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RESUMO

TRATAMENTO DA INFECCAO POR Dioctophyme renale VIA NEFRECTOMIA EM
CAES: EM BUSCA DO ESTADO DA ARTE

AUTORA: Pamela Caye
ORIENTADOR: Prof. Dr. Mauricio Veloso Brun

A infeccdo por Dioctophyme renale ¢ denominada dioctofimatose, uma doenca cronica e
degenerativa que comumente cursa com a destruicdo irreversivel do parénquima renal.
Conhecido como “verme gigante do rim”, o nematédeo D. renale tem coloragéo avermelhada,
atinge até 100 cm de comprimento e tem predilecio natural pelo rim direito. E frequentemente
diagnosticado em cdes no sul do Brasil, por meio de técnicas de analise de urina e
ultrassonografia abdominal. O procedimento cirdrgico é preconizado no tratamento da
infeccdo, uma vez que a doenca ndo responde as terapias antiparasitarias habituais.
Frequentemente, pacientes afetados apresentam destrui¢do total do parénquima renal, sendo
submetidos a nefrectomia terapéutica. Embora haja diversos relatos de cirurgias para o
tratamento da parasitose, ndo ha, na literatura atual, estudos com grandes grupos de pacientes e
consolidacdo nas recomendacdes terapéuticas para cdes parasitados. A oxigenoterapia
hiperbarica (HBOT) é uma modalidade terapéutica, baseada na oferta de oxigénio a 100% em
ambiente hiperbarico, em crescente ascensdao na Medicina Veterinaria. Estudos sugerem a
contribuicdo na reducdo do estresse inflamatdrio, no estimulo a cicatrizagdo, na potencializaco
de antimicrobianos e também na protecdo renal e hepética frente a eventos de isquemia e
reperfusdo. Assim, o0 objetivo deste estudo foi reunir casos cirargicos de cdes naturalmente
parasitados por D. renale e submetidos a terapia cirargica, pelas técnicas convencional e
videocirargica. Também, analisar a acdo da oxigenoterapia hiperbarica em dois cées
parasitados, submetidos a duas sessdes de 2 ATA durante 30 minutos, como pré-
condicionamento cirdrgico. O Artigo 1 reuniu 52 caes com D. renale em rim direito submetidos
a nefrectomia convencional, sendo 61,5% dos animais assintomaticos. O intervalo entre o
diagnostico e a cirurgia foi de 27,4+23 dias e ndo houve nenhuma emergéncia cirurgica. O
acesso abdominal paracostal direito foi mais frequente e as complicacbes transoperatdrias
ocorreram em 9,6% dos procedimentos. A média de sobrevivéncia pds-operatoria foi de
835.5+428 dias. O Artigo 2 relatou o caso de dois cédes submetidos a duas sessdes de HBOT
previamente a nefrectomia terapéutica. Os pacientes apresentaram resultados variados, com
melhora da série vermelha e declinio do fibrinogénio em um paciente e declinio da série
vermelha e aumento do fibrinogénio no outro paciente. Ja a série branca e a contagem de
plaquetas diminuiram em ambos os casos. O Artigo 3 descreve a aplicacdo de nefrectomia
laparoscopica em 15 cdes realizadas em sete instituicGes brasileiras. Foram descritas trés
técnicas de acesso a cavidade abdominal, sendo mais frequente o uso de portais de disposi¢édo
triangular no flanco direito. A forma de hemostasia mais utilizada foi a aplicacao de clipes de
titanio no hilo renal. Os procedimentos foram eficazes em todos 0s pacientes e permitiram a
remocgdo do rim e dos parasitos, sendo uma técnica altamente recomendada pelos autores.
Conclui-se que a terapia videocirurgica da dioctofimatose é segura e aplicavel e que a doenca
ndo se caracteriza como uma emergéncia cirirgica. A HBOT se mostra potencialmente benéfica
na estabilizacdo de pacientes com dioctofimatose.

Palavras-chave: Dioctofimose. Dioctofimatose. Verme gigante do rim. Videocirurgia



ABSTRACT

TREATMENT OF INFECTION BY Dioctophyme renale VIA NEPHRECTOMY IN
DOGS: IN SEARCH OF THE STATE OF THE ART

AUTHOR: Pamela Caye
ADVISOR: Prof. Dr. Mauricio Veloso Brun

Infection by Dioctophyme renale is called dioctophymatosis, a chronic and degenerative
disease that commonly leads to irreversible destruction of the renal parenchyma. Known as the
“giant kidney worm”, the nematode D. renale is reddish in color and reaches up to 100 cm in
length, with a natural predilection for the right kidney. It is often diagnosed in dogs in the south
of the Brazil, through techniques of urinalysis and abdominal ultrasound. The surgical
procedure is recommended in the treatment of infection, since the disease does not respond to
usual antiparasitic therapies. Often, affected patients present with total destruction of the renal
parenchyma, being submitted to therapeutic nephrectomy. Although there are several reports
of surgeries for the treatment of parasitosis, there are no studies in the current literature with
large groups of patients and consolidation of therapeutic recommendations for parasitized dogs.
Hyperbaric oxygen therapy (HBOT) is a therapeutic modality based on the provision of 100%
oxygen in a hyperbaric environment, which is on the rise in Veterinary Medicine. Studies
suggest its participation in reducing inflammatory stress, stimulating healing, potentiating
antimicrobials and also in renal and hepatic protection against ischemia and reperfusion events.
Thus, the objective of this study was to gather surgical cases of dogs naturally parasitized by
D. renale and submitted to surgical therapy, using conventional and video-surgical techniques.
Also, to analyze the action of hyperbaric oxygen therapy in two parasitized dogs, submitted to
two sessions of 2 ATA for 30 minutes, as surgical preconditioning. Article 1 gathered 52 dogs
with D. renale in the right kidney submitted to conventional nephrectomy, 61.5% of which
were asymptomatic. The interval between diagnosis and surgery was 27.4+23 days and there
was no surgical emergency. The right paracostal abdominal approach was more frequent and
intraoperative complications occurred in 9.6% of the procedures. The mean postoperative
survival was 835.5+428 days. Article 2 reported the case of two dogs submitted to two sessions
of HBOT before performing therapeutic nephrectomy. Patients presented varied results, with
improvement in the red series and decline in fibrinogen in case 1 and decline in the red series
and increase in fibrinogen in case 2. On the other hand, the white series and platelet counts
decreased in both cases. Article 3 describes the application of laparoscopic nephrectomy in 15
dogs performed in seven Brazilian institutions. Three techniques for accessing the abdominal
cavity were described, with the most frequent use of portals with a triangular arrangement on
the right flank. The most used form of hemostasis was the application of titanium clips in the
renal hilum. The procedures were effective in all patients and allowed the removal of the kidney
and parasites, being a technique highly recommended by the authors. It is concluded that the
surgical therapy of dioctophymatosis is safe and applicable and that the disease is not
characterized as a surgical emergency. HBOT is potentially beneficial in stabilizing patients
with dioctophymosis.

