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The world may be utterly crazy
And life may be labour in vain;
But I'd rather be silly than lazy,
And would not quit life for its pain.

James Clerk Maxwell



RESUMO

ABREU, Leonardo de Albuquerque dos Santos. Avaliagdo morfoldgica de rins de suinos
submetidos a ablacéo renal por radiofrequéncia e comparacao da densidade glomerular
com rins submetidos a isquemia quente. 2017. 78 f. Tese (Doutorado em Fisiopatologia e
Ciéncias Ciruargicas) — Faculdade de Ciéncias Médicas, Universidade do Estado do Rio de
Janeiro, Rio de Janeiro, 2017.

A ablacdo por radiofrequéncia (RF) é uma opcéo de tratamento para tumores renais
pequenos. Assim como a nefrectomia parcial, a RF tem por objetivo preservar o parénguima
renal ndo acometido pela neoplasia. No entanto, para a realizacdo da nefrectomia parcial
frequentemente é necessario ocluir o hilo renal, o que pode ocasionar lesdo do parénquima
remanescente. Na RF também ha relatos de leséo tecidual além da area submetida a ablacéo.
O objetivo deste estudo € avaliar as alteracdes morfoldgicas de rins de suinos submetidos a
ablacdo por radiofrequiéncia, e compara-las com rins submetidos a isquemia quente. Vinte e
seis suinos machos foram divididos em trés grupos. Oito animais foram alocados no grupo
sham. Oito animais foram alocados no grupo isquemia e submetidos a oclusdo dos vasos
renais esquerdos por 30 minutos. Dez animais foram submetidos a ablacdo por RF do pélo
inferior do rim esquerdo. Em todos os grupos os procedimentos foram realizados por
laparoscopia. Foi coletado sangue no pré-operatorio, 10° e 21° dia pds-operatorio para
dosagem de creatinina. Ap6s 21 dias os animais foram submetidos a eutanasia, os rins foram
coletados e pesados. O volume dos rins foi aferido pelo método de Scherle. O pricipio de
Cavalieri foi usado para aferir o volume da leséo da RF e a esfericidade foi calculada para
avaliacdo do formato. Fragmentos da lesdo da RF e do polo superior (longe do local da RF)
foram processados para avaliacdo histologica com H&E. O rim direito foi usado como
controle interno em cada animal. A densidade volumétrica glomerular (Vv[glom]); o volume
médio ponderado dos glomérulos (VWGV); e a densidade glomerular foram quantificados por
métodos estereoldgicos e comparados pelo teste-t de Student e ANOVA. O teste-t de Student
de amostra Unica foi utilizado para comparar o volume e a forma da RF aos valores
hipotéticos da esfera.Trés animais do grupo RF desenvolveram complicacdes pos-operatdrias
e foram excluidos da analise morfométrica. Ndo houve diferenca na creatinina, massa e
volume dos rins. Os rins submetidos a RF e isquemia quente durante 30 minutos mostraram
menor Vv[glom] e densidade glomerular quando comparados com seus controles (rins
direitos) e, quando comparado com animais do grupo sham (p <0,05). A lesdo macroscopica
causada por RF ocorreu com o volume esperado, porém, seu formato ndo é semelhante ao de
uma esfera. A ablagdo por radiofrequéncia também determinou uma reducdo significativa na
densidade glomerular no parénquima restante. Esta alteracao foi comparavel ao observado em
rins submetidos a 30 minutos de isquemia quente.

Palavras-chave: Cancer renal. Ablagdo com radiofrequéncia. Funcdo renal. Densidade de

glomérulos. Suinos.



ABSTRACT

ABREU, Leonardo de Albuquergue dos Santos. Morphological evaluation of swine
kidneys submitted to radiofrequency renal ablation and comparison of glomerular
density with Kidneys submitted to warm ischemia. 2017. 78 f. Tese (Doutorado em
Fisiopatologia e Ciéncias Cirargicas) — Faculdade de Ciéncias Médicas, Universidade do
Estado do Rio de Janeiro, Rio de Janeiro, 2017.

Radiofrequency ablation (RF) is an option for treating small renal masses. Similarly to
partial nephrectomy, RF is considered a nephron-sparing procedure. Nonetheless, during
partial nephrectomy occlusion of the renal hilum is often required, which may cause damage
to the remaining parenchyma. Likewise, there are reports of tissue damage beyond the area of
RF ablation. The objective of this study is to evaluate the morphological changes of swine
kidneys submitted to RF ablation and to compare them to kidneys submitted to warm
ischemia. Twenty-six male pigs were divided in three groups. Eight animals were allocated in
the sham group which was submitted to laparoscopic dissection of the left renal hilum. Eight
animals were allocated in the ischemia group, and under laparoscopic access, had the left
renal hilum clamped for 30 minutes. Ten animals were submitted to RF of the lower pole of
the left kidney, under visualization through laparoscopy. Blood samples for creatinine
mesurement were collected preoperatively, 10 and 21 days postoperatively. Animals were
submitted to euthanasia after 21 days, kidneys were collected and weighted. The volume of
the kidneys were assessed by the Scherle’smethod. The Cavalieri’s principle was used to
assess the RF volume and sphericity was calculated to assess RF shape. Fragments of RF
region and of the upper pole (far from the RF site) were processed for histological evaluation
with H&E. Right kidneys were used as self controls for each animal. Glomerular volumetric
density (Vv[glom]); volume-weighted glomerular volume (VWGYV); and glomerular density
were quantified by stereological methods and compared by Student’s-t-test and one-way-
ANOVA. One sample t test was used to compare RF volume and shape to hypothetical
values of a sphere. Three animals in the RF group developed postoperative complications and
were excluded from the analysis. There was no difference in creatinine, mass and volume of
the kidneys. The kidneys submitted to RF and warm ischemia for 30 minutes showed lower
Vv [glom] and glomerular density when compared to their controls (right kidney) and, when
compared to sham animals (p <0.05). The macroscopic lesion caused by RF occurred with the
expected volume, but its shape was not similar to that of a sphere. Radiofrequency ablation
also determined a significant reduction in glomerular density in the remaining parenchyma.
This change was comparable to that observed in kidneys submitted to 30 minutes of warm
ischemia.

Keywords: Kidney Neoplasms. Radiofrequency ablation. Renal function. Kidney glomerulus

Density. Swine.
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INTRODUCAO

Tumores renais pequenos sdo uma entidade cada vez mais freqiiente na préatica
clinica. Nos Estados Unidos da América, a incidéncia global de cancer de rim ajustada
por idade passou de 7,6 casos/100.000 pessoas-ano em 1988 para 11,7 casos/100.000
pessoas-ano em 2006 (1). Uma explicacdo para o aumento na incidéncia € a maior
disponibilidade de exames de imagem como ultrassonografia e tomografia
computadorizada resultando em um diagndstico mais precoce dos tumores renais. Porém,
0 aumento na incidéncia também pode ser reflexo de um efeito mais proeminente dos
fatores de risco como o tabagismo, a hipertensdo arterial sisttémica, a obesidade e o
diabetes mellitus(2).

No Brasil, a taxa de incidéncia é de 7,9/100.000 pessoas-ano em homens e
5/100.000 pessoas-ano em mulheres, conforme estudo publicado por Znaor e
colaboradores (3). Diferentemente de outros paises mais desenvolvidos, a taxa de
mortalidade parece estar aumentando nos ultimos anos no Brasil. Neste mesmo estudo, a
taxa de mortalidade em homens foi de 1,5/100.000 e em mulheres de 0,8/100.000
pessoas-ano, 0 que representa um aumento de 2,5% ao ano em homens e 1,1% em
mulheres, respectivamente. Uma possivel explicacdo para o aumento da mortalidade € a
maior dificuldade de acesso as diversas opcbes de tratamento como, por exemplo, 0s
inibidores da tirosina quinase na doenca metastatica e os procedimentos preservadores de
néfrons na doenca localizada.

Apesar do aumento da mortalidade, cerca de 75% das massas renais recentemente
diagnosticadas sdo assintométicas e com tamanho < 4cm (4). A sobrevida cancer-
especifica para tumores localizados € maior que 90% (1). Entretanto, outros fatores
podem afetar a sobrevida global de pacientes com neoplasia renal localizada. A reducéo
da funcdo renal é um dos fatores que tem grande impacto na sobrevida de pacientes
tratados de neoplasia renal (5).

O tratamento adequado de paciente com tumor renal localizado depende de
fatores relacionados ao paciente, tais como idade e comorbidades, e as caracteristicas do
tumor, como tamanho e localizacdo. Atualmente, as abordagens no tumor renal
localizado incluem vigiléncia ativa, nefrectomia parcial, técnicas ablativas (crioablacéo e

ablacdo por radiofreqiiéncia) e nefrectomia radical (6).
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A vigilancia ativa é reservada para pacientes com multiplas comorbidades e
expectativa de vida curta, e quando ha duvida quanto ao carater maligno da lesdo (7). A
nefrectomia radical, apesar de ja ter sido considerada como tratamento padrdo, deve ser
evitada devido ao risco de insuficiéncia renal cronica e complicacdes cardiovasculares (8,
9).

Atualmente, a primeira opcéo de tratamento para os tumores renais localizados é
a nefrectomia parcial. Os resultados oncoldgicos sdo semelhantes aos da nefrectomia
radical, mas com a vantagem da preservacdo do parénquima renal ndo acometido pela
neoplasia(10, 11). No entanto, um aspecto negativo da nefrectomia parcial € a lesdo
isquémica a que o rim é submetido quando os vasos do hilo renal sdo clampeados. Apesar
do desenvolvimento de técnicas que permitem a realizacdo da nefrectomia parcial sem o
clampeamento do hilo renal ou com a oclusdo seletiva de artérias segmentares,
frequentemente, o clampeamento dos vasos renais € indispensavel (12-15).

A crioablacéo e a ablacéo por radiofreqiiéncia (RF) sdo modalidades terapéuticas
mais recentes com os primeiros relatos na literatura ha cerca de 20 anos (16, 17). A
ablacdo por RF aplica uma corrente alternada ao tecido alvo através de um eletrodo
(agulha). A corrente alternada trasmitida aos tecidos promove a vibracdo dos ions, e a
resisténcia a essa vibragdo, conhecida como impedéncia, leva a produgéo de calor (18). O
calor gerado é transmitido aos tecidos adjacentes por conducdo e, conforme a distancia do
eletrodo aumenta, menor € a intensidade da corrente e, consequentemente, a temperatura.
O aquecimento do tecido, portanto, é inversamente relacionado a distancia da agulha de
RF (19). Se a impedéancia do tecido aumentar, o aquecimento local também aumenta, mas
a quantidade de tecido afetada pela corrente diminui. Da mesma forma, a reducdo da
impedancia do tecido pode aumentar a area do tecido submetido a ablagcdo. Sendo assim,
a técnica de infusdo de solucdo idnica no tecido alvo pela agulha de ablacdo foi
desenvolvida para reduzir a impedancia e aumentar a zona de ablacéo (20).

O mecanismo de morte celular causada pela RF ndo é completamente
compreendido. A maioria dos pesquisadores atribui a lesdo tecidual ao aumento da
temperatura, embora o efeito direto do campo elétrico nos tecidos seja desconhecido (19).
O aumento progressivo da temperatura também causa alteracfes progressivas nas
estruturas celulares com desnaturagdo de proteinas e, eventualmente, necrose de
coagulacdo e vaporizagdo. Morte celular também pode ocorrer devido a trombose e

isquemia do tecido submetido a RF (18).
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O controle oncoldgico das técnicas de ablacdo parece aceitavel (21) e as taxas de
complicacdes tem se mostrado reduzidas em estudos recentes (22-24). Uma vantagem das
técnicas ablativas € ndo necessitar de interrupcdo do fluxo sanguineo durante o
procedimento. Desta forma, parece haver uma reducdo na lesdo tecidual do parénquima
remanescente e, menor risco de insuficiéncia renal (25). Os tumores endofiticos e
préximos ao hilo renal, no entanto, ndo sdo uma boa indicacdo para as técnicas ablativas.
Nestes casos, o risco de causar lesdo de grandes vasos e do sistema coletor é maior, 0 que
pode ocasionar complicacdes como hemorragia, necrose renal extensa e fistulas urinarias.

Até o presente momento, estudos randomizados comparativos dos diversos
tratamentos da neoplasia renal localizada ndo estdo disponiveis. Da mesma forma, a
avaliacdo sobre o impacto na funcdo renal dos tratamentos alternativos como a ablagédo
por RF também sdo escassos. Estudos em modelos experimentais sdo uma opcdo viavel
para avaliacdo dos efeitos funcionais e morfoldgicos das diversas formas de tratamento
dos tumores renais pequenos. O rim de suino é considerado um excelente modelo
experimental devido a sua semelhanca anatémica e funcional com o rim humano (26-28).
Diversos estudos em nefrectomia parcial e ablacdo renal confirmam o -carater
translacional do modelo suino. Dessa forma, € proposto o modelo suino para avaliagdo
das alteracbes morfolégicas e funcionais de rins submetidos a ablacdo por

radiofreqliéncia, e compara-las com rins submetidos a isquemia quente.
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1 OBJETIVO

a) Descrever as alteracbes anatomopatoldgicas de animais submetidos a RF e
isquemia quente;

b) Comparar as altera¢cGes morfoldgicas e funcionais de suinos submetidos a RF e
isquemia quente;

c) Avaliar a morfologia macro- e microscopica da lesdo por RF.
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2 METODOLOGIA

O estudo foi aprovado pelo Comissdo de Etica para o Cuidado e Uso de Animais
experimentais do Instituto de Biologia Roberto Alcantara Gomes da UERJ (CEUA) sob o
protocolo n® CEUA/010/2015 (ANEXO A).

