradagdo e os produtos
finais da glicagdo avangada podem alterar a viabilidade celular e causar apoptose
prematura, sendo fortemente correlacionados a fibrose intersticial e esclerose
microvascular (GRAMTHAM et al., 2017). Neste sentido, diversos estudos propdéem o
uso de solugdes de dialise biocompativeis e estudam a efetividade e seguranga de seu
uso, assim como buscam melhores desfechos com a sua utilizagdo (BOULANGER et
al., 2005; HIRAMATSU et al., 2007; STANKOVIC-POPOVIC et al., 2011; JOHNSON et
al., 2012; SEO et al., 2014; NONGNUCH et al., 2015; SIKANETA et al., 2016; CHO et
al., 2016). Por outro lado, é dificil para os estudos que exploram a relagao entre glicose
e faléncia da membrana peritoneal isolar os efeitos da exposicédo a glicose de outros
relacionados também a diminuicdo da ultrafiltragdo, os quais irdo requerer solucoes
mais concentradas em glicose para manter a efetividade da técnica. Assim, a faléncia
da técnica parece ser um processo multifatorial ainda incompreendido o qual, além da
participacdo do liquido de dialise utilizado, sofre inlfuéncia de diversos fatores, entre
eles componentes genéticos, caracteristicas clinicas, fungdo renal residual e
mediadores inflamatérios. Dessa forma, evitar solugbes hipertdnicas para prevenir
faléncia da membrana e complicagdes metabdlicas precisa ser contrabalangado com as
consequéncias adversas da sobrecarga de volume e de complicagdes cardiovasculares
que esta situagédo ocasiona (BARGMAN et al., 2016)

1.2.3 Estado nutricional: avaliagao e alteragdes na dialise peritoneal

Apesar das vantagens hemodinamicas e de preservagao da fungao renal residual,

a exposic¢ao cronica aos agentes osmoticamente ativos da DP (em especial a glicose),
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promovem efeitos metabdlicos, tais como hiperinsulimenia, hiperglicemia e obesidade
(HOLMES e SHOCKLEY, 2000). Estima-se que de 100 a 300g de glicose séao
absorvidas durante 24 horas de DP convencional, em torno de 60 a 80% da carga de
glicose em que o peritbnio € exposto (DE SANTO et al, 1979; LINDHOLM e
BERGSTROM, 1989; BURKART, 2004), o que gera maior propenséo ao acumulo da
gordura corporal, em especial a visceral, quando comparado a hemodidlise
(PELLICANO et al., 2011). A gordura visceral esta associada a sindrome metabdlica e
aterosclerose, acumulando e secretando uma variedade de citocinas
independentemente da doenga renal cronica (CHOI et al., 2010). O acumulo de tecido
adiposo é considerado como fator de risco cardiovascular, associado ao aumento da
mortalidade e morbidade (LU et al., 2008). Por outro lado, em pacientes com doenca
renal crénica em dialise ocorre o fendmeno conhecido como epidemiologia reversa, no
caso a massa gorda aumentada associa-se a melhores resultados de sobrevida, fato
também relatado em pacientes em DP (PAUDEL et al., 2015).

A sobrecarga de volume é comum em pacientes em DP, e a utilizacdo de
parametros clinicos para avaliar a volemia ou mesmo para estabelecer o peso seco
pode nado ser suficiente (VAN BIESEN et al., 2011; TANG et al., 2011). Em um estudo
multicéntrico importante desenvolvido na Europa, conhecido como EuroBCM, foi
constatado que somente 40% dos pacientes nesta terapia estavam euvolémicos e mais
de 25% em estado severo de hipervolemia (VAN BIESEN et al, 2011). Mais
recentemente, em uma coorte prospectiva envolvendo 32 paises, estes dados foram
confirmados (RONCO et al., 2015). E relatado, também, que uma grande parcela dos
pacientes avaliados clinicamente como normohidratados, apresentavam-se
hipervolémicos através da andlise da bioimpedancia elétrica (BIA), sendo que 25%
foram classificados também com insuficiéncia cardiaca congestiva (RONCO et al.,
2015). O estado anormal de hipervolemia tem sido relacionado a hipertenséo arterial
sistémica, sinais e sintomas de edema pulmonar, insuficiéncia cardiaca, hipertrofia
ventricular esquerda e outros efeitos cardiovasculares adversos, correlacionados a pior
evolucao em pacientes em DP (DI-GIOAIA et al., 2012).

A dificuldade de manuteng¢ao da volemia, faz com que a medida isolada do peso e

0 uso do indice de massa corporal (IMC) ndo sejam ferramentas adequadas para
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avaliar o estado nutricional. Ao mesmo tempo, sabe-se que pacientes com valores de
IMC maiores requerem prescrigdes superiores de glicose, especialmente durante os 3
primeiros anos de tratamento (WU et al.,, 2010), o que poderia prejudicar tanto a
membrana peritoneal como gerar um impacto metabdlico aumentado, como descrito
anteriormente. Por outro lado, em uma recente meta-analise, foi relatado que existe
associagao negativa entre IMC e mortalidade em pacientes em dialise, tanto em DP
quanto em hemodialise, sendo valores >30kg/m? protetores no que se refere a todas as
causas de mortalidade (RAHIMLU et al., 2017). Porém, de maneira geral, ndo existe um
parametro que isoladamente ira fornecer uma avalicdo nutricional completa, sendo
necessaria a investigagao dos compartimentos coporais nesta populagcao (FOUQUE et
al., 2013).

Entre as diferentes formas de avaliagdo da composi¢ao corporal, destaca-se o uso
da BIA, sendo um método seguro, independente do observador, barato e efetivo para
avaliar os compartimentos corporais (FOSBOL et al, 2015) e que vem sendo
amplamente estudado na literatura em diferentes populagées (GRUNDMANN et al.,
2015; SCHWENK et al., 2000; FERNANDES et al., 2016; GENTON et al,. 2017;
MAGGIORE et al., 1996; SEGALL et al.,, 2009). Entendendo que cada tecido exerce
uma resisténcia diferente frente a passagem de uma corrente elétrica, é possivel
através da BIA separar o excesso de fluido da massa magra e do tecido adiposo,
baseado em um modelo de calculo especifico (LOPEZ-GOMEZ 2011).

O monitor de composic¢ao corporal, Body Composition Monitor (Fresenius Medical
Care, Alemanha), é um dispositivo ndo invasivo que associa a bioimpedancia
espectroscopica de multifrequéncia de corpo inteiro a um modelo de tecido fisioldgico
desenvolvido para pacientes em dialise, o qual foi validado através de métodos padrao-
ouro (CHAMNEY et al., 2007; MOISSL et al., 2006; WABEL et al., 2009). Este modelo
divide o peso corporal em trés compartimentos: agua excedente, massa magra
normohidratada e massa gorda normohidratada (CHAMNEY et al., 2007) (Figura 3). A
agua excedente, conhecida como sobrecarga hidrica, representa a diferenga entre o
valor de agua extracelular e o valor de agua esperado na condi¢gédo de euvolemia. O uso
deste dado em valor absoluto facilita a comunicagéo entre equipe e paciente (RONCO

et al., 2015). A alta amplitude das medidas realizadas, 50 frequéncias entre 5 a 1000
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kHz, possibilita a verificagao dos diferentes compartimentos de agua corporal: enquanto
a corrente de alta frequéncia passa pela agua corporal total, a corrente de baixa
frequéncia ndo penetra nas membranas celulares e, portanto, flui exclusivamente

através da agua extracelular.

Figura 3. Compartimentos corporais avaliados através do Body Composition Monitor.

Sobrecarga Hidrica

Sobrecarga Hidrica Massa Magra

Agua
Extracelular_  Massa Gorda

Agua
Intracelular

Massa Gorda

Fonte: Adaptado de Fresenius Medical Care (2008), com permissao para uso da imagem.

Para realizagao do exame, sao colocados quatro eletrodos, dois na méao e dois no
pé, do mesmo lado do corpo, com o paciente deitado (Figura 4). A BIA consiste na
verificagcdo de medidas diretas de resisténcia, reactancia e angulo de fase (Figura 5)
(LOPEZ-GOMEZ et al, 2011) e, através de calculo especifico realizado
automaticamente pelo aparelho, é possivel distinguir agua corporal total, agua
intracelular, agua extracelular, massa magra, massa de tecido adiposo e a
hipervolemia, dados que compdem o peso corporal total. A partir destes dados, sao

gerados valores de indice de massa magra e massa gorda, usados para classificar o
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estado nutricional de acordo com os intervalos de referéncia por género e idade (Figura
6). Os dados gerados pelo Body Composition Monitor foram validados em diferentes
etnias (MOISSL et al., 2006).

Figura 4. Anadlise da bioimpedancia espectroscopica de multifrequéncia de corpo

inteiro.

Fonte: Fresenius Medical Care (2008), com permiss&o para uso da imagem.
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Figura 5. Representacao grafica das medidas diretas geradas a partir da bioimpedancia

espectroscopica.
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Fonte: Lépez-Gémez (2011), com permissdo para uso da imagem.

angulo de fase.

Xc, reactancia; R, resisténcia; o,
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Figura 6. Valores de referéncia para composigdo corporal, de acordo com idade e

género.
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Fonte: Wieskotten (2013). Fresenius Mecial Care (2008), com permissdo para uso da imagem A, Lean
Tissue Index (indice de massa magra) para mulheres; B, Lean Tissue Index (indice de massa magra)
para homens; C, Fat Tissue Index (indice de massa gorda) para mulheres; D, Fat Tissue Index (indice de
massa gorda) para mulheres. Demais tradugdes: age in years, idade em anos; percentile, percentil;

reference range, valor de referéncia.

Além disso, por razdes biofisicas e conceituais, a bioimpedancia ndo mede o
liquido localizado na cavidade abdominal, sendo permitida a analise com a presenca do
dialisato na cavidade abdominal sem comprometimento dos valores de volemia e
estado nutricional (CARON-LIENERT et al., 2014; BIESEN et al. 2011; PARMENTIER
et al. 2013).

A sobrecarga hidrica e as desordens nutricionais impactam negativamente na
morbimortalidade de pacientes em dialise, sendo assim, a BIA pode ser um dispositivo
importante para aprimorar o manejo clinico nesta populagdo (KOTANKO et al., 2008;
WABEL et al., 2009).
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A relacao entre composicao corporal e desfechos adversos tem sido estudada,
porém ainda de forma incipiente em pacientes em DP. Uma coorte de 136 pacientes
anuricos mostrou que mesmo com aumento da carga de glicose ndo houve alteragao
na composicao corporal apos 12 meses de DP (FAN e DAVENPORT, 2014). Porém,
outros estudos apontam resultados diferentes. Em uma coorte de 3 anos de
acompanhamento, foram verificadas modificagcbes da composicao corporal, sendo que
0 ganho de peso ocorreu em 78% no primeiro ano de DP, sendo 88% do ganho
relacionado a massa gorda (KYU-HYANG et al,, 2010). Outro estudo de seguimento
com pacientes em DP, mostrou que ha aumento de massa gorda e esta mudancga esta
associada com estado proé-inflamatério e modificacdes de resisténcia insulinica e perfil
lipidico, além de relatarem perda de massa magra. Destaca-se também, que o aumento
acentuado de massa gorda se da prioritariamente nos primeiros 18 meses de
tratamento (RINCON-BELLO et al., 2016).

Embora a massa magra seja maior em pacientes em PD quando comparada a de
pacientes em hemodialise (VAN BIESEN et al., 2013; POPOVIC et al., 2017), sabe-se
que o transporte de glicose através do peritdbnio pode promover saciedade, diminuigao
do apetite, perda muscular e consequente desnutricao (LU et al., 2008; MEKKI et al.,
2010; CRUZ et al., 2010). Apesar da desnutricdo energética proteica n&o ser causa
direta de morte nesta populacdo, a presenca de anormalidades nutricionais € um
marcador de comorbidade que resulta em resultados negativos importantes
(KRISHNAMOORTHY et al., 2015).

1.2.4 Microelementos, regulagcdo de processos vitais e relagdo com estado

nutricional em dialise peritoneal

Os microelementos possuem papel importante na regulagdo de processos vitais
no organismo humano, incluindo disfungdes metabdlicas, como estresse oxidativo,
inflamacéao e disfungao endotelial (YONOVA, VAZELOV e TZATCHEV, 2012). Embora
estes elementos ndo promovam energia, eles sdo essenciais para reagdes metabdlicas,

maturagdo e crescimento de 6rgaos e tecidos, atuando na protegcéo contra doengas
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cronicas (MARTIN-DEL-CAMPO et al., 2012). As deficiéncias nutricionais, em especial
de alguns microelementos, podem aumentar estas altera¢des (SU et al., 2011).

A quantidade de micronutrientes no sangue € dependente de muitos fatores, como
quantidade presente nos alimentos ingeridos, biodisponibilidade e a presenga de
inibidores ou promotores de sua absorcdo. A uremia “per se”, presente em pacientes
em dialise, parece estar associada a diminuigdo de microelementos, (KALANTAR-
ZADEH et al., 2003; HSIEH et al., 2006; YONOVA, VAZELOV e TZATCHEV 2012). Em
pacientes em DP, os elementos tragos podem ser removidos ou absorvidos pelos
pacientes de acordo com o transporte peritoneal (XIANG et al., 2016). O baixo consumo
de micronutrientes provenientes da dieta, frequente em pacientes em DP, associa-se a
desnutricdo e inflamagéo (MARTIN-DEL-CAMPO et al., 2012, BOSSOLA et al., 2014).

Niveis alterados de alguns microelementos, como o zinco, cobre, selénio e ferro,
participantes das reag¢des catalisadoras de reducao das espécies reativas de oxigénio,
promovem aumento se estresse oxidativo (GUO et al., 2010).

O selénio € um elemento trago estrutural essencial da glutationa peroxidase,
enzima responsavel pela regulagdo da redugao do peréxido de hidrogénio e protegao
contra o estresse oxidativo celular (JOHNSON-DAVIS et al., 2011).

O zinco é um metal essencial envolvido em muitos processos biolégicos e a sua
deficiéncia esta associada com a anorexia, perda de peso e retardo de crescimento
(MAFRA et al., 2012). A sua quantidade no sangue parece estar correlacionada a
ingestao dietética de proteinas, em fungao de suas principais fontes alimentares serem
alimentos ricos neste nutriente (como nas carnes, laticinios, legumes e alguns graos).
Quando absorvido pelo trato gastrointestinal, ele é transportado no plasma
predominantemente pela albumina, armazenado dentro da célula e excretado em sua
maioria nas fezes, com a excrecao urinaria de menos de 10%. No entanto, o zinco pode
se ligar a fitatos, oxalato, ferro, e alguns medicamentos comumente utilizados para
pacientes em DP, como quelantes de fésfofo, formando complexos insoluveis e menos
absorviveis pelo intestino delgado (PANORCHAN e DAVENPORT 2015).

A deficiéncia de zinco em pacientes em dialise ainda é controversa, dependendo
da populagcao estudada. Estudo recente nao verificou alta prevaléncia de deficiéncia de

zinco em pacientes em hemodialise (TONELLI et al., 2017). Enquanto que em
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pacientes criticos em dialise continua a prevaléncia foi de 38% (KAMER et al., 2017).
Em 2009, uma metanalise relatou uma provavel deficiéncia em pacientes em
hemodialise (TONELLI et al., 2009). J& em DP, poucos estudos relatam esta analise,
porém acredita-se que esta deficiéncia seja mais prevalente, pela baixa albumina,
perdas proteicas no dialisato e o baixo apetite verificado. Em estudo recente, que
avaliou 158 pacientes em DP, foi encontrada a prevaléncia de 57,2% para deficiéncia
sérica de zinco (PANORCHAN e DAVENPORT, 2015). Outro estudo demostrou que a
anorexia € um preditor de ingestdo dietética inadequada de proteinas e de desnutrigéo,
com prevaléncias de 62 e 93%, respectivamente (YOUNG et al., 2016), provando a
necessidade de intensificar a investigagdo em relagdo aos microelementos
potencialmente associados a desnutricdo energética proteica a fim de buscar
alternativas para essas deficiéncias, controlando causas que podem aumentar a
mortalidade nesta populacao.

Estudo que buscou verificar a associacdo entre zinco e leptina, molécula
envolvida na regulagéo fisioldgica da homeostase energética e que quando aumentada
parece ser um dos fatores mediadores da anorexia e desnutricdo (MAK et al., 2006,
ONER-IYDOGAN et al., 2011), mostrou que baixos niveis de zinco estdo associados a
altos niveis de leptina no sangue de pacientes em hemodialise (ARANHA et al., 2012).

A literatura pouco explorou associagcdes entre a presenca de microelementos no
sangue e a composigao corporal em pacientes em DP, porém, entendendo que alguns
elementos tragos possuem impacto no estado nutricional, e tendo em vista a relagao
entre desnutricdo e mortalidade em DP (KUHLMAN et al., 2008; HAN e HAN, 2012;
CHENG et al., 2005; PRASAD et al., 2008), estudar detalhadamente a composigéo
corporal e os microelementos séricos desta populacdo pode representar um melhor
entendimento da fisiopatologia da doenca e impacto da terapia no estado nutricional,
representando um diferencial no planejamento dietoterapico e tratamento desta

populacéao.
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1.3 JUSTIFICATIVA

Com o acompanhamento clinico de pacientes em dialise peritoneal e a
observagao da modificagdo do peso apos inicio da terapia surgiu a ideia de estudar de
forma detalhada a composi¢ao corporal desta populagao, a fim de entender o que se
modifica e buscar investigar o que pode promover esta alteragao durante a terapia.

Com a dificuldade inerente de manter a volemia corporal adequada, os pacientes
em dialise necessitam de uma avaliagao nutricional criteriosa, onde se conheca de
maneira mais detalhada a sua composicado corporal. A identificacdo do peso corporal
ideal ndo é tao simples como em pacientes com funcdes renais normais. Dessa forma,
0 uso da bioimpedancia elétrica vem sendo muito estudado e utilizado na pratica clinica
para identificacdo do estado volémico, determinacdo do peso seco e, também, para
analise dos compartimentos corporais.

Sabe-se que a diminuicdo de massa magra pode promover perda da
funcionalidade e, o aumento da massa gorda, em especial incremento de gordura
visceral, resulta maiores indices de doencas cardiovasculares, que sdo consideradas a
principal causa de morte nesta populacdo. Dessa forma, conhecer em detalhes a
composicao corporal e observar outros fatores relacionados ao estado nutricional de
pacientes em dialise peritoneal, pode melhorar o entendimento do impacto da doenca e
do tratamento, promovendo avangos no uso das técnicas de avaliagdo, assim como na

terapia nutricional destes pacientes.
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1.4 OBJETIVOS

1.4.1 Objetivo Geral

Estudar aspectos fisiopatoldgicos e clinicos relacionados ao estado nutricional de

pacientes em dialise peritoneal.

1.4.2 Objetivos Especificos

Parte 1

Artigo 1
» Verificar se ha modificagdo da composi¢ao corporal ao longo do tratamento.
» Verificar se a modificagdo da composigéo corporal ao longo do tratamento possui
relagdo com a exposicao a glicose prescrita na diadlise peritoneal.
» Verificar se a modificagdo da composigéo corporal ao longo do tratamento possui
relagdo com a caracteristicas de transporte peritoneal.
Artigo 2
» Verificar se a modificagdo da composigéo corporal ao longo do tratamento possui
relagcdo com a modalidade de didlise peritoneal.
Artigo 3
* Descrever o estado nutricional dos pacientes que iniciam a dialise peritoneal.
» Verificar se a composi¢ao corporal e o estado nutricional no inicio do tratamento

possuem impacto na mortalidade dos pacientes a longo prazo.

Parte 2

Artigo 4
* Descrever a presenga de metais em soro (Cu, Zn, Se, Cr e Ni) de pacientes em

dialise peritoneal e o percentual de pacientes com niveis séricos adequados.
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Descrever o estado nutricional, através da analise da composi¢cao corporal e
exames bioquimicos;

Caracterizar a volemia e o percentual de pacientes hipervolémicos no estudo;
Verificar possiveis associagcdes entre os niveis dos elementos tracos avaliados,

composic¢ao corporal e outros exames bioquimicos avaliados.
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Parte 1

Na Parte 1, serdo apresentados dados cientificos desenvolvidos a partir de uma
parceria estabelecida durante o periodo de Doutorado Sanduiche com o International
Renal Research Institute of Vicenza (IRRIV) — Departamento Internacional de
Nefrologia, Dialise e Transplante Renal, renomado servigo meédico que lidera pesquisas
importantes na area de Nefrologia. Com o intuito de realizar parte do Doutorado neste
Instituto, foi elaborado um projeto de pesquisa especifico e apresentado aos
responsaveis pelo IRRIV. Apds aceite (ANEXO X), foi possivel desenvolver a coleta de
dados e participacdo de demais atividades de pesquisa em Vicenza, na ltalia, no ano de
2015.