Key-words: Dioctophymosis. Dioctophymatosis. Giant kidney worm. Videosurgery,
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1. INTRODUCAO

1.1. Dioctophyme renale

O parasito Dioctophyme renale (Goeze, 1782) € um nematodeo de carnivoros, agente
causador da dioctofimatose (PEDRASSANI, Daniela; NASCIMENTO, 2015). Os parasitos sdo
vermelhos e as fémeas podem atingir 100 cm, por isso sdo popularmente conhecidos como
“verme gigante do rim” (MEASURES, 2001). E uma espécie com diferenciagio sexual, onde
0s machos sdo identificados macroscopicamente pela presenca de uma bolsa copuladora na
extremidade posterior (SAARI; NAREAHO; NIKANDER, 2018).

Os carnivoros sdo os hospedeiros definitivos (HD) da parasitose, representados por caes,
gatos, quatis, furdes, lobos-guara e guaxinins (MEASURES, 2001). Com predilecdo pelo rim
direito dos HD, o parasito causa destruicdo tecidual cronica e leva a perda funcional do 6rgao
(PEDRASSANI; NASCIMENTO, 2015). E uma zoonose que pode causar a morte em pacientes
humanos (LIE et al., 2010).

As fémeas de D. renale eliminam ovos amarelados, elipticos, de casca rugosa e com
plugues bipolares. Os ovos apresentam um comprimento médio de 67,23 um e largura de 42,78
pm e sdo eliminados pela urina (PEDRASSANI, D. et al., 2009). O ciclo bioldgico da doenca
é complexo, envolvendo o embrionamento de ovos em ambiente aquatico e a presenca de um

hospedeiro intermediario, o anelideo aquatico Lumbriculus variegatus.

Pode ocorrer participacdo de hospedeiros paraténicos, como peixes e Sapos
(MEASURES, 2001). O diagnostico da doenca ocorre, comumente, pela visualizagdo de ovos
no sedimento urinario (PEDRASSANI, D. et al., 2009). A ultrassonografia € um método eficaz
para a visualizacdo de parasitos no interior renal e, também, em outras regides anatdmicas. S&o
evidenciadas estruturas cilindricas de bordos hiperecogénicos e centro hipoecogeénico,

patognomdmicas para o parasitismo por D. renale (CAYE et al., 2020a).

Os sinais clinicos apresentados séo diversos, incluindo fraqueza, anorexia, dor a
palpacéo, ascite e disdria. Contudo, em sua grande maioria, 0s pacientes sdo assintomaticos. A
evolucdo da doenca pode levar a doenca renal cronica (PEDRASSANI; NASCIMENTO, 2015).

O parasito causa extensa destruicao tecidual no 6rgdo parasitado, levando a atrofia do

parénquima renal e até mesmo hidronefrose e hidroureter. Microscopicamente, evidencia-se a
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substituicdo do parénquima por tecido fibroso, a presenca de ovos e de resposta tecidual
inflamatoria, caracterizada como nefrite (SAPIN, C. D. F. et al., 2017). O tratamento
preconizado para a dioctofimatose é cirdrgico, com nefrectomia ou nefrotomia do rim
parasitado (BRUN, 2020) ou remocao do parasito quando em outros sitios anatdmicos (CAYE
et al., 2020a).

A anemia é uma das alteracbes hematologicas relatadas em cdes com D. renale
(MEASURES, 2001; PEDRASSANI, NASCIMENTO, 2015), no entanto, ndo ¢ diagnosticada
em todos os pacientes (CAYE et al., 2020a; MESQUITA et al., 2014). E comum que animais
com a parasitose apresentem hematuria e ovos no sedimento urinério (CAYE et al., 2020a).
Animais parasitados e tratados com nefrectomia podem apresentar resposta inflamatoria

transitdria, incluindo o aumento de proteinas de fase aguda (SCHMIDT et al., 2016).

O tratamento cirurgico da dioctofimatose é amplamente aplicado em diversas regides
do mundo, tanto por técnica convencional (AMARAL; SANTOS; DE ANDRADE, 2020;
BUTTI, Marcos Javier et al., 2020; CAYE et al., 2020b, 2021; FERREIRA et al., 2010; KEY
et al., 1854; MISTIERI et al., 2019; PEDRASSANI, et al., 2014) quanto por videocirurgia
(BRUN, 2020; BRUN et al., 2002; HART et al., 2020; SECCHI et al., 2010). Ainda assim, s&o
escassos 0s estudos clinico-cirdrgicos com grupos expressivos de animais, haja vista a rara

ocorréncia em grande parte das regides.

Os procedimentos cirurgicos desencadeiam respostas inflamatdrias diretamente
relacionadas a amplitude do trauma cirdrgico (BASSO et al., 2014; DALMOLIN et al., 2016;
KJELGAARD-HANSEN et al., 2013). E comprovado que os procedimentos videocirirgicos
causam menor resposta inflamatoria (KJELGAARD-HANSEN et al., 2013; OLIVEIRA,
2015). No entanto, procedimentos videocirdrgicos com tempo cirdrgico elevado também séo

associados a maior resposta inflamatéria (FREEMAN et al., 2010).