2.1 Animais

Foram utilizados 26 suinos (Sus domesticus), machos, castrados, pesando em
média 21,6kg, procedentes de granjas comerciais.

Os animais foram acondicionados em baias apropriadas nas dependéncias do
Laboratorio de Cirurgia Experimental, localizado na Fazenda Escola de Cachoeiras de
Macacu, pertencente a Faculdade de Veterindria da Universidade Federal Fluminense
(Figura 1).

Figura 1- Suinos utilizados no experimento.

Nota: Acondicionados em baia na Fazenda Escola da Faculdade de
Veterinaria da Universidade Federal Fluminense
Fonte: O autor, 2017.
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2.2 Grupos

Os animais foram divididos em 3 grupos:sham, isquemia (Isq) e radiofrequéncia
(RF). O grupo sham foi composto de oito (8) animais que foram submetidos a dissec¢éo
do hilo renal esquerdo. O grupo isquemia foi composto por oito (8) animais submetidos
ao clampeamento do hilo renal esquerdo por 30 minutos. No grupo RF dez (10) animais

foram submetidos a ablacao por radiofrequéncia do p6lo inferior do rim esquerdo.

2.3 Procedimento cirdrgico

2.3.1 Anestesia

Os animais receberam como medicacdo pré-anestésicaacepromazina® (0,1mg/kg),
xilazina® (1,0mg/kg) e quetamina® (10 mg/kg), associadas na mesma seringa e
administradas por via intramuscular. Com o animal sedado foi realiza da puncédo da veia
auricular com cateter de polietileno para administracdo dos agentes indutores e
fluidoterapia.

A inducdo anestésica foi realizada com diazepam* (0,25 mg/kg) e quetamina® (5
mg/kg) em proporcdes iguais, e aplicadas por via intravenosa na dose de 0,1 a 0,15 ml/kg.
Apds a inducgdo, os animais eram posicionados em decubito esternal na mesa cirdrgica e
intubados com canula orotraqueal. A céanula orotraqueal foi conectada ao aparelho de
anestesia inalatoria, a qual foi realizada com isofluorano®. Para analgesia trans-operatdria
foi administrado fentanil®, intravenoso, na dose de 5ug/kg, a cada 15 minutos em média.

A ventilagdo mecanica foi instituida desde o inicio da anestesia, sendo mantida
uma frequéncia respiratoria de 16 a 24 incurssoes respiratérias por minuto, com pressao

inspiratoria de 15 a 20 cmH,0, sendo o fluxo inspiratério ajustado para se obter um

! Acepram 1% - Laborat6rios Univet S.A — SP.

2 Anasedan — Divisdo Vetbrands Satide Animal — Jacarei — SP.

% Dopalen — Divisao Vetbrands Satde Animal, Sespo Inddstria e Comércio Ltda. — Jacarei — SP.
* Diazepamil — Hipolabor Farmacéutica Ltda — Sabara - MG

® Isoforine — Christalia Produtos Quimicos Farmacéuticos LTDA. — Itapira — SP.

® Tranil — Hipolabor Farmacéutica LTDA — Sabara - MG
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volume corrente de aproximadamente 10 ml/Kg/minuto, e para manter a preséo parcial de
CO; expirado entre 35 — 40 mmHg. A hidratacdo foi realizada com Solugéo Fisioldgica a

0,9%’ em uma velocidade de infusdo de 10 ml/kg/hora.

Figura 2 - Animal utilizado no experimento submetido a

inducdo anestésica e intubacéo orotraqueal

Fonte: O autor, 2017

Para antibioticoterapia profilatica foi utilizado penicilina benzatina®, na dose de
1200000 Ul pela via intramuscular, no momento da inducéo anestésica.
A analgesia pos-operatoria foi realizada com cloridrato de tramadol 4mg/Kg por

via subcutanea, conforme a necessidade.

7 Solugéo de Cloreto de Sédio — Laboratério Sanobiol Ltda. — Pouso Alegre - MG.
8 penicilina G Benzatina 1200000 Ul - Billi Farmacéutica Ltda. — Santo Amaro — SP.
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2.3.2 Acesso, pneumoperitdnio e colocacdo de trocartes

O acesso foi realizado pela técnica aberta (técnica de Hasson) com inser¢do de
trocarte de 10mm na linha paramediana esquerda ao nivel da cicatriz umbilical,
aproximadamente 3-4cm lateral a esta. Ap6s confirmacdo do posicionamento com a
passagem da Otica era iniciada a realizacdo do pneumoperiténio com CO,. A pressdo
intra-abdominal foi mantida entre 10-12 mmHg. Um trocarte de 5mm foi posicionado na
linha paramediana esquerda, cerca de 2-3cm abaixo do rebordo costal esquerdo e cerca de
11-14cm lateral a linha mediana. O terceiro trocarte de 12mm foi posicionado na linha
paramediana esquerda, cerca de 1-2cm caudal a cicatriz umbilical e 12-15cm lateral a

linha mediana (Figura 3).

Figura 3 — Esquema indicando a distribuicdo dos portais de acesso videolaparoscopico

Fonte: O autor, 2017.
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2.3.3 Disseccao e clampeamento do hilo renal

Apbs a realizacdo do pneumoperiténio e colocacdo dos trocartes, o rim esquerdo
era identificado. Prosseguia-se com a exposi¢do da loja renal, abertura do peritonio e
identificacdo dos vasos do hilo renal. No grupo sham, foi realizada apenas a disseccao e
isolamento dos vasos do hilo renal . No grupo submetido a isquemia, foi realizada
oclusdo da artéria e veia renal em bloco com clampe vascular tipo “Satinsky” durante 30
minutos (Figura 4) conforme descrito por de Souza e colaboradores (29). No grupo RF,

foi realizada a ablagdo sem o clampeamento dos vasos renais conforme descrito abaixo.

Figura 4 — Disseccéo do hilo renal esquerdo

Veia renal

. ¥

Legenda: A) Identificacdo de artéria e veia renal. B) Clampeamento dos vasos com a pinca de Satinsky.
Fonte: O autor, 2017.

2.3.4 Ablacdo por radiofrequéncia

O equipamento utilizado para a realizacdo da ablacdo por radiofrequéncia foi
agulha StarBurst XL° gerador de radiofrequéncia sistema RITA (radiofrequency
interstitial tumor ablation) modelo 1500X° e eletrodode dispercéo™!(Figura 5).

Figura 5 — Equipamento usado para ablacdo por radiofrequéncia

° AngioDynamics, Inc — RITA Medical Systems, Inc. 967 N. Shoreline Blvd. Mountain View, CA 94043
10 1dem
1 1dem
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(B)
IR
/,»ig A
(©) (D)

Legenda: A) Agulha usada em procedimentos de ablacdo por radiofreqiiéncia. B) Detalhe da ponta da
agulha com nove ramificagdes aberta em 2cm. C) Gerador de radiofrequéncia.D) Eletrodo de
dispersao

Fonte: O autor, 2017.

O protocolo utilizado seguiu orientacdo do fabricante e foi baseado em estudos de
Matsumoto e colaboradores (30). Sendo assim, a poténcia do gerador foi ajustada para
150W e a temperatura alvo em 105°C. A aplicacdo da energia foi realizada em dois ciclos
mantendo em temperatura alvo por cinco minutos e durante a aplicagdo foi infundida
solucdo salina 0,9% pela agulha para reduzir a impedancia. Eletrodos de dispersdo foram
colocados em ambas as coxas dos animais. O procedimento cirdrgico inicial de acesso ao
rim foi realizado conforme descrito anteriormente. Apos identificacdo do poélo inferior do
rim esquerdo, foi realizada a introdugdo percutanea com posicionamento da agulha sob
visdo (Figura 6). A agulha foi aberta até a marcacgdo de 2cm, que corresponde ao didmetro
da zona de ablagdo. De acordo com o fabricante, esse protocolo provocaria uma leséo
esférica que corresponderia a um volume de aproximadamente 4,189cm?. Ao término do
procedimento, a agulha era retraida e o rim inspecionado para identificar qualquer

sangramento remanescente.
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Figura 6 — Agulha de RF introduzida no polo inferior do rim esquerdo durante

procedimento de ablacédo

2.4 Avaliacéo da funcgéo renal

A dosagem sérica de creatinina foi realizada em amostras coletadas no pré-
operatdrio, 10 dias e 21 dias ap6s o procedimento cirdrgico. Apés a coleta, as amostras
foram centrifugadas e o plasma armazenado em frascos contendo EDTA a uma
temperatura inferior a -20°C.A dosagem da creatinina foi realizada pelo métododo

automatizado utilizando-se cromatografia liquida de alta eficiéncia (HPLC) (31).

2.5 Eutanésia

Vinte e um dias apds a cirurgia, 0s animais foram novamente anestesiados para
coleta de sangue e, sob coma barbitarico, foram submetidos a sangria até o choque

hipovolémico. Apo6s confirmada a morte, os animais foram submetidos a necropsia e
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ambos os rins foram coletados para analise histolégica. As cavidades foram avaliadas
quanto a formacéo de aderéncias, sinais de infeccdo e inspe¢do macroscépica dos rins “in
situ” (Figura 7). O rim esquerdo foi identificado com um fio cirdrgico. Os rins foram
fixados por imersdo em formalina tamponada a 4% e acondicionados em frascos

identificados com o niimero do animal.

Figura 7 — Imagem das lojas renais durante a necropsia

Legenda: Rim esquerdo idehtificado com fio cirL’Jrgio (seta).
Fonte: O autor, 2017.

2.6 Avaliacdo morfolégica

Os rins direito e esquerdo foram individualmente pesados e o seu volume foi
aferido pelo método de Scherle (32). Os rins foram seccionados longitudinalmente e

foram retirados fragmentos do pdlo superior (Figura 8). Os fragmentos foram clivados



26

com interesse na camada cortical renal e processados pela técnica histoldgica de rotina
para inclusdo em parafina. Foram realizados cortes histoldégicos com 5um de espessura.
Entre cada corte selecionado havia uma distancia de pelo menos 100um. As laminas
foram coradas com hematoxilina e eosina e fotografadas sob aumento de 200x com uma

I*? acoplada ao microscépio®®.

camera digita

O programa Image J** foi usado na analise das imagens digitalizadas para o
calculo da densidade volumétrica de glomérulos (Vv[glom]) e o volume médio
ponderado dos glomérulos (VWGV). Foram analizadas 25 imagens de campos

histoldgicos distintos de cada rim.

Figura 8 — Rim de suino fixado e seccionado longitudinalmente, evidenciando

a retirada de fragmento do polo superior

Fonte: O autor, 2017.

12 Olympus DP70
3 Olympus BX51
4 Image J 1.48v 64-bit — Wayne Rasband National Institute of Health, USA
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2.6.1 Anélise estereoldgica

A Vv[glom], que indica o volume relativo de glomérulos no coértex renal, foi
estimada pela técnica de contagem de pontos usando o sistema teste M42 (29). Este é
composto por 21 semi-retas sobrepostas ao campo histolégico. O nimero de pontos que
tocavam os glomérulos foi dividido por 42 (o nimero total de pontos) para se obter a

Vv[glom], expressa em percentagem (Figura 9).

Figura 9 — Contagem de pontos com a grade M42 sobreposta a fotomicrografia de rim suino

para o calculo da Vv[glom]

Legenda: Fotomicrografia de cortex renal. Colora¢do hematoxilina e eosina (200x).
Fonte: O autor, 2017.

O volume médio ponderado (VWGYV) dos glomérulos foi estimado pelo método

da amostragem por ponto da intersecgdo (point-sampled intercept method), analizando-se
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50 glomérulos por rim (33). O sistema de teste foi criado realizando a rotagdo aleatoria
entre 0° e 90° das imagens histologica e sobrepondo linhas paralelas a imagem (Figura
10). A interseccdo das linhas sobre cada glomérulo foi medida e classificada segundo a
régua logaritmica de 32mm de comprimento composta de uma série de 15 classes (34). O
valor do VWGV foi expresso em 10%.um?®. A densidade glomerular, expressa como o
namero de glomérulos por microlitros (ML) de cortex renal, foi estimada pela dividiséo
entre o0 Vv[glom] e VWGV (35).

Figura 10 — Imagem submetida a rotacdo de 15° com sobreposicdo de linhas paralelas e
medicdo da transeccdo do glomérulo (linha amarela) para o célculo do
VWGV

@ @ Results
|Angle [Length |
0 2.306

Ry

Legenda: Fotomicrografia de cortex renal sendo analizada com o programa Image J. Coloragao
hematoxilina e eosina (200x).
Fonte: O autor, 2017.
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2.6.2 Avaliacdo morfoldgica da ablacdo por radiofreqiiéncia

Os animais submetidos a ablacdo por radiofregéncia apresentaram lesdo com duas
areas macroscopicamente distintas,uma mais central de cor marron-acastanhada e outra
mais periférica de coloracdo amarelada. Os volumes destas duas zonas e do total da leséo
foram quantificados utilizando-se o principio de Cavalieri (36). Para isso, foram
realizados cortes seriados de 5mm de espessura e a secgéo transversa de cada fatia foi

Il5

fotografada com camera digital™ acoplada em microscépio estereoscopico™® (Figura 11).

Figura 11 - Fotografia de rim esquerdo seccionado para analise morfométrica da regido

submetida a RF

Legenda: A) Rim esquerdo seccionado longitudinalmente evidenciando o pélo inferior submetido a
ablacdo por RF. B) Imagem da secc¢éo transversa de cortes com 5mm de espessura.
Fonte: O autor, 2017.