Com o intuito de responder questionamentos que nao seriam possiveis de serem
observados em nosso centro de pesquisa, em funcdo de nao realizarmos de maneira
rotineira a analise da composicdo corporal dos pacientes, estabeleceu-se um vinculo
com a equipe do /RRIV. Neste servico, a bioimpedancia espectroscépica de
multifrequéncia é utilizada periodicamente para analise da composi¢cao corporal e
determinacao de condutas médicas, assim como outros dados clinicos sao possiveis de
serem acessados através da captura segura de dados eletronicos desde 2009. As
avaliagdes periodicas da composicdo corporal, da caracteristica de transporte
peritoneal, assim como dados detalhados dos esquemas de dialise peritoneal utilizados
pelos pacientes ao longo do tratamento, possibilitou a realizagdo de uma analise

aprofundada do assunto, a fim de responder aos questionamentos descritos abaixo:

1. Qual o estado nutricional dos pacientes que iniciam a dialise peritoneal?
2. Ha modificagdo da composi¢ao corporal ao longo do tratamento?
3. A modificagdo da composig¢ao corporal possui relagdo com a exposi¢ao a glicose

da técnica de dialise peritoneal ao longo do tratamento?

4, A modificagdo da composicao corporal possui relagdo com o tipo de transporte
peritoneal ao longo do tratamento?

5. A modificacdo da composi¢ao corporal possui relagdo com a modalidade de

dialise peritoneal ao longo do tratamento?
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6. A composigcédo corporal e o estado nutricional no inicio do tratamento possui
impacto na mortalidade dos pacientes a longo prazo?
Assim, as respostas foram descritas no decorrer de trés artigos cientificos, que

compdem esta tese, e serao apresentados a seguir.
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DESENVOLVIMENTO

Parte 1

Artigo Original

5.1.1 THE INFLUENCE OF GLUCOSE EXPOSURE LOAD AND PERITONEAL
MEMBRANE TRANSPORT ON BODY COMPOSITION AND NUTRITIONAL STATUS
CHANGES AFTER 1 YEAR ON PERITONEAL DIALYSIS?®

? Este artigo original foi publicado em abril de 2017 na Peritoneal Dialysis International.
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THE INFLUENCE OF GLUCOSE EXPOSURE LOAD AND PERITONEAL MEMBRANE TRANSPORT
ON BODY COMPOSITION AND NUTRITIONAL STATUS CHANGES
AFTER 1 YEAR ON PERITONEAL DIALYSIS
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¢ Background: The characteristics of peritoneal membrane trans-
port differ among patients, affecting the prescription of peritoneal
dialysis (PD) modality and glucose exposure in order to achieve an
effective dialysis. This study aims to verify the influence of glucose
exposure load and peritoneal membrane transport on body com-
position and nutritional status changes after the first year of PD.
& Methods: We examined a cohort of 85 incident PD patients
during the first year of treatment. We established a cut-off of 5%
to define changes in dry weight (DW), lean tissue mass (LTM),
and fat mass (FM).

¢ Results: In total, 50.6% of the patients presented DW gain,
41.2% showed LTM loss, and 65.9% presented FM gain. Over the
time (TO - T12), we found significant differences in DW, body
mass index (BMI), adipose tissue mass (ATM), FM and fat tissue
index (FTI). Patients with lower dialysate-to-plasma creatinine
ratio showed DW and FM gain. We observed a higher percentage
of nonfast transporters in DW gain when comparing with DW no
gain. As for glucose exposure load, no body composition changes
were seen.

# Conclusions: Most patients presented DW gain, FM gain, and
LTM loss. The characteristics of peritoneal membrane transport
affected DW during the first year, changes being greaterin nonfast
than in fast transporters.

Perit Dial Int: inPress
https://doi.org/10.3747/pdi.2016.00265

KEY WORDS: Bioimpedance; body composition; glucose

on an average day, this amount corresponds to 100 g to 300 g
(3-5). When comparing changes in body composition in both
PDand HDincident patients, anincreasein total body fat (TBF)
in PD patients with significant gain in visceral fat was found
(6). Another study, with a 3-year follow-up, shows that 78%
of weight gain in continuous ambulatory PD (CAPD) occurred
during the first year and 88% of this gain was due to fat mass
(FM) (7).

Extreme low values of lean tissue index (LTI) and fat tissue
index (FTI), or the combination of both, areimportant predic-
tors of poor survival in chronic HD patients (8). The relation
between body composition and poor outcomes has been stud-
ied, but with incipient results in PD patients. A cohort of 136
anuric PD patients showed thatincreasing glucose load did not
lead to changes in corporal composition after 12 months (9).

Glucose absorption across the peritoneum decreases appe-
tite, protein intake, and muscle mass, consequently causing
malnutrition (10-12). Besides that, it may promote metabolic
abnormalities, such as hyperinsulinemia, hyperglycemia, and
obesity (13). Peritoneal dialysis patients with high body mass
index (BMI) were more likely to require a high glucose load,
especially during the first 3 years of treatment (14).

Since the Canada-USA Peritoneal Dialysis Study Group
(CANUSA) study, fast peritoneal transport has been associated
with an increased risk of death (15). Faster peritoneal trans-
port at the onset of PD might reflect on subclinical vascular
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disorders and is an independent cardiovascular risk factor
(16,17). Nevertheless, this association was not present in dia-
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eritoneal dialysis (PD) shows advantages compared with

hemodialysis (HD) because it is hemodynamically more
tolerated and may show a better residual renal function (RRF)
preservation. On the other hand, glucose used as PD’s main
osmoticagent presents metabolic effects. The characteristics
of peritoneal membranes differamong patients (1,2), affect-
ing the prescription and absorption of glucose required to
achieve an effective dialysis. During a typical 6-hour dwell,
60% to 80% of the glucose load is absorbed, suggesting that,
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betic PD patients (18). A fast peritoneal transport status may
have an adverseinfluence on nutrition in diabetic nephropathy
patients on PD over time, observed as lower serum albumin and
a higherincidence of malnutrition according to the subjective
global assessment (19).

Whole-body multifrequency bioimpedance (MF-BIS) is an
effective method of detecting changes in body composition
and nutritional status (20,21). Having a proper assessment
of such parameters and understanding the relationship they
have with glucose exposure load and peritoneal transport
characteristics are relevant in determining patients’ needs
regarding nutrition, once the relationship between malnutri-
tion and mortality in PD is well known (22). The present study
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therefore aims to determine theinfluence of glucose exposure
load and peritoneal membrane transport on body composition
and nutritional status changes after the first year on PD.

METHODS
RESEARCH DESIGN AND POPULATION

A retrospective cohort study was performed with incident
adult PD patients who had completed 1 year of treatment. The
characteristics of peritoneal transport were evaluated using
a modified peritoneal equilibration test (PET) (2), and the
patients were categorized as slow, average, or fast transport-
ers depending on the dialysate-to-plasma creatinine ratio
(<0.60, 0.61 - 0.80 and > 0.80, respectively) (23). Patients
were divided into fast and nonfast transporters (24). We
excluded patients without PET or bioimpedance analysis dur-
ing the period.

DEMOGRAPHIC AND CLINICAL DATA

Baseline demographic data, including gender, age, pres-
ence of diabetes, and primary cause of end-stage of renal
disease (ESRD), were retrieved from medical records of PD
patients at San Bortolo Hospital, Vicenza, Italy. The follow-
ing clinical parameters were collected at both the beginning
and the end of the first year (TO and T12, respectively): PD
prescription, glucose exposure load (g/day and g/kg/day),
dry weight (DW), height, body mass index (BMI), systolic and
diastolic blood pressure, biochemical tests (albumin, lympho-
cyte count, transferrin, total blood protein, hematocrit, total
cholesterol, high density lipoprotein [HDL] cholesterol, low
density lipoprotein [LDL] cholesterol, triglycerides, creati-
nine), inflammatory marker (C-reactive protein), urine output,
and the first PET result.

Body composition variables, including overhydration (OH),
extracellularwater (ECW), intracellular water (ICW), lean total
mass (LTM), adipose tissue mass (ATM), FM, body cellular
mass and angle phase (PA50°), were verified using the Body
Composition Monitor device (BCM, Fresenius Medical Care, Bad
Homburg, Germany). The BCM measures impedance at 50 dif-
ferent frequencies between 5 kHz and 1 MHz. Electrodes were
attached to 1 hand and 1 foot on the same side of the patient
in a recumbent position. The presence or absence of PD fluid
in the peritoneum cavity does not affect the body composi-
tion analysis (25,26). Dry weight was estimated as a patient’s
weight minus OH, as suggested in the BCM manual.

Patients were divided into 2 groups considering body com-
position changes between T0 and T12 [(T12 - T0) x (100/T0)]
(27). Those with a difference of 5% or less (loss or stability) in
DW, LTM, or FM were considered to have no gain, while those
with a difference greater than 5% in the same variables were
considered to have a gain. Considering previous studies that
used validated methods, we established a cut-off point of 5%
as the expected body composition variation usually does not
exceed 4% (6,28,29).

inPress PDI
ENDPOINTS

As a primary endpoint, we verified whether the glucose
exposure load and the peritoneal membrane transport were
different between PD patients presenting DW, LTM, and FT gain
and those presenting no gain after the first year of treatment.

Forthe secondary endpoint, we analyzed nutritional param-
eters, hydration status, and laboratory exams according to
peritoneal membrane transport over time (T0 and T12).

DATA MANAGEMENT AND ANALYSIS

Continuous variables were expressed as mean + standard
deviation (SD) for data with normal distribution and as
median (interquartile range [IQR]) for skewed distribution,
according to Kolmogorov-Smirnov Z test or Shapiro-Wilk.
Categoricalvariable results were expressed as frequencies and
percentages. Paired t-test and Wilcoxon rank test were used
to compare dependentvariables with parametrically and non-
parametrically distributed data, respectively. Independent
t-test was used to analyze independent variables. Fisher’s
exact test was used to compare percentages in a cross tabu-
lation (2 x 2), and 1-way ANOVA with Bonferroni post-hoc
test was used to analyze the differences between more than
2 percentages.

TABLE 1
Baseline Demographic and Clinical Characteristics of the
Entire Retrospective Cohort (n=85)

Variables at baseline All patients

Age (years) 62.3+13.0
Gender
Male, n (%)
Diabetic, n (%)
Primary renal disease, n (%)

62 (72.9%)
32 (37.6%)

Diabetes 21 (24.7%)

Glomerulonephritis 11 (12.9%)

Hypertension 28(33.0%)

Hereditary/congenital diseases 8 (9.4%)

Unknown 9 (10.6%)

Other 8(9.4%)
Initial PD modality

CAPD, 1 (%) 62 (73.0%)

APD, n (%) 23 (27.0%)
Characteristics of peritoneal transporter

Fast peritoneal transporter (D/P_,.>0.8) 21(24.7%)

Average peritoneal transporter
(D/P;q; 0.61-0.8)
Slow peritoneal transporter (D/P
Urine output (mL)
Glucose exposure load (g/day)
Glucose exposure load (g/kg/day)

58 (68.2%)

<0.60) 6 (7.1%)
1,799.34776.3
120 (108.8-159.9)
1.75 (1.4-2.1)

creat

PD = peritoneal dialysis; CAPD = continuous ambulatory peritoneal
dialysis; APD = automated peritoneal dialysis; D/P_,,, = dialysate-
to-plasma creatinine.
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ETHICAL CONSIDERATIONS

Patients were not required to sign a consent document due
to the study design (a retrospective cohort using medical moni-
toring PD database). The Ethics Committee of the International
Renal Research Institute of Vicenza evaluated and accepted
the present analysis, according to local current legislation.

RESULTS

During the data collection period, 140 new patients started
PD treatment: 31 were notincluded because they did not com-
plete the 1-year follow-up, 3 patients were excluded for lack
of PETand 21 for lack of initial or final measurements of BCM.
Thus, we collected data for 85 incident PD patients. Table 1
shows the baseline (T0) demographic and clinical character-
istics of the entire retrospective cohort.

We observed the following changes from T0 to T12: 13% loss,
36% stability, and 51% gain in DW; 41% loss, 28% stability,
and 31% gain in LTM; and 21% loss, 13% stability, and 66%
gainin FM. Figure 1 shows statistically significant changesin
DW, FM, and LTM with a follow-up of 12 months.

30,00
20,00+

10,00+

100+ %
*
-10,00 ?

Dry Weight Changes (Delta T0-T12)
-

T T T
Loss Stability Gain
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We observed no difference in age, gender, PD modal-
ity, urine output, or diabetes when comparing the baseline
characteristics of patients according to body composition
changes (DW, LTM, and FM). Serum albumin was lower in
patients with FM gain thanin patients with no FM gain (p=0.05)
(Table 2).

Patients with FM gain presented a lower dialysate-to-plasma
creatinine ratio. Most patients with DW gain presented nonfast
transporters, 86% (p=0.030). No difference regarding glucose
exposure load was observed (Table 2).

A negative Spearman correlation between PET and FM
changes (ATO-T12) during thefirstyear (r=-0,222, p=0.043)
was found. No correlations were observed between glucose
exposure load and body composition change.

Over time (TO - T12), we found significant differences in
DW, BMIL, ATM, FM, and FTI, while no significant modification
was found in muscular mass. A lower OH (p = 0.05) and urine
output (p <0.001) were seen in T12 without any differencein
TBW, ECW, ICW, or blood pressure (Table 3). We found a decrease
in serum albumin and HDL cholesterol values (p < 0.001, p =
0.008, respectively) and an increase in triglyceride plasma
levels (p=0.014). Serum albumin reduction was present even

1000,00-

100,00+

§+

10,00

1,001

1,00

Lean Tissue Mass Changes (Delta T0-T12)

1000,00-

100,00+

10,00

-1,00

Fat Mass Change (Delta TO-T12)

[c] %

#
10,001 %
100, T T T
Loss Stability Gain
Prad
sa
1,00
1004
3
100, T T T
Loss Stability Gain

Figure 1 — (A) Changesin dry weight. * p<0.001 versus all other groups. (B) Changes in lean tissue mass. * p<0.003 versus gain; ** p<0.05 versus
stability; # p<0.001 versus gain; § p<0.001 versus loss. (C) Changes in fat mass. * p<0.05 versus stability, ** p<0.001 versus loss, # p<0.001
versus gain, § p<0.05 versus loss, A p=0.002 versus gain, X, p=0.002 versus stability.
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TABLE 2
Comparison of Baseline Characteristics of Patients, Glucose Exposure Load, and PET According to Body Composition Changes

d

1

D During the First Year on PD
e
= : :
= Dry weight Fat mass Lean tissue mass
e No gain Gain? P No gain Gain? P No gain Gain? P
Variables 42 (49.4%) 43 (50.6%) value 29 (34.1%) 56 (65.9%) value 59 (69.4%) 26 (30.6%) value
Age (years) 61.7#11.5  62.9+14.4 0.68 60.8+12.5 63.4+13.3 0.40 63.0+12.8  60.9+13.6 0.51
Male gender, n (%) 31(73.8%) 31(72.1%) 1.00  22(75.9%) 40 (71.4%) 0.80  41(69.5%) 21(80.8%) 0.43
Diabetes, 11 (%) 18 (42.6%) 14 (32.6%) 0.38 10 (34.5%) 22(39.3%) 0.81  21(35.6%) 11(42.3%) 0.63
. 1,737.5% 1,861.1% 1,605.6+ 1936.4+ 1,780.6+ 1,839.1+
Urine output (mL) 799.9 Y 726.3 7861 008 811.8 701 077
Albumin (mg/dL) 3.70.7 3.7¢0.7  0.89 4.0£0.6 3.7¢0.6  0.04¢ 3.70.7 3.9¢0.6  0.27
PET (D/P,,..,) 0.76£0.10  0.73:0.08 0.07  0.77:0.10 0.73x0.09 0.05¢  0.75:0.10  0.75:0.08  0.90

=
(3°)
(=

)

€

s Int

Characteristics of peritoneal transporter
Nonfast®, n (%) 27 (64.3%) 37 (86.0%) 0.03
Faste, n (%) 15 (35.7%) 6 (14.0%)
Glucose exposure load 150.2¢68.3 132.5¢46.7 0.17

(g/day)
Glucose exposure Load

(g/kg/day) 2.0£0.9

1.8+0.8 0.29

18 (62.1%) 46 (82.1%) 0.06
11 (37.9%)

143.2+65.9 141.3%55.2 0.89

45(72.3%) 19(73.1%) 0.80
14 (23.7%) 7 (26.9%)

143.5£64.3 136.1+44.4 0.60

10 (17.9%)

2.0£0.8 1.9+0.8 0.77 1.9+0.9 1.8+0.7 0.58

PD = peritoneal dialysis; PET = peritoneal equilibration test; D/P,
2 Gain: more than 5% (T0-T12).

b Nonfast peritoneal transporter: D/P,
¢ Fast peritoneal transporter: D/P
4 P<0.05

creat

<0.8.

creat =

>0.8.

creat

= dialysate-to-plasma creatinine ratio.

t-test for independent samples for medians and Fisher’s Exact test for comparing of percentage.

with lower OH, supporting the idea of a poorer nutritional
status after 1 year of treatment (Table 3).

Only the nonfast transporter group showed body composi-
tion changes (DW, BMI, FM, FTI, ATM), higher serum creatinine
(p =0.014), lower serum total protein (p = 0.007), and urine
output (p < 0.001) over time. From TO to T12, we observed a
reduction in serum albumin in both fast and nonfast trans-
portergroups (p=0.018, p<0.001, respectively). Furthermore,
thefasttransporter group showed increased triglyceride levels
(p=0.045) and decreased HDL (p = 0.030). When comparing
both transporters at the same moment (T0 or T12), we found
thatthe nonfast group showed differences at T0 (higher trans-
ferrin and lower ECW) and T12 (higher hematocrit and lower
TBW) (Table 3). Moreover, there was no statistical difference
in OH (nonfast vs fast) at T0 (2.3 Lvs 3.5 L, p = 0.058) and
T12 (1.9 Lvs 2.8 L, p=0.065). Despite such absence, the dif-
ferences in absolute values seem to be clinically relevant. We
found 69.4% and 42.8% of fluid overload in TO, considering
values above 1.1 Land 2.5 L, respectively.

DISCUSSION

Inour retrospective cohort, most of the patients presented
DW gain (target weight proposed by BCM), FM gain, and LTM
loss after 1 year on PD, and most patients were overhydrated
from the beginning of PD (69.4% above 1.1 L), remaining over-
hydratedinT12 (63,5%above 1.1L). Itisimportantto mention
that an extensive recent study using the same methodology

4

showed a different percentage (56.5% above 1.1 L) (30).
After 12 months, the sample presented better volemia control
regardless of peritoneal transport characteristics.

Other studies showed that PD patients present body
composition changes after treatment initiation (6,7,31),
including DW gain, visceral and subcutaneous fat in the first
6 months (32) and that high BMI was significantly correlated
with higher average dialysate glucose concentration during
the first, second, and third year on PD (33). In our study, we
demonstrated that most patients presented DW and FM gain
(50.6% and 65.9%, respectively) and no LTM gain (69.4%)
during the duration of follow-up, suggesting that body com-
position factors can be affected in the first year of PD but that
thisis not related to glucose exposure load during this period.
In a recent prospective study, based on annual change rates,
significant differences were detected in most body composi-
tion parameters of PD patients, especially increased FM and
decreased LTM. In addition, the changesin fat tissue index were
independently associated with a proinflammatory status (34).