As lesdes causadas pelo evento de isquemia-reperfusdo (I/R) sdo comprovadas nas
laparoscopias como consequéncia do pneumoperiténio utilizado para insuflacdo da cavidade
peritoneal (ARSALANI-ZADEH et al., 2011), com objetivo de ampliar a visualizagdo das
estruturas. As principais alteracdes ocorrem com o0 uso de pneumoperitdnio em pressoes
elevadas, proximas de 15 mmHg (LEDUC; MITCHELL, 2006). A isquemia ocorre no
momento em que a pressdo da cavidade é aumentada, causando isquemia esplancnica. Ja a
reperfusdo ocorre ap6s a normalizagdo da pressdo intra-abdominal. Por este fato a laparoscopia

é dita como um modelo de isquemia-reperfusdo. O evento de I/R é o principal causador de
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alteracOes no estresse oxidativo e inflamagdo em procedimentos laparoscopicos (BAYSAL et
al., 2009).

1.2. OXIGENOTERAPIA HIPERBARICA

Ha estudos que sugerem que as lesdes teciduais causadas por isquemia-reperfusao
podem ser prevenidas com uso da oxigenoterapia hiperbarica (HBOT) (HENTIA et al., 2018;
ILHAN et al., 2012; RAMALHO et al., 2012). A HBOT consiste em um tratamento com uma
atmosfera pressurizada de oxigénio a 100%. As terapias séo realizadas em camaras especificas,
gue acomodam 0s pacientes em seu interior e realizam a pressurizacdo e troca gasosa para uso
do Oz medicinal a 100%. Os protocolos de HBOT sdo muito variados, frequentemente
realizados entre 2.0 e 3.0 ATA (atmosfera total absoluta) (BRASWELL; CROWE, 2012).

Quando submetido ao tratamento, 0 paciente apresenta aumento na fracéo inspirada de
O2, porque ocorre aumento na pressao parcial de oxigénio devido a alta pressao (Lei de Dalton).
Isto leva ao aumento na densidade de moléculas de oxigénio nos alvéolos, sendo difundidos
pelos capilares (Lei de Boyle). Como ha aumento na pressao parcial de oxigénio alveolar e os
gases se difundem de areas de maior para menor pressao, mais moléculas de Oz se difundem
pelos alvéolos até o sangue (Lei de Graham). Além disso, a alta densidade e pressdo de Oz nos
alvéolos leva ao aumento da solubilidade de oxigénio no sangue (Lei de Henry), aumentando a
pressao parcial de oxigénio arterial. Com isso, ha incremento da difusdo de O pelo endotélio
capilar, chegando ao espaco intersticial e ao compartimento intracelular (BRASWELL,;
CROWE, 2012).

Os beneficios da HBOT incluem a hiperoxigenacéo tecidual, aumento da capacidade de
defesa de leucdcitos, modulacdo do fator de crescimento e da acdo de citocinas. Além disso,
potencializa a acdo de alguns antibioticos e diminui o edema vasogénico. Possui diversas
indicacbes, como sepse, peritonite, osteomielite, tromboembolismo, e em condigdes
caracterizadas por isquemia, como dilatacdo vélvulo-gastrica, traumas e apos a RCCP. Por
aumentar a proliferacdo de fibroblastos, é recomendada também para o tratamento de feridas,
flapes cuténeos e lesdes por radiagdo (BRASWELL; CROWE, 2012).

Ao conhecimento dos autores, ndo sdo encontradas, na literatura vigente, informagoes

robustas sobre a agdo da HBOT nos padrdes hematologicos de cdes. Em ratos submetidos a
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HBOT para atenuar as lesdes de I/R houve queda no valores de creatinina e ureia, quando
comparados a animais sem tratamento hiperbarico (RAMALHO et al., 2012; SOLMAZGUL et
al., 2007). Ratos pré-condicionados com HBOT submetidos a lesdo de I/R apresentaram menor
estresse oxidativo, menores dosagens de ureia e creatinina, aléem de elevacéo significativa de
hemeoxigenase-1 (HO-1) (HE et al., 2011). A HO-1 é a ultima enzima envolvida na degradacdo
do heme livre e apresentou papel citoprotetor renal em animais pré-tratados com Hemin, uma

substancia que induz a sua producao (COSTA et al., 2009).

A HBOT ndo causou diferencas na resposta inflamatoria de cadelas submetidas a
ovario-histerectomia e tratadas apds o procedimento (GAUTIER et al., 2020). No entanto, ndo
sdo encontradas pesquisas que avaliem o pré-condicionamento de cées antes de procedimentos
cirdrgicos, como ovario-histerectomia ou nefrectomia. Também ndo ha avaliacbes sobre o
tratamento prévio com HBOT em cées com alteracdes renais submetidos a eventos de I/R, nem
em cdes parasitados por D. renale.

Embora o parasito D. renale seja descrito por Johann Goeze desde 1782 e a terapéutica
da dioctofimatose tenha evoluido muito desde entdo, ainda hd uma grande lacuna quanto as
reais recomendac0es clinico-cirtrgicas de estabilizacdo e tratamento efetivo dos pacientes
afetados. Na rotina clinica veterinaria a auséncia de recomendacdes fundamentadas dificulta o
atendimento de pacientes parasitados e favorece a disseminacdo de informacdes sem
embasamento cientifico. Os principais questionamentos sdo quanto as técnicas cirurgicas, a
possibilidade de estabilizacdo pré-operatéria e a necessidade de enquadrar a parasitose como

uma urgéncia operatoria.

1.3. OBJETIVOS

Partindo desta necessidade, o presente estudo prop8e a analise de duas modalidades
cirurgicas de nefrectomia, a convencional e a videocirurgica. Para tanto, foi realizado um estudo
retrospectivo multi-institucional a fim de se analisar os dados de cées submetidos a nefrectomia
direita. Foram incluidas avaliacBes epidemiologicas, clinicas, anestésicas, cirlrgicas e
parasitologicas na andlise, objetivando integrar os dados e obter informacdes essenciais para

direcionar a terapia da dioctofimatose. Ainda, foram incluidos dois relatos de caso de cées
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atendidos na rotina cirdrgica do HVU-UFSM e pré-condicionados com HBOT, que

apresentaram resultados promissores para a estabilizacdo pré-operatéria desta patologia.