O programa Image J foi usado para mensuracéo das zonas central e periférica pelo

método de contagem de pontos (Figura 12).

!> Axiocam 506, Karl Zeiss, Géttingen, Germany
16 Zeiss Discovery V8, Karl Zeiss, Gottingen, Germany
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Figura 12 — Fotografia de seccéo transversa de rim mostrando a mensuragéo da rea de

lesdo da RF pelo método de contagem de pontos

Counters | ~Actions

Typel 7 || || Keep Original
OType2 21/ | Initialize
( Add J
| Remove |
Delete
|| Delete Mode
{ Results |
Reset
Show Numbers
Show All
| Save Markers |
| Load Markers |
| Export Image |

Legenda: Sistema teste com marcacdo em azul escuro para a zona central e azul-claro para zona
periférica. Area por ponto 5mm?.
Fonte: O autor, 2017.

A éarea de lesdo em cada corte foi calculada multiplicando-se o0 nimero de pontos
contados pela &rea por ponto (5mm?) no sistema teste. O volume da lesdo em cada seccéo
foi calculado multiplicando-se as areas de lesdo pela espessura de cada corte. O volume
total de leséo foi calculado pelo somatorio do volume de cada secgdo (27).

O formato da zona de lesdo da RF foi avaliada pelo calculo da esfericidade, que é
definida como a razéo da area de superficie de uma esfera (com o mesmo volume da
lesdo em estudo) sobre a area de superficie da lesdo em estudo (37). Para o célculo da
esfericidade (P) foi utilizado a férmula:

Wy n1/3(6VL]2/3
AL

Onde m, ¢ a constante matematica arredondada para 3,1416; V|_é o volume lesdo e
A a area de superficie da leséo.

Os fragmentos da regido submetida a RF foram processados para anélise
histoldgica. Foram realizados cortes histologicos com 5um de espessura. As laminas
foram coradas com hematoxilina e eosina, e examinadas por um patologista que

descreveu as alteracGes histopatoldgicas.
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2.7 Andlise estatistica

Para avaliacdo dos dados quanto a aderéncia a normalidade, foi usado os teste de
Shapiro-Wilk. Os resultados obtidos para os rins esquerdos foram comparados aos
obtidos para os rins direitos pelo teste T de Student. Analise de variancia com um fator
(one-way ANOVA) e pos-teste de Dunett foram utilizados para comparacdo entre 0s
grupos.

O volume total da zona de RF e a esfericidade foram comparados com valores
predeterminados utilizando o teste T de Student para amostra unica. Para o volume total
de RF o valor predeterminado foi 4,189cm?®, que é o volume de uma esfera de 2cm de
didmetro. Um e 0,9390 foram os valores predeterminados utilizados para comparar a
esfericidade. Um € a esfericidade de uma esfera perfeita e 0.9390 € a esfericidade de um
icosaedro.

Os resultados foram considerados significativos quando o valor de p foi menor

que 0,05. Foi utilizado o programa estatistico GraphPad Prism*’.

w GraphPad Prism version 6.00 for Mac OS X, GraphPad Software, La Jolla California USA
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3 RESULTADOS

3.1 Avaliagéo da funcgéo renal

N&o houve diferenca estatistica nos niveis séricos de creatinina entre 0s grupos
(Tabela 1).

Tabela 1 — Comparacdo da creatinina sérica no periodo pré-operatério, 10° e 21° dia pds-

operatorio entre os diferentes grupos

Periodo Grupo
Sham Isquemia RF P
Pré-operatério 1,310,1 1,2+0,4 1,3+0,2 0,6594
10° DPO 1.1+0,1 1,2+0,3 1,0 0,2 0,6191
21°DPO 1,4 +0,7 1,340,3 1,3 40,3 0,8423

Legenda: Valores expressos em médiatdesvio padréo.
Fonte: O autor, 2017.

3.2 Necrépsia

Né&o foram identificadas alteracdes significativas nos animais dos grupos Sham e
Isquemia. Em trés animais do grupo da RF foram observadas alteragfes durante a
necropsia. Dois animais apresentaram hidronefrose e urinoma, e um apresentou obstrucdo
ureteral com hidronefrose (Figura 13). Os outros 7 animais deste grupo nao tinham
alteracBes durante a necropsia. Desta forma, verificou-se complicacBes graves em 30%
dos animais submetidos a ablacdo por RF. Estes trés animais ndo foram utilizados para as

demais analises do estudo.



33

Figura 13 — Rins exibindo complicagdes relacionadas a RF

Ureter
dilatado

Estreitamento
ureteral

Legenda: A) Rim esquerdo seccionado longitudinalmente evidenciando é&rea da ablagéo por RF
no polo inferior e capsula do urinoma seccionada subjacente. B) Rim hidronefrético
com dilatacdo do ureter proximal @ montante da obstrucéo.

Fonte: O autor, 2017.

3.3 Avaliacdo morfolégica

Né&o foi evidenciada diferenca significativa da massa e volume dos rins direito e
esquerdo de cada grupo (Tabela 2). Também foi realizada comparac¢do do rim esquerdo
entre os grupos e ndo houve diferenca.



Tabela 2 — Valores de massa e volume renal e comparacéo entre o rim direito, esquerdo nos diferentes grupos

Sham Isquemia RF
Direito Esquerdo p Direito Esquerdo p Direito Esquerdo p
Massa (g) 56,8 +4,9 58,2 £8,5 0,6976 55,6 £11,1 59,3 +11 0,5145 50,8 +6,9 49,2 5,9 0,372
Volume (cm®) 54,4 +4,1 55,2 +7,8 0,7973 56,6 +9,8 53,1 +10,5 0,4949 48,7 +7,1 46,7 5,4 0,5638

Legenda: Valores expressos em média +desvio padrao.
Fonte: O autor, 2017.

Tabela 3 - Dados da estereologia do rim direito e esquerdo de animais do grupo sham, animais submetidos a isquemia e ablacdo por RF

no rim esquerdo e rim direito ndo operado dos mesmos animais

Sham Isquemia RF
Direito Esquerdo p Direito Esquerdo p Direito Esquerdo p
Vv (%)
4,45 +1,39 4,32 +1,61 0,432 4,57 £1,18 3,45+0,90 0,029 4,46 +0,58 3,27+0,30  0,0002
VWGV (10%.um?)
1,10 £0,25 1,06 £0,22 0,385 1,04 £0,24 1,01+0,16 0,385 0,96 0,12 1,03 £0,19 0,203
Densidade glomerular
46,0 £9,0 45,1 +13,5 0,439 48,2 £19,9 31,5+9,8 0,045 47,6+105 32,8+7,3 0,005

(Glom/pL)

Legenda: Valores expressos em médiatdesvio padrao. VV=densidade volumétrica dos glomérulos, VWGV=volume médio ponderado dos glomérulos.

Fonte: O autor, 2017.

34
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3.3.1 Anédlise estereol6qgica

N&o houve diferenca na Vv[glom] entre o rim direito e esquerdo do grupo sham
(Tabela 3). Porém, quando comparados 0s rins direito e esquerdo dos grupos isquemia e RF
houve diferenca estatistica. No grupo isquemia ocorreu uma reducéo de 24,5% da Vv do rim
esquerdo em relacéo ao rim direito (p=0,0288). No grupo RF houve uma reducéo de 26,7% da
Vv[glom] do rim esquerdo em relagcdo ao seu controle (p=0,0002). O teste de andlise de
variancia para comparagao entre os rins esquerdos nos trés grupos nédo evidenciou diferenca
(Grafico 1).

Gréfico 1 — Grafico comparativo da densidade volumétrica de glomérulos

(Vv[glom]) nos rins de cada grupo

Vv[glom]

3 0=0,0288
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Fonte: O autor, 2017.

Os valores médios do VWGV dos rins direito e esquerdo nos trés grupos foram

apresentados na tabela 3. Ndo houve diferenca significativa no VWGV entre o rim direito e
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esquerdo em nehum dos grupos. A comparagdo entre os rins esquerdos dos trés grupos
também ndo evidenciou diferenca.

Os valores médios da densidade glomerular dos rins direito e esquerdo nos grupos
sham, isquemia e RF foram apresentados na tabela 3. N&o houve diferenga na densidade entre
o rim direito e esquerdo no grupo sham (p=0,4393). Quando comparados os rins direito e
esquerdo dos grupos isquemia e RF houve diferenca estatistica. O rim esquerdo do grupo
isquemia apresentou uma reducdo de 34,6% na densidade glomerular em relacdo ao rim
direito do mesmo grupo (p=0,0451). No grupo RF houve uma reducéo de 31% da densidade
glomerular do rim esquerdo em relacdo ao seu controle (p=0,0051). A comparagédo entre 0s

rins esquerdos dos trés grupos ndo evidenciou diferenca (Gréafico 2).

Gréfico 2 — Grafico comparativo da densidade glomerular nos rins de cada grupo
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Fonte: O autor, 2017.



37

3.3.2 Lesao causada pela radiofregiiéncia

A regido da RF foi dividida em zona central e periférica de acordo com sua aparéncia
macroscopica. O volume médio das regides central e periférica foi de 1,8 + 1,16cm*® e 1,7 +
0,64cm®, respectivamente. O volume total da lesdo RF foi de 3,44 + 1,60 cm® com menor
lesdo de 1,85cm® e maior lesdo de 6,13cm? e coeficiente de variagdo de 46,2%. A comparacio
do volume total da lesdo de RF com o volume de uma esfera perfeita de 2cm de didmetro nao
atingiu diferenca estatistica (p = 0,2615).

A esfericidade média da lesdo da RF foi 0,9 = 0,04 com um coeficiente de varia¢do de
4,95%. A regido da RF apresentou esfericidade inferior a de uma esfera perfeita (p = 0,001),
embora n&o fosse estatisticamente diferente de um icosaedro (p = 0,062).

A avaliacdo histopatolégica revelou a presenca de areas de necrose de coagulacao,
fibrose e infiltrado inflamatério mononuclear. Também foram evidenciadas &reas de
glomérulos e tabulos normais (Figura 14). Essas mudancas estavam presentes nas areas

central e periférica.

Figura 14 - Fotomicrografia de rim evidenciando a regido submetida a radiofrequéncia

Legenda: A) zona central, B) zona periférica. Coloracdo hematoxilina e eosina (200x).
Fonte: O autor, 2017.
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4 DISCUSSAO

Na maioria dos estudos clinicos sobre RF, nefrectomia parcial e isquemia renal a
funcdo renal é estimada pela dosagem de creatinina sérica. Tais marcadores, no entanto,
apresentam limitacGes importantes na detecdo de alteragGes sutis da fungéo renal. A creatinina
é um marcador enddégeno que é livremente filtrado pelos glomérulos, mas também é secretado
pelos tabulos contornados proximais e pode sofrer depuragdo extrarrenal (38). Fatores como a
idade, sexo, raca, peso corporal, dieta, drogas e comorbidades podem ter grande influéncia
nos niveis séricos de creatinina e, dessa forma, podem dificultar as comparacGes entre 0s
diversos tratamentos. Além disso, as alteragdes compensatorios de rins submetidos a
resseccdo ou ablacdo podem obscurecer o impacto destas terapias na funcdo renal. Apds
resseccdo de 75% da massa renal ha um aumento compensatdrio de 150% na taxa de filtracéo
glomerular média (39). Desta forma, o0 uso da creatinina e da taxa de filtracdo glomerular
para a comparacao das diversas terapias pode subestimar a perda de néfrons.

A relacdo direta entre a quantidade de néfrons e a capacidade funcional renal esta bem
estabelecida (40). Além disso, como ndo ha formacgdo de novos néfrons apds o periodo de
embriogénese cada néfron perdido apds o nascimento vai impactar na fungdo renal futura. A
analise estereoldgica permite estimar a reducdo das unidades funcionais (glomérulos) apds
procedimentos renais e parece discriminar melhor o impacto na funcéo renal em relacdo as
dosagens séricas de creatinina e sua taxa de depuracdo. De Souza e colaboradores
evidenciaram reducdo da densidade de glomérulos em suinos submetidos a nefrectomia
parcial (NP) sem que houvesse alteracdo dos niveis séricos de uréia e creatinina (29). No
presente trabalho ndo houve diferenca entre os niveis séricos de creatinina apesar das
alteraces morfoldgicas, corroborando os achados de de Souza e colaboradores.

Trés fatores principas parecem influenciar a funcdo renal apds procedimentos
preservadores de néfrons: a funcdo renal pré-operatoria, a quantidade de tecido ressecado ou
submetido a ablacdo e o tempo de isquemia quando esta € realizada (41, 42). Os dois
primeiros fatores ndo sdo modificaveis quando os pacientes sdo avaliados previamente ao
tratamento cirdrgico e parecem ter papel preponderante na funcdo renal apds o tratamento
(43). A isquemia renal é um fator modificavel, ou seja, é possivel realizar a nefrectomia
parcial sem o clampeamento do hilo renal, ou com clampeamento durante um periodo
reduzido (14, 15, 44). No entanto, a isquemia renal pode ser indispensavel em algumas

situagbes como, por exemplo, em tumores proximos ao hilo e endofiticos. Além disso, a
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oclusdo da artéria renal parece reduzir o sangramento intraoperatorio permitindo melhor
visualizacdo das margens tumorais (45).

Historicamente a isquemia tem sido considerada como uma das principais causas de
reducdo da funcdo renal pds-operatéria (46). No entanto, tal efeito tem sido contestado
recentemente (47).