In terms of the main question of this study, no difference
was found in glucose exposure load when comparing gain with
no gain (in DW, FM, and LTM). On the other hand, patients who
had gained fat mass presented a lower dialysate-to-plasma cre-
atinine ratio and, in the DW gain group, a larger proportion of
nonfasttransporters wereidentified. In a previous cross-section
study with PD patients, no differences were found concern-
ing body composition parameters related to both FM and LTM
between fast transporters and other transport categories (24).
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TABLE 3

BIO IN PREVALENT PD

Comparison of Nutrition Parameters, Laboratory Exams, and Hydration Status Between Fast and
Nonfast Peritoneal Transporters on PD

All participants Nonfast? Fast?
Peritoneal transporter To T12 To T12 To T12
Nutritional parameters
DW (kg) 74.0+15.4 78.1£16.2° 72.5+£14.5 77.2+£16.1¢ 78.6+17.4 80.8+16.7
BMI (kg/m?) 26.2+4.6 27.6+4.9¢ 26.0+4.5 27.6+4.8¢ 26.8+5.2 27.65.3
FM (kg) 23.9+11.1 26.9+12.6° 23.149.7 27.2+11.8¢ 26.8+14.8 26.0+15.2
FTI (kg/m?) 11.745.3 13.146.0¢ 11.444.8 13.345.5¢ 12.646.7 12.247.1
ATM (kg) 32.5+15.3 37.1+16.8¢ 31.3+13.4 36.9+15.8¢ 36.4+20.1 37.7420.1
LT™ (kg) 41.2+11.4 40.9+12.6 40.5+11.0 39.5+11.7 43.3+12.6 45.3+14.6
LTI (kg/m?) 14.543.3 14.5£3.6 14.4£3.1 14.1+3.2 14.8+3.8 15.4+4.3
Body cellular mass (kg) 23.2+7.6 23.1+8.4 22.8+7.3 22.2+7.6 24.6%8.5 24.8+10.11
PA50 (°) 4.6x1.1 4.7£1.3 4.7+£1.0 4.8+1.2 4.3£1.3 4.7£1.5
Laboratory exams
Serum albumin (mg/dL) 3.70.7 3.2+0.5¢ 3.8+0.6 3.340.5¢ 3.6+0.8 3.1+0.4¢
Hematocrit (g/dL) 35.744.1 36.3+4.8 35.8+4.2 37.1%4.5¢ 35.3£3.6 34.115.1
Total protein (mg/dL) 7.24+0.8 7.0£0.6 7.2+0.6 7.0£0.6¢ 6.8+1.2 7.1+0.6
Transferrin (mg/dL) 191.2+52.9 203.5+53.7 198.4+47.3¢ 207.3+56.9 171.2463.2 192.8+40.5
Cholesterol (mmol/L) 171.7+40.5 172.8+38.4 174.6+41.6 176.9+40.3 169.1+37.6 160.6+29.5
HDL cholesterol (mg/dL) 47.0+13.1 43.7+12.4¢ 47.0+12.8 44.5+12.2 47.0+14.2 41.5+13.3¢
LDL cholesterol (mg/dL) 98.9+34.1 95.4+29.8 99.8+34.4 97.3+30.4 96.2+34.2 89.3+27.7
Triglyceride (mmol/L) 141.0£72.6 162.8+80.4¢ 146.34£78.4 163.8+78.0 125.2+49.2 159.6+89.1¢
0.45 0.39 0.45 0.37 0.61 0.37
CRP (mg/dL) (0.29-1.08) (0.29-1.10) (0.05-1.01) (0.00-0.94) (0.07-1.50) (0.01-1.73)
Creatinine (mg/dL) 7.7+2.4 8.5+3.2 7.4+2.2 8.3+3.2¢ 8.6+2.7 9.243.5
Hydration status
Overhydration (L) 2.7+2.4 2.1£2.1° 2.3+2.0 1.9+1.7 3.5+2.3 2.8+2.9
TBW (L) 39.148.3 39.5+8.2 38.148.1 38.4+8.0¢ 42.048.4 42.8+8.1
ECW (L) 19.2+4.4 19.6+4.9 18.6+4.0b 19.1+5.2 20.9+4.9 20.8+3.9
ICW (L) 20.0+4.5 20.1£5.3 19.744.5 19.8+4.5 21.1+4.6 20.9+7.2
SBP (mmHg) 148.5+19.3 145.6+20.6 147.9+17.8 144.0+21.0 150.3+23.6 146.2+21.5
DBP (mmHg) 80.9+10.3 80.9+10.2 80.3+10.0 80.0+9.6 82.8+11.4 83.2+12.3
Urine output (mL) 1,847.74785.3  1,130.54#676.6  1,849.1+682.1  1,095.9+614.9% 1,638.2+1033.1 1,244.7+826.1

PD = peritoneal dialysis; DW = dry weight; BMI = body mass index; FM = fat mass; FTI = fat tissue index; ATM = adipose tissue mass; LTM = lean
tissue mass; LTI = lean tissue index; PA50 = phase angle 50°; HDL = high-density lipoprotein; LDL = low-density lipoprotein; CRP = C-reactive
protein; TBW=total body water; ECW = extracellular water; ICW =intracellular water; SBP = systolic blood pressure; DBP = diastolic blood pressure;
Data are expressed as median and DP or median and P25-P75, according to sample distribution. Parametric variables - paired t-test; non-

parametric variables - Wilcoxon Rank Test.

2 Nonfast peritoneal transporter: D/P_., <0.8, n=64 (75.3%).
b Fast peritoneal transporter: D/P_ . >0.8, =21 (24.7%).

¢ P<0.05 versus TO of the same transporter (paired t-test)

4 P<0.05 versus the same time of fast transporter (t-test for independent samples)

Unlike what has been reported by Liu et al., who claimed
that faster peritonealtransport wasindependently associated
with worse nutritional status of CAPD patients (lower levels of
serum albumin, pre-albumin, phase angle, and higher rate of
malnutrition defined by subjective global assessment [SGA]
and protein energy wasting scores (PEW) (35), our study did not
find a significant difference in nutritional status parameters
at TO between peritoneal transporters.

Our study has limitations that should be takeninto account.
Firstly, we analyzed glucose exposure load and not glucose
absorption; secondly, this is a single-center study.

Nevertheless, considering the impact of glucose exposure
load on body composition changes, few studies have targeted
such an analysis. One of these studies showed no detrimental
changesin body composition afterincreased glucose exposure
to maintain small solute clearances and ultrafiltration volumes
in anuric patients (9).

CONCLUSIONS

Apparently, this is the first report documenting that body
composition changes (especially FM) are different depending
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on the peritoneal membrane transport characteristics during
the first year on PD. Such differences are greater in nonfast
than in fast transporters. Body composition analyses offer
relevantinformation that may lead to a better understanding
of PD treatment effects and, eventually, may be usefulin terms
of diet prescription efficiency.
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ABSTRACT

IS THERE A DIFFERENCE IN BODY COMPOSITION AND NUTRITIONAL STATUS
BETWEEN PERITONEAL DIALYSIS MODALITIES AFTER ONE YEAR OF
TREATMENT?

Background: Peritoneal dialysis (PD) provides diverse dwell time and glucose exposure
load, leading to a significant increase in total body fat when compared to hemodialysis
patients, especially in visceral fat. This study aims to verify if the PD modality can
influence body composition and nutritional status differently during the first year on
treatment. Methods: Adult incident PD patients who completed the first year of
treatment were included in a retrospective cohort study. We excluded patients without
peritoneal equilibration test or bioimpedance evaluation. Results: Body Mass Index
(BMI) and Fat Tissue Index (FTI) were increased after 1 year of PD in all patients and
both CAPD and APD, without difference, even though there was a clear difference in
glucose exposure amongst groups. No differences were disclosed regarding body
composition changes between modalities. There was a reduction in serum albumin from
TO to T12, but the difference was due to the reduction in the CAPD group, even though
they had higher baseline levels. At T12 no difference in serum albumin was detected
between CAPD and APD. Total protein in the CAPD group had a significant reduction
from TO to T12. Serum transferrin was increased after 1 year of the treatment, only in
the APD group. Conclusions: Body composition did not change according to PD
modality differently, even with clearly different glucose exposure load between CAPD
and APD during the first year of treatment. Our data suggests an increased albumin and
total protein loss with CAPD.

Keywords: Bioimpedance, body composition, glucose load, peritoneal dialysis, nutrition.
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BACKGROUND

Multiple factors can influence the choice of Peritoneal Dialysis (PD) modality —
Continuous Ambulatory Peritoneal Dialysis (CAPD) or Automated Peritoneal Dialysis
(APD) - including clinical aspects as peritoneal membrane transport characteristics,
patient preferences, social and geographic features (1). The peritoneal membrane
transport is diverse among patients and can be established by Peritoneal Equilibration

Test (PET) in order to adjust treatment, being a decision point to APD choice (2,3).

Fast transporters have rapid clearance of small molecules, but poor ultrafiltration
because of the fast glucose absorption and dissipation of the osmotic gradient between
dialysate and blood (4). These characteristics require shorter PD dwell time to achieve
adequate fluid removal (4). Slow transporters have reduced solute clearance rates, and
to avoid uremic symptoms, they usually have higher ultrafiltration and require less
dialysis exchanges with higher volume (4). Most patients have values between fast and

slow transporters and do well on either CAPD or APD (5).

In APD, higher dialysis fluid volumes and glucose concentrations are offered (6).
On the other hand, dwell times are shorter. A study that evaluated nutritional status and
body composition changes in patients after 6 months on APD disclosed a reduction in
serum urea and glucose; however, no change was seen in absorbed glucose or in the

nutritional and body composition variables (7).

There are differences between PD modalities. A recent large cohort study
comparing outcomes regarding PD modalities showed better survival rates in APD
patients (8). Another study evaluating peritoneal function over time disclosed a faster
decline in effective lymphatic absorption and transcapillary ultrafiltration in APD
compared to CAPD (9).

Differences regarding body composition changes according to PD modality are
incipient in the literature. Proper assessment of this is relevant because of the

relationship between malnutrition and mortality in dialysis patients (10,11). PD patients
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had significant increment in total body fat (TBF) when compared to hemodialysis (HD)
patients, especially in visceral fat (12). Multifrequency bioelectrical impedance is an
effective method to detect changes in body composition (13), with accuracy and

sensitivity (14).

Therefore, considering that the analysis of body composition changes in APD and
CAPD has been poorly explored, we aim to verify if the PD modality can influence body

composition and nutritional status differently during the first year on PD.
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METHODS

Adult incident PD patients who completed the first year of treatment from 2011 to
2014 were included in a retrospective cohort study. We excluded patients without PET

or bioimpedance evaluation.

Baseline demographic data including gender, age, presence of diabetes, primary
cause of End Stage of Renal Disease (ESRD) were collected from PD patient's medical
records at San Bortolo Hospital, Vicenza, Italy. Clinical parameters were registered at
both the beginning and the end of the first year (TO and T12, respectively): PD
prescription, glucose exposure load (g/day and g/kg/day), height, body mass index
(BMI), biochemical tests associated with nutritional status (albumin, total protein,
cholesterol, transferrin), urine output, peritoneal membrane transport characteristics
expressed by dialysate-to-plasma creatinine ratio (D/Pgeat) accessed by modified
peritoneal equilibrium test — PET® and the classification was according to following cut-
offs: fast, D/Pceat >0.8; average, D/Pceat 0.61-0.8; and slow, D/Pgeat <0.60.* The Body
Composition Monitor device (Body Composition Monitor, Fresenius Medical Care, Bad
Homburg, Germany) was used to verify body composition by bioimpedance through with
data analysis as overhydration (OH), dry weight (DW) suggested by bioimpedance, lean
tissue index (LTI) and fat tissue index (FTI). The measurements with less than 85% of
quality were not applied in the present study. PD patients were allocated to either a
CAPD or APD group, according to the treatment performed from the beginning of the

treatment to the end of the first year.

In order to establish what can be considered a relevant change in body
composition during one year, we considered that the reported variation of bioimpedance
analysis and the modification of body composition pattern do not exceed 4% (15,16).
Thus, we calculated the changes in body composition as percentage according to the
following formula: [(T12-T0)x(100/T0)]", and we defined a 5% cutoff to set changes
between TO and T12. Those with a difference up to 5% in DW, LTM or FM were
considered no gain (loss or stability), while those with a difference greater than 5% in

DW, LTM or FM were considered gain.
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Continuous variables were expressed as mean + standard deviation (SD) for data
with normal distribution, and as median (inter- quartile range, IQR) for skewed
distribution (Kolmogorov-Smirnov Z test). The results were expressed as frequencies
and percentages for categorical variables. Paired T-test and Wilcoxon Rank test were
applied to compare dependent variables for parametrically and non-parametrically
distributed data, respectively. Independent-T test was used to analyze independent

variables.

With the purpose of comparing percentages in a cross tabulation (2x2) Fisher’s
Exact Test and One-way ANOVA with Bonferroni post-Hoc test were utilized to verify the

differences between more than two percentages.

Informed consent was not required, since the study is a retrospective analysis of
medical records. For data collection, the International Renal Research Institute of
Vicenza Ethics Committee evaluated and approved the study, respecting local current

legislation.
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RESULTS

We analyzed data collected from 85 incident PD patients, 55 on CAPD and 30 on
APD.

Mean age was 62.3+13.0 years, 62 patients (72.9%) were male, and the distribution
of primary renal diseases found in this population were as it follows: 33% Hypertension,
24.7% Diabetes, 12.9% Glomerulonephritis, 9.4% hereditary and congenital diseases,
10.6% unknown, and 9.4% others. The characteristics of peritoneal membrane found:
21(24.7%) fast, 58 (68.2%) average, and 6 (7.1%) slow.

Table 1 shows the baseline (TO) of body composition, nutritional and clinical
parameters of all patients, and the comparison between TO and T12 according to PD
modality. BMI and FTI increased after 1 year of dialysis in all patients and in both CAPD
and APD. However, this increase is not different between modalities, even though there
was a clear difference in glucose exposure amongst groups. Regarding body
composition changes between TO and T12 (delta DW, LTM, FM) no difference was
disclosed between modalities. From TO to T12, a reduction in urine output was observed
in all patients, CAPD and APD, equally. There was a reduction in serum albumin from
TO to T12, but the difference was due to the reduction in the CAPD group, even though
they had higher baseline levels. At T12 no difference in serum albumin was detected
between CAPD and APD. Total protein in the CAPD group had a significant reduction
from TO to T12. Serum transferrin was increased after 1 year of the treatment, only in
the APD group.

In the present sample, 50.6% showed DW gain, 69.4% LTM loss or stability, and
65.9% FM gain during the first year on PD. The PD modality can lead to a huge
difference in dialysate dwell time resulting in varied glucose exposure into peritoneal
cavity. In our analysis, we verified that there was no significant difference in body
composition changes according to PD modality (Table 2), and the percentages of

patients that presented gain or no gain were similar between groups.
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DISCUSSION

In our study, the body composition modifications found were similar between
CAPD and APD during the first year on treatment. These results are in agreement with
the findings of a previous study that evaluated patients, who previously performed
CAPD, after 6 months on APD. They did not find changes in body composition in this
period, and the only different factor observed was the length of previous dialysis

treatment, being longer in the group that lost weight (7).

A systematic review of randomized controlled trials that aimed to compare the
efficacy between PD modalities, analyzing important clinical outcomes, showed that
APD does not provide significant advantages over CAPD (18). On the other hand, the
difference in the maximum and minimum blood glucose over 72 hours, as well as the
standard deviation of blood glucose were significantly lower in APD, suggesting that this

method might reduce glucose fluctuation in diabetic PD patients (19).

Glucose exposure during PD treatment is needed for dialysis, but is important to
know how such contact can affect not only average blood glucose differences, but also
body composition. The literature is deficient to answer how body composition changes in

each method.

Another study showed that glucose absorption was not associated with body fat
changes and, after a regression analysis, baseline BMI was independently associated
with body fat gain. The number of hospitalizations during 12 months follow-up was
associated with body fat loss, but PD modality was not discriminated (20). It is temping
to speculate that diet prescription shall be the same for both modalities; nevertheless,

nutrition status monitoring should be individualized.

The present study faced limitations being a retrospective cohort, which can
provide some bias regarding data collection. In addition, we did not analyze glucose

absorption directly, only its exposure.
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CONCLUSION

In summary, for the first time, we were able to demonstrate that, even with clearly
different glucose exposure load between CAPD and APD during the first year of
treatment, body composition does not change regardless of PD modality. Besides,
CAPD patients have reduced serum albumin and total protein, suggesting increased
losses with CAPD in comparison to APD. Increased BMI and FTI in both modalities

indicate increased appetite and energy intake with dialysis.
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TABLES

Table 1. Baseline body composition, peritoneal dialysis treatment characteristics and laboratory exams of all patients and the
comparison between TO and T12 according to PD modality.

PD Modality All patients (n=85) CAPD (n=55) APD (n=30)
TO y T12 TO y T12 TO y T12
Body Composition
Overhydration (L) 2.7+2.4 2.1+2.1* 2.5+2.0 2.1+2.2 2.9+3.1 2.1+1.9
BMI (kg/m?) 26.2+4.6 27.6+4.9* 25.5+4 4 27.2+4.9* 27.4+4.8 28.3+4.7*
LTI (kg/m?) 14.5+3.3 14.5+3.6 14.3+3.2 14.5+3.6 15.0+3.3 14.3+3.4
FTI (kg/m?) 11.75.3 13.1+6.0* 11.4+4.8 12.6+6.0* 12.346.1 13.8+5.8*
ATO- T12 DW 5.8+9.0 6.8+8.9 3.8+9.0
ATO-T12LTM 1.4+32.3 5.2+37.9 -5.7+16.2
ATO-T12 FM 17.4+39.4 13.0+34.3 25.5+46.9
PD Treatment Characteristics
Glucose Exposure Load 120 (108.8-159.9) 111.3£12.7¢ 196.2+69.8
(g/day)
g'/‘l‘(‘;‘/’jgy')zxms”re Load 1.75 (1.4-2.1) 1.6£0.41 2.5¢1.0
PET (D/P¢reat) 0.75+0.09 0.74+0.10 0.76+0.09
Laboratory Exams
Serum Albumin (g/L) 3.7+0.7 3.2+0.5* 3.9+0.6t 3.2+0.4* 3.5+0.7 3.3+0.5
Total Protein (g/dL) 7.2+0.8 7.0+0.6 7.2+¢0.7 6.9+0.61* 6.9+1.0 7.2+0.6
Cholesterol (mg/dL) 171.7+40.5 172.8+38.4 | 172.2+40.5 | 173.4+39.3 175.0+41.2 171.9+37.2
Transferrin (mg/dL) 191.2+52.9 203.5+53.7 | 195.6+54.5 | 198.6+49.6 183.5#50.0 | 212.2+30.1*
Urine Output (mL) 1847.7+785.3 | 1130.5+676.6* | 1803.9+685 | 1175.0+677.8* | 1911.5+922. | 1065.4+682.8*

Notes: PD, peritoneal dialysis; CAPD, Continuous ambulatory peritoneal dialysis; APD, automatized peritoneal dialysis; BMI, body
mass index; LTI, lean tissue index; FTI, fat tissue index; DW, dry weight; LTM, lean tissue mass; FM, fat mass; PET, peritoneal
equilibration test; D/P¢eat, dialysate-to-plasma creatinine ratio.

Glucose Exposure Load: considering the medium of glucose exposure during the period of the study.

TP<0.05 versus the same time of APD (T-test for independent samples)

*P<0.05 versus TO of the same PD modality (T-test for paired samples)
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Table 2. Peritoneal dialysis modality proportion according to body composition no gain or gain (dry weight, fat mass, lean tissue
mass).

Dry Weight Fat Mass Lean Tissue Mass
Variables No Gain Gain No Gain Gain No Gain Gain
42 43 Va‘I)ue 29 56 Va‘I)ue 59 26 Va‘I)ue
(49.4%) (50.6%) (34.1%) (65.9%) (69.4%) (30.6%)
CAPD (n/% 26 (47 29 (53 21 (38 34 (62 37 (67 18 (33
(ni%) | 26 (47) (53) | 6o (38) 62) | ., (67) 63) | ea
APD (n/%) 16 (54) 14 (46) 8 (27) 22 (73) 22 (73) 8 (27)

Notes: PD, peritoneal dialysis; CAPD, Continuous ambulatory peritoneal dialysis; APD, automatized peritoneal dialysis.
Loss or gain — more than 5% (T0-T12).
Fisher's Exact Test for comparing percentages.
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ABSTRACT

Title: Bioimpedance phase angle is associated with mortality in peritoneal dialysis
patients.