Assim, esta dissertacdo tem como objetivo reunir informacdes no que concerne a terapia
da infeccdo por D. renale e contribuir para a definicdo de condutas clinico-cirargicas que
permitam a estabilizacdo e o eficaz tratamento de cdes parasitados, contribuindo para a busca

do estado da arte do tratamento da dioctofimatose.
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Abstract

Objective: To evaluate the epidemiological, clinical, and surgical aspects, the interval
between diagnosis and treatment, the occurrence of pre- and intraoperative complications,
and the postoperative survival time of dogs parasitized by Dioctophyme renale undergoing

therapeutic nephrectomy.

Study design: Retrospective study.

Animals: Fifty-two dogs treated in a single hospital service.

Methods: We collected epidemiological data, laboratory results, diagnostic method,
anesthetic protocol, surgical technique and time, type of antimicrobial prophylaxis, pre-
and intraoperative complications, location and number of parasites, and postoperative

survival time.

Results: Of the 52 dogs undergoing right nephrectomy by laparotomy, 61.5% were female
and 63.4% were adults. Although the most common clinical sign was hematuria (25%),
61.5% of the patients were asymptomatic. Eosinophilia and increased serum urea were the
only laboratory changes found. The interval between diagnosis and surgery was 27.4+23
days and no patient showed changes suggestive of surgical emergency. The most common
surgical approach was the right paracostal (61.5%), and a continuous suture pattern was
predominant. Intraoperative complications occurred in 9.6% of the procedures, varying

from mild to severe hemorrhage. Mean postoperative survival was 835.5+428 days.
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Conclusion: Dioctophymosis was effectively controlled by nephrectomy of the affected
kidney, allowing a mean survival of more than 830 days. No serious complications caused

by intervals between diagnosis and treatment have been reported.

Impact: This is the largest retrospective study evaluating dogs infected with D. renale that
were surgically treated and provides evidence on the epidemiology, clinical changes,
diagnostic methods, intraoperative complications, and survival time of patients undergoing

therapeutic nephrectomy.
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1. Introduction

The giant kidney worm, Dioctophyme renale (D. renale) (Goeze, 1782), is a reddish-
colored nematode with an impressive size,[1] which can parasitize mammals such as
dogs,[2,3] cats,[4,5] coatis[6], among other species, including humans.[6-8] Having
worldwide distribution, it is found on all continents,[3] with a high incidence in dogs in
South America.[9] There are several reports of the parasitosis in Brazil, mainly in the South

region.[2,3,10-12]

D. renale can parasitize and destroy the kidney of its definitive hosts (DH).[1,13] Its
biological cycle is indirect and relies on the elimination of eggs in the urine of the DH and
the participation of an intermediate host (IH), Lumbriculus variegatus.[14] Fish and frogs
act as paratenic hosts (PH) by ingesting the contaminated IH.[1,13,14] Animals are infected

with DH when they ingest IH or PH containing the infective larva of D. renale.[1,13,14]

The diagnosis is made mainly by the presence of eggs in the urine[3,13,15] and imaging
exams, such as ultrasound and computed tomography.[16] Surgery is considered the
treatment of choice, either for the maintenance of the affected kidney by nephrotomy,[2]
or for its removal by nephrectomy.[17,18]Ectopic parasitosis manifests in different ways
in dogs, leading to the surgical removal of parasites from different sites, including the

abdominal cavity[2] and the chest cavity.[19]

Although the surgical approach is widely recommended, only few studies reporting small
groups of dogs undergoing therapeutic nephrectomy for dioctophymaosis are found in the
literature. The lack of in-depth studies on the treatment of the disease leads to inconsistency

in therapeutic approaches, especially on the urgency of performing the surgical procedure.
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We hypothesize that dioctophymosis manifests slowly and silently, with slight clinical
interference, and it is not routinely characterized as a surgical emergency due to these
characteristics. Thus, the present study retrospectively assessed the clinical, laboratory,
surgical repercussions, and postoperative survival time of dogs undergoing nephrectomy
for the treatment of D. renale infection, treated at a single veterinary hospital in southern

Brazil.
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2. Materials and methods

We retrospectively assessed the hospital records of patients treated at the Veterinary Clinics
Hospital of the Federal University of Pelotas (HCV — UFPel), southern region of the State
of Rio Grande do Sul, Brazil, from January 2012 to July 2021. Animals with parasitosis
caused by D. renale were selected, who underwent right nephrectomy by laparotomy, with
adequate hospital records and complementary tests. Animals with less than 75% of surgical

records completed were excluded.

2.1. Review of medical records

We collected epidemiological data [species, race, sex, age (pup <12 months; adult 13 to 96
months; elderly >96 months), weight, and medical history]; laboratory test results (blood
count and renal biochemistry); method and date of diagnosis; interval between diagnosis
and surgical procedure; anesthetic protocol (pre-anesthetic medication, induction,
maintenance, and intraoperative analgesia); surgical technique used (surgical approach
position, hemostasis technique, additional procedures and suture pattern); surgical time;
antimicrobial prophylaxis; pre- and intraoperative complications, and location and number

of removed parasites.

2.2.  Survival

The patients’ guardians were asked about postoperative survival time, date, and cause of
death (when applicable), aspect of the surgical access region and occurrence of
inflammation, erythema, painful sensation, or any changes observed in the area of surgery

within the period of follow-up of the patients.
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2.3.  Statistical analysis

Age parameters were compared by one-way ANOVA followed by Tukey's post-hoc test.
Other data were assessed using Pearson correlation. Values were considered significant
when p <0.05. The GraphPad Prism 6.0 software was used for statistical analysis and for

illustrations.
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3. Results

Ninety-nine records of patients parasitized by D. renale were found during the analyzed
period. Forty-seven records were excluded from the analysis due to factors such as ectopic
parasitosis without renal involvement, surgical treatment without right nephrectomy, and
inconsistency in data recording. Thus, 52 dogs undergoing right nephrectomy that met the

established inclusion criteria were assessed.

3.1. Epidemiology

Females (61.5%; n=32) were more affected compared to males (38.4%; n=20), as well as
adult dogs (63.4%; n=33) compared to puppies (21.2%; n=10) and elderly dogs (15.38%;
n=9). The assessment of breeds revealed that 84.6% of patients had no defined breed

(n=44). The mean animal weight was 14.6+6.95 kg (range 3.1-31.5 kg).