Os efeitos da isquemia parecem afetar principalmente as células epiteliais dos tubulos
contornados localizadas na porgéo externa da medula renal (48). O efeito sobre os glomérulos,
no entanto, ainda ndo esta totalmente eluciado. Em estudo realizados por Damasceno-Ferreira
e colaboradores foi evidenciado que a reducdo do nimero de glomérulos esta relacionada ao
tempo de isquemia (49). Da mesma forma, no presente estudo, houve uma redugdo
significativa da densidade de glomérulos quando o rim submetido a isquemia por 30 minutos
foi comparado ao seu controle interno (rim direito).

As técnicas ablativas surgiram como uma opg¢do minimamente invasiva para o
tratamento da neoplasia renal localizada. Uma das vantagens das técnicas ablativas seria a
melhor preservacdo da funcdo renal pos-operatdria, possivelmente, por ndo necessitar realizar
isquemia do parénquima remanescente (25).

No presente estudo, o grupo submetido a ablacdo por RF apresentou reducdo na
densidade de glomérulos, apesar de a coleta de tecido para analise ter sido realizada longe da
area de ablacdo. O mecanismo exato que leva a reducdo da densidade de glomérulos apos a
ablacdo por RF ainda ndo estd bem determinado. Entretanto, lesdo longe da area em que a
radiofrequéncia foi aplicada ja foi descrita em outros 6rgdos. Em estudo realizado em modelo
canino com ablacdo do miocardio, Nath e colaboradores identificaram reducdo do fluxo
sanguineo e lesdo microvascular endotelial além da area de necrose (50). No rim, trombose
dos vasos da regido submetida a ablacdo ja foi relatada. Gill e colaboradores realizaram
arteriografia em rim de suinos submetidos a RF e evidenciaram oclusdo dos vasos intrarrenais
(51). Desta forma, sendo a impedancia dos vasos sanguineos inferior ao restante do
parénquima renal é possivel que ocorra dissipacdo de calor pelos vasos sanguineos e lesdo
microvascular além da area de ablacao.

Outro mecanismo que possivelmente levaria a reducdo de glomérulos é a producéo de
radicais livres e moléculas pré-inflamatorias durante ablacdo e que causariam lesédo a
distancia. Em outra técnica de ablag&o, a crioterapia, pode ocorrer um fenémeno de disfungéo
de maultiplos 6rgédos e coagulopatia conhecido como “cryoshok”. Tal fendmeno parece estar
relacionado ao efeito sistémico de substancias toxicas liberadas na crioablacdo hepatica (52).

De forma anéloga, a radiofrequéncia também parece causar repercussao sistémica. Ng e
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colaboradores realizaram estudo em suinos submetidos & radioablagcdo hepética que
apresentaram elevagdo significativa de marcadores inflamatdrios na circulagéo sistémica(53).
Karaiskos e colaboradores também evidenciaram aumento do estresse oxidativo e de
marcadores inflamatorios em suinos submetidos a RF com resseccdo pulmonar (54). No
presente estudo ndo foram avaliadas tais alteragdes sistémicas da RF. Além disso, o rim
direito, contralateral a RF, ndo apresentou diferenca quando comparado aos dos outros
grupos. Mesmo assim, é possivel que ocorra um efeito mais localizado de radicais livres e
moléculas pro-inflamatoérias no rim submetido a RF. Ao contrario do sistema arterial que tem
irrigacéo terminal, a drenagem venosa se faz por anastomoses livres entre as veias intrarrenais
(28). Desta forma, tais substancias geradas com a lise celular podem causar dano no
parénquima adjacente a zona de ablacéo.

Apesar de os resultados da RF serem comparaveis aos observados na isquemia quente,
devemos ressaltar que nenhuma ressec¢do parenquimatosa foi realizada nos rins submetidos a
isquemia. Como ja foi mencionado anteriormente, a quantidade de parénquima preservado é o
principal fator preditor da funcéo renal pos-operatéria (42, 43, 55). De Souza e colaboradores
relataram uma reducdo da densidade glomerular de 41% no parénquima remanescente de rins
de suinos submetidos a NP com isquemia quente (29). Embora este resultado ndo possa ser
diretamente comparado com os do presente estudo é possivel supor uma lesdo adicional
guando a resseccdo renal for realizada concomitante a isquemia. Deve-se ressaltar, no entanto,
que a densidade glomerular foi analizada longe da regido da RF e a reducdo da densidade
glomerular pode néo ser uniforme. E possivel que a perda de glomérulos seja maior proximo a
area da RF.

Uma vantagem da ablagdo por RF é a reducdo da morbidade relacionada ao tratamento
dos tumores renais. Entretanto, estudos clinicos relataram complicacdes em até 21% dos
pacientes ap0s a RF (56). No presente estudo, trés dos dez animais submetidos a RF
apresentaram complicacdes graves. Tal fato pode ter ocorrido devido as caracteristicas
anatomicas do rim de suino e/ou ao menor tamanho dos animais utilizados no estudo. Em rins
de suinos a regido medial do poélo inferior fica proxima a juncdo pieloureteral e ureter
proximal, facilitando a lesdo térmica por contiguidade destas estruturas quando a RF é
aplicada conforme ja descrito em humanos (57). O tamanho reduzido dos rins de alguns
animais, especialmente do polo inferior, também podem ter favorecido a lesdo do sistema
coletor ocasionando os urinomas e obstrucdo ureteral. As configuracdes do protocolo de
ablacdo também podem variar de acordo com a espécie. Queiroz e colaboradores mostraram

gue a melhor temperatura para RF em cdes é inferior aquela usada em humanos (58, 59).
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Desta forma, suinos também podem ter uma resposta diferente a um protocolo desenvolvido
para humanos.

O protocolo de ablagdo usado no presente estudo considerou um tumor hipotético de 1
cm de didmetro. Portanto, para se obter uma margem de 0,5 a 1 cm além do tumor de 1cm, foi
definida uma ablacdo de 2 cm de diametro. O volume médio da leséo de RF foi comparado ao
valor hipotético de uma esfera de 2cm de diametro. Apesar do volume da lesdo de RF ser
inferior ao da esfera, tal diferenca ndo foi significativa. No entanto, a esfericidade, que mede o
grau de semelhanga de um determinado objeto a uma esfera matematicamente perfeita,
apresentou diferenca. Portanto, o formato da leséo de RF n&o deve ser comparado ao de uma
esfera. A esfericidadeda lesdo de RF é comparavel a de um icosaedro regular convexo, que €
um poliedro de 20 faces triangulares e 12 vértices. Possivelmente tal irregularidade no
formato da lesdo de RF esteja relacionada a conformacdo das hastes da agulha (9
ramificagdes).

A previsibilidade da lesdo de RF é um fator importante para o controle do tumor. A
visualizacdo da extensdo da zona de ablacdo durante a realizacdo do procedimento é possivel
em técnicas como na crioablacdo. No entanto, na ablacdo por RF a visualizacdo radiol6gica
trans-operatoria ainda estd em fase incipiente (60). Sendo assim, o successo da RF vai
depender, principalmente, da exata colocacdo da agulha e o formato esperado da lesdo de RF
€ que vai orientar o posicionamento da agulha.

Na maioria das séries clinicas, o diametro do tumor € o principal parametro utilizado
no pré-operatoério para avaliar o progndstico e as opc¢des de tratamento. O diametro do tumor
também é um dos principais fatores quando a RF é considerada (61). No entanto, o didmetro
do tumor é uma medida unidimensional e pode néo refletir o volume e a forma do tumor. A
avaliacdo do volume do tumor parece ajudar a discriminar melhor o progndstico dos tumores
renais localizados(62, 63). No entanto, estudos sobre a relagédo do volume e forma do tumor e
0 risco de doenca residual apos a RF ndo estdo disponiveis.

Embora as mudancas macroscopicas da RF sejam facilmente reconheciveis e bem
demarcadas, as mudangas microscopicas ndo sdo tdo evidentes. No presente estudo, a
histologia revelou areas com tabulos e glomérulos de aparéncia normal intercaladas por areas
de necrose de coagulacdo, fibrose e infiltrado inflamatério mononuclear. A presenca de
estruturas de aspecto normal nas regides submetidas a RF ja foi evidenciada (64, 65). Rendon
e colaboradores avaliaram a histologia de tumores ressecados imediatamente e tardiamente
apos a RF (66). Em ambos os grupos, tumor residual de aspecto normal foi encontrado no

exame microscépico em coloracdo com hematoxilina e eosina. N&o obstante, a presenca de
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tecido tumoral de aspecto normal ndo é garantia de que o tecido € vidvel. Técnicas de
coloragdo histoquimica com nicotinamida adenina dinucleotideofosfatase — diaforase
(NADPH-diaforase) foram usadas para determinar viabilidade celular (67). Mesmo assim,
Michaels e colabradores detectaram células vidveis ap6s RF com a coloracdo de NADPH-
diaforase (68). A relacdo entre a presenca de células de aspecto normal ap6s a RF e o risco de
recidiva tumoral ainda néo esta claro (69).

A avaliacdo da eficicia oncologica da RF renal esta além do escopo do presente
trabalho. Entretanto, é importante ressaltar a incongruéncia entre a lesdes macroscopicas
causadas pela RF renal e os achados histolégicos. Além disso, o paradigma de que a auséncia
de isquemia na ablacdo por RF evitaria lesdo do parénquima renal residual foi posto em

davida.
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CONCLUSAO

A ablagdo por radiofrequéncia determinou uma reducdo significativa na densidade
glomerular no parénquima restante. Esta alteracdo foi semelhante ao observado em rins
submetidos a 30 minutos de isquemia quente.

A lesdo macroscoOpica causada pela ablacdo por radiofrequéncia em rins de suinos
ocorreu com o volume esperado, porém, seu formato ndo € comparavel ao de uma esfera. A
avaliacdo microscépica revelou areas de aparéncia normal, indicando que esta técnica pode

ndo ser eficaz na destruicdo de todas as células da regido submetida a ablacéo.
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Abstract

Purpose: To compare, with stereological methods, the glomerular loss in kidneys submitted 1o radicfrequency
ablation (RFAY or warm ischemia,

Materials and Methods: Twentv-six male pigs were divided into three groups. Eight animals were allocated in
the sham group. which was submitted 1o laparoscopic dissection of the left renal hilum, without renal ischemia.
Eight animals were allocated in the ischemia group, which had the left renal hilum clamped for 30 minutes
under laparoscopic access. Ten animals were submitted to REA of the left kidney lower pole, under laparo-
scopic visualization. Animals were euthanized 21 days after surgery, when kidnevs were collected. Fragments
of the upper pele of the left kidney were processed for morphometric analysis. Right kidney wus used as self-
controls for each animal. Glomerular volumetric density (Vv|glom]); volume-weighted glomerular volume
(VWGOVE and glomerular density wene quantified by stereological methods and compared by Student’s i-test
and one-wav-analysis of variance with Dunnett’s post-test

Results: Three animals in the RFA group developed postoperatve complications | Urinoma/Hydronephrosis)
and were excluded from the analysis. No difference was found among the kidneys submitted w EFA and warm
ischemia for all parameters. However, these kidneys showed lower Vv[glom] and glomerular density when
compared to its self-conrols (right kidneys), and when compared o sham-operated animals (p<t.05), No
difference was observed in regards to ¥WGY among the groups.

Conclusion: RFA in pigs determines a significant reducuon of glomerular density in the remaining paren-
chymua. This alteration was comparable to that observed in kidneys submitted to 30 minutes of warm ischemia.

Keywords: shlation technigues, kidney, pig. warm ischemia

Introduction comorhaties, mmor morphelogy, and location are examples
of factors that may impact renal function after PN Warm
sehemia has been considered a major factor impairing
posteperative rendl function, and g]mru.tulut |mu']':}m]r.|gu..d

alteration has been shown in animal models.”

S.u.u_l_ REMAL MassEs bave been diagnosed more fre-
quently in the gast decade. Dissemination of abdominal
mmaging rvsdalines contibuted o the iereased incidence of

localized twmors. Thus, sephmon-sparing procedures have
alsn been performed more frequently.!

Partial pephrectomy (FN) b5 the preferred weatment For
]r.r...nlw_d real wirmers aceording to most urological assocs-
ationg.* Although the goal of PN is 1o semove the renal mass
sparing as many nepleons as possible, there ane some factors
that may impact postoperative renal function other than
the volume of parenchyving resected * Incomplete recovery
af meplirons from schemia, baseline renal function, patiem

Radiofrequency ablation (RFA} has ermerged in the recem
yeais as an option for reating small renal masses. Opcoliogacal
efficacy of RFA seems to be slightly lower when compared 1o
PN Mevertheless, REA s recommended for teating high-
risk paticats because of its lower mobidity.” Renal veasels
ocelusion 15 ot reguared for REA. Therefore, the absence of
psehermia would be responsible for a better functional omoeme
of RFA in comparson 1o PN However, ischemic i Lui]uw of the
adjacent tissue has been reported in other organs."" This may

'l"rugn.nlr_ﬂ Research Unat, Staie University of Rio de Jaseiro, Rio de Janeiro, Brazil.
“Faculty of Medicine, Estacio de Si Universty, Rlu de Janeira, Bragil.
I.h.panmtnhi of ‘n.'n.lr:rlnarv Clinical P_'lthulng:.' and Mllrpl:mlng\\ Fluminense Federal University, Niterid, Brazal.
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reflect on kidney postoperative function and morplelogy, The
hypothesis of this study is that the glomenuli in remaining peal
parenchying ane preserved aftes REA, different froim whar is
seen afber warm ischemia, Thus, the aim of thas sty (s o
compane, with siereological methods, te glomenlar loss in
kadiwevs submitted to RFA and warm ischemia.