Background and objectives: Protein-energy malnutrition can be caused by many
factors in peritoneal dialysis (PD) patients and is independently associated with
morbidity and mortality. No single parameter can provide proper nutritional assessment
in this population, and all body compartments investigations may be required.
Bioeletrical impedance analysis (BIA) is a safe, observer-independent and an
inexpensive method of body composition analysis and can represent an alternative
approach in clinical practice. The aim of the present study was to evaluate the
association of PD mortality with BIA results at the beginning of PD treatment

Design, Setting, Participants and measurements: In a retrospective cohort study
from 2009 to 2014, incident PD adult patients with BIA evaluation — especially lean total
mass (LTM), fat mass (FM), and their indexes (lean tissue index, LTI; fat tissue index,
FTI), body cellular mass (BCM), overhydration (OH) and phase angle (PhA) — in the
beginning of the treatment were studied. Undernutrition was classified according to LTI
and FTI under percentile 10" and obesity was classified according to FTI above
percentile 90™.

Results: A total of 164 PD patients were studied: 49 (29.9%) were classified as LTI
undernutrition, 90 (55.5%) were obese, 13 (7.9%) as FTI undernutrition and the
combination of LTI undernutrition and obesity was observed in 39 (23.8%). The
cumulative proportions surviving in each period (12, 24, 36, 48 and 60 months) were:
92%, 83%, 69%, 67% and 60%, respectively. Kaplan-Meier survival analysis showed
that only PhA bellow 5° had an impact on mortality during the follow-up. Patients with a
PhA below 5° were older, had more diabetes, and increased overhydration, C reactive
protein and creatinine, while LTM, LTI and BCM were lower. Cox regressions disclosed
that age and diabetes had an impact increasing mortality, while PhA above 5° was
protective, which was not observed for LTI undernutrition, FTI undernutrition, obesity,
hypoalbuminemia and OH. It was demostrated a protective hazard ratio for PhA above
5° even after adjustment for age, gender and diabetes.

Conclusions: phase angle at the beginning of the peritoneal dialysis treatment is
independently associated with mortality.

Keywords: Bioimpedance, phase angle, mortality, peritoneal dialysis patients, nutrition.
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INTRODUCTION

Protein-energy malnutrition can be caused by many factors in peritoneal dialysis
(PD) patients, including insufficient gains and excessive losses, and is independently
associated with morbidity and mortality (1,2). PD can lead to deficient nutrient intake
caused by inadequate dialysis, dietary restrictions, suppressed appetite by increased
intraperitoneal pressure and high glucose absorption from dialysate, medications,
gastroparesis, and others. On the other hand, patients present protein and amino acids

losses through the peritoneum (3).

Fluid overload is common in PD. Using only clinical parameters to evaluate
volemia or to establish dry weight might be misleading (4). No single parameter can
provide proper nutritional assessment in this population, and all body compartments

investigation may be required (5).

Bioeletrical impedance analysis (BIA) is a safe, observer-independent and an
inexpensive method of body compartments measurements (6) that has been widely
used in different populations (7-12). By measuring the flow of electrical current through
the body, it is possible to separate excess fluid from the body lean and adipose tissue
components on the basis of a unique body composition model (13). Knowing that
overhydration and nutritional disorders strongly relate to morbidity and mortality in
dialysis patients, BIA can be an important device representing an alternative approach in

clinical practice (14,15).

The aim of the present study was to evaluate the association of PD mortality with

BIA results at the beginning of PD treatment.
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MATERIALS AND METHODS

Patients Selection and Data Collection

We performed a retrospective cohort study from 2009 to 2014 at San Bortolo
Hospital, Vicenza, Italy. All incident PD adult patients were included, with the exception
patients without bioimpedance evaluation in the beginning of the treatment. All data was

obtained from the routine patient care and retrieved through secured electronic capture.

The following demographic and clinical data were extracted: gender, age,
presence of diabetes, primary cause of end stage renal disease, blood pressure, urine
output, biochemical exams (hematocrit, lymphocyte count, transferrin, total blood
protein, albumin, total cholesterol, HDL cholesterol, LDL cholesterol, triglycerides,

creatinine and C reactive protein).

The Ethics Committee from the International Renal Research Institute of Vicenza

evaluated and accepted this study according to local current legislation.

Body Composition Evaluation

Measurement of body composition was performed with a validated whole-body
bioimpedance spectroscopy (Body Composition Monitor device, Fresenius Medical
Care, Bad Homburg, Germany) (13,15-17) and the following variables were evaluated:
lean total mass (LTM), fat mass (FM), adipose tissue mass (ATM), body cellular mass
(BCM), total body water (TBW), extracellular water (ECW), intracellular water (ICW),
overhydration (OH) and phase angle (PhA). For the analyses, we used the first body
composition measurement from the beggining of PD treatment. Dry weight (DW) was

estimated as a patient’s weight minus OH, as suggested in the device manual.

The method measures impedance at 50 different frequencies between 5 kHz and
1 MHz. During the test, electrodes are attached on the same side to one hand and one
foot of the patient in a recumbent position. Sequestered fluid in the trunk is not

meansured by the bioimpedance spectroscopy (18), consequently the presence or
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absence of PD fluid in the peritoneum cavity does not modify the body composition
analysis (19,20).

The indexes of LTM and FT, LTI (lean tissue index) and FTI (fat tissue index)
respectively, were calculated according patients height (kg/m?) and used to classify
nutritional status according to reference ranges by gender and age suggested by Body
Composition Monitor device. Patients were classified as LTl undernutrition (using LTI
less than percentile 10"), which is a synonym to protein wasting or sarcopenia (21),
obesity (using FTI more than percentile 90") and as FTI undernutrition (using FTI under

percentile 10™).

Statistical Analyses

The continuous variables were expressed as mean and standard deviation (SD)
for results with normal distribution and as median (inter- quartile range, IQR) for skewed
distribution. For categorical variables, the results were expressed as frequencies and
percentages. Comparisons of continuous variables and categorical data between two
groups in the study were performed by t-test and Chi- Square test, respectively.
Pearson’s correlation methods were used to determine the correlation coefficient
between variables for normally distributed data. Survival curves were generated by
Kaplan-Meier method and statistical significance calculated by the log-rank test. The
Cox regression was used with different models for the multivariate analysis. Values of
P<0.05 were considered statistically significant and the statistical analyses were
performed using SPSS software application (version 20.0; IBM SPSS, Statistics for
Macintosh, Version 22.0 Armonk, NY: IBM Corp.)
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RESULTS

A total of 164 PD patients were studied. The distribution of primary renal diseases
found in this population were as it follows: 29.9% Hypertension, 25.6% Diabetes, 15.2%
Glomerulonephritis, 11% hereditary and congenital diseases, 10.4% unknown, and 7.9%
others. The PD modality predominant was CAPD (75.6%), while 24.4% was APD.

Baseline clinical characteristics of all patients are disclosed in Table 1.

In the present study, we identified 121 (73.8%) patients with overhydration
(OH>1.1L), 82 (50%) being severe overhydrated (OH>2.5L) by bioimpedance. We used
dry weight (DW), defined by bioimpedance, to establish body mass index (BMI) and
classify according to the World Health Organization: 11 (6.7%) with BMI <18.5kg/m?, 74
(45.1%) with BMI 18.5-24.9 kg/m?, 59 (36.0%) with BMI 25-29.9 kg/m?, 16 (9.8%) with
BMI 30-34.9 kg/m?, 2 (1.2%) with BMI 35-39.9 kg/m? and 2 (1.2%) with BMI>40 kg/m?.
Patients were classified as LTIl undernutrition in 49 (29,9%) individuals. Obesity,
according to FM (FTI above percentile 90™) was detected in 90 patients (55.5%), FTI
undernutrition (using FTI under percentile 10™) in 13 (7.9%) and appropriate FM values
in 60 (36.6%). The combination of LTI undernutrition and obesity was observed in 39
patients (23.8%). If obesity was defined using BMI above 30 kg/m?, there would be only
8 (4.9%) patients. No patients presented the combination of LTI and FTI undernutrition
(protein-energy wasting). Low serum albumin (below 3.5 g/L) was detected in 51
(31.1%) in patients initiating PD. Patients considered with LTI undernutrition had no
difference in BMI and laboratory exams with patients without LTI undernutrition, but all
the bioimpedance variables are different, higher levels of FM, FTI and lower levels of
LTM, LTI, PhA, BCM, TBW, ECW, ICW (Table 1).

There were 52 deaths. The cumulative proportions surviving in each period (12,
24, 36, 48 and 60 months) were: 92%, 83%, 69%, 67% and 60%, respectively.
Deceased patients were older and had higher diabetes occurence. They had lower
values of creatinine, transferrin, LTI, LTM, BCM and PhA, but higher values of C reactive
protein and FTI. (Table 2). Kaplan-Meier survival analysis by different nutritional and

hydration parameters, presented in Figure 1A, showed that only PhA bellow 5° had an
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impact on mortality during the follow-up, which was not observed for BMI, LTI

undernutrition, FTI undernutrition and OH (more than 1.1L and 2.5L).

Patients with a PhA below 5° (Table 1) were older, had more diabetes, and
increased overhydration, C reactive protein and creatinine, while LTM, LTI and BCM
were lower. The cumulative proportions surviving of patients with PhA greater than 5°

was 94% while below or equal 5° was 51% after 60 months.

Cox regressions disclosed that age and diabetes had an impact increasing
mortality, while PhA above 5° was protective, which was not observed for LTI
undernutrition, FTI undernutrition, obesity, hipoalbuminemia and OH (Table 3). It was
demostrated a protective hazard ratio for PhA above 5° even after adjustment by age,
gender and DM (Figure 1B).

There was an association between PhA at 50kHz and the analytical
bioimpedance parameters of OH and lean tissue parameters (LTM and LTI) in PD
(Table 4).
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DISCUSSION

The present study disclosed an association between body composition analysis
at the beginning of PD treatment and mortality. Phase angle equal or below to 5° was an
independently associated with mortality. Our study showed a survival rate of 60% at 5
years, which is similar to that reported in recent studies in Germany and America
(22,23).

PhA measured at 50kHz by BIA was associated with extracellular water,
overhydration and lean tissue parameters and highlights the negative impact of PhA
below 5° on PD patients survival. Others studies described associations with nutritional
variables and PhA, being PhA a predictor of survival in dialysis patients (12,24). In the
literature, different PhA cut-offs were used to analyze the relationship with mortality.
Abad et al. (2011) analyzing 164 dialysis patients (HD and PD) to verify the influence of
BlA-estimated body composition on survival showed that PhA<6° were significant risk
factors for mortality (24). Another study divided HD patients by PhA quintiles and found
that the lower PhA increased the relative risk of mortality, independently of age, gender,
race, diabetes status, serum albumin and serum creatinine (25). In multivariate models
including serum albumin, prealbumin, creatinine, PhA, C-reactive protein, and case-mix
adjustment, PhA showed a very strong predictive power for cardiovascular mortality in
HD patients. Patients with lowest tertile (PhA lowest to 4.8°) throughout the study period
was 20 times more likely to die due a cardiovascular cause compared with a patient in
the highest tertile (26).

Phase angle (PhA) is a variable obtained from the relation between the direct BIA
measures: resistance (R) and reactance (Xc). R is the opposition that body provide
against the flow of an alternating electrical current, inversely related to the amount of
water and electrolyte present in tissues. Xc is related to the capacitance properties of
the cell membrane, and variations express changes in cellular size, composition,
integrity and function. Therefore, PhA reflects the cellular membrane integrity and
alterations in fluid balance calculated by the formula: arc-tangent reactance/resistance x
180°/1 (27,28). PhA changes with sex and age and values lower than the population

mean are expected in illness and associated with worst prognosis (29). This
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paramenters seems to suffer minimal impact by changes in volume modifications, and is
an interesting tool for nutritional assessments in dialysis patients (300liveira 2010). PhA
was revealed as the most potent malnutrition predictor in hemodialysis (HD) patients
(31) and was a strong prognostic index in PD (32,33), associated with arterial stiffness

and vascular calcification (34).

Fluid overload is an independent predictor of mortality in PD (22). The occurance

of overhydration in our study was greater than the reported in previous studies (4,35).

Dialysis patients are recognized to be at greater risk of sarcopenia, protein
energy wasting, and cachexia (36). Although lean tissue mass (LTM) seems to be
greater in PD versus HD patients (37,38), muscle wasting and obesity are common in
PD patients (38). In our study, we demonstrated 29.9% classified as LTI malnutrition
and 55.5% as obesity by fat mass. In a large multicenter study, PD patients have
increased fat mass (FM) and decreased lean tissue mass (LTM) when compared with a
healthy reference population (37). In the present study, patients with LTI malnutrition
presented weight and BMI similar with the others, even with LBM and FT parameters
different. Hung et al., in a recent retrospective study using DEXA to analyze body
composition, showed that very few patients had sarcopenia and obesity at the same
time (39), similar to our data using BMI. On the other hand, when obesity was classified
according to FT sarcopenia and obesity were presented in almost a quarter of our

patients.

In conclusion, phase angle at the beginning of the peritoneal dialysis treatment is

independently associated with mortality.
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TABLES

Table 1. Baseline characteristics according to Angle Phase and LTI classification.

Angle Phase 50kHz Lean Tissue Index
Variables at Baseline All patients (n=164) PhA <5° PhA >5° P LTI undernutrition | LTI eutrophic P
(n=125) (n=39) value (n=49) (n=115) value
Age (years) 62.5£14.2 65.7£13.2 52.3t12.4 0.000 60.5+12.8 63.4£14.7 0.233
DM (n/%) 67 (40.9%) 58 (46.4%) 9 (23.1%) 0.015 27 (55.1%) 40 (34.8%) 0.024
Male Gender (n/%) 113 (68.9%) 43 (34.4%) 8 (20.5%) 0.116 34 (69.4%) 79 (68.7%) 0.930
Qverhydration (n/%) 82 (50%) 75 (60%) 7 (17.9%) 0.000 25 (51%) 57 (49.6%) 0.865
PhA <5.0 125 (76.2%) 125 (100%) 0(0%) 0.000 44 (89.9%) 81 (70.4%) 0.009
Body Compostion Parameters
Dry Weight (kg) 70.8+15.5 69.7£16.4 74.6£11.3 0.080 71.5£18.2 70.6+14.2 0.729
BMI (kg/m°) 25.1+4.7 24.9+4.9 25.9+4.1 0.251 25.1£5.6 25.1+4.2 0.980
Overhydration (L) 2.842.6 3.412.6 1.241.3 0.000 2.73+2.70 2.9+2.5 0.762
TBW (L) 38.0+8.1 37.4+8.2 40.1+7.4 0.067 34.5+6.9 39.548.1 0.000
ECW (L) 19.314.5 18.5+4.4 22.0+4.1 0.000 16.943.5 20.4+4.5 0.000
ICW (L) 18.71+4.2 18.944.5 18.343.3 0.454 17.61+4.3 19.2+4.1 0.021
LTM (kg) 39.2+10.7 36.8+9.5 46.9+11.0 0.000 31.616.5 42.4+10.6 0.000
LTI (kg/m2) 13.943.1 13.3+2.9 16.0+2.8 0.000 11.241.9 15.1£2.8 0.000
ATM (kg) 30.5£15.4 31.4+£15.8 27.6£13.6 0.170 39.2+18.0 26.8£12.5 0.000
FM (kg) 22.5£11.2 23.2+11.5 20.3£10.0 0.160 28.6£13.5 19.849.2 0.000
FTI (kg/m2) 11.0£5.4 11.345.4 9.845.5 0.132 13.846.1 9.7+4.6 0.000
BCM (kg) 21.947.3 20.316.5 27.1+7.2 0.000 16.314.3 24.3t7.0 0.000
PA50 (°) 4.3+1.1 3.940.7 5.84+0.6 0.000 4.0+0.8 4.5+1.1 0.004
Laboratory Analysis
Hematocrit (g/dL) 35.8+4.2 35.814.4 35.7+3.8 0.877 35.614.4 35.9+4.1 0.720
Lymphocyte (/mm?3) 1.4 (1.0-1.8) 1.3(1.0-1.6) 1.7 (1.1-2.0) 0.001 1.3(1.0-1.6) 14 (1.1-1.8) 0.117
Transferrin (mg/dL) 181.5452.8 177.9454.6 192.9445.7 0.121 174. £56.49 184.4+51.2 0.295
Total Protein (g/dL) 7.0+0.8 7.0+0.8 7.310.7 0.051 7.2+0.6 7.0£0.9 0.134
Serum albumin (g/L) 3.7+0.6 3.710.6 3.810.7 0.289 3.8+0.6 3.7£0.7 0.459
Cholesterol (mg/dL) 169.41+43.7 168.31+45.1 173.1£39.4 0.547 168.9+43.9 169.6£43.9 0.922
HDL Cholesterol (mg/dL) 46.3+14.8 46.5+14.6 45.2415.0 0.642 44.9+16.9 46.7£13.7 0.492
LDL Cholesterol (mg/dL) 98.9+34.9 97.7+36.2 99.7+30.7 0.756 95.7+34.4 99.2+35.1 0.583
Triglyceride (mg/dL) 142.9471.3 140.5£71.0 149.64£70.9 0.492 144.2+58.1 142.0+£75.8 0.861
PCR (mg/dL) (median, IQR) 0.45 (0.08-1.53) 0.62 (0.1 -1.9) | 0.2(0.048-0.68) | 0.004 0.6 (0.15-1.70) 0.43(0.6—-1.5) | 0.338
Creatinine (mg/dL) 7.6+2.3 7.44+2.4 8.24+2.0 0.041 7.2+2.0 7.812.4 0.107
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Notes: BMI, body mass index; PCR, protein C reactive; TBW, total body water; ECW, extracellular water; ICW,
intracellular water; DW, dry weight; LTM, lean tissue mass; LTI, lean tissue index; ATM, adipose tissue mass; FM, fat
mass; FTI, fat tissue index; BCM, body cell mass; PhA, phase angle.

Overhydration was considered OH>2.5L. LTI undernutrition was considered as LTI bellow 10" percentile and LTI
eutrophic was considered as LTI above 10™ percentile.

Kolmogorov-Smirnov Z was used to determine sample distribution
T-test for independent samples for medians with normal distribution
Mann-Whitney test for independent samples for medians with non normal distribution

Pearson Chi-Square Test was used to compare percentages for 2x2 crostabulation



Table 2. Baseline characteristics in deceased and surviving patients.

Deceased Survivors P value
Variables at Baseline (n=52) (n=112)
Age (years) 69.7£11.3 59.2+14.2 | <0.001
Male gender (n/%) 39 (75.0%) 74 (66.1%) 0.281
DM (n/%) 34 (65.4%) 33(29.5%) | <0.001
Overhydration (n/%) 31 (59.6%) 51 (45.5%) 0.131
AP50 <5.0 50 (96.2%) 75 (67%) | <0.001
LTI Undernutrition 21 (40.4%) 84 (25%) 0.066
Obesity 34 (65.4%) 57 (50.9%) 0.093
CAPD modality 45 (86.5%) 79 (70.5%) 0.031
Body Compostion Parameters
Dry Weight (kg) 72.1+14.7 70.2+15.9 0.471
BMI (kg/m?) 25.7+4.9 24.8+4.6 0.235
Overhydration (L) 3.1+2.5 2.7+2.6 0.274
TBW (L) 37.847.2 38.1+8.5 0.828
ECW (L) 18.6+4.3 19.6+4.6 0.171
ICW (L) 19.2+3.8 18.5+4.4 0.373
LTM (kq) 36.249.5 40.6+11.0 0.011
LTI (kg/m2) 13.1+£3.0 14.3+3.0 0.014
ATM (kg) 33.8+14.9 29.0+15.9 0.065
FM (kg) 24.8+11.0 21.4+11.2 0.067
FTI (kg/m2) 12.2+5.6 10.4+5.3 0.044
BCM (kg) 20.1+6.8 22.8+7.4 0.027
PA50 (°) 3.8+0.9 4.6+1.0 | <0.001
Laboratory Exams
Hematocrit (g/dL) 35.3+4.5 36.0+4.1 0.342
Lymphocyte (/mm?3) 1.3(1.0-1.8) 1.4 (1.1-1.8) 0.472
Transferrin (mg/dL) 161.9+£56.7 190.5+48.6 0.001
Total Protein (g/dL) 7.0+0.9 7.1+0.7 0.457
Serum albumin (g/L) 3.8+0.7 3.7+0.6 0.438
Cholesterol (mg/dL) 160.3+44.5 173.6+43.0 0.073
HDL Cholesterol (mg/dL) 43.3+15.7 47.4+14 .1 0.105
LDL Cholesterol (mg/dL) 92.4+30.9 100.5+£36.1 0.199
Triglyceride (mg/dL) 144.0+71.7 142.0+70.8 0.873
PCR (mg/dL) (median, IQR) | 1.3 (0.3-3.5) | 0.3 (0.03-1.0) | <0.001
Creatinine (mg/dL) 7.0£2.2 7.8+2.3 0.038
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Note: Overhydration was considered OH22.5L, LTI Undernutrition according LTI less
than percentile 10", Obesity was classified as FTI more than 90"

Kolmogorov-Smirnov Z was used to determine sample distribution

T-test for independent samples for medians with normal distribution

Mann-Whitney test for independent samples for medians with non normal distribution
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Table 3. Cox regression for mortality and adjusted models of selected nutritional and

hydration variables.