Stray animals corresponded to 46.1% (n=24) of the cases, 46.1% (n=24) were housed
animals and four dogs (7.6%) were from NGOs in the region. Within the category of housed
animals, 66.6% (n=14) were adopted without precise information of their past, four (19%)
had no such information recorded, three (14.2%) were strictly housed and three (14.2%)

were from a region of high social vulnerability.

3.2.  Clinical signs and laboratory tests

The main clinical symptomatology seen in 25% (n=13) of the patients was hematuria.
Other clinical signs possibly related to the parasitosis were cachexia, prostration or weight
loss (5.7%; n=3), abdominal pain or rigidity (3.8%; n=2), and dysuria (1.9%; n=1). A total

of 61.5% (n=32) of patients did not show any specific symptoms and were diagnosed
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incidentally during routine check-ups or complementary tests requested for other clinical
changes. The most frequent method of diagnosis was the ultrasound test (88.4%; n=46),
followed by urinalysis (9.6%; n=5). One medical record did not inform the method of

diagnosis (1.9%; n=1).

Hematological tests did not reveal important changes in the red blood cells (Table 1). The
only change observed in white cells was eosinophilia in puppies and adults. Although there
were statistical differences in the measurements of lymphocytes and monocytes between
groups, the parameters remained within the reference range for the species.[20] Although
urea and creatinine did not show significant differences between groups, urea was above

the reference range for all groups.[21]

3.3.  Anesthesia and surgery

Patients were referred for surgical treatment within a mean interval of 27.4+23 days.
During the waiting period, no serious complication led to an emergency surgical procedure.
However, one patient had hemoperitoneum, which was noted only during the surgical
procedure, requiring blood transfusion. A single patient had a partially putrefying parasite

perforating the renal parenchyma, causing local peritonitis.

The anesthetic protocols (Table 2) included the association between methadone and
acepromazine as the main pre-anesthetic medication, followed by methadone and morphine
associated with acepromazine. Anesthesia was induced with propofol in 73% of
procedures. Anesthesia was maintained with isoflurane. The most used intraoperative

anesthetic method was the administration of fentanyl bolus.
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Intraoperative antimicrobial coverage was achieved with IV cephalothin in 75% (n=39) of
patients, but ampicillin (17.3%; n=9) and ceftriaxone (1.9%; n=1) were also used. Three
cases had no information available on the previous use of antimicrobials. In the
postoperative period, 32.6% (n=17) of patients did not use antibiotics. When necessary,
they used enrofloxacin (15.3%; n=8), cephalothin (13.4%; n=7), or amoxicillin with
potassium clavulanate (13.4%; n=7). Other antibiotic formulations were administered in

15.3% (n=8) of patients and 9.6% (n=>5) did not have this information in the medical record.

Surgical approaches were performed in two ways, by right paracostal laparotomy, in 61.5%
(n=32) of patients, and by median retro-umbilical laparotomy, in 38.5% (n=20) of patients.
After inspection of the abdominal cavity, the renal hilum was dilated and adhesiolysis was
performed for the adhesions caused by parasite migration, followed by clamping,
sectioning, and ligation of the artery and renal vein (Figure 1A). Finally, the ureter was
isolated, ligated, and sectioned close to the vesical trigone (Figure 1B). In 100% of the
patients, the ligatures of the renal vessels and ureter were performed with a 0, 2-0 or 3-0

nylon thread, defined by the surgeon at the time of the procedure.

Thirty-four animals (65.3%) underwent concomitant procedures. The main procedures
associated with nephrectomies were elective, including ovary hysterectomy (23.5%; n=8)
and orchiectomy (20.6%; n=7). Renal or splenic biopsies (20.6%; n=7) and castration with
collection of renal or splenic biopsies (17.6%; n=6) were also associated with the
procedure. There was a need for association with other therapeutic and complex procedures
(17.6%; n=6), such as a transdiaphragmatic thoracotomy for the removal of a thoracic

parasite (previously published[19]) and a splenectomy with collection of liver biopsies in
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a patient later diagnosed with hemangiosarcoma. The total surgical time of the procedures
was recorded in 38 (73%) medical records. Nephrectomy was the only technique performed
in 18 (34.6%) patients, with a mean surgical time of 88.6£27.9 min. The mean surgical
time of nephrectomies associated with other procedures is shown in Figure 2, with a
statistical difference between the time taken for of nephrectomy and nephrectomy

associated with castration and biopsies.

Prior to suturing the abdominal cavity was inspected for the presence of free parasites,
which were removed when found. The suture pattern of the abdominal planes was recorded
in 49 procedures and are shown in Table 3. Muscle raffia of midline approaches was mainly
obtained in continuous single-layer suture patterns (simple continuous suture or Ford
interlocking suture), similarly to the raffia of paracostal approach. Sultan was the suture
pattern used in isolated stitches. Subcutaneous tissue was sutured 100% in a continuous
pattern in a single layer (simple continuous suture or Cushing) in both approaches. The
intradermal pattern was the most used in the skin closure. The muscle wall, subcutaneous,
and skin sutures were performed with nylon thread, varying between 0 and 3-0, 2-0 and 3-

0, 2-0, and 4-0, respectively.

3.4. Complications and survival

Intraoperative complications occurred in 9.6% (n=5) of the procedures, varying from mild
to severe blood loss. Ligation failure of the renal vessels occurred in two cases,, and in one
of them, there was moderate hemorrhage until the renal vein was re-clamped. There was
light bleeding in one of the renal biopsies, which was controlled with a renal capsule suture.

The most serious adverse event was the laceration of the caudal vena cava during the
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dilation of the renal hilum in one patient, leading to severe blood loss. In this case,
hemostasis was achieved by manual obstruction of blood flow and suturing of the vessel

wall. There were no deaths in the intraoperative or immediate postoperative periods.

Although the appearance of splanchnic structures has not been reported in most records, at
least one case had an intense inflammatory reaction in the greater omentum (Figure 1C).
Histopathological analysis of a fragment revealed granulomatous peritonitis, with eggs of
D. renale surrounded by inflammatory cells. All removed kidneys were inspected after the
procedure, and the parasites were identified as D. renale (Figure 1D). Free specimens were
found in the abdominal cavity in eight patients and one of them also had a parasite in the
chest (previously published[19]). The mean number of parasites per animal was 2.28, with
a minimum of one and a maximum of 10 specimens. Although the hematocrit decreased as
the number of parasites increased, this difference was not statistically significant (p=0.09)

(Figure 3).