Materials and Methods

Twenty-six male pigs with a mean weight of 218 kg were
used in this stady. The stody was conducted in accondance
with Brazilian laws for scientific use of experimental ani-
mials, and this experiment was formally approved by the In-
atitutional Ethics Comminee for animal experimentation.

The amimals were randomly divided into three groaps. I the
sham group eight animals underwent left laparoscopic penal
hilusn dissection, bat they were not subritied o warm ische-
miba. I the warnn ischemia group eight anbinals wese subjectsd
1o 30 midmstes of renal sehemia by clampang the arery amd
vein of the left kidney, The laparoscopic apgroach for these
groups was performed ag previcasly described.”" In the REA
group 10 animals wnderwent ablation of the keft kidoey lower
pole under laparoscopic viswalization. The right kidneys were
not manipalated dusing the procedure and were used as self-
controls. Brefly, the animals of all grougs were positicned in
right lateral decubitus for & transpentoneal access and the left
kidney was approached after opening the retroperitonsal
aprace. Preumoperitonewm was establisled st 12 mmHg, and
the gigical thime was G0 minwes i mean. All animals received
Auids intravenously (Binger lactae, 400 mLhoar) and were
monitored with oxyvimetry, elecorocardiography, and nominva-
aiwe Blood presure during e procedure.

RFA was cartied owt aceording to previous repor.'* Briefly,
an RFA needle (Starburst XL, AngioDynamics, Latham, MY}
wias itroduced b the Toswer pole of the 1eft kidoey and it was
deploved o ocreate a lesion of 20cm Insallation of saline
through the needle during the procedurne was wsed o decrease
impedance. An energy generator (RITA Medical Systems
model P500X, AngioDyvoamics) was set to L30W of power 1o
deliver a targen temperaiure of 1O5°C. Ablation was dose wath
two carcles of 5 minates after tagget temperatare was achieved.

Analgesics were given o all animals during 48 howrs
postoperatively, and food and water was given ad Uit
S hours after surgery. Daily evaluations were carfied on dunng
21 days after surgery, and after this perod the animals were
cuthanized by anestheric overdose (sodium thiopental 200 mg/
ke I'VE On this occasion, abdominal cavity and kidneys were
exarmined before Kadmey harvesting and fixation by inmersion
in 4% buffesed formsaldelyde. Right and left kidbevs were
individually weighted and their volume wese measured by the
Scherle's method ™ The Cavalien's principle was used for
asdesaing e REA injury volume " Serial $-mum thick sections
of the BFA pegion were made. An image of every od surface
of each section was acquired with a digital camera (Axiocam
So6; Karl Feiss, Gomingen, Germany ) coupled 1o o sterea-
acopie mdcroscope (Aeiss Discovery VB, Karl Zeiss). The
Image] software (version |46 NIH, Bethesda) was used o
measane the REA injury area by the point-counting method, '

Samples feom the wpper pele of botl left and faght kidneys
were collected. This was performed in such a way that frag-
ments were collected far from e BFA area. These sam-
ples were processed by histological methods (as routinely
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performsed in our laboratory) and wsed for stereological anal-
yais, Bach kidney fragmest wos indivadually ervbedded in
paraffin for obtaiming 5-am thick sections, These sections were
stameed by hematoxylin and eosin, Monseguential histological
sections (at least [00-pm apart from each other) were wsed.

From each kidoey. 25 histological areas were acguired with
adigatal camera (DFT Olympus, Tokyo, Japan) atached 1o a
mieroscope {BXS1; Olympus). The Imagel software (version
Ld6e; MIH. Bethesda, MD) was used for stereological analy-
s1s, Glomerular volameiric density (Vv[glom]), which repre-
sents the percentage of volume of the comex occupied by
gloreruli, wis quartified by the poim-counting techiique witly
a MaX est-system, This test-system consists of @ gid with 42
poanits that was supenmposed over tee histological fGeld. The
percentage of points hitang the glomeruli i3 considesed the
Vylglom).” The velume-weighted mean glomeralar volume
VWOV, expressed in g 107 was estimated after ana-
Iyzing S0 glomenili per kadiey using the point-sampled in-
tercepts methd. Images were randomly rotated between 07
amd 90, and parallel lines were superimposed 1o tee images.
Limes intercepting glomersls were measured and classified
according to a loganthmic ruler with 32-mm long amd com-
posed of 15 classes.'™ The glomenlar density was cabeulated
by dividing the V[ glom] for the VWGY." This parameter was
cxpressed as the number of glomeml per cubic millimeter of
remal comtex. All histelogical analysis wepe performed by the
same blinded observer.

Serum creatinine was obtained preoperatively, 10 days
after surgery, and Before cuthamasia 1o assess the renal func-
HOH GUloHme.

For each parameter, the resolis were iitally amalveed
using the D Agostino-Pearson omnibus and Koliogosoy—
Smirnov normality tests; all data were considered parametric,
Thus, left kidneys were compared 10 right organs of each
group using the Student’s -tesr. One-way analysis of vari-
ance with Dunnent's post-test was wsed for comparison of the
lefi Kidneys among the groups. Means were considered daf-
fepent when g (005, Data were expredsed as mean £ standasd
deviation. Analyses were performed using GraphPad Prism
software (version 5.0, GraphPad Software, San Diego, CA).

* *
e i
o
Sham Ischemia RFA

FIG. 1. Volurmere density of glomseruli in left kidneys sub-
mibtted e sham surgery, 30 manutes of wasm iachemin, or RFAC
The results are expressed as mean and standard erroe. p< 005
compared o right kideeys, RRA =radisfrequency ablation.
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* *
E
2
g
=
E
Sham Ischemia R'FA

FIG. 2. Density of glomeruli per mL of renal cortex in left
kidneys kidneys submitted to sham surgery, 30 minutes of
warm ischemia, or RFA. The results are expressed as mean
and standard error. *p<0.05 compared to nght kidneys.

Results

Three animals from the RFA group presented complica-
tions and were excluded from stereological analyses. The
complications were two urinomas and one ureteral obstruc-
ton with hydronephrosis. All other 23 animals recovered
well from surgeries.

No difference was observed between the right and left kid-
neys on the weight and volume among the groups. The mean
volume of RFA injury was 3.82cm®, which is in accordance
with what was expected by the manufacturer’s protocol.

No difference was observed between the right and left
kidneys on the Vv[glom] for the sham group (p=04321).
However. the Vv[glom] was decreased by 24.5% in Kidneys
submitted o warm ischemia (p=0.028R8), and 26.7% in
kidneys submitted to RFA ( p=0.0002). when compared with
the contralateral control kidneys (Fig. 1). Regarding the
VWGV, no difference was found among all groups.

The glomerular density was also altered in the kidneys
submitted to warm ischemia and RFA. There was also a re-
duction in the glomerular density of 34.6% in kidneys sub-
mitted to warm ischemia ( p=0.0451). and 31.0% in kidneys
submitted to RFA (p=0.0051), when compared to the right
control kidneys (Fig. 2). No difference was observed between
right and left Kidneys of sham group (p=04393). Figure 3
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exemplifies histological sections of each group. All numen-
cal data are listed on Table 1.

There was no significant difference of serum creatinine during
the study in each group. Also, there was no difference of creat-
nine levels between groups at the end of the study. Mean serum
creatinine in the sham was 1.5+ 0.4 mg/dL at the preoperative
perixd, 1.1 +£0.08 mg/dL 10 days after surgery. and 1.4+0.7 mg/
dL 21 days after surgery. In the group submitted to ischemia,
creatinine was 1.2+04mg/dl. & the preoperative period,
1.2£03 mg/ML 10 days after surgery. and 1.3+0.3 mg/dL
21 days after surgery. The RFA group showed creatinine valwes
of 1.2£0.3mg/dL at the preoperative peniod. 1.0+£0.2 mg/dL
10 days after surgery. and 1.3+ 0.3 mg/dL 21 days after surgery.

Discussion

Renal RFA is recommended as a minimally invasive op-
tion for treating small renal masses in high-risk patients be-
cause of its low morbidity. Nonetheless. clinical studies have
reported complications in up to 21% patients after RFA.'" In
our study, 30% of the animals submitted to RFA presented
complications. This higher complication rate may be related
to the size of the animals used in the study. A smaller kidney
may be more susceptible to collecting system or ureteral in-
Juries, which could explain ureteral obstruction and ur-
mnomas. Ablation protocol settings may also vary according
to the species. A recent study has shown a lower optimum
temperature for RFA in dogs,"‘ and pigs may also have a
different response to a protocol developed for humans.

Recent series have favored RFA over PN, regarding renal
function pmservau'on."’m Warm ischemia is considered an
enemy to be avoided for better renal preservation.”’ Al-
though, ischemia may not be required for PN** most proce-
dures are performed with vascular occlusion, which may lead
to an increased nsk of renal dysfunction. The renal injury
after warm ischemia is considered progressive and is directly
related to the ischemia time. >

Thus, as RFA does not involve renal vessels occlusion, the
nitial hypothesis of this study 1s that the glomeruli would be
preserved after thas procedure, instead of what is seen after
warm ischemia™* and PN.® This hypothesis was rejected as
we observed a major reduction in glomerular density in the
RFA. Itis impoetant to note that the alteration found in kadneys
submitted to RFA were very similar to those observed in
Kadneys submitted to a warm ischemia of 30 minutes.

FIG. 3. Photomicrographs of renal cortex of kidneys submitted to sham surgery (A), 30 minutes of warm ischemia (B). or
radiofrequency ablation (C). Note the reduced density or glomeruli in images (B) and (C). HE, x 200. Scale bar represents
100 pm. HE =hematoxylin and eosin.
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TasLE 1. STEREOLOGIH AL Data oF BIGHT amp LEFT KineEys oF Pias SUBMITTED To SHAM SURGERY,
REnAL lscHEMIA For 30 MiNuTES, 0R RADIOFREQUERCY ABLATION 0N THE LEFT KIDNEY

R Tichemta ~ RFA
Right Lyt 1] Rigler Lt P Righr Left P
Kidney weight (g1~ 36.8+£49 3821835 06976 55620100 593£010.0 05145 508+70 412+59 Q3186
Kidney volume {cm™) 3 4£4.1 352478 07973 566298 53012105 04949 45771 46.T+54 Q2819

Wy glom] (%) 4ASE£1.39 4324161 0432

WWGEY (10F em’y 1102025 L0602 1385

Glomerular densaty 460290 45112135 0439
{thousanda’ml}

Diatn expressed as mean £ S0k

457118 3452090 (0029
L0024 101 £0.16 (385
dB2E109 315208 (L0435

ddh 058 32T20030 Q0002
osE012 10320019 0.303
A76+ 1005 328+73 0003

RFA =radeofrequency ablation; SO =stamdard deviation: VWGV = volume-weighted glomermlar wolume.

The exact mechanism by which RFA led w glomerlar
alterations (diminished Vv and density) is mot clear, Onida-
tiwe stiess aied the presence of free radicals have been im-
plicated in the cellular damage after te use of RFA in liver™®
and lung, ™ although it is net known if this could happen in
dastant areas of the kidoey. Furthermore, the high tempera-
tare focally applied for peeforming the BRFA may resulls ina
temperature increase of the entire organ. This could eventu-
ally contrabute o cellular death, decreasing the glomeralar
v oamd density that was found in this study. Also, it s pos-
sible that invasion of renal parenchyma with the RFA meedle
may also contribute 1o a global injury of the organ. Future
atdies investigating these mechanisms are warranted.

O queestion that may arise is whether these RFA results
could also secur when using cryoablation. Although this
atudy dioses pot bring any data to answer this question, it is our
opanion that beth mechanisms postulated for explaining the
alterations found in BRA may also occur when using cryoa-
Bation. Puture studies investigating thiz theme are warranted.

Although BFA fesulls were similar to those observed in
waren ischemia, we should point cur thet no parenchymal re-
aection was performed o the kidoeys submitted to ischemia.
As previously pointed oul, the parenchyma preserved i3 one of
the most inportant factors that anfeence the ultimate penal
functiom afier PN Tt has been reported o glomenilar densaty
redwction of 415 in the remaining parenclyma of pig kidievs
submitted o PN with warmn ischemia” Althoogl this result
caniot be divectly compared 1o those of the present sudy,
when we found a reduction of 29% on this parametss, we may
believe that Kideeys submined only to ischemia are less
damaged than those subrmied 1o 1schemia and PN, Thos, even
after showiing that RFA cawses important glemenalar damage.
ivis probably less harmiful than PR owith warm ischemia, Onthe
atber hamd it imast be poisted that we stadied tee paserelyma
dlastant from the RFA site, One may argue that the damage near
the ressectedfablaed site may be greater in REA than in PN,
amd may represent additional parenchymal loss. Sudying the
Kadney alterations after RFA and warm 1schenia by analyzing
the glomenlar density seems to be a valuable method, as this
indirectly reflects the nuimber of nepheons '™ "% Since the
objective of RFA and PN s teating renal masses, sparing as
much nephrons as possible, unbiased methods that investigate
the number of glomemilifmephrons ane desared. Most sludies
are based on seram creatimine levels amd glomerular filteation
rate (GFR) 10 estimate renal function. Mevertheless, experi-
mental studies have shown plasina creatinine 1o be insensi-
e e predict long-teom owceme afier penal ischemia 2™

Moreover, Kaufman asd colbeagues repored that after ablatzon
of T5% of the renal mass there 15 a compemssory icrease
of 150% in the average GFR.™" This may explain the lack of
dafference in clinical and experimental studies thar used seram
creatining and GFR. In our stody we wsed swereological
methods for glomeruli quantification, which might beter re-
flect the dmpact of an acute renal injury in the long term, as
there is no pew formation of nephrons after the early lifie P50

W sheould consider than this was a siudy performed in an
animal model and, thes, these pesulis may not be darectly
transposed o clinical seming. Altough pigs are the best
model for sadving renal morphology and physiology,'™* all
the experiment was performed under controlled conditions,
which are quite different from the normal conditions s=en in
humans., Farther, we mst say that thess pigs were absoluely
healthy, watlout renal turor (which is the primary idication
for this procedure) of any ot medical condition. Thus,
these animals do pot correspond 1o e patients subjected 1o
BFA or warm ischemia for PN

Conclusion

BFA i pigs determines o significant reduction of glo-
merular density inthe remaining parechyina, This alteration
was comparable 1w that observed in kidvey s submitted o 30
minutes of warm isclemia,
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*C. Abstract

Abstract

Objective: To describe the microscopic characteristics and quantify the volume of renal
injury after RFA.