. Hazard 95% ClI
Variables Ratio Lower Upper P
Age 1.058 1.033 1.084 | <0.001
DM 3.040 1.714 5.390 | <0.001
Male gender 1.539 0.821 2.887 0.179
Overhydration (OH>2.5L) 1.719 0.987 2.993 0.056
Hypoalbuminemia (Alb <3.5g/L) 1.149 0.595 2.218 0.679
Angle Phase >5.0 0.103 0.025 0.425 0.002
LTI Undernutrition (LTI less than percentile 10™) 1.529 0.878 2.663 0.134
Obesity (FTI more than 90™) 0.610 0.343 1.085 | 0.092
LTI Undernutrition and Obesity (combination with LTI less
than percentile 10" and FTI more than percentile 90th) 0.595 0.335 1.057 0.076
Adjusted Analysis
Overhydration (OH>2.5L)
adjusted by age, DM, Angle Phase. 1.361 0.764 2425 0.295
Hypoalbuminemia (Alb <3.5g/L)
adjusted by age, DM, Angle Phase. 1.298 0.662 2.547 0.448
Angle Phase >5.0
adjusted by age. DM and gender 0.221 0.052 0.943 0.041
Undernutrition (LTI less than percentile 10™)
adjusted by age and DM, Angle Phase. 1.391 0.742 2.607 0.304
Obesity (FTI more than 90™)
adjusted by age, DM and AP50, 0.996 0.537 1.849 0.990
Undernutrition and Obesity (combination with LTI less
than percentile 10™ and FTI more than percentile 90th) 0.746 0.402 1.386 0.354
adjusted by age, DM and AP50.

Notes: BMI, body mass index; PCR, protein C reactive; TBW, total body water; ECW,
extracellular water; ICW, intracellular water; DW, dry weight; LTM, lean tissue mass; LTI,
lean tissue index; ATM, adipose tissue mass; FM, fat mass; FTI, fat tissue index; BCM,

body cell mass; PhA, phase angle.
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Table 4. Pearson correlation between phase angle measured at 50kHz and analytical
bioimpedance parameters.

Variable R P-value
Overhydration (L) -0.522 <0.001
TBW (L) 0.119 0.128
ECW (L) 0.368 <0.001
ICW (L) -0.153 0.050
LTM (kg) 0.478 <0.001
LTI (kg/m2) 0.454 <0.001
ATM (kg) -0.169 0.031
FM (kg) -0.167 0.032
FTI (kg/m2) -0.183 0.019
BCM (kg) 0.454 <0.001

Notes: OH, overhydration; TBW, total body water; ECW, extracellular water; ICW,
intracellular water; LTM, lean tissue mass; LTI, lean tissue index; ATM, adipose tissue
mass; FM, fat mass; FTI, fat tissue index; BCM, body cell mass.
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Figure 1. Survival analyses according to Phase Angle (cut-off 5°). [A] Kaplan-Meier survival analysis. [B] Adjusted for age, gender
and DM. HR calculated using Cox regression.

Notes: PhA, phase angle
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Parte 2

A Parte 2 trata dos dados referentes ao projeto de pesquisa intitulado
Aspectos fisiopatologicos e clinicos relacionados ao estado nutricional de
pacientes em dialise peritoneal, estudo transversal aprovado pela Comissao
Cientifica da Faculdade de Medicina da PUCRS (Anexo 1) e pelo Comité de Etica
em Pesquisa (CEP) da PUCRS (Anexo 2), registrado na Plataforma Brasil, através
do CAAE: 04638812.4.0000.5336, parecer 224.375, de 15/03/2013.

Nesta etapa, o objetivo foi descrever os resultados de dados clinicos, exames
laboratoriais, achados de composi¢cao corporal e de microelementos séricos
avaliados em pacientes em DP. Estas analises buscam verificar a presenca de
deficiéncias ou excessos de elementos tracos em soro de pacientes em DP, assim
como avaliar a composicao corporal desta populacéo, analisando se ha correlagaoes
entre estes dois aspectos. As analises de microelementos foram realizadas no
Instituto de Toxicologia e Farmacologia da PUCRS, com apoio do Dr. Carlos
Eduardo Leite, coordenador técnico do laboratério, e da Dra. Maria Martha Campos,

Diretora do Instituto.
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Artigo Original

5.1.3 TRACE ELEMENTS AND BODY COMPOSITION IN PERITONEAL DIALYSIS.*?

2 Este artigo original foi elaborado conforme as normas exigidas pela Revista Nutrients.
I”Artigo ainda nado enviado para avaliagéo
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ABSTRACT

TRACE ELEMENTS AND BODY COMPOSITION IN PERITONEAL DIALYSIS.

Trace elements play an important role in many vital biochemical functions. Dialysis
patients are at risk for deficiencies of essential trace elements and excess of toxic
trace elements, which can lead to potential health damage. In the present study the
aim was to analyze the association of trace element levels and body composition in
peritoneal dialysis (PD) patients. A single center, cross-sectional study with body
composition analysis by bioimpedance (Body Composition Monitor; Fresenius
Medical Care, Germany) and serum concentrations of copper (**Cu), zinc (°°Zn),
selenium ("®Se), chromium (°’Cr) and nickel (**Ni) determined using inductively
coupled plasma mass spectrometer (ICP-MS) was performed. Twenty nine patients
were included and results are as follows: Dry weight 71.0£14.2kg, body mass index
(BMI) 26.9+5.1 kg/m?, total body water (TBW) 31.6+5.4L, extracellular water (ECW)
15.5£2.9, intracellular water (ICW) 16.0+£3.2L, lean tissue mass (LTM) 30.2+8.6, lean
tissue index 11.4+3.0kg/m? fat mass (FM) 30.3+11.7kg, fat tissue index (FTI)
15.6+6.0 kg/m?, adipose tissue mass (ATM) 41.2+15.9kg, and body cellular mass
(BCM) 15.7+5.7kg. Overhydration (OH) was detected in 14 (48.3%) and 9 (31%)
(cutoffs >1.1L and >2.5L respectively). The mean serum Zn was 5.8 + 1.1 ymol/L
(100% below reference);. Cu was 15.7 £ 5.0 umol/L (20.7% below reference) Se was
0.59 + 0.22 pmol/L (75.9% below reference); Cr was 0.29 + 0.08 umol/L, (10.3% in
accordance to reference range); Ni was 0.21 (0.17 — 0.26) pmol/L (3.4% within
normal range). We observed a significant positive corretation between Cu and dry
weight (r=0.407, P=0.028), BMI (r=0.460, P=0.012) and FTI (r=0.370, P0.048). Zn
was positivily correlated to albumin (r=0.527, P=0.003) and negatively correlated with
OH (r=-0.394, P=0.034) and %ECW (r=-0.466, P=0.014). Se had a positive
correlation with serum albumin (r=0.515, P=0.005) and total cholesterol (r=0.443,
P=0.021), but had a negative correlation with %ECW (r=-0.404, P=0.041) and
ECW/ICW (r=0.398, P0.036). Ni was negative correlated to dry weight (r=-0.377,
P0.044). Cu/Zn ratio was only correlated to BMI (r=0.376, P=0.044). Cr was not
correlated with body composition parameters or others biochemical exams. Zn and
Se were correlated with fat nutritional biochemical tests and hydration status by
bioimpedance. Cu was correlated with fat mass parameters. In conclusion, important
alterations in trace elements have been disclosed in chronic kidney disease patients
treated with peritoneal dialysis, besides associations between trace elements and
bioimpedance body composition parameters. Further studies are needed to better
understand the relationship between body composition and trace elements in
peritoneal dialysis.
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INTRODUCTION

Trace elements play an important role in many vital biochemical functions of
humans [1], even without promoting energy they are essential for metabolic
reactions, maturation and growth of organs and tissues, acting to protect against
chronic diseases [2]. Nutritional deficiencies, especially of some microelements, may
be related to inflamation, endothelial and immune dysfunction and increased
oxidative stress [3,4,5]. Knowing that many trace elements are eliminated by the
kidney, their metabolism become complex for patients with chronic kidney disease.
Studies have shown that uremia per se, present in dialysis patients, is associated
with a reduction in microelements [1,6,7]. Dialysis patients are at risk for deficiency of
essential trace elements and excess of toxic trace elements, which can lead to
potential health damage [8].

Micronutrient status also depends on content in foods, bioavailability, and the
presence of absorption inhibitors or promoters. In peritoneal dialysis (PD),
microelements can be remove or absorved into patients via peritoneal membrane
transport [9]. Lower micronutriente intake, highly prevalent in PD patients, is
associated with malnutrition and inflammation [10,11], which are directly related to
increased mortality [12,13].

The study of micronutrient disorders in chronic kidney disease is still incipient,
especially in PD, but has been receiving increased attention recently [14]. In the
present study, we aimed to analyze the association between trace element levels

and body composition in PD patients.
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MATERIALS AND METHODS

Patients

A single center, cross-sectional study including 29 adult patients (>18 years)
on PD for at least 3 months and attending the Renal Unit of S&o Lucas Hospital of
Pontificia Universidade Catolica do Rio Grande do Sul (PUCRS), Porto Alegre,
Brazil, was conducted. Exclusion criteria: clinical instability, current systemic
infection, peritonitis in the last 30 days, acute clinical complication requiring
hospitalization; patients with a contraindication to do a bioimpedance evaluation,
such as the presence of a metal implant or electronic device, amputation, pregnancy
or lactation, and/or the inability to place electrodes on the lower and upper limbs. The
presence of an exit-site infection was not exclusionary. The Research Ethics
Committee of PUCRS (Protocol no. 04638812.4.0000.5336) approved this study.
Patients received all necessary information and signed the informed consent form
prior to inclusion in this research. Clinical data were collected from medical records,
such as age, gender, PD modality, time on PD and presence of Diabetes or

Hypertension.

Bioimpedance Analysis

Analysis of body composition was carried out using whole-body multifrequency
bioimpedance spectroscopy (BIS) (Body Composition Monitor; Fresenius Medical
Care, Germany), with an empty cavity, including: fluid overload (FO), total body water
(TBW), intracellular water (ICW), extracellular water (ECW), lean tissue mass (LTM),
fat mass (FM) and its index (LTI and FTI, respectively), adipose tissue mass (ATM)
and body cell mass (BCM). Dry weight (DW) was estimated as a patient’'s weight
minus OH, as suggested in the device manual, and used to calculate Body Mass
Index (BMI).

The Body Composition Monitor system is a quick, simple and highly
reproducible validated non-invasive method [15], using BIS combined with a
physiological tissue model developed for dialysis patients [16,17]. The composition of
body fluids is determined by measuring the resistance and reactance in response to
an electrical current passing through the body tissue at 50 different frequencies,
between 5kHz and 1MHz [18,19].
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Biochemical Analysis and Determination of Cu, Zn, Se, Cr and Ni

Blood was collected according to routine for the analysis of creatinine,
albumin, total cholesterol and haemoglobin, while for the meansurement of trace
elements concentration blood samples were collected in specially prepared tubes
designed to minimize external trace element contamination, and centrifuged to
isolate serum. Serum samples were aliquoted into 2 mL samples and stored at -80°
C until used for analysis. The concentrations of copper (®*Cu), zinc (°®Zn), selenium
("®Se), chromium (°2Cr) and nickel (**Ni) were determined using inductively coupled

plasma mass spectrometer (ICP-MS) and the values were expressed by pmol/L.

For analysis, serum samples were thawed and vortexed 10 seconds and 150
ML serum transferred to pre-weighed and pre-cleaned trace-metal-free polypropylene
tubes. For digestion, the tubes were weighed and centrifuged for 2 minutes and 400
ML of concentrated OPTIMA HNO3; and 200 pL of H,O, were added to each sample.
The sample tubes were tightly capped and placed in an ultrasonic water bath at 60°C
for two hour in a clean air hood. After one hour, 100 pL of H,O, were added again to
each sample, inlcluding the blanks. The samples were then gravimetrically diluted
with 4.8mL 2% OPTIMA HNOs, 100uL gemanium (Ge) and 0.5ug/mL of internal
standard. The tubes were mixed by inversion and centrifuged 10 minutes
immediately before ICP-MS analysis. Cu and Se were checked using Helium gas.

High resolution inductively coupled plasma mass spectrometry (HR-ICP-MS)
analysis was performed at the Toxicology Institute (Pontifical Catholic University of
Rio Grande do Sul, Brazil) using ICP-MS operated with an radio frequency power of
1400W and an argon flow rate of 14 L/min. The instrument resolution was set at 6000
for °®Zn and '"'Cd with a dwell time of 10 ms. Data were quantified using a 9-point (O,
0.1, 0.5, 1, 5, 10, 25, 50, 100 ng/g) calibration curve. We used a multielementar
solution and Zn single element standard solution to spike duplicate samples. Zero
point standard (0 ng/g Zn) and quality control Zn standard (10ng/g Zn) samples were
analyzed every 8 samples during the analyses to measure background and to
monitor instrument response. To prevent protein deposition and minimize nebulizer
clogging, the sample probe was flushed with concentrated HNO; for 15 seconds

followed by 45 seconds normal washing after each sample [20,21]. All results were
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adjusted for the low-concentration contamination that we observed during the test,
avoiding problems during the data interpretation.

The references ranges for normal status of Zn (11 — 24 umol/L), Cu (>11
pgmol/L), and Se (Se > 0.8 pmol/L) were according to Panorchan and Davenport 2015
[22]. For Cr analysis was considered as normal status values between 0.136 — 0.234

pmol/L [23] and for Ni was 3.9 ug/L or 0.07 umol/L as maximum value [24].

Statistical Analysis

Data are presented as mean * standard deviation, median and interquartile
intervals, depending on their characteristics of normality, and percentages. Normality
and variability analysis were performed using the Kolmogorov-Smirnov test,
comparisons using Student's t or Mann-Whitney tests, and correlations by Pearson or
Spearman, according to normality results. Chi-square test was used to verify
associations between quantitative and categorical variables. Statistical significance
was considered when P<0.05. Analysis was performed using the software Statistical

Package for the Social Sciences, version 21.0.
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RESULTS

We analyzed data from 29 prevalent PD patients and their baseline
characteristics are shown in Table 1. Nutritional status and body compostion are
presented in Table 2. Mean plasma Zn was 5.8 £ 1.1 ymol/L, 100% of patients with
low levels. Mean serum Cu was 15.7 = 5.0 ymol/L, 20.7% having low levels, and
mean Se was 0.59 = 0.22 umol/L, 75.9% with low concentrations. Mean Cr was 0.29
1 0.08 pymol/L, leaving only 10,3% in accordance to reference range. Median Ni was
0.21 (0.17 — 0.26) pmol/L and only one (3.4%) patient was within normal range.
Figure 1 illustrates the distribution of trace elements.

We observed a significative positive corretation between Cu and dry weight
(r=0.407, P=0.028), BMI (r=0.460, P=0.012), and FTI (r=0.370, P0.048). There was a
trend indicating a positive correlation between Cu and FM (r=0.361, P=0.055) and Cu
and ATM (r=0.0359, P0.056), although not statistically significant. Zn has a positive
correlation with serum albumin (r=0.527, P=0.003) and a negative correlation with
OH (r=-0.394, P=0.034) and %ECW (r=-0.466, P=0.014). Se presented a positive
correlation with serum albumin (r=0.515, P=0.005) and total cholesterol (r=0.443,
P=0.021) and a negative correlation with %ECW (r=-0.404, P=0.041) and ECW/ICW
(r=-0.398, P0.036). Ni was negatively correlated to dry weight (r=-0.377, P0.044).
Cu/Zn ratio had a correlation only with BMI (r=0.376, P=0.044). No correlation was

disclosed between Cr and body composition or biochemical parameters.
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DISCUSSION

In our study of chronic stable PD patients, a high prevalence of trace elements
deficiencies was found. Others studies found low levels for Zn, Cu and Se [9,22].
Alterations in serum trace elements maybe relevant for the clinical management and
it has been previously emphasized the need for monitoring trace elements in patients
receiving maintenance dialysis [25,26]. Daily Zn, Cu and Se excretions in nonanuric
CAPD patients were higher than healthy subjects, suggesting that they can suffer
from deficiency of some essential trace elements. It also has been shown that serum
Cu in PD patients was lower, but not statistically different from normal healthy
individuals [9].

Trace elements participate in catalytic reactions to reduce reactive oxygen
species, and serum Zn, Cu and Se deficiency can cause oxidative stress [27]. It is
also known that chronic kidney disease itself can promote damage in the antioxidant
defense system by reducing the glutathione peroxidase activity of and Cu/Zn
superoxide dismutase, these elements being related to its activity and expression
[28].

Zinc is a marker of nutrition showing beneficial effect on serum iron
parameters, blood morphology, lipid profile, and elevated vitamin E concentration
[29] Its deficiency is associated with anorexia, weight loss and growth retardation
[30]. In particular, Zn appears to be correlated with dietary protein intake, because its
main food sources are foods rich in proteins, such as meats, dairy products,
vegetables, some grains and shellfish. Once absorbed from the gastrointestinal tract,
Zn is transported in the plasma predominately by albumin, and stored intracellularly
and predominantly excreted in feces, with less than 10% eliminated through urine. Zn
binding to phytates, oxalates, iron or drugs as phosphorus binders can lead to lower
absorption in the small intestine through the formation of insoluble complexes. [22].
Knowing that the most of our patients use phosphorus binders, this finding may
justify the high prevalence of patients with serum Zn levels deficiency, and the strong
correlation of Zn and albumin in our study.

The physiological mechanisms regulating Zn homeostasis in PD patients is
still insufficiently clear. Uremia and PD procedure create conditions for the
development of abnormally low body zinc contente and redistribution in tissues and
fluids [1].
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Another intersting factor was the negative association of Zn and leptin levels in
hemodialysis patients, two molecules that are involved in the physiologic regulation
of energy homeostasis [31]. The results of a meta-analysis demonstrated that high
leptin levels are disclosed in PD patients [32]. Leptin plays a role in the central
nervous system through hypothalamic pathways, with its main function to cause a
decrease in food intake and an increase in the metabolic rate, promoting weight loss
and the regulation of the energy balance [33]. This disbalance may be one of the
aswers for the occurrence of anorexia and wasting in dialysis patients. Data of
suplementation are still controversal. Zinc supplementation seems not to improve the
nutritional status in patients on CAPD [34], but ameliorates abnormally high plasma
aluminium concentrations and oxidative stress and improves Se status in long-term
dialysis patients [35].

Cu is an essential trace element that plays a role in hemoglobin synthesis and
immune function and is a cofactor for Cu/Zn superoxide dismutase (Cu/Zn-SOD), an
antioxidante enzyme [36]. Elevated Cu/Zn ratios are associated with malnutrition,
increased oxidative stress, inflammation, and disrupted immune status [37].

Se is an essential structural trace element that regutes the glutathione
peroxidase activity, enzyme responsible for the reduction of hydrogen peroxide and
protection against cellular oxidative stress [28]. According to our results, low Se
levels in hemodialysis and CAPD patients in comparison to healthy persons were
reported in a cross-section study [38]. Furthermore, Se levels were significantly
higher in hemodialysis in comparison with CAPD patients [38].