Thirty-one guardians were contacted by telephone, and 24 patients were alive at the time
of contact (July/2021), with a mean survival of 835.5£428 days. The minimum and
maximum follow-up period after surgery were 203 days and 1833 days, respectively. Seven
patients died, of whom two died from complications of kidney disease, with 2002 and 263
days of survival after nephrectomy. Other causes of death included animal interaction (2/7),
epilepsy (1/7), and hemangiosarcoma (1/7). One guardian was unable to specify the cause
and time of death. Suture-related complications included nodular increase and suture line
sensitivity over a period of six months after surgery (1/31) and non-inflammatory and

painful formation of fibrous tissue (1/31). An elderly patient, with a survival of 1447 days,
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had an abdominal tumor in the right kidney, with significant vascular involvement and with
no possibility of diagnostic confirmation. In the other cases, complications observed by the

guardians were not reported, even before death.
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4, Discussion

The occurrence of dioctophymosis in dogs was not found to be an event requiring
immediate and emergency surgical intervention. There were few complications triggered
by the parasitosis. However, it is known that the disease can lead to serious complications,
especially in case of high parasite load[2,22] and bilateral kidney infection.[23] The main
complications occurred in the intraoperative period, due to the complexity of performing
nephrectomies. Although the authors do not consider deferring surgical treatment to be
ideal, the need to treat other pathologies and the financial limitations of guardians should

be considered when addressing individual cases.

Females were more affected than males, as well as mixed-breed animals, as already
reported by other authors.[11] However, studies from different locations have found that
males were more affected,[24,25] suggesting that there is no sexual predilection. Stray
animals are extremely susceptible to contamination, due to their poorly selective diet,
which favors the consumption of raw fish and frog meat (PH) and the intake of water
contaminated with IH.[1,3,11] Moreover, the patients in this study come from the southern
region of Rio Grande do Sul, which is the area with the highest number of cases of
dioctophymosis reported worldwide.[3] Studies in the region have found environmental
contamination by parasite eggs,[12] which confirms the high exposure of animals and

humans, as the disease is a zoonosis.[3,8,26]

In a previous study, including patients of this study, the urinalysis findings of 39 dogs
parasitized by D. renale were reported. This study showed changes in color and density,

occurrence of hematuria, and the presence of different casts in urine samples. Urinary
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changes serve as a warning for the investigation and diagnosis of dioctophymosis.[27]
Hematuria is reported as the main clinical sign by several authors, who also report the
occurrence of cachexia and abdominal pain.[1,3,6,13] Even though significant laboratory
changes have been reported,[2,28] in the animals of this study, only the urea dosage and
eosinophil count were outside the reference ranges for the species.[20] Although urea is a
renal biomarker, it is directly influenced by protein-rich diets and tissue injury with
hemorrhage,[29] which could likely cause the change in this parameter. Eosinophils act in
the immune response against helminth parasites, such as dioctophymosis.[20] The absence
of specific clinical symptoms and laboratory changes makes the diagnosis of the disease
challenging, which explains the high occurrence of incidental diagnoses in patients

undergoing routine assessments or assessments for other clinical complaints.

General anesthesia of dogs undergoing nephrectomy should be planned so as not to
intensify preexisting kidney damage, along with the assessment of the physiological
consequences of each drug included in the protocol.[30,31] The drug most used as
premedication was methadone, administered with or without acepromazine. Although
methadone is usually sufficient in calm-tempered dogs, in some cases, acepromazine is
included in the protocol for a better sedative effect. Even though acepromazine is
associated with hypotension, it does not change renal blood flow or glomerular filtration
rate, and can be used with caution.[30] The literature recommends induction with propofol
and maintenance with isoflurane, which was followed for most patients in this

study.[30,31]
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Seventeen patients (32.6%) did not receive postoperative antimicrobial therapy because
they did not show signs of infection in the hematological tests nor significant changes in
the surgical procedure. The report by Caye et al. (2020)[2] showed absence of bacterial
growth in samples collected from a dog with 34 parasites, 27 of which were free in the
abdominal cavity. Thus, antibiotic therapy should be instituted only after assessing the

changes found in each case.

Paracostal laparotomy, with an incision immediately caudal to the last rib, allows direct
access to the kidney.[32] Although several nephrectomy reports describe a ventral midline
incision,[4,16,25] the predominance of the paracostal approach in this study is mainly due
to the surgeons' preference and their familiarity with this technique. Although the
paracostal approach allows for better visualization of the operative field and easier access
to renal structures, it can be difficult to inspect the abdominal cavity and perform
concomitant procedures. The assessment of surgical time showed that it is possible to
perform other procedures concomitantly with nephrectomy, such as ovary hysterectomies
and orchiectomies, which are fundamental for population control, especially of stray dogs,

such as those seen in this study.

The intraoperative complications of nephrectomies for the treatment of dioctophymaosis are
not reported in the literature. Severe hemorrhagic complications, such as laceration of the
caudal vena cava and dislodgement of ligatures, highlight the risks and the need for
technically trained surgeons with mastery of vascular surgery techniques. Inflammatory

process and formation of adhesions are reported as a result of free parasites and the release
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of eggs in the abdominal cavity,[2] which can make surgical treatment more difficult and

lead to complications.

The abdominal suture planes were mostly in a continuous pattern, and proven to be safe
when well performed.[32] Although this study did not include short-term postoperative
assessments, due to inconsistency in the medical records, no record of severe dehiscence
with eventration or evisceration of patients was found, confirming the safety of the suture
techniques used. The nylon thread was used due to the institution's financial limitations
and, although it is associated with the formation of fistulas,[32] such complication was not
reported by any of the guardians. Nevertheless, the authors indicate the use of synthetic

absorbable sutures in the occlusion of laparotomies in dogs and vascular ligatures.[32,33]

Only two dogs had long-term complications associated with chronic kidney disease (CKD).
The development of CKD can be explained by the massive loss of nephrons and is reported
as a potential complication of dioctophimosis.[1,13] The main limitation of these results is
the lack of specific clinical assessment of the patients, as the only contact made was by
telephone. It may be that more patients have subclinical and undiagnosed CKD. Even so,
the present study showed a mean survival of 835 days postoperatively, which is considered
positive, and has been reported for the first time in a long-term follow-up of dogs with D.

renale.