Methods: Ten male pigs were submitted to laparoscopic RFA. A RFA needle was
introduced in the lower pole of the left Kidney to create a lesion expected to be a sphere
of 2.0 cm diameter. Animals were followed for 21 days. Kidneys were weighted and the
volume was assessed by the Scherle’s method. Cavalieri’s principle was used 1o assess
the BFA volume, and sphericity was calculated to assess RFA shape. One sample 1 test
was used o compare RFA volume and shape to hypothetical values of a sphere and an
wcosahedron. Fragments of RFA region were processed for routine histological
evaluation.

Results: Three animals presented postoperative complications and were excluded from
analysis. There was no difference on mean weight and volume between right and left
kidneys after RFA. The total volume of RFA injury was 3 44 cm’ on average. There was
no difference on RFA volume when comparing to hypothetical volumes of a sphere and
an icosahedron of 2.0 cm diameter. Sphericity of the RFA injury was not similar with a
sphere, although, it was similar to a regular icosahedron. Histology revealed the
prresence of areas of coagulation necrosis, fibrosis and mononuclear inflamimatory
infiltrate. Areas of normal glomeruli and tubules were also evidenced.

Conclosion: Volume of injury cansed by RFA occurred as expected although its shape
was nol a perfect sphere. Furthermore, microscopic evaluation revealed areas of normal

appearing Hssue.

key-words: Ablation Techniques: Kidney; Pig; Radiofrequency.
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Introduction

The incidence of renal cell cancer has increased in recent years, especially in voung patients
and high-grade disease ' Asa consequence, nephron-sparing procedures have been performed more
frequently. Partial nephrectomy is the preferred option for nephron-sparing procedure, although the
use of ablation techniques has become more common -

Several factors may impact postoperative renal function after partial nephrectomy. Ischemia
1= an important factor that 15 frequently required during partial nephrectomy and can be avoided
with EFA. Monetheless, the quantity and quality of the renal parenchyvma preserved seems to be the
mosl relevant factor to predict postoperative renal function !

Renal radiofrequency ablation (RFA) has emerged as a minimally invasive option for
treating small renal masses. RFA may be delivered percutaneously or laparoscopicaly, and it uses
an alternating current to produce heat * Tissue damage occurs by an immediate effect of thermal
energy on cell structure leading to vaporization and carbonization g Although oncological results of
RFA seems to be acceptable, residual disease after ablation has been reported * Moreover,
microscopic evidence of viable cells in the ablated arca has been reported in experimental " and
clinical studies *.

Thermal injury caused by RFA may be influenced by tssue characteristics and ablation
protocols. Therefore, knowing the microscopic characteristics and volume of renal tissue injured
after RFA is of importance for determining if the protocol used is adequate. Thus, the objective of
the present study is to describe the microscopic charactenistics and quantify the volume and shape

of renal injury after RFA.
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Methods

Ten male pigs weighting 18 Kg in mean were submitted to laparoscopic RFA of the lower
pole of the left kidney. The study was conducted in accordance with Brazilian laws for scientific
use of experimental animals, and was approved by the Institutional Animal Care and Use
Commiliee

RFA was carried according to previously reported e Briefly, a BF A needle { Starburst XL,
AngioDynamics, Latham, NY, USA) was introduced in the lower pole of the left kidney and it was
deploved to create a lesion of 2.0 cm of diameter. Instillation of saline through the needle during the
procedure was used to decrease impedance. An energy penerator (RITA Medical Systems model
1300, AngioDynamics) was set to I50W of power in order to deliver a target temperature of
1053%C. Ablation was done with 2 cveles of 5 minutes after target temperature was achieved.

Ammals were submitted to euthanasia 21 days after the procedure by anesthetic overdose. In
that occasion kKidneys were harvested and fixed by immersion in 4% buffered formaldehyde.

Both kidneys were weighted and the volume was assessed by the Scherde’s method " The
Cavalieri’s principle was used for assessment of the RFA volume 1. Serial (5 mm thick) sections of
the RF ablation area were obtained as illustrated in Figure 1. An image of every odd surface of each
section was acquired with a digital camera (Axiocam 5306, Karl Zeiss, Gontingen, Germany) coupled
o a stereoscopic microscope (LZeiss Discovery VE, Karl Zeiss). The Image J software was used to
measure the area of two macroscopically distinct regions, named central and peripheral regions, of
the RFA mjury. For this the point-counting method was used 13 The surface area of RFA Lrjury
in each section was calculated in cm” by multiplying the number of counted points by the distance
between each point on the test area. The volume of the RFA injury of each section was calculated in
em’ by multiplving the area of the lesion to the thickness of the section (0.5cm). The volume of the
entire RFA injury was calculated by surmiming the volume of injury of all sections 2 The shape of

the BFA imjury region was assessed by caleulating sphericity, which 15 defined as the ratio of the
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surface area of a sphere (with the same volume of the studied region) to the surface area of the

studied region " For calealating sphericty () the following formula was applied:

Where x, 15 the mathematical constant (considered here as 3.1416); Vi 15 the total volume of the
radiofrequency injury and 5; is the surface area of the injury.

Further, fragments of RFA region (both central and peripheral regions) were processed by
routine histological methods for obtaining hematoxylin & eosin stained sections. These sections
were blindly analyzed by a pathologist,

For each parameter, the results were initially analyzed nsing Shapiro-Wilk normality test; all
data were considered parametric. Left and right kidneys were compared using the Student’s i-test.
For all comparisons p<0.05 was considered significant. Data was expressed as mean + standard
deviation (53D, RFA total volume and sphericity was compared to predetermined values using the
Ome sample t-test. For the RFA total volume the predetermined values were 4.1 89cm’, which is the
volume of a 2 em diameter sphere. One and 09390 were the predetermined values that were used to
compare sphericity. One is the sphericity of a perfect sphere and 09390 15 the sphericity of an
icosahedron. All analvses were performed using GraphPad Prism software (version 5.0, GraphPad

Software, San Diego, CA, USA).
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Results

Three animals presented postoperative complications (2 urinomas and 1 ureteral obstruction
with hyvdronephrosis) and were excluded from analvais.

Thers was no difference on mean weight and volume between of right and left kidneys
(Table 1).

The RFA region was divided in central and peripheral according to its macroscopic
appearance. The mean volumes of the central and peripheral regions were 1.89 £ 116 em’ and 1.79
£ 064 cm’| respectively. The total volume of the RFA injury was 3 44 4+ 160 em’, with the smaller
lesion of 1.85 cm” and the larger lesion of 613 cm’, and a coefficient of variation of 46.2%.
Comparison of the total volume of the RFA lesion to the volume of a perfect sphere did not reach
statistical difference (p~0.2615).

The mean sphericity of the RFA injury was 0.9 £0.04 with a coefTicient of varation of
4.9%. RFA was less spherical than a perfect sphere (p-0.001 ), although it was not statistically
different to an icosahedron (po0.062).

Histopathological evaluation revealed the presence of areas of coagulation necrosis, fhrosis
and mononuclear inflammatory infiltrate. Areas of normal glomeruli and tubules were also

evidenced (Figure 2). These changes were present in both the central and peripheral areas.



Comments

Renal RFA is recommended as a minimally invasive option for treating small renal masses
in high-risk patients because of it is associated to low morbidity. Nonetheless, clinical studies have
reported complications in up to 21% patients after RFA 7 In our atudy, 30%% of the animals
subamitted to RFA presented complications. This higher complication rate may be related to the
linted number of animals operated (n=10), andor the size of the animals used in the study. A
smaller kidney may be more susceptible to collecting system or ureteral injuries, which could
explain ureteral obstruction and urinomas. Ablation protocol settings may also vary according to the
species. Queiroz and colleagues have shown a lower optimum temperature for EFA in dogs ¥ and
pig= may also have a different response to a protocol developed for humans.

In most clinical series tumor diameter 15 the parameter used when considering prognosis and
treatment options. Tumor diameter may also be the most important prognostic factor when RFA 15
considered . However, tumor diameter is a unidimensional measurement and may not reflect
tumor volume and shape. Assessment of tumor volume and 115 relation to the surrounding structures
1z of paramount importance when selecting treatment approach and may also add on prognosis W2

The protocol used in the study was previously described by Opan and colleagnes ina
clinical setting " In order to achieve a 0.5 to 1 em margin beyond a hyvpothetical tumor of 1 om
diameter, a 2 cm diameter ablation was set. The mean RFA volume was lower than those for the
hypothetical volumes of a sphere and cosahedron, although, not statistically different.

Predictability of RFA lesion shape may be important for tumor control. Renal
radiofrequency is usually thought to assume a spherical shape although it is not a perfect sphere.
Monetheless, RFA shape was comparable to a convex regular icosahedron (20 face polvhedron)
which may be seen as the best approximation to the sphere.

Although the macroscopic changes of RFA are easily recognizable and well demarcated, the

microscopic changes are more subtle. In the present study, histology revealed areas with tubules and

5
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glomeruli of normal appearance interspaced by areas of coagulation necrosis, fibrosis and
mononuclear inflammatory infilirate. The presence of normal appearing structures afier RFA have
already been shown * Rendon and colleagues examined specimens excised after immediate and
delayed RFA *_In both immediate and delaved RFA, residual viable tumor was found on
microscopic examination with hematoxylin & eosin staining.

Staining for mcotinamide adenine dinucleotide (NADH) diaphorase activity has been used
o evaluate cellular viability, cells staining positive for NADH are supposed to be viable.
Marcoviteh and colleagues found normal appearing tissue on H&E staining after RFA of porcine
kidney * However, NADH slaining showed no viable cells in the ablated area. In contrast,
Michaels and colleagues studied 3 tumors of patients submitted to RFA with MADH. Four of them
stained positive, indicating the presence of viable tumor within the RFA region ¥ Nonetheless, the
relationship between positive staining for NADIH and the risk of cancer recurrence 15 not clear =

The assessment of oncological efficacy of renal BFA is beyond the scope of the present
work: nonetheless, it is worthy highlight the incongruence between macroscopic injury caused by
renal RFA and the histological findings. Although, renal RFA can be achieved with low morbidity

the oncological efficacy remains o be proved.
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Conclusion

The results of the present siudy shows that volume of injury in swine Kidneys subminted o
RFA occurred as expected although it7s shape was not a perfect sphere, but comparable to an
icosahedron. Microscopic evaluation revealed areas of normal appearing tissue, indicating that this

ablation technigue may be ineffective in destroying all cells in the designated area.
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ABSTRACT

PURFOSE: To evaluate the glomerular loss after aneriovenous or anerial wam ischemia in a swine model.

METHODS: Twenty four pigs were divided into Group Sham (submitted to all surgical steps except the renal ischemia), Group AV
[submitted to 30 minutes of warm ischemia by arteriovenous clamping of left kidney vessels), and Group A {submitted to 30 minutes
of ischernia by amerial clamping). Right kidneys were used as controls. Weigh, volume, cortical volume, glomerular volumetric density
IVy[Glom]), volume-weighted glomerular volume (VWG and the total number of glomerali were measured for each organ.
RESULTS: Group AV showed a 24.5% reduction in its left kidney V[ Glom] and a 25 4% reduction in the VWG, when compared o
the right kidney. Reductions were also observed when compared to kidnevs of sham group, There was a reduction of 19.2% in the total
number of glomeruli in AV kidneys. No difference was observed in any parameters analyzed on the left kidneys from group A.
CONCLUSIONS: Renal warm ischemia of 30 minutes by anerial clamping did not caused significant glomerular damage, bt
afteriovenous clamping caused significant glomerular loss in a swine model. Clamping only the renal artery should be considered 1o
minimize renal injury after partial nephrectomies.

Key words: Mephreciony, Warm [schemia, Kidney Glomerulus, Models, Animal. Swine.
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Introduction

The diagnosis of small renal maszses has been rising
over the past two decades’, and partial nephrectomy is being
increasingly performed to treat this type of tumor®. The goal of
partial nephrectomy g o remove the tamor while preserving
the healthy kidney parenchyma, sparing the maximum possible
number of nephrons’. For achieving a bloodless field during
kidney dissection, commonly the organ is submitted fo transient
warm ischemia.