Serum Cr and Ni levels were above the reference range in 86.3% and 96.6%
of the patients, respectively. Significantly increased concentrations were found in
patients treated by continuous ambulatory peritoneal dialysis (CAPD) [39]. In a
systematic review, available data from 128 studies with hemodialysis patients
showed that levels of many trace elements were higher, including chromium [8]. The
effect of long-term CAPD treatment should result in an accumulation of Cr [40], but
the analysis in PD patients are scarce, especially in determination with ICP-MS. The
trace elements analyses by ICP-MS generate accurate data with valious
informations, rarely available in clinical practice.

Longitudinal analyses suggest that Cr and Ni tend to increase on
hemodialysis, whereas Cu tends to decrease. These modifications over time could

be explained by impaired excretion or enhanced uptake of these elements during the
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dialysis process [41].

Our study has many limitations to be considered. Firstly, it is a single center
cross-section study with a limited sample. Secondly, we do not have data on residual
renal function, daily dietary intake data, appetite and the use of trace elements
suplementation, which could help us better explain our results. Additionally, we used
normal concentrations derived from an apparently health population without chronic
kidney disease, because reference ranges for PD patients have not been defined.
Further longitudinal studies and multicenter investigations are desirable and may
shed some light in the importance of trace elements in dialysis patients.

We found evidence that low serum Zn, Se and Cu exist in our sample and Cr
and Ni exceed reference limit for health population. Some trace elements were

correlated with body composition parametersand hydration status.
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Table 1. Baseline characteristics.

Variables All patients (n=29)
Age (years) 47.0£15.8
Female(n/%) 16 (55.2%)
Caucasians (n/%) 20 (69.0%)
SBP (mmHg) 142.4+25.0
DBP (mmHg) 85.3+16.6
CAPD (n/%) 22 (75.9%)
Time on PD (months) 18.9 (7 0-34.1)
Overhydration (>1.1L) (n/%) 4 (48.3%)
Overhydration (>2.5L) (n/%) 9 (31.0%)

Note: SBP, Systolic Blood Pressure; DBP, Distolic Blood Pressure; PD: peritoneal

dialysis; CAPD, continuous ambulatory peritoneal dialysis.
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Table 2. Nutritional assessment and body composition analysis.

Variables All patients (n=29)
Dry Weight (kg) 71.0£14.2
BMI (kg/m®) 26.945.1
Overhydration (L) 1.35+0.7
TBW (L) 31.6t5.4
ECW (L) 15.542.9
ICW (L) 16.0+£3.2
%ECW 9.2+11.4
LTM (kg) 30.2+8.6
LTI (kg/m®) 11.4+3.0
FM (kg) 30.3t11.7
FTI (kg/m?) 15.6+6.0
ATM (kg) 41.2+15.9
BCM (kg) 15.745.7
Albumin (g/dL) 3.51£0.7
Total Cholesterol (mg/dL) 183.4147.6
Hemoglobin (g/dL) 11.0£2.3
Creatinine (g/dL) 10.914.5

Note: BMI, body mass index, TBW, total body water; ECW, extracellular water;
%ECW, percentage of extracelular volume expansion; ICW, intracellular water; ATM,
adipose tissue mass; LTM, lean tissue mass; LTI, lean tissue index; FM, fat mass;
FTI, fat tissue index; BCM, body cellular mass.



Figure 1. Percentage of patients in normal, low or high levels of serum

Cooper’, Selenium’, Chromium? and Nickel®.
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3. CONCLUSAO

Este estudo teve como objetivo principal analisar aspectos fisiopatologicos e
clinicos relacionados ao estado nutricional de pacientes em DP e os artigos
elaborados responderam aos objetivos especificos propostos no inicio do trabalho.

A Parte 1 da tese, mostrou os resultados obtidos através da busca de dados
retrospectivos de pacientes incidentes em dialise peritoneal de Vicenza, na Italia.

O Artigo 1, através da analise da composigado corporal apés um ano de terapia,
mostrou que existe modificagdo da composi¢ao corporal ao longo do tratamento. O
que se observa nesta populagdo € o aumento do peso corporal, ja considerando o
peso seco (sem sobrecarga de volume), especialmente aumento de massa gorda e
a diminuicdo de massa magra. A maioria dos pacientes que apresentaram ganho de
peso, eram classificados como transportes peritoneais nédo rapidos. Pacientes que
ganharam massa gorda eram os pacientes com valores menores no teste de
equilibrio peritoneal, portanto transportadores mais lentos. Ja referente a carga de
exposicao a glicose, entre os grupos que modificaram ou ndo a composi¢ao
corporal, ndo foram observadas diferencgas.

A literatura explora a participagéo de citocinas e de reguladores de apetite na
modificagdo ou ndo da composigao corporal. Neste sentido, alguns questionamento
surgiram durante o estudo, os quais sugerem avaliagbes futuras. Pacientes com
transporte peritoneal mais rapidos possuem autoregulagdo de horménios
relacionados ao apetite que os fagam diminuir a ingestao alimentar? Que horménios
seriam estes? Grelina? Leptina? Adiponectina? Ou seja, questionamentos sobre o
que faz com que as modificagdes acontecam se ndo € através da carga de glicose
que o paciente esta sendo exposto?

O Artigo 2 responde a outro objetivo especifico importante, mostrando que a
alteracdo da composicao corporal presente nesta populacido ao final de um ano de
tratamento é independente da modalidade de dialise. Ou seja, tanto pacientes em
dialise ambulatorial continua quanto em dialise peritoneal automatizada modificam a
composi¢cao corporal, porém sem diferenca entre estes dois grupos, embora a
exposicao a glicose seja claramente maior na automatizada.

No Artigo 3, foi possivel observar o estado nutricional dos pacientes que iniciam
a dialise peritoneal, através de dados de composi¢ao corporal, e acompanhar o seu

impacto no desfecho mortalidade através da andlise de dados ao longo de 5 anos,
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retrospectivamente. Esta analise nos possibilitou observar que entre os dados
verificados através do uso da bioimpedancia — indice de massa corporal, massa
magra, massa gorda, angulo de fase (indice de permeabilidade de membrana) —
somente o angulo de fase é preditor de mortalidade, onde valores acima de 5° no
inicio da terapia foram considerados protetores para mortalidade, independente da
idade, do sexo e da presenca de diabetes. Desta forma, a permeabilidade da
membrana dos pacientes, método celular de avaliacdo nutricional, parece ser melhor
preditor de mortalidade que outras formas, como a propria avaliagdo da massa
magra ou da massa gorda. Muitos outros estudos mostram a utilizagdo do angulo de
fase como preditor de mortalidade em diferentes patologias e situagdes. Seria este,
entdo, um possivel marcador progndstico a ser avaliado rotineiramente?

Apesar da avaliagdo da massa magra nao demonstrar impacto na mortalidade,
observamos que quase 30% dos pacientes que iniciaram em nosso estudo
apresentavam massa magra diminuida, o que potencialmente pode ser um fator de
fragilidade e riscos aumentados, pensando em outros disturbios possiveis de
estarem presentes nesta populacdo. Assim como mais de 55% dos pacientes
iniciaram a terapia ja obesos, com indice de massa gorda acima do percentil 90.
Pensando que, estes mesmos pacientes, ganharao peso e massa gorda ao longo da
terapia, isso pode ser um fator importante de disturbios metabdlicos futuramente
para esta populacao.

A Parte 2 da tese, mostrou os resultados obtidos através da analise transversal
de pacientes prevalentes em didlise peritoneal de Porto Alegre, Brasil. Entdo, no
Artigo 4, sao apresentados os resultados dos elementos tragos presentes no sangue
de pacientes em dialise peritoneal, 0 que nos mostra dados importantes a serem
avaliados, além de gerar questionamento de nossa pratica clinica, como o0 uso de
suplementagcdo ou mesmo de monitoramento de elementos que possam ser toxicos
e potencialmente danosos a saude de nossos pacientes. Observamos valores
abaixo do recomendado para zinco, selénio e cobre em um alto percentual da
populagdo. Enquanto que foram encontrados niveis séricos acima dos valores de
referéncia para cromo e niquel na maioria dos pacientes. Estes elementos sao
relacionados a alteragdes nutricionais e podem comprometer diversas atividades
celulares. As correlagdes encontradas mostram que ha relagao entre valores séricos
de zinco, selénio e cobre com compartimentos corporais. Quanto maior a expansao

de volume extracelular, ou seja, pior a volemia dos pacientes, menores os niveis de
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zinco e selénio. Existe também correlacdo positiva entre estes elementos e a
albumina sérica, que também € marcador de volemia. Ja o cobre se correlaciona
positivamente com parametros de massa gorda. Estes resultados também geram
questionamentos. E necessario suplementar estes pacientes com valores
insuficientes? Quando se deve dosar estes microelementos em pacientes em
didlise? A ingestédo alimentar correlaciona-se com os niveis séricos? O ajuste destes
microelementos séricos pode melhorar o estado nutricional em dialise?

Neste sentido, o presente estudo trouxe contribuigcdes valiosas sobre a analise da
composi¢cao corporal de pacientes em didlise peritoneal, as quais nos sugerem a
necessidade de continuarmos os estudos nesta linha de pesquisa. Nesta o6tica, o
grupo de pesquisa em Nefrologia na PUCRS pretende permanecer desenvolvendo
estudos nesta area além de estreitar os lagos com o IRRIV, na Italia, a fim de trazer
outros estudos, destacando a internacionalizagdo como fator que possa potencializar

o conhecimento na area da Nefrologia e da Nutrigao.
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3.1 CONSIDERAGOES FINAIS SOBRE A TESE

O aumento global da obesidade e das doegas associadas a ela, como a
hipertensdo e o diabetes, potencializam o risco para doenca renal crénica. Desta
forma, observa-se um numero de doentes renais crénicos e de pacientes em dialise
em elevacgao no Brasil e no mundo.

Ao mesmo tempo em que a obesidade gera aumento da morbimortalidade na
populacdo em geral, na terapia dialitica, esta observagdo ainda € controversa,
ocorre a conhecida epidemiologia reversa em que existe protecdo com excesso de
peso em dialise. Porém, os componentes corporais devem ser considerados nesta
analise, pois € sabido que o aumento da massa gorda estd associado a disturbios
metabdlicos importantes nesta populagdo. Assim como, a diminuicdo da massa
magra e desnutricdo energética proteica pode aumentar o risco de morte em didlise.

O crescimento do numero de pacientes em didlise gera um custo elevado para a
saude publica no Brasil e no mundo, pois além de ser um terapia onerosa, muitas
vezes, impossibilita o paciente em idade produtiva de contribuir para economia do
pais. A utilizacdo da dialise peritoneal vem recebendo destaque ao passo que €&
capaz de proporcionar maior autonomia de cuidado ao paciente e, de maneira geral,
promove menores custos.

A presente tese teve como objetivo principal estudar aspectos fisiopatolégicos e
clinicos relacionados ao estado nutricional de pacientes em dialise peritoneal. Para
isso, realizamos 4 estudos e os principais achados descritos nesta tese estdo

sumarizados na tabela a seguir.



Tabela 1.

Resumo dos principais achados da tese.
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Artigo 1

Artigo 2

Artigo 3

Artigo 4

The influence of glucose exposure
load and peritoneal membrane

Is there a difference in body
composition and nutritional status

Bioimpedance phase angle is

Artigo transport on body composition and . ; : associated with mortality in Trace elements and body composition in
nutritional status changes after 1 year betwe'eﬁ peritoneal dialysis peritoneal dialysis patients. peritoneal dialysis.
. ) . modalities after one year of
on peritoneal dialysis.
treatment?

85 pacientes em DP: 85 pacientes em DP: 164 pacientes em DP: o Niveis séricos de:
- 50,6% ganharam peso (seco) - 29,9% desnutrigao (LT|<18 ) Zn 100%\W
- 41,2% perderam massa magra T0-T12: - 55,5% obesidade (FTI>90 ) Cu 20,7% W
- 65,9% ganharam massa gorda - ANIMC e indice de massa gorda - 7,9% desnutricao (FTI<107) Se 75.9%W

(na CAPD e APD, sem diferenga - 23,87 desnutricdo + obesidade Cr 10.3% valores adequados sendo 86,3%
Apods 1 ano de DP (T0-T12): entre as modaldiades) (LTI<10™ +FTI>907) aumentados
AN peso seco, IMC, massa de tecido - Sem diferenga entre alteragéo de . . Ni 3.4% valores adequados sendo 96,6%
adiposo, massa gorda, indice de peso, massa magra e massa gorda | Proporgao de Sobrevida aumentados
massa gorda (em toda amostra)_ (em TO-T12) entre as modalidades. M

12 meses - 92% Correlacées:
- - Correlagoes:
Pacientes com valores de D/P Exposi¢ao aumantada a glicose 24 meses - 83:%
creatinina baixos apresentaram: na APD em comparagio com ig Meses - g% - Positivas entre Cu e peso seco, IMC, indice
A\ganho de peso seco e massa CAPD 60 meses - 0° de massa gorda.
meses - 60% " .
L gorda Sobrevivéncia Kaplan- - Positivas entre Zn e albumina.
Principais Grupo em CAPD apresentou (T0- Cu_rva de Sobrevivéncia Kaplan - Negativas entre Zn e OH e %ECW.
Achados T12): Meier:

Pacientes que ganharam peso
versus pacientes que nao
ganharam peso:

A\% de transportadores néo rapidos

Carga de exposicdo a glucose: ndo

modificou a composigéo corporal.

Reducéo na albumina sérica
(sem diferenga entre modalidades)
e proteinas totais

Grupo em APD apresentou

T0-T12):

Aumento da transferrina sérica

PhA < 5° impacta negativamente na
mortalidade
Pacientes com PhA < 5°:
 ANidade, diabetes, OH PCR,
creatinina.
« Wmassa magra e seu indice e
massa celular corporal
Regressao de Cox:
Idade e diabetes impactam
aumentando a mortalidade.
PhA > 5° é protetor para
mortalidade (mesmo apos ajuste
para idade, género e diabetes)

- Positivas entre Se e albumina e coleterol
total.

- Negativas entre Se e %ECW e ECW/ICW.

- Negativas entre Ni e peso seco.

- Positivas entre Cu/Zn e IMC.

Cr nao teve correlagdo com parametros de
composigcéo corporal ou outros paramétros
laboratoriais.
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Conhecer a composigdo corporal desta populacdo pode ndao somente gerar
dados de estado nutricional mais adequados, assim como dados de volemia mais
objetivos e precisos, 0 que pode facilitar o controle volémico nesta terapia. O uso
rotineiro da bioimpedancia pode gerar outros estudos com a analise da composigao

corporal, e pode ser uma ferramenta auxiliar para uso na pratica clinica.
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APENDICE B - Termo de consentimento livre e esclarecido

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO PARA OS PACIENTES
EM DIALISE PERITONEAL

Titulo: Aspectos fisiopatologicos e clinicos relacionados ao estado nutricional de pacientes
em dialise peritoneal

Equipe de Pesquisa: Rafaela Siviero Caron Lienert, Ana Elizabeth Prado Lima Figueiredo,
Alessandra Campani Pizzato, Bartira Ercilia Pinheiro da Costa, Adriana Conti, Cristina
Bombardelli, Carlos Eduardo Poli de Figueiredo

Nome do Paciente:

SOBRE A PESQUISA: O presente projeto avalia aspectos diversos da didlise peritoneal e
complicagdes associadas a este procedimento. Faz parte da linha de pesquisa que estuda
dialise extra-renal do Programa de Pods-graduacdo em Medicina e Ciéncias da Saude da
Faculdade de Medicina e do laboratério de Nefrologia do Instituto de Pesquisas Biomédicas
da PUCRS.

Neste estudo serdo avaliados diversos aspectos que podem influenciar na didlise peritoneal,
tais como fungdo do peritonio, marcadores presentes no sangue, na urina, funcdo dos vasos
sanguineos, fun¢do das células e fatores genéticos.

A idéia ¢ estudar fatores relacionados ao estado nutricional dos pacientes que possam
influenciar na evolugdo clinica da doenga e do tratamento. Estes testes poderdo ajudar a
diagnosticar precocemente alguns riscos relacionados ao tratamento dialitico, ou
eventualmente auxiliar na formulacdo de novos tratamentos, tanto nutricionais quanto
clinicos.

O QUE SERA FEITO: Vocé esta sendo convidado para uma entrevista com um dos
pesquisadores, na qual serd perguntado se deseja participar da pesquisa. Caso concorde, apos
assinar o Termo de Consentimento Informado, serdo coletados dados de sua historia médica
pregressa, e explicados os procedimentos a serem realizados, incluindo a rotina de avaliacdo
do programa de diélise peritoneal para o teste de adequagdo de dialise (kt/V e PET). Parte das
amostras do dialisado, sangue e urina serdo separadas para realiza¢do de testes especificos
para pesquisa. Os procedimentos sao os mesmos de sua avaliacdo periddica rotineira. Serd
coletado um volume de aproximadamente 10 mL de sangue venoso, além de 3 coletas do
dialisado no inicio da troca, ap6s 2 horas e ao completar 4 horas de permanéncia. Ao término,
uma nova troca de rotina ¢ realizada. Com a cavidade abdominal vazia, sera realizada medida
da sua composi¢do corporal, através de um aparelho especifico para esta avaliacdo. Em
seguida, ou em outro momento, conforme organizado com o pesquisador, voc€ passara por
uma avaliagdo ecografica, que busca avaliar seus vasos sanguineos ¢ pulmao. Também serdao
consultados dados do seu prontudrio médico.

O material biologico coletado para pesquisa serd congelado e armazenado até as analises
realizadas pelos pesquisadores do laboratério de Nefrologia da PUCRS e demais
colaboradores. Os resultados serdo publicados em revistas de circulagdo do meio médico e em
congressos.

Rubrica do Pesquisador/Investigador Rubrica do Paciente Participante
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Para que o estudo possa ser realizado, € necessario que vocé faga a opgao autorizando ou nao
a coleta dos diferentes materiais ou realizagao de exames:

Urina: AUTORIZO (favor escrever SIM ou NAO)

Sangue: AUTORIZO (favor escrever SIM ou NAO)

Dialisado: AUTORIZO (favor escrever SIM ou NAO)

Ecografia: AUTORIZO (favor escrever SIM ou NAO)
Composicao corporal: AUTORIZO (favor escrever SIM ou NAO)
Analise genética: AUTORIZO (favor escrever SIM ou NAO)

. OBS.: Nem todos os testes citados acima serdo necessariamente realizados.

CONFIDENCIALIDADE: Os registros serdo mantidos em segredo.
MATERIAL EM ESTUDO E ARMAZENAMENTO: O material podera ser utilizado
apenas para esta pesquisa, ou também ser armazenado para emprego em futuros estudos. E

necessario que vocé faga a op¢do autorizando ou ndo o armazenamento para emprego futuro:
AUTORIZO (favor escrever SIM ou NAO).

Se houver possibilidade de fazermos novas andlises com o material coletado, serd novamente
solicitada a aprovagdo das Comissdes de Etica em Pesquisa para realizar a avaliagdo
adicional. Os estudos sdo desenvolvidos de forma andnima. Os resultados da pesquisa estarao
disponiveis a vocé em qualquer momento por qualquer motivo.

RISCOS E BENEFICIOS: Os riscos ou desconfortos dessa pesquisa sdo considerados
minimos. Este estudo ndo lhe trard nenhum tipo de discriminacao individual ou coletiva. O
principal desconforto esta relacionado a pungdo venosa para coleta de sangue que serd feita
durante a coleta dos seus exames de rotina. Para o teste de ecografia do braco ¢ necessario
inflar o manguito do aparelho de pressao de forma apertada por aproximadamente 5 minutos e
este procedimento pode causar algum incomodo. Para o teste de composi¢cdo corporal sera
necessario o deslocamento acompanhado por membro da equipe de pesquisa até o local do
aparelho no Centro Clinico da PUCRS.

LIBERDADE: A sua participacdao na pesquisa ¢ totalmente voluntéria e vocé€ pode desistir, a
qualquer momento, sem prejuizo do tratamento e sem a necessidade de explicar o motivo.

Eu, fui
informado (a) pelo
(a) dos

objetivos e justificativas dessa pesquisa de forma bem clara e detalhada. Recebi informagdes
sobre cada passo que estarei envolvido (a). Todas as minhas dividas foram respondidas com
clareza, e sei que poderei solicitar novos esclarecimentos a qualquer momento. Estou ciente
que as informagdes por mim fornecidas serdo mantidas em segredo e usadas somente
conforme op¢ao acima. Fui informado (a) que se existem danos a minha satde, causados
diretamente pela pesquisa, terei direito a tratamento médico e indenizagdo, conforme a lei.
Também sei que ndo terei nenhum custo que seja relacionado a pesquisa.