The absence of hospital records was the main limitation of this study, as it is a retrospective
analysis. Furthermore, the impossibility of clinically reassessing the treated patients limited

the results of postoperative follow-up.
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Nephrectomy is an effective treatment procedure for dogs with D. renale, which increases
the chances of recovery and long-term survival. The authors consider it safe to establish
short intervals between diagnosis and treatment when this condition becomes necessary.
The subtle clinical and laboratory manifestations indicate the slow progression of the

disease, which need not be considered a surgical emergency.
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Figure legends

Figure 1 — Treatment of dioctophymosis by right nephrectomy in dogs. (A) Clamping of
renal vessels in surgery performed by the right paracostal approach. (B) Exteriorization of
the right kidney after sectioning renal vessels and adhesions; ureter after dissection (arrow).
(C) Omentum with granulomas and inflammatory process involving Dioctophyme renale
eggs; ventral midline surgical approach (D) Appearance of the interior of a kidney affected

by a female Dioctophyme renale.

Figure 2 — Time of surgical procedures performed in dogs undergoing nephrectomy for the
treatment of dioctophymosis. *Statistical difference (p<0.05). Abbreviations: N,
nephrectomy; NC, nephrectomy and castration; NB, nephrectomy and biopsy collection;
NCB, nephrectomy, castration, and biopsy collection; NO, nephrectomy and other

procedures.

Figure 3 — Comparison between hematocrit and number of Dioctophyme renale parasites

removed from surgically treated dogs.
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581  Table 1 — Hematological and biochemical evaluations of 52 dogs naturally parasitized by

582  Dioctophyme renale and surgically treated with nephrectomy

PUP ADULT ELDERLY
PARAMETER
(n=11) (n=33) (n=8)
RBC 5.89+0.63 6.25+1.27 6.32+1.46
Hemoglobin 12.67+1.27 13.1+2.79 13.74+3.54
Hematocrit 39.82+6.22 40.2548.32 41.57+11.33
Total leukocytes 1654314294 13496+5100 11957+5936
Neutrophils 8569+1154 917443695 866215177
Band Cells 27.2+57,35 21.6+51.42 40.57+69.52
Lymphocytes 38651064 2444+1277* 1849+761*
Monocytes 640332 401+332 133+123*
Eosinophils 14354625 1447+1122 779+465
Platelets 280000498000 3140004124000 2710004142000
Urea 34.71+11.73 38.9+13.,8 38.7+£9.32
Creatinine 0.97+0.10 0.85+0.21 0.77+0.28

583  Legend: Pup <12 months; adult 13 to 96 months; elderly >96 months. *Significant

584  difference for the “Pup” group. The data are expressed as Mean + Standard deviation from

585  the mean.
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586  Table 2 - Anesthetics used in dogs undergoing right nephrectomy for the treatment of dioctophymosis

Pre-anesthetic medication n (%) Induction n (%) Maintenance n (%) Intraoperative n (%)
Meta, acpm 19 (36.5) Prop 38 (73.1) Isoflurane 50 (96.2) Fenta bl 19 (36.5)
Meta 8 (15.4) Prop, ceta 6 (11.5) TIVA 2 (3.8) Fenta., lido, cetainf 16 (30.8)
Morphine, acpm 8 (15.4) Prop, ceta, lido 4(7.7) No information 10 (19.2)
Fenta 4 (7.7)  Prop, ceta, lido, fenta 2 (3.8) Fenta inf 2 (3.8)
Morphine 3(5.8)  Prop, fentanyl 1(1.9) Meta, lido, cetainf 1 (1.9)
Meperidine, acpm 3(5.8)  Prop, etomidate 1(1.9) Lidocaine inf 1(1.9)
Meta, ceta, midazolam 2 (3.8) Epidural 1(1.9)
Morphine, midazolam, acom 2 (3.8) Fenta, lido inf. 1(1.9)
None 1(1.9) Fenta bl, lido inf 1(1.9)

Meperidine, acpm, midazolam 1 (1.9)

Morphine, acpm, cet 1(1.9)

587  Abbreviations: acpm, acepromazine; bl, bolus; keta, ketamine; fenta, fentanyl; inf, continuous infusion; lido, lidocaine; meta,

588  methadone; prop, propofol; TIVA, total intravenous anesthesia;



Table 3 — Suture patterns used in dogs undergoing right nephrectomy for the treatment of

dioctophymosis by midline or right paracostal approach

Plane Suture pattern Midline, n (%) Right paracostal, n (%)
Single continuous 14 (73.7) 16 (53.3)
Double continuous 0 (0) 10 (33.3)
Muscle Isolated + continuous 0 (0) 3(33.3)
Triple continuous 0 (0) 1(3.3)
Single isolated 5 (26.3) 0(0)
Subcutaneous Single continuous 19 (100) 30 (100)
Continuous 17 (89.5) 23 (76.7)
Skin

Isolated 2 (10.5)

7(23.3)
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Abstract

Abstract

Hyperbaric oxygen therapy (HBOT) is a therapy based on offer of pressurized pure oxygen.
HBOT promotes tissue hyperoxygenation, improving inflammatory and immune states and
wound healing. Dioctophyme renale is a nematode that affects mammals, causing kidney
parasitism and severe renal damage. Two dogs with D. renale parasitism were pre-conditioned
with two sessions of HBOT, with 24-hour intervals, under 2 ATA of pressure, for 30 minutes.
Both dogs undergone a right-side three-port laparoscopic nephrectomy immediately after the
second session. For patient 1, titanium clips were used for nephrectomy and a vessel sealing
device was used to the patient 2. Three male parasites and one male giant kidney worm were
extracted from patients 1 and 2 respectively. Post-HBOT CBC revealed improved RBC
parameters and decreased fibrinogen in case 1, and decreased RBC with increase in serum
fibrinogen in case 2. WBC and platelets decreased in both patients. HBOT was tolerated by
the patients. Other studies revealed HBOT pre-conditioning improves renal and hepatic
functions in patients undergone ischemia-reperfusion injuries, which may occur in patients
undergone laparoscopic surgery. HBOT is a suitable option for pre-conditioning of dogs
undergone laparoscopic nephrectomy for D. renale parasitism.

Keywords: hyperbaric therapy; dioctophymaosis; parasitology; giant kidney worms.

Case report

Hyperbaric oxygen therapy (HBOT) is the offer of 100% oxygen in a pressurized
environment. HBOT is performed in specific patient chambers, with proper pressurization and
gas exchange, for use of medicinal oxygen [1]. HBOT is usually tolerated by dogs and cats
[2]. The main benefits of HBOT are tissue hyperoxygenation, optimization of WBC defense
mechanisms and improved wound healing [1]. Hyperbaric pre-conditioning improved
response to renal ischemia-reperfusion injuries, decreased BUN levels and attenuated
oxidative stress in rats [3-5].

Dioctophymosis is a parasitic zoonosis caused by the cosmopolitan nematode, Dioctophyme
renale (Goeze, 1782) [6]. D. renale presents tropism by the right kidney and usually causes
complete destruction of the affected organ [6-8]. Parasitism may cause chronic renal disease,
anemia, azotemia and hematuria [6,9—-11]. Treatment of choice is surgery, by nephrectomy

[6,8,11], nephrotomy [10] or parasite removal from other anatomic sites [8].
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This study describes hematological findings in two dogs with D. renale parasitism, undergone
HBOT pre-conditioning for a right-side laparoscopic nephrectomy.

Patient 1 was a 12-year-old female dog, weighting 12.8 kg, admitted for a routine assessment
at the University Veterinary Hospital of the Federal University of Santa Maria (Santa Maria,
Rio Grande do Sul State, Brazil). Abdominal ultrasonography revealed the presence of several
tubular structures with hyperechogenic margins filling the renal parenchyma, compatible with
D. renale parasitism of the right kidney. The patient did not present any clinical sign related to
renal parasitism. Moreover, urine test for parasite eggs was negative.

Patient 2, an 8-year-old female dog, weighting 4.6 kg was admitted presenting mild signs of
liver disease. Dioctophymosis was diagnosed during abdominal ultrasound, which revealed
parasite structures within the right kidney. The patient had been experiencing episodes of
hematuria for 3 years. However, no D. renale eggs were seen on urinalysis.

Before surgery, patients were submitted to HBOT pre-conditioning (Figure 1A-B). The dogs
were individually conditioned in a veterinary hyperbaric chamber (HVM-H1). The chamber
was pressurized using 100% oxygen for 15 minutes, until a pressure of 15 PSI (2 ATA) was
reached. Following a 30-minute period under hyperbaric condition, the chamber was
depressurized for 15 minutes, until normobaric environment was reached. Two sessions were
carried out with a 24-hour interval between sessions. Patient 1 remained quiet during the
HBOT sessions. On the other hand, patient 2 presented vocalization along the sessions,
though without respiratory distress or any evidence of barotrauma (Figure 1A).

Hematologic assessment carried out prior and following HBOT revealed different results
between cases (Table 1). Case 1 revealed improve of the red blood cell (RBC) parameters and
decrease in serum fibrinogen, while patient 2 had a decrease in RBC and increase in serum
fibrinogen. In both cases, there was an increased in total plasma protein and albumin levels, as
well as reduction of the inflammatory response by decrease of white blood cell (WBC)
counts. There were irrelevant changes in BUN and serum creatinine in both cases. In patient
2, hepatic biomarkers ALT and ALP were assessed, with improve on both parameters.

Both patients were submitted to surgical treatment immediately after the second HBOT
session. Following general anesthesia with a balanced anesthetic protocol, the patients were
positioned in left lateral recumbency and the right paralumbar fossa was aseptically prepared.
An 11-mm port was established at the right flank, at the level of the inguinal fold. Afterwards,
access to the abdominal cavity was properly checked and CO2 pneumoperitoneum was
created. Two additional working ports (11mm and 6mm) were placed in triangulation with the

camera port. (Figure 1C). In case 1, the right renal hilus was bluntly dissected for placement
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of a hemostatic titanium clip at the renal artery. Thus, five clips were placed at the renal vein
(three proximally and two distally), and the vein was transected. Next, five clips were placed
at the renal artery (a total of three clips proximally and two distally), and the artery was
severed. The ureter was identified, clipped, and severed as close to the bladder trigone as
possible. The perirenal tissue was dissected with a mixture of blunt dissection with Kelly
forceps and bipolar diathermy.

In case 2, dissection of the renal hilus was dramatically impaired by the presence of several
strong adhesions of the kidney surrounding tissues to the vena cava and abdominal wall.
Dissection was carried out with Kelly forceps, scissors and a vessel sealing device (VSD,
Ligasure Atlas™). The VSD was also used for prophylactic hemostasis of the renal artery and
vein, as well as for occlusion of the ureter. In both cases the right kidney was withdrawn from
the abdominal cavity using a tissue retrieval bag (Figure 1D). The wounds were closed
routinely.

Inspection of the renal content revealed the presence of three living male D. renale nematodes
with 19.5cm, 25cm and 30cm of length (Figure 1E) in animal of the Case 1, and one dead
male giant kidney worm with 12.3cm of length in case 2 (Figure 1F). In both cases the kidney
was found as a purse filled with parasites and fluid, with severe parenchymal destruction.
Anemia is a very frequent complication in patients with D. renale parasitosis [8,12,13]. Thus,
a consistent raise in RBC counts is beneficial and desirable, as seen in patient 1. Although
patient 2 presented perioperative decrease in RBC, the parameters were within the reference
range for the canine specie, with no detriment to the patient. Raise of hemoglobin was
reported in humans undergone HBOT [14]. Nevertheless, extended treatments with HBOT
were associated to decrease in RBC counts [15]. A single long-term HBOT session (6 hours)
raised the globular volume in rats, which returned to baseline values after 24 hours [16]. The
exact mechanisms involved on those changes on RBC were not completely enlightened.
Decrease