‘Warm ischemia during parial nephrectomy is idemiified
a3 a factor that negatively influences the postoperative renal
function and is the most frequent cause of chronic and acute renal
failure™. Despite some techniques for avoiding the use of warm
ischemia during partial nephrectomy®, the hemostatic control by
clamping the renal vessels is still used by several groupsT™

Classically, the renal pedicle was clamped en bloc
avoiding the removal of the perivascular adipose tissue, This
would save about 30 minutes of intraoperative time for dissecting
the vessels, and cushion the renal vessels from the vascular
clamp®. However, some studies have shown that renal function is
better presemved when only the renal artery is clamped for a partial
nephrectomy™'. Recently, a study in rats subrmitted to &0 minwtes
of kidney warm ischemia demonstrated that arterial only clamping
did not impair the renal parenchyma, different from aneriovenous
clamping that decreased the glomerular number'. Althougl these
studies have shown some advantages on clamping only the renal
artery, the impact of this technigue for preserving glomeruli in
swine is not known.

The aim of this study was to evaluate glomerular losses
after arterial only or arteriovencous warm ischemia in a swine
mdel, by using unbiased stereologic methods.

Methaods

All experiments were performed in accordance with
the Brazilian law for scientific use of animals, and this project
was formally approved by the local ethics committee for anirmal
experimentation (CELLADIS-20013)

Twenty four male pigs weighing 20kg (mean) were used
in this study. The animals were divided into three groups with 8
amimals in each: Group Sham was submitted 1o all surgical steps
except the renal ischemia; Group AV was subrmitied to renal wanm
ischemia by clamping the renal anery and vein; and Group A was

TR - Acra Cirdrgiea Brasileira - Vol 33§15 2046

submitted to renal ischemia by only renal amery occlusion.

Under general anesthesia, the anirmals were placed in right
lateral decubitus and a laparoscopic approach with three trocars
wag used to secess the lefi kidney, as previously described . After
identifying and dissecting the renal vessels, a laparoscopic vascular
clarmp was positioned according to the experimental group. Thus,
for group AV the clamp should occlude bath artery and vein, for
group A only renal artery was occluded, and for group Sham the
clarmp was positioned but not closed. Animals of groups AV and A
were submitted to 30 minutes of left kidney wanm ischemia, while
animeals of group Sham were maintained under anesthesia for the
same period. Hereafter, the clamp was removed and reperfusion
wag observed in the ischemic kidneys. The right kidneys were not
manipulated during the experiment and were used as controls. No
method for achieving cold ischemia was used.

All animals were submitted to euthanasia 21 days after
surgery by anesthetic overdose (pentobarbital). Both left and right
kidneys were collected and fixed in 4% buffered formaldelyde.
Kidneys were weighed and their volumes were estimated by the
Scherle methed". The cortical-medullar ratio was estimated by
using the Cavalicri principle" and the absolute cortical velume
{C%) was caleulated by muliiplying the cortical-medullary ratio
by the renal volurme.

Fragments of renal comex were collected from the
48 kidmeys and were processed for stereological analysis. The
apecimens were routinely  processed for paraffin embedding,
sectioned at Spm thickness, and stained by hematoxylin & cosin.
From each kidney, 25 randomly histological fields of the cortex
were analyeed These fields were photographed with a digital
camera | DP70, Olvenpus, Tokyo, Japan | coupled with a microscope
(BXEL, Olympusg ) under the same conditions {magnification x200;
resolution 20440 1536 pixels) and stored in a TIFF file.

Glomerular volume density (Vv[glom]), which indicates
the propomional volume oceupied by the glomeruli in the cortex,
wag estimated by the point-counting technique with a M42 test-
system’'*. The volume-weighted glomerular volume (VWGY),
which indicates the mean volume of cach glomerulus, was
estimated with the point-sampled intercepts method analyzing 50
glomeruli per animal™"”. Analyses of Vv[glom] and VWGY were
done wsing the Imagel software (version |.46r, NIH, Bethesda,
Marvland, ELIA)

The estimation of the total aumber of glomenali per
kidney was calculated by multiplving the CV by the Vv [glom]
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and dividing the result by the VWGVHY

Serum creatinine and wrea levels were measured in
samples obfained before surgery, 10 daysafter surgery, and
immediately before cuthanasia.

For each morphological parameter, left kidneys were
compared to right organs of cach group using the Student’s r~test.
Also the left kidneys of the three studied groups were compared
using one way ANOVA with Bonfermoni's post test. Mean creatinine
and urea serum levels were also compared using one way ANOWA.
For all comparisons pe.05 was considered significant. Data was
expressed as mean + standard deviation. Analyses were performed
using GraghPad Prigm 5.0 {GraphPad Softeare, San Diego, USA L

Results

For all groups, the left kidneys" weight and volume were
statistically similar to that of right kidneys. Also, no difference
was observed when the left kidney of groups Sham, AV and A
were compared. Additionally, no difference was present regarding
the absolute cortical volume of the studied kidneys.

The Vv[glom] was diminished by 24.5% in kidneys
submitted to en bloc clamping, in comparison to the right kidneys
of this group. The left kidneys of groups Sham and A were not
different from their right comtrols, When comparing the left
kidneys of the three groups, we found that the V[ glom] of group
AN was also 24.5% lower than the Sham group. Mo difference was
found bevween the left kidneys of Sham and A group (Figure 1.

B 5 o ot U] ! [ pas E -

FIGURE 1 = Photomicrographs of cartical fields from kidneys submitted
1o Sham surgery (A) and warm ischemda by arterial (B} or arlenovenous
clamping (C). Hematoxylin and eosin, x200k scale bar represent [iume.

The VWGEY showed similar results. The left kidneys
of group AV were 25.4% smaller than its right contrels. For the
groups Bham and A, lefi and right organs were similar. When
comparing the VWGY among the three groups, it was noted that
group AV glomeruli had 24.9% lower volume than those of group
Sham. Again, no difference was found between the left kidneys of
Sham and A group for this parameter.

When analyzing the number of glomeruli per kidney
it was observed that the left kidnevs of group AV were the only
affected organs, with a reduction of [9.2% in comparison to its
contralateral control. Arterial camping did not affect the number of
glomeruli as no difference was found when comparing the results
of the left kidneys of growp A e its nght control. Al morphological
data are listed in Takle 1.

There was ne significant difference in ercatinine and urea
serum levels at the different times of withdrawal in the studied
groups (Table 2).

TABLE 1 - Stereological data of right and left kidneys of pigs submitted to sham surgery or to lefit renal ischemia 30 minutes

by clamping the renal artery and vein (AN} or the renal artery {A).

Eham AV A
Right Luft prvalue Right Left p value Right Laft o value
Kidney weight  56.9+34  56T7+6% 093 S64+69 544176 .0l FT0+£35  S68+50 093
()

Kidney volume  55%+4.0 3358+76 098 S557+355 35:2+71 028 549+31 543149 0.79
{imly

Cortical volume  400+31  395+70 085 4bhl+£51 36655 .0l ME+21 S+ 43 093
{iml}

Wy[glom] (%)} 44 +0.1 44+£0.2 08 4440 313+02*  =hoool 44+=0.1 44+02 089

VWG (L0 13%+05  I3E+08 OBR  [39+035 104+ 2% <0000L 138£09% 136+00 .65
pim’

Glemerli L2600 12602 098 [30£00 L0502 .02 12601 125£0.2 0.89

{millions)

A Terert from kefl kidnoy of Sham proup: Dals exprosed o2 mean =50,
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TABLE I - Serum creatinine and urea levels drawn before surgery and on postoperative days 10 and 21 of pigs subrmitted o
sham surgery of to left renal ischemia 30 minutes by clamping the renal artery and vein {AV) or the renal anery {A).

Preoperative 10 days Postoperative 21 days Postoperative P value
Creatinine 115+ 013 095+ 017 115+ (.29 .38
Shamn Uriea IR0+ 14 02+63 3700+ 3.0 {4
Creatinine 112+ 03] 112+ (15 109+ (.27 .94
v Uriea 31 +61 408+ 55 374427 .38
Creatinine 121+ 019 103+ 017 104 + (.25 031
A Uriea 3T+AT IR6+TH T 140 .78

Dratay emprossod a3 mean = 5.0,

Dscussion

I 20667, Spaliviero and Gill suggested that clamping the
renal vessels en bloc for laparoscopic partial nephrectony would
have advaniages over dissecting the renal pedicle and clamping
the renal artery alone®. Since then, great progress has been made in
studying methods for achieving renal ischemia for nephron sparing
surgery. Even so, many groups use different technigues for mumor
removal with or without iscliemia’, and clamping the renal amery
only or artery and veins remaing a controversial point. While some
studies found a better preservation of renal function when only
the renal amery is clamped™", this is the first study to addreess the
number of glomerliafter en bloc versus arterial clamping for
achieving renal warm ischemia in the pig model.

The mechanizms that explain the advantages of clamping
the artery only are still unknown. However, during arerial only
ischemia the kidney blood may flow through the renal vein as it is
not eccluded, decreasing venous congestion. lschemia-reperfusion
process induces oxidative stress and increased inflammatory
response, releasing oxypen reactive species in the bloodstream'™.
These molecules should be reduced by antioxidanis or may cause
cell harm and death'”. We may suppose that during an en bloc renal
ischemia the oxyvgen reactive species generated become restrained
inside the kidney cousing hamm o the organ with cell death and
possibly leading 1o glomerular losses observed in the present
study. Om the other hand, when only the artery is clamped, these
mlecules can flow to bloodstream through the unobstructed renal
weing, being reduced by antioxidants.

Orvieto ef @ observed that clamping oaly the renal
artery during an open partial nephrectomy in a swine model causes
less impact on renal function than clamping the renal anery and
weing, However, the benefit of clamping only the renal artery was
not observed when the laparoscopic approach wag used for partial

Ti6 - Acro Cirdrgiea Brasileiva - Vol 33§15 2046

nephrectomy. The authors postulated that the pneumoeperitoneum
may partially occlude the wvenous backflow, eliminating the
benefits of the izolated arterial clamping'. Owr study showed
different results since (despite the abdominal insuflation) the
kidneys submitted to ischemia by clamping only the renal amery
had no significant decrease in glomerular number as compared
to those submitted to en Bloc clamping Furthermore, it was
previously demonstrated ina rodent study, that pneumoeperitoneam
used under adequate pressures does not cause harm to kidney
morphology . Even so, in the aforementioned study™ the authors
used & prolonged warm ischemia time {120 minutes) what could
explain the different results observed in ourexperiment.

Berczl & al'™ siudyving renal function in patients with
solitary kidmey undergoing partial nephrectomy with renal warm
ischemia demonstrated that most patients had cheonic remal
failure. This may suggest that studies on renal function after partial
nephrectomy with warm ischemia in patients with two kidneys may
have been affected by patients” renal function being compensated
by the contralateral kidmey, which suffered no damage. Our study
asseased the number of glomeruli, in both the operated kidney
and the contralateral kidney, thus avoiding the bias that can ocour
when renal function is evaluated in patients with contralateral
kidney. Furthermore, our resulis clearly demonstrate that the loss
of glomeruli, thereby alse the diminished amount of functional
nephrons, reduced renal function. This may not be detectable in
functional tests, but it is a sk factor in long-term renal function
after renal warm ischemia.

Studying the renal ischermia by analyzing the number of
glomeruli seems to be a valuable method, as the objective of this
surgery is to treat small renal wmors while avoiding the loss of
nephrons. Many times, the number of nephrons does not directly
correlate with shom-temm renal function. We have observed that
renal function commonly remaing unaliered even after a great loss
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Abstract

Objective: The study aimed to evaluate the ischemic and
non-ischemic areas after selective arterial ccclusion by using
sterenlogical amalysis of glomeruli, and to compare them
with main arterial clamping and sham-operatad animals.
Materials and Methods: Twenty-four male pigs were used
im the study. The animals were divided into 3 groups with
8 animals in each as follows: group sham, submitted tolapa-
roscopic dissection of the renal pedicle but not subrmittad to
ischemia; group arterial (A), submitted to left renal artery
clamping; and group selective (5], submitted to left renal ar-
tery caudal branch occlusion. Groups & and 5 underwent
30 min of warm ischemia. Left and nght kidneys were col-
lected after 21 days and remal fragments were processed for
sterenlogical evaluation. Glomerular  wolume  density
(Wwiglom], mean glomernular valume [MGY), and glomerular
density were measured. Serum creatinine and urea ware as-
sessad preoperatively, 10 days after surgery, and before eu-
thanasia. Reswfts: There was no significant difference among
groups with regard to remal function. Renal weight and wol-

urne ware similar among groups. Alsa, no difference was ob-
sarved between the groups with regard to Wiglom], MGV,
and glomerular density, both when compared to its right
contral or when left kidneys were compared. Conclusions:
Salective arterial clamping technigue was neither suparior
mor inferior to main artery clamping. 5 2017 5. Kargar A5, Basel

Introduction

Partial nephrectomy (PN} has been performed to treat
small renal masses with similar oncological outcomes to
radical nephrectomy and less morbidity [1, 2]. Moreover,
PN is a nephron-sparing technique, which preserves the
renal tissue that it is not affected by the tumor, keeping
healthy nephrons that would be lost in the radical surgery.
Om the other hand, the warm ischemia (W1) regularly
used during the PN in order to obtain a bloodless field,
can affect the renal function after PN [3]. Thus, parenchy-
mal damage resulting from W1 is a big dilemma during
B [4].

Recently, different methods for aveiding WI in the
whole kidney, by off-clamp [5] or selective arterial clamp-
ing, are being increasingly used [&, 7], restricting the isch-
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Fig. 1. Laparoscopic view of the pig left kidney submitted to a se-
lective warm ischemia. The vascular clamp is applied to the caudal
branch of renal artery, resulting in the ischemia of the caudal pole,
which is confirmed by visualization of the different colors of the
cranial and caudal poles.

emia to the resected area. While selective clamping tech-
niques have been associated with a better postoperative
renal function in comparison to renal artery occlusion by
some studies [8-10], other researchers have contested
these results [11, 12]. However, these studies were based
only on functional outcomes, and there is no quantitative
morphological investigation of kidneys after selective
ischemia. When evaluating renal function in patients
with 2 kidneys, the healthy kidney can compensate the
renal function outcomes. Some authors points that stud-
ies of renal function in patients or solitary kidney porcine
models [8] would provide the most objective results to
evaluate the renal damage caused by the WI. On the oth-
er hand, animal models with 2 kidneys are useful to eval-
uate the real renal damage because the quantitative anal-
ysis of glomeruli of the ischemic kidney compared to the
contralateral kidney without ischemia can be done.