Rubrica do  Pesquisador/Investigador Rubrica do Paciente Participante
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Caso tiver novas perguntas sobre este trabalho, posso chamar os pesquisadores pelos
seguintes telefones (51) 3336-7700 ou no telefone 3320-3000 — ramais 3174 ou 2344 (51)
9335-7361 (Pesquisadora Rafaela S. Caron Lienert). O Comité de Etica em pesquisa podera
ser contatado pelo niimero 3320-3000 no ramal 3345 (Comité de Etica em Pesquisa) para
qualquer divida como participante deste estudo.

Esta pesquisa tem aprovagio do Comité de Etica em Pesquisa da PUCRS. Sob as condi¢des
acima mencionadas, concordo em participar do presente estudo. Declaro que recebi copia do
presente Termo de Consentimento Livre e Esclarecido, aprovando-o e assinando-o apo6s 1é-lo
com todo cuidado possivel.

Porto Alegre, de de 20
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APENDICE C - Resumo apresentado no XXVIII Congresso Brasileiro de Nefrologia
no ano de 2016, realizado em Maceid/AL, intutulado CORRELAGCAO ENTRE
PARAMETROS DE AVALIGAO DO ESTADO VOLEMICO EM PACIENTES EM
DIALISE PERITONEAL.

Introdugdo: A sobrecarga hidrica (SH) € um achado comum em pacientes em
didlise peritoneal (DP) que possui impacto na mortalidade desta populagdo. A
avaliacao do estado volémico se torna importante a medida que pode promover um
manejo de volume corporal adequado, evitando complicagbes associadas a
hipervolemia crénica. Existem alguns métodos para esta avaliagdo, além do peso
corporal e da pressao arterial, as quais podem permitir uma avalicado mais detalhada
da volemia. Entre eles, a bioimpedancia espectroscépica (BE) e o uso da ecografia
para avalicdo pulmonar e da veia cava. Objetivo: Correlacionar diferentes
parametros que estimam a volemia em pacientes em dialise peritoneal. Método:
Estudo transversal, envolvendo pacientes adultos (>18 anos) estaveis em didlise
peritoneal (DP) por, pelo menos, 3 meses. Foram investigados, além de dados
clinicos, valores relacionados a volemia (sobrecarga hidrica (SH); agua corporal total
(ACT); agua intracelular (Al); agua extracelular (AE); peso seco, descontando o
volume infundido na cavidade abdominal e o peso seco sugerido pelo BCM),
gerados através do uso da bioimpedancia espectroscopica de corpo inteiro (Body
Composition Monitor - BCM), além do didmetro da veia cava e analise do numero de
linhas pulmonares, através de ecografia. Resultados: Foram investigados 8
pacientes (6 CAPD e 2 em APD), com média de idade de 49,3+15,3 anos; tempo
médio em didlise de 16,8144 meses; PAS 140,3+259mmHg; PAD
83,7+25,9mmHg; peso seco 70,4+14,6; peso seco pelo BCM 69,4+14,6kg; IMC peso
seco 27,5+3,7kg/m?, IMC peso seco pelo BCM 27,1+3,4kg/m? SH 1,0+1,6L; ACT
29,616,1; AE 14,7+4,9L; Al 14,912 ,4L; albumina 3,7+0,5g/dL; didametro da veia cava
1,7£0,2mm e linhas pulmonares 3,5+2,0 unidades. Através de correlagdo de
Pearson, foram encontrados valores relevantes entre SH e AE (r=0,89; P=0,002),
ACT (r=0,82; P=0,013), albumina (r=-0,80; P=0,030), peso seco (r=0,79; P=0,020) e
peso seco através do BCM (r=0,72, P=0,035). PAS e ACT (r=0,76, P=0,028), AE
(r=0,746, P=0,034), Al (r=0,731, P=0,040), peso seco (r=0,812, P=0,014) e peso
seco através do BCM (r=0,826, P=0,011). PAD, espessura da veia cava e linhas
pulmonares n&o apresentaram correlagdes significativas com demais variaveis
analisadas. Conclusao: Os dados analisados confirmam a correlacao positiva entre
SH, albumina e peso, assim como da PAS e peso. O numero de pacientes
analisados impede uma analise mais aprofundada dos resultados, mas indica a
necessidade da continuidade do estudo.
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APENDICE D - Resumo apresentado no XXIV Congresso Brasileiro de Nutricdo no
ano de 2016, realizado em Porto Alegre/RS, intutulado AVALIAGAO DO ESTADO
NUTRICIONAL E DA VOLEMIA ATRAVES DA BIOIMPEDANCIA
ESPECTROSCOPICA DE CORPO INTEIRO EM PACIENTE EM DIALISE
PERITONEAL.

Introdugdo: A sobrecarga hidrica (SH) € um achado comum em pacientes em
didlise peritoneal (DP) e a combinagdo com a inadequagao do estado nutricional
aumenta a mortalidade desta populacdo. A bioimpedancia espectroscopica de corpo
inteiro (BCM) é uma ferramenta precisa, sensivel e confiavel para esta avaliagdo. O
objetivo deste estudo foi avaliar as relagbes do estado nutricional e composi¢ao
corporal de pacientes em DP de acordo com a volemia. Metodologia: Estudo
transversal, envolvendo pacientes adultos estaveis em DP. Os dados gerados pela
BCM foram utilizados para analise da volemia e da composi¢cao corporal e a
populacédo foi dividida entre euvolémicos (EV) e hiperhidratados (HH).
Resultados: Na analise com 37 pacientes em DP (70,3% caucasianos, 62,2%
mulheres, idade de 48,2+16,6 anos, tempo médio em terapia (TDP) de 16,7 (8,3-
34,1) meses, observamos 54,1% de HH, os quais apresentaram peso e indice de
Massa Corporal (IMC) aumentados em relacédo aos EV (P=0,019, P=0,047). A
albumina sérica foi maior entre os EV e a Avaliagdo Subjetiva Global (ASG) e o
Escore de Desnutrigdo-Inflamacgéo (EDI) foram maiores nos pacientes HH (P=0,002
e P=0,004). Todos hipertensos também foram classificados como HH. A composi¢ao
corporal ndo apresentou diferenga entre os grupos. Na observacao dos indicadores
de volemia e nutricao de toda amostra, independente da classificacao de hidratacao,
SH correlaciona-se com ASG (r=0.543, P=0.001), MIS (r=0,504, P=0,001) e
inversamente com albumina sérica (r=-0,507, P=0,002). Correlagdes entre agua
extracellular/agua intracellular e: ASG (r=0.482, P=0.003), MIS (r=0.504, P=0.001),
%massa gorda (r=0.585, P<0.001), massa de tecido adipose (r=0.460, P=0.004),
creatinina sérica (r= -0.429, P=0.009), albumina (r= -0.676, P<0.001), %massa
magra (r= -0.752, P<0.001) e massa celular corporal (r=-0.590,
P<0.001). Correlagbes entre parametros de avaliagdo nutricional: ASG e EDI
(r=0,929, R?=0,852, P=<0,001) e ASG e EDI com albumina sérica (r= - 0,606,
P<0,001; r= - 0,764, P<0,001) e colesterol total (r= - 0,419, P=0,011; r= - 0,357,
P=0,33). O TDP correlaciona-se inversamente com a exposicdo a glicose
(g/kg/semana) (r=-0,552 R?=0,305 P<0,001). Conclusées: A volemia de pacientes
em DP possui forte associagdo com variaveis de estado nutricional. O uso de
ferramentas que possam auxiliar na determinacéo correta do estado de hidratagao
desta populacao, permitira uma avaliagao mais fiel também do estado nutricional.
Identificando estes fatores € possivel manter um melhor controle da presséao arterial
e prevenir a sobrecarga cardiaca associada a HH. Paciente melhor avaliado pode
ser melhor tratado, proporcionando maior sobrevida e melhor qualidade de vida a
esta populacéao.
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APENDICE E - Resumo apresentado no Sal&o de Iniciacdo Cientifica da PUCRS, no
ano de 2016, realizado em Porto Alegre/RS, intutulado ANALISE DE
MICROELEMENTOS SERICOS E ESTADO NUTRICIONAL: CORRELAGCAO EM
PACIENTES EM DIALISE PERITONEAL.

Os microelementos possuem papel importante na regulagdo de processos
vitais no organismo humano, como estresse oxidativo, inflamagdo e disfungéo
endotelial, incluindo disturbios metabdlicos presentes em pacientes em dialise
peritoneal (DP). O desequilibrio destes elementos parece promover prejuizos que
podem agravar a desnutricdo energética proteica (DEP) nesta populagdo, como
alteragdes de apetite e perda de massa magra. O objetivo do presente estudo foi
avaliar o estado nutricional e os niveis séricos de microelementos em pacientes em
DP, observando a relacao entre estes dados. Dessa forma, vem sendo realizado um
estudo de delineamento transversal, envolvendo pacientes estaveis adultos (>18
anos) em DP acompanhados pelo Servigo de Nefrologia do Hospital Sdo Lucas da
PUCRS. Estdo sendo investigados dados clinicos, avaliagdo nutricional, incluindo
bioimpedancia espectroscopica de corpo inteiro (Body Composition Monitor (BCM), e
analise de microelementos séricos (Cobre, Zinco, Cromo, Niquel) através da
Espectometria de Massa com Fonte de Plasma Indutivamente Acoplado (ICP-MS). A
amostra estudada, até o presente momento, consiste em 29 pacientes,
predominantemente do género feminino (55,2%), brancos (69,0%), DP ambulatorial
continua em 75,9% dos casos, com idade média de 47,0£15,8 anos; peso seco
72,4+13,9; IMC 27,4+4,9kg/m?, massa magra 30,2+8,4kg, massa gorda 30,3+11,7kg
e seus indices 11,4+3,0kg/m? e 15,6+6,0kg/m? além da massa celular corporal
15,745,7kg,  colesterol  total 183,4+47,6mg/dL e  albumina  séricos
3,51£0,7g/dL. Valores de microelementos: cobre 986,6+314,1ug/L, zinco
381,1£71,7ug/L, cromo 15,3+4,1ug/L, niquel 12,6 (10,1 — 15,3) pg/L. Foram
encontradas correlagbes para cobre com peso (r=0,388, P=0,037), IMC (r=0,449,
P=0,015) e indice de massa gorda (r=0,370, P=0,048); e para zinco e albumina
(r=0,527, P=0,003). Comparando a valores de referéncia, observa-se massa magra
diminuida e massa gorda aumentada nesta populacéo. As correlagdes encontradas
entre variaveis do estado nutricional (peso, IMC e indice de massa gorda) e cobre
sérico, assim como albumina sérica e zinco mostram uma possivel associagao entre
a nutricao e a quantidade de microelementos no sangue. Estes resultados sugerem
maior investigagao desta associagao no estudo em andamento.
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APENDICE F - Padronizacdo da Técnica: Espectometria de Massa com Fonte de

Plasma Indutivamente Acoplado (ICP-MS)

Padronizacado da técnica que utiliza Espectometria de Massa com Fonte de
Plasma Indutivamente Acoplado (ICP-MS) para dosagem de metais em soro
humano, analise multielementar com modo de operacao quantitativo. Baseada nas

referéncias Dong 2008 e

Figura 1. Material utilizado para realizagdo da técnica (ICP-MS).

Amostras: Soro humano

Coleta: tubo trace elements (branco).

Preparagao: centrifugado a 3000rpm por 20 minutos em centrifuga refrigerada.
Armazenamento das amostras: soro aliquotado em tubos tipo Eppendorff de 2mL
e a temperatura de -80-C.

Metais analisados: Zn (zinco - 66), Cu (cobre - 63), Cr (cromo - 52), Se (selénio -
78), Fe (ferro - 56), Ni (niquel - 58).
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MATERIAIS

Preparacao das solucoes de uso:

Separar, para o preparo das solucdes de uso: 1 baldao volumétrico de 500mL,
3 baldes volumétricos de 50mL e um copo de Becker para acrescentar (ajustar) o
acido nas preparacodes.
Acido: Acido nitrico (HNO3) a 2%: 15mL (com pipeta colocar 2x de 7,5mL) em
500mL de agua milique
Elementos: Multielementar (500ppb - 100mg/L) preparar 250uL em 50mL de HNO3
a 2%; Zinco (500ppb — 1000mg/L) preparar 25uL em 50mL de HNO3 a 2%;
Germanio (500ppb — 1000mg/L) preparar 25uL em 50mL de HNO3 a 2%.

Figura 2. Preparo das curvas de calibracéo [A] e preparo das amostras e processo
de digestéo [B].
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Figura 3. Realizagdo da Espectometria de massa com fonte de plasma

indutivamente acoplado (ICP-MS).

PROCEDIMENTOS

Preparacao da Curva de Calibracao (Figura 2A):

Separar, para o preparo da curva de calibragcado: 11 baldes volumétrico de 25mL, o
primeiro (1) ndo sera utilizado.

Em baldo volumétrico de 25mL

11[0] adicionar 0 de padréo multielementar e O yL de zinco

2[0.1] adicionar 5uL de padrao multielementar e 5uL de zinco

3[0.5] adicionar 25uL de padrdao multielementar e 25uL de zinco

4[1] adicionar 50uL de padrdao multielementar e 50uL de zinco

51[5] adicionar 250uL de padrao multielementar e 250uL de zinco

6 [10] adicionar 500uL de padrao multielementar e 500uL de zinco

7 [25] adicionar 1.250uL de padrao multielementar e 1.250uL de zinco
8 [50] adicionar 2.5mL de padrdao multielementar e 2.5mL de zinco
9[100] adicionar 5mL de padrao multielementar e 5mL de zinco

Branco 2 da curva
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Preparacao das amostras para o processo de digestao (Figura 2B):

Passar as amostras descongeladas no vortex por 10 segundos

Transferir 150uL de soro para tubos de vidro (vials)

Acrescentar 400uL of HNO; (concentrado) e 200uL de H20;

Montar um branco para as amostras (somente com 400uL of HNOs3 (concentrado) e
200uL de Hx0Oy

Colocar em bloco de aquecimento 60° C durante 2 hora

Ao final de 1h, acrescentar 100uL de H,O, em todas as amostras, incluindo os

brancos das amostras.

Preparacao das amostras para analise em ICP-MS:

Ao final das 2 horas de aquecimento, diluir as amostras adicionando:
100pL Germanio (Ge) (1°); 4,8mL de HNO3 2% (2°) e 0.5ug/mL (padrao interno)

Material necessario para leitura:

Separar tubos de plastico para leitura: 10 para curva € 0 numero necessario
conforme amostras a serem lidas em ICP-MS e outros 2 brancos para as amostras.
Para a curva:

Pipetar 100pL Germanio (Ge) e 4,8mL de cada ponto da curva.

Preparar 1 ponto zero com 100uL Germanio (Ge) (1°) e 4,8mL de HNO; 2% (2°) e
outro igual para limpeza.

Transferir todas as solugbes preparadas da curva para os tubos de plastico (ja para
leitura).

Transferir todas amostras (ja diluidas) para os tubos de plastico para leitura

Acrescentar 100uL Germanio (Ge) em todos tubos da curva, incluindo brancos
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ICP-MS Analise (Figura 3):

No sistema serao registrados:
Branco HNO;

P1 Ong/mL

P2 0.1 g/mL

P3 0.5ng/mL

P4 1ng/mL

PS5 5ng/mL

P6 10ng/mL

P7 25ng/mL

P8 50ng/mL

P9 100ng/mL

Limpeza

Branco amostras 1

Branco amostras 2

Amostras 1, 2, etc.

Montar os tubos de plastico no aparelho e ler no ICP-MS.

Resultados:
Analisar qual leitura esta mais estavel (com ou sem gas hélio) e escolher.
Observar se os resultados encontrados estdo dentro da curva de calibragcao

realizada para a técnica.

Para o calculo:

Branco = utilizada a media dos dois brancos das amostras.

Valores utilizados = descontando a media do branco para cada resultado pelo ajuste
da diluigao:

Quando utilizado 100uL de amostra em 5mL sabe-se que o resultado deve ser
multiplicado por 50.0 (5000uL/100uL = 50)

Quando utilizado 150uL de amostra em 5mL sabe-se que o resultado deve ser
multiplicado por 33.3 (5000uL/150uL = 33.30)

Sabendo que o valor esta sendo expresso por ppb, devemos utilizar as unidades
mcg/L ou ng/mL

Para as amostras com valores muito altos, acima 1000, pode ser expresso em

mcg/mL, mg/L, ou seja, deve ser dividido por 1000 (ppm).
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APENDICE G - Protocolo de Revisdo Sistematica intitulado THE IMPACT OF
OVERHYDRATION ASSESSED BY BIOIMPEDANCE ON MORTALITY |IN
DIALYSIS PATIENTS (PROTOCOL).

Este protocolo busca investigar o impacto da hipervolemia verificada por
bioimpedancia em pacientes em diadlise. Entendendo que ndo ha consenso sobre o
impacto da hipervolemia, avaliada através da bioimpedancia, sobre mortalidade de
pacientes em dialise, foi realizado um protocolo de revisao sistematica, submetido e
publicado no Prospero (registro internacional de revisbes sistematicas da
Universidade de York - DOI 10.15124/CRD42015017651). O presente estudo esta
em andamento.

Neste apéndice, serdo apresentados o protocolo da Revisdo Sistematica
publicado no Prospero (University of York) e os dados preliminares prevenientes do
material de busca nas diferentes bases de dados investigadas. A investigagéao,

analise critica dos artigos e escrita dos resultados estdo em elaboracgéo.

Protocolo de Revisao Sistematica Publicado

INHS
UNIVERSITY oF /07K National Institute for
Centre for Reviews and Dissemination Health Research

PROSPERO International prospective register of systematic reviews

The impact of overhydration assessed by bioimpedance on mortality
in dialysis patients (Protocol)

Rafaela S Caron-Lienert, Carlos Eduardo Poli-de-Figueiredo, Ana Elizabeth Figueiredo, Alessandra
Pizzato, Bartira Pinheiro-da-Costa, Caroline Anele

Citation
Rafaela S Caron-Lienert, Carlos Eduardo Poli-de-Figueiredo, Ana Elizabeth Figueiredo, Alessandra Pizzato, Bartira

Pinheiro-da-Costa, Caroline Anele. The impact of overhydration assessed by bioimpedance on mortality in dialysis patients
(Protocol). PROSPERO 2015{({RDAZ§)15017651 Availablerfromr -

Review question(s)
This review aims to look at the evidence that makes over hydration a risk factor for mortality and to establish how much this
status affects the mortality and other negative outcomes among dialysis patients.

The main objectives are:01. To determine whether over hydration assessed by bioimpedance is associated with mortality;

02. To determine whether over hydration assessed by bioimpedance is associated with cardiovascular events and
hospitalization

03. To determine any adverse effects associated with over hydration.
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Condition or domain being studied

Fluid overload control is one of the most difficult conditions in dialysis patients
(Woodrow 2011, Wabel 2008). A study that observes the influence of such condition
indicated that the hydration state is an important and independent predictor of
mortality in chronic hemodialysis (HD) patients, secondary only to the presence of
diabetes (Wizemann 2009). Taking into account the difficulty to determine it and,in
order to define the prognosis, it is essential to measure the hydration status by a
quantitatively method.

According to Van Biesen et al.,this comorbidity also occurs in peritoneal
dialysis (PD); a severe fluid overload was present in 25.2% of 639 prevalent PD
patients in a cross-sectional cohort (EuroBCM2011) from different European
countries classified by a bioimpedance spectroscopy device: the Body Composition
Monitor (BCM). The commonest cause of mortality in dialysis patients, independently
of the modality, is cardiovascular diseases; and the over hydration is strongly
associated with left ventricular hypertrophy (LVH) in PD (Cader 2014) and HD
patients.

The relationship between volume expansion and cardiac morbidity has been
widely described (Van Biesen 2013). On the other hand, the high mortality among
dialysis patients is not only explained by the high cardiovascular mortality but alsoby
other causes which are also increased in such population (de Jager 2009).

Although, it is known that fluid overload is a frequent situation in dialysis
patients, regarding modality, its influences on mortality are still not quantitatively
known. Clarifying how much hypervolemia impacts mortality offers a better and
straight care for such population by improving the monitoring of volemia, making

dietary strategies as well as dialysis prescription which facilitate euvolemia status.

Review question

This review aims to look at the evidence that makes over hydration a risk

factor for mortality and to establish how much this status affects the mortality and

other negative outcomes among dialysis patients.
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Objectives

1. To determine whether over hydration assessed by bioimpedance is associated
with mortality;

2. To determine whether over hydration assessed by bioimpedance is associated

with cardiovascular events and hospitalization

3. To determine any adverse effects associated with over hydration.

Searches

Literature search will be performed using a pre-defined search strategy.
Initially, the titles and abstracts will be screened. Studies containing potentially
relevant information for the review will be retained, whereas studies that do not meet
the pre-specified criteria will be discarded. Two authors will independently review and
select studies from MEDLINE, EMBASE, SCIELLO, LILACS, Cochrane database. All
of the potentially relevant studies will, then, be uploaded to a reference management
software database (Review Manager 5). Each author will review the full text of the
retained articles to assess suitability for the study inclusion. Reasons for exclusion
will be noted. A cross check will be performed among all authors to determine the
final eligibility for inclusion. Disagreement will be arbitrated by a third reviewer so that
a consensus is reached.

Selection criteria: Randomized controlled trials (RCTs), quasi-RCTs, prospective and
retrospective longitudinal cohort studies were eligible for inclusion, comparing the
over hydration assessed by bioimpedance to euvolemia in dialysis patients.

Transversal studies and reviews will not be included in the review.

Participants/population

Inclusion criteria: All adult patients requiring dialysis due to chronic kidney disease,
regardless of the modality, undertaking treatment within a minimum of three months,
will be considered eligible for inclusion.The methods to determine volemia in these
patients will be bioimpedance and others methods to assessment will be excluded.
Trials including pediatric subjects or mixed pediatric and adult populations will also

be adopted.
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Exclusion criteria: Other studies using rats or those parts of basic research will be
excluded from the review as well as in vitro studies. Patients with acute kidney injury
will be excluded.

Comparator(s)/ control: The control group will be considered euvolemic patients.

Types of outcome measures

* Primary outcomes: The primary outcome is the incidence of mortality after over

hydration compared to euvolemia assessed by bioimpedance.

» Secondary outcomes: The secondary outcomes are the incidences of
cardiovascular outcomes and hospitalizations. Cardiovascular outcomes will be
defined by any cardiac event.

Data extraction

Data will be extracted independently by all three authors using a data
extraction form, which will be designed by AS and piloted by all three authors. The
information obtained will be cross-checked by each author. Disagreement will be
arbitrated so that a consensus is reached. In case more than one publication of a
single study is found, reports will be grouped together and the most complete data

set will be included. Any discrepancy between published versions will be highlighted.

Strategy for data synthesis

The data from the available randomized controlled trials will be pooled using
the random effects model (Der Simonian 1986); however, the fixed effects model
(Egger 1997) will also be carried out to ensure the robustness of the model and
susceptibility to outliers. The random effects model must be used for the primary
analysis as there may be variability in the method to determine the over hydration
condition amongst trials of this nature, and some heterogeneity may be expected.
Before a pooled data analysis is performed for each outcome of interest, the authors

will assess all the relevant studies to determine the eligibility of data comparison.
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Results will be presented within the narrative if sufficient comparable data are not

available to commence a pooled analysis for a specific outcome.
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ANEXOS
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ANEXO A - Carta aceite para realizacdo do periodo de Doutorado Sanduiche no

International Renal Research Institute of Vicenza — Departamento Internacional

de Nefrologia, Diadlise e Transplante Renal.

Regione Veneto
Dipartimento Interaziendale di Nefrologia Dialisi e Trapianto Renale ULSS 6 — ULSS 5
Unita Operativa Complessa di Nefrologia Dialisi e Trapianto Renale

Ospedale Civile San Bortolo, ULSS 6 Vicenza
Direttore: Prof. Claudio Ronco

Vicenza March 16%" ,2015

Dear Dr Rafaela S Caron-Lienert

We have the pleasure of accepting you to be a member of the international fellowship group at the Nephrology unit,
International Renal Research Institute of San Bortolo Hospital, Vicenza, Italy in the role of visiting fellow.

You may use this email for your institution or application for local grant support. If necessary, an email regarding
visa paperwork and a separate invitation letter (in Italian) for your visa will be sent at a later date.

You will be involved with all aspects of the Nephrology department (Critical Care Nephrology, Dialysis and
Transplants) interacting with the medical staff. You are expected to actively participate in various research projects
and epidemiological studies which are currently underway as well as those yet to commence. You will also
participate in meetings and conferences on a regular basis and you will wear a badge to be used for clocking in and
out for a minimum of 40 hours per week.

You will not receive any compensation and you will be full time visiting fellow on a voluntary basis. We will not be
able to cover any cost due to your presence and we will not be able to support your trip in any form. You will not
receive any payment from the hospital nor from other parties connected to the hospital.

Your rotation will begin June 15%, 2015 . The initial 1-2 weeks are used for paperwork, to familiarize yourself with
the city and environs, how to get to/from the hospital, and to overlap with one of the departing fellows to facilitate
endorsement of ongoing projects and preliminary orientation to the hospital and department's activities. Your
rotation will be for 3 months. You are expected to be physically present in the department during your last 2 weeks.
There will be no exceptions. Please keep this in mind when planning any trips/ vacations.

As mentioned, you will be formally evaluated during your first 2-3 months in the department. Rather than individual
achievement, the fellowship program places greater value on teamwork, flexibility, ability to contribute to team goals
and enhance the work environment. These evaluations will be discussed with you and will be the basis for
completion or early termination of your projected stay. In addition, a final evaluation will be sent directly to your
department within 1-2 months of the completion of your fellowship.

You will receive a separate email about housing options in Vicenza at a later date.

If you are applying for local grant support, please keep us updated of the status of application. Once approved, we
can send the necessary paperwork for your visa application.

Please do not hesitate to contact us if you have any further inquiries.

We are proud to say that multitasking and teamwork are highly valued traits in Vicenza, and we are happy to
welcome you to our team.

With kind regards,
Claudio Rgnco, MD//p#“
Director

ﬁ Unita Operativa di Nefrologia Dialisi e Trapianto Renale - Ospedale San Bortolo — Vicenza, Certificata ISO 9001:2000 ng

Segreteria : Lunedi-Venerdi dalle 8.30 alle 13,00 — Lunedi-Giovedi dalle 13,30 alle 16,00 Telefono 0444 753650 fax 0444 753973
e-mail: segreteria.nefrologia@ulssvicenza.it web site: www.nefrologiavicenza.it
Servizio Emodialisi di Arzignano tel. 0444 479158 fax 0444 479159 - Servizio Emodialisi Valdagno tel. 0445 423311 fax 0445 406188

umiTAstacaLe I
$0C10-SANITARIA (o

Regione del Veneto

o
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ANEXO B - Parecer de aprovacdo da Comissdo de Etica em Pesquisa da

PUCRS.

PUCRS COMISSAO CIENTIFICA

» &9
“i ll"-\"MED Pontificia Universidade Catélica do Rio Grande do Sul
o ‘.i‘ ]] FACULDADE DE MEDICINA

Porto Alegre, 21 de junho de 2012,

Senhor{a) Pesquisador(a)

A Comissgo Cientifica da Faculdade de Medicina e do Hospital S3o Lucas da PUCRS
avallou e aprovou seu projeto de pesquisa intitulado “ASPECTOS
FISIOPATOLOGICOS E CLINICOS RELACIONADOS AQ ESTADO NUTRICIONAL DE
PACIENTES EM DIALISE PERITONEAL".

O projeto, assim como todes os cocumentos que o acompanharam, cs quais
receberam a presente aprovagdo, devem ser submetidos ao Comité de Etica em
Pesquisz / PUCRS atraveés da Plataforma Brasil, nas mesmas versoes apresentadas 2
esta Comissdo.

Atenciosamente,

Bese  lf
Prof2 Bartira E. Pinheiro da Costa
Coordenadora da Comisséo Cientifica

FAMED-HSL/PUCRS

Timo Sr
Prof. Dr. Carlos Eduardo Poli de Figueiredo
Coordenador ¢o Projeto de Pesquisa




=\ l FAMED Pontificia Universidade Catdlica do Rio Grande do Sul
o ] EACULDADE DE MEDICINA
M PUCRS . COMISSAD CIENTIFICA

PARECER DO RELATOR

1. Titulo: adequado, clare, conciso?
Sim.

2. Introducdo: fundamentagdo, justificativa e relevdncia adequadas e
pertinentes? Hipdtese é apresentada?

Sim.
3. Objetivos: claros e adequados?
Sim.
4. Métodos
a. Delineamento: clareza, mascaramento,...
Delianeamento adequado para o proposito.

b. Pacientes ou material: critérios de inclusdo e exclusdo, fatores de
confusdo,...

A metodologia estd apresentada no projeto.
c. Afericdo das variaveis: limitagdes, subjetividade,...

O protocolo Inclui as medidas e informagdes que s3o necessarias para o
proposito do estudo.

d. Estatistica: calculo do tamanho da amostra, valor de p, poder, testes
estatisticos,...

O célculo do tamanho amostral consta no projeto como 62 pacientes,

5. Referéncias bibliograficas: revisso da literatura, estudos prévios
relevantes,... n o
Bibliografia adequada. peTeeti | CHERR

6. Avaliacdo final Ceor Comissio € l,:'

a. Aprovado [ .27 D .12
b. Retarnar com modificacdes para avaliagdo []
c. Reprovado []

* Questdes especificas (em caso de retorno para madificagdes):

O projeto j& foi previamente aprovado pela Comissdo Cientifica do
PPGMCS/FAMED/PUCRS. A Comissdio Cientifica FAMED/HSL/PUCRS ratifica o parecer
de aprovacao.
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ANEXO C - Parecer do Comité de Etica em Pesquisa da PUCRS.

PONTIFICIA UNIVERSIDADE
CATOLICA DO RIO GRANDE W
DO SUL - PUC/RS

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: ASPECTOS FISIOPATOLOGICOS E CITiNICOS RELACIONADOS AO ESTADO
NUTRICIONAL DE PACIENTES EM DIALISE PERITONEAL

Pesquisador: Carlos Eduardo Poli de Figueiredo

Area Temitica:

Versido: 3

CAAE: 04638812.4.0000.5336

Instituigdo Proponente: UNIAO BRASILEIRA DE EDUCACAQ E ASSISTENCIA
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Numero do Parecer: 224.375
Data da Relatoria: 15/03/2013

Apresentagiao do Projeto:

Projeto de mestrado. PROGRAMA DE POS-GRADUAGAO EM MEDICINA E CIENCIAS DA SAUDE.
Mestranda Rafaela Siviero Caron Lienert, ornientador Dr. Carlos Eduardo Poli de Figueiredo, co-onientadores
Dra. Ana Elizabeth Prado Lima Figueiredo e Dra. Alessandra Campani Pizzato. Projeto bem estruturado e
detalhado. N=62.

Objetivo da Pesquisa:

Objetivo Primario:

Estudar aspectos fisiopatologicos e clinicos relacionados ao estado nutricional de pacientes em didlise
peritoneal.

Objetivo Secundario:

Avaliar o estado nutricional:Avaliar a fungdo peritoneal: Avaliar o estresse oxidativo; Avaliar a fungdo
endotelial;Verificar a associa¢io entre o estado nutricional, fung3o peritoneal, estresse oxidativo e fungdo
endotelial.

Avaliag3o dos Riscos e Beneficios:
Riscos:
Os riscos ou desconfortos dessa pesquisa s3o considerados minimos. Este estudo ndo trara nenhum tipo de

discriminac3o individual ou coletiva. O principal desconforto esta relacionado a




PONTIFICIA UNIVERSIDADE

CATOLICA DO RIO GRANDE W

DO SUL - PUC/RS

punc3o venosa para coleta de sangue que sera feita durante a coleta dos seus exames de rotina.

Para o teste de verificacdo da dilatacdo mediada por fluxo sera realizada ecografia do braco, quando sera
necessario inflar o manguito do aparelho de pressio de forma apertada por aproximadamente 5 minutos e
este procedimento pode causar algum incomodo.

Para o teste de composicdo corporal serd necessario o deslocamento acompanhado por membro da equipe
de pesquisa até o local do aparelho no Centro Clinico da PUCRS.

Beneficios:

Conhecer as caracteristicas de estado nutricional & composi¢do corporal, estresse oxidativo e funcdo
endotelial & as suas relaqﬁes na DP e em diferentes tipos de transportadores de membrana
peritonealpodera promover importantes achados que poderdo auxiliar no tratamento destes pacientes. £
estudo observacional e ndo ha beneficios nesta fase.

Comentarios e Consideragoes sobre a Pesquisa:

Estudo transversal.N=62 Populagdo/Amostra: Todos pacientes com IRC em DP (CAPD e DPA) como TRS
do Servico de Nefrologia do Hospital S3o Lucas (HSL) da Pontificia Universidade Catdlica do Rio Grande do
Sul (PUCRS).

Critério de Inclus3o:

serao incluidos no estudo os pacientes maiores de 18 anos que acesitarem participar da

pesquisa, apos lerem e assinarem o termo de consentimento informado aprovado pelo Comité de Etica em
Pesquisa da PUCRS.

Critério de Exclusio:

Estudo transversal.N=62 Populagdo/Amostra: Todos pacientes com IRC em DP (CAPD e DPA) como TRS
do Servico de Nefrologia do Hospital S3o0 Lucas (HSL) da Pontificia Universidade Catdlica do Rio Grande do
Sul (PUCRS).

Critério de Inclus3o:

serdo incluidos no estudo os pacientes maiores de 18 anos que aceitarem participar da

pesquisa, apos lerem e assinarem o termo de consentimento informado aprovado pelo Comité de Etica em
Pesquisa da PUCRS.

Critério de Exclusido:

serdo excluidos do estudo os pacientes clinicamente instaveis, com infecgdo sistémica atual, peritonite nos
ultimos 30 dias, doenca ativa diagnosticada ou intercorréncia clinica aguda que necessite de internagio
hospitalar; pacientes com alguma contra-indicag3o pararealizar bicimpedancia: presenca de algum implante
metalico ou dispositivo eletrénico, amputacdo, gestacdo ou lactacio; presenca de fistula em ambos os

bracos, impossibilitando a verificagdo da DMF por ecografia e colocacdo dos eletrodos de bioimpedancia.

Pacientes com infecgdo do local de saida, sem manifestacdo sistémica ou peritonite, ndo serdo
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excluidos.

gt

Apresenta adendo solicitando a captacdo de imagens da espessura da camada mio-intimal das

carotidas,diametro da veia cava e ultrassom pulmonar e e inclus3o de dosagens séricas de metais.

Consideragoes sobre os Termos de apresentagio obrigatoria:
Todos os termos de apresentac3o obrigatoria estdo incluidos.
Recomendagbes:

N3o ha recomendagdes a fazer.

Conclusdes ou Pendéncias e Lista de Inadequagoes:

N3o existem pendéncias.

Situag3o do Parecer:

Aprovado

Necessita Apreciagio da CONEP:

N3o

Consideragoes Finais a critério do CEP:

Todas as modificagies sugeridas por este CEP foram atendidas.

PORTO ALEGRE, 20 de Margo de 2013

Assinador por:
Rodolfo Herberto Schneider
(Coordenador)
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ANEXO D Parecer do orientador sobre os trabalhos desenvolvidos durante o

periodo de Doutorado Sanduiche.

2.3 ""I Y™
8. UG

PROGRAMA DE DOUTORADO SANDUICHE NO EXTERIOR - PDSE
Porto Alegre, 02 de dezembro de 2015.

PARECER DO ORIENTADOR
SOEBRE OS RESULTADOS DESENVOLVIDOS NO EXTERIOR

Durante o periodo de Doutorado Sanduiche (junho a setembro de 2015), a aluna Rafacla
Siviero Caron Lienert participou integralmente das atividades de pesquisa no Departamento de
Nefrologia e Transplante no Infernational Renal Research Institute (TRRIV), no Hospital San
Bortolo, em Vicenza, na Itilia, permanecendo em torno de 8 horas didrias no local de trabalho.
As atividades desenvolvidas por ela foram desde o8 rounds mutidisciplinares no turno da manha
como as atividades complementares de montagem de apresentagtes juntamente com os demais
alunos de fellowship. O foco de sen trabalho foi desenvolvido a partir do projeto de pesquisa
proposto pela aluna, enviado antes da sua partida para Itdlia, o qual foi amplamente discutido e
o sen desenvolvimento foi acompanhado durante todo o periodo pelos profissionais Dr. Carlo
Crepaldi e Dra. Fiorenza Ferrari. Neste periodo, a aluna desenvolveu a coleta dos dados, analise
de resultados e escrita de 4 manuscritos para posterior publicagio. Neste momento, a aluna e os
profissionais do International Renal Research Institute of Vicenza estio trabalhando em parceria
pare a finalizagio destes trabalhos.

Todo o processo de pesquisa ¢ desenvolvimento da aluna durante o perfodo em que
permaneceu na Itdlia foi acompanhado pelo Professor Dr. Cléudio Ronco,

\‘ B ‘
Orentador D

CARLOS EDUARDO POLI DE FIGUEIREDO
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ANEXO E Parecer do orientador do exterior sobre os trabalhos desenvolvidos

durante o periodo de Doutorado Sanduiche.
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Regione Veneto
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Centro Specalizzato Reposale per le Tarapic Draditiche nell'imadTicienis Revale Acuts e Croaica

¢ per ke Tecsaloge Exracorporne & Suppoete Madti-Ovgazos
Oapalale Civiie Se= Bortoks, Vieowa
Direttore: Prof Claudio Rowco

To whom it may concem
November 23, 2015

I am wetting this leier as Director of e Ceparmment of Nephrology and Transplaniation at the Imamational
- mesalodofnermu \ﬁoeﬁ%ﬁlvs I;‘em
a a
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collaborative research. IRRIV contnually sees researchers coming fom al aound Te Word working In
collaboration, under a %2am spitt There are but also wih dfferert Specialzations,
Elologists, Bioechnoiogsts, Engineers, Economists and It Is 3 modem Center where
abilitias of young Investigators join skiliad Doctors’ experiencas and competencies, set In locations endowed with the
best fechnoiogical and sCIentific Instrumentation.

During this period (June to September, m15)maammummmtyprmmndary
rounds, spending approxdmately 8 hours of earch day reviewing dita, monhorng owcomes and
mmmmmmmmwmummmmmwmm
aming In Vicenza, and Mus she started Immedaialy 10 dscuss her project and to coliect and analyze the data. She
eumagmmwmmmq)apas.m about composizon the relationship of gucose
exposure ¥0ad and pertioneal transport leadng topos&wrpt?%dwgesorpom Nllrgwgtns
supervisad by me and my team at IRRIV. She did the statistical analysis during Tis period and now she Is wetting the
resulis 10 prepare Nis 4 pubications In Me naar futlre under our supavision.

Sinceraly,

Claudio Ronco, MD

Director

Dep. Nephroiogy Dialysls & Transplantation
Imemational Renal Research Institute (IRRIV)
San Borioio Hospial

iale Rodof, 37

Tel. Fax. +39 0424 753549

36100 Vicenza, taly ﬂ,«/ﬂ;’,«
Tel. +39 0444 753860 %//Z/b/ “

E ) Ixperimenio & Nefrolagia el « Trapianto Ravals - Covyficas UNY EN 150 voo! E@)
% Seprotena - Lurodt-Vienerd! 2ale K30 alls lx.oo-l.-n-(nmguu:mun 180 )

Telzione 0464 TE34A%0 fSax G444 75 °7) e-mad: segmenarcimiooaialuncamail  webe woaw achologavicormail
modale & Amgrare tl 0444 75058 fax DAM4TVISY Emoduadin Valzagro bl 0645 43311 fax D45 400105
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Pontificia Universidade Catdlica do Rio Grande do Sul
Pré-Reitoria de Graduacao
Av. Ipiranga, 6681 - Prédio 1 - 32, andar
Porto Alegre - RS - Brasil
Fone: (51) 3320-3500 - Fax: (51) 3339-1564
E-mail: prograd@pucrs.br
Site: www.pucrs.br