It was already demonstrated that rats [13] and pigs
[14] undergoing WI exhibited a significant decrease in
the number of glomeruli, even without impaired renal
function. Thus, the quantitative analysis of glomeruli can
be used as an important tool for assessing renal injury
promoted by the W1, since it is an objective evaluation of
the kidney that underwent W1

The hypothesis of the present study was that selective
arterial occlusion would be deleterious to the correspond-
ing ischemic area, while the non-ischemic renal paren-
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chyma would not be affected. Therefore, the aim of this
research was to evaluate the glomerular injury in isch-
emicand non-ischemic areas after selective arterial occlu-
sion by using quantitative analysis of glomeruli, and to
compare with main arterial clamping and sham-operated
animals.

Materials and Methods

All experiments were performed in accordance with the
Brazilian kaw for scientific use of animals, and this project was for-
mally approved by the local Ethics Committee. The animals were
kept in a collective stall sand received water and commercial diet
ad libitum.

Twenty-four male pigs weighing 20 kg (mean) were used in this
study. The animals were r. ly | in to 3 experimental
groups with 8 animals in each. All animals in each group under-
went video laparoscopy. Animals from group sham were submit-
ted to hilar dissection without vascular clamping, while animals
from the group of arterial clamping (A) were submitted to tempo-
rary occlusion of the left renal artery and animals from group of
selective clamping (S) were submitted to temporary occlusion of
the caudal branch of the left renal artery. As known, the renal ar-
tery in pigs divides into cranial and caudal branches in 93.4% of
the cases, supplying cranial and caudal pole respectively [15].
Cranial branch of the renal artery supplies 50% of the renal paren-
chyma on average, while the caudal branch supplies 42% [16].
Therefore, by clamping the caudal branch of renal artery, we pro-
moted a selective ischemia of the caudal renal pole, which was con-
firmed intraoperatively by visualization of the parenchymal color
change, limited to caudal pole, as seen in Figure 1. Thus, animals
from group S had an ischemic caudal pole (Sca) and a non-isch-
emic cranial pole (Scr) of the left kidney, which were analyzed as
different groups for stereological parameters.

After anesthesia, animals were placed in right lateral decubitus.
A laparoscopic approach with 3 trocars was used to access the left
kidney. After hilar dissection and identification of the renal artery,
vein, and ureter, the animals were submitted to vascular occlusion
or not according to each experimental group. The laparoscopic
vascular clamp was used on renal artery for promoting Wl in ani-
mals from group A. In animals from group S, only the caudal
branch of the renal artery was clamped and in animals from group
sham, no ischemia was done. The ischemia was maintained for a
m::)d of 30 min. After this period, the clamp was opened and the

idney recovered the normal color again, so, abdominal laparo-
scopic portals were closed. The right kidneys were not manipu-
lated during the experiment and were used as controls.

All animals received analgesia for 24 h after surgery. Food and
water were given ad libitum 6 h after the end of surgery. The re-
covery of normal ambulation occurred up to 12 h after the proce-
dure. After 21 days, all animals were submitted to euthanasia by
thiopental overdose. Both left and right kidneys were removed and
fixed by immersion in 4% buffered formaldehyde. After dissection,
each kidney was weighed and their volume was determined by
Scherle method [17].

Fragments of the renal cortex were collected from caudal pole
of all kidneys. In organs removed from group §, fragments from

Bechara/Damasceno-Ferreira/ Abreu/
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Table 1. Weight and volume of kidneys from pigs submitted o sham surgery or o left renal arterial or selective ischemia for 30 min

Sham Group A Group &
Kidrey weight, g 59454 56.746.7 0.53 5701235 569451 07 ShGL6F 5. 9456 0.8z
Kidney valume, mL 555440 S5ELTG 0.58 549831 54 5449 07y 546265 54,9463 08z

Data expressed as mean £ 50

Table . Stereological data of kidneys from pigs submitted to sham surgery or 1o lefi renal arterial or selective ischemia for M min

Shan Group A Growp 5
Tight left palue  rmighe left palue  right left Cr pyvalue  leftCd pvalue
Vv[glom, % 437£01 439202 D.E9 440£00  441=z02  DED 4A40£02 433z02 049 415£03 011
MGY, LD pen? 15.Ha£0.5  13H1=UH [LHY 132505  1566zlle el 139104 1570=0.2 071 1366808 137
Glomerular
density, fmm* 3L57E1LH S1HI=Z3  ILHI 3151434 BZE5=1H heY 31.94£18  3lelzl7 W71 F55£3 8 3T

Dt expressed as mean £ 50 Cr, cramial pale: Cl candal pole; Ve[ glom|, glomerular volume density; MGY, mean glomerular velume

the cranial pole {which corresponds ta the region not submitted 1o
mchermia) were also collected. Thus, there are 2 :ru]:gruups af the
group & (selective clamping groupl: one for which samples were
collected From the caudal pole (Sca) and another one for which
sumples were collected from the crandal pole (Scr).

All samples were processed by histdogical routine methads for
sterenlogical analysis. The specimens were embedded in paraffin,
sectioned 21 5-pm thickness, and stained by hematoxylin and eo-
dn. Twenty-five histological fields, randomly ohiained from dif-
ferent sections of the remal cortex, were :u:qmred frim each group
with a ﬂi.ﬁi.tﬂ camera {DFT0, Qlympus, Tokyo, Japan) coupled 1
a microscope (BX51, Olympus).

Glomerular volume densaty (¥v[glom|), which indicates the
volume occupied by glomeruli into the cortex, was estimated by
the point-counting technigue with a M42 test system [ 14, 18], For
this, a test grid with 21 lines and 42 point was digitally supesim-
pused to the histological Geld. Then, each of these 42 puinis was
counted as positive il they were over an glomeruli. The number of
puints hitting glomerulus is dived by 42 (the total number of
puinis) tooblxin the Vv [glom], expressed in percentage. The mean
glomeralar volume (MGY) was estimated wath the peint-sampled
intercepts method, analyzing at least 30 glomeruli pﬂﬂ“ﬂl‘p 14,
17]. For this, the histological images were rotated in ran angles
and a systermn of parallel lines was digitally superimpesed Lo the im-
age. Furthermuore, the glomerulus crossed by these lines was mea-
sured with 2 32-mm bng logarithmic ruler composed of a series ol
15 classes. Each individual intercept was cubed, and the mean of
all values was multiplied by a/3 in every case Lo oblain the MGV
The ghomerular density, expressed as the number of glsmeruli per
cubic millimeter of renal cortex, was cleulated by dividing the
Wilglom] by the MGV [14]. All sterealogic evaluations were as-
s with the Imnﬂ\el seltware (version 1.46r, NIH, Bethesda,
ML, USA).

Arterial v Selective Renal W1

Blood samples of all animals were oblained before surgery,
1 days after surgery and immediately prios to euthanasia, 21 days
alter surgery. Serum creatinine and wrea levels were determined in
these camples.

For each morphelogic parameter, left kidreys were compared
to right argans of each group using the Student ¢ test. One way
ANOVA with Bonferroni's post test was wsed for comparing the
left kadneys of all groups. For some parameters, the lefl kidneys of
5 group were analyzed separately as left-cranial and lefi-caudal
groups. For all analyses, 2-tailed tests were uwsed. All analyses were
performed wang the GraphPad Prism 5.0 seftware {GraphPad
Sofware, San Diego, CA, USA). Mean differences were considered
significant at g < .05 All resulls are presented as means + 500,

Results

The left kidneys weight and volume were not ditferent
from right kidneys, in all groups. Similarly, the right and
left weight and volume were similar among the left kidney
for all groups (Table 1).

Also, no difference was observed among the groups as
regards to Vv[glom], MGV, and glomerular density, both
in comparison to its right control and when left kidneys
were compared. The numerical results are present in
Table 2.

Serum creatinine and wrea on the preoperative sam-
ples were 115 and 380 mg/dL for group sham; 1.21 and
357 mg/dL for group A; and 1.20 and 397 mg/dL for

Ural Int 3
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group % On the postoperative day 10, the serum creati-
nine was (.95 mg/dL and urea was 39.2 mg/dL for group
sham; 0.96 and 386 mg/dL for group &; and 0.95 and
39.7 mg/dL for group 5. After 21 days from surgery,
the serum creatinine was 1.15 mg/dL and urea was 37.0
mg/dL for group sham; 1.13 and 37.7 mg/dL for group A;
and 1.1 and 37.5 mg/dL for group 5. There was no sig-
nificant difference in creatinine and urea serum levels at
different times of withdrawal.

Discussion

Bleeding control during PN can be achieved in several
ways [5-7], but vascular clamping is still the most impor-
tant manewver used for this purpose [19]. Although renal
ischemia improves the surgical field, it remains a concern
as it represents the most frequent cause of acute and
chronic renal failure [3, 4]. The present study brings in-
formation on how different clamping technigues influ-
ence the kidney morphometric and functional parame-
bers.

Dicspite previous experimental studics showing that
W1 alters the normal kidney morphology with reduction
of glomerular density [14], this study used en bloc (arte-
riovenous) clamping. In the present study, we used only
arterial or selective ischemia, and this may explain why
group A did not show different results from group sham.
Thizs corroborates the findings of Bagetti-Filho et al [13]
wha showed that arterial ischemia does not significantly
reduce these same glomeruli parameters in a rat model.
Even atter 30 min of W1 in this swine model, we did not
ohserve any significant damage to kidney morphology or
function when compared to its contralateral or to sham-
operated organ. The present data suggest that glomeruli
damage is minimal when the period of WL by arterial
clamping, is less than 30 min.

Selective artery clamp techniques were developed as
alternatives to the main renal vessels clamp approach.
Although recent studies demonstrated the advantage of
selective branch artery clamping over main artery clamp-
ing in preserving renal fanction [9, 10], there is contro-
versy regarding the clinical efficacy [11, 12]. In the pres-
cnt study, it was demonstrated that selective ischemia was
not superior (nor inferior) to main renal artery clamping
in the swine model.

In order to establish selective ischemia, the renal
pedicle should be dissected throughout and intrarenal
dissection is sometimes also needed. This adds techni-
cal difficulties, increased risk of bleeding, and higher

q Urod Tt
DO 100155 00456762

surgical time to the procedure. As no advantage comes
with selective ischemia, it is possible to think that main
artery clamping should be favored over selective isch-
emia. However, on the evaluated parameters of this
study, no disadvantage of selective ischemia was noted,
and thus we should not discourage the use of this
technigue.

A porcine study showed less renal damage in kidneys
submitted to selective ischemia when compared to those
with arterial clamping. This was demonstrated by lower
serum creatinine levels during the first weck after surgery
[8]. However, the renal damage seen after 60 and 90 min
of ischemia was documented only by functional methods
[&]. It was already shown, in different experimental mod-
els [14, 18], that functional tests are less sensitive than
stereological analysis for detecting renal alterations. Thus,
the primary hypothesis of the present study was that it
would be possible to demonstrate glomerular losses in
kidneys submitted to 30 min of WL

Functional tests such as serum urea and creatinine lev-
els and glomerular filtration rate are commaonly used to
assess the effects of W during PM in clinical and experi-
mental studies. However, many times the short-term re-
nal function is not altered even after a great loss of glom-
eruli [14, 17]. and thus, stereological studies should be
favored. To the best of our knowledge, this is the first
study to objectively investigate the glomeruli morphology
after selective arterial clamping.

The main purpose of nephron sparing surgery is to
preserve as many nephrons as possible while treating the
renal tumor. In this regard, an objective assessment of the
glomeruli may accurately identify the functional units
that were damaged during WL Stereological methods
such as those used in our study reduce sampling bias and
may increase acouracy in identifying irreversible kidney
damage after ischemic injury [14, 18, 20].

The WI time designed for the present study corre-
sponds to the maximum recommended time for clinical
settings [21]. Some literature even advocates that W1 time
should not be higher than 20 or 25 min [21, 22]. For the
same reason, longer W times were not the primary ob-
jective of this study. However, considering that in some
cases, WI may be much higher than 30 min, it would be
important to study the glomerular injury after selective
arterial ecclusion for longer ischemia times.

Future studies investigating the effects of ditferent
methods of renal ischemia are warranted. For instance, it
is not known if selective ischemia would have advantages
on 4 renal insufficiency or single kidney model. Further-
maore, super-selective clamping techniques may have
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advantages as less kidney parenchyma is submitted to
ischemia.

We should point out that this is an animal study and
its results should not be directly transposed to humans.
Although the swine is the most adequate model for com-
parizon to human kidney anatomy and physiology [15,
20, 23], this is still an experimental setting and therefore
different from the clinical practice. Furthermore, these
animals were healthy individuals, without renal tumor or
any other medical condition that, again, does not repre-
sent the patients submitted to PR

Based on this porcine model study, arterial or selective
ischemia for 30 min does not promote detrimental al-
teration in kidney morphology and function. Selective
arterial clamping technique was neither superior nor in-

ferior to main artery clamping. More studies are need-
ed to confirm these issues and correlate with clinical
practice.
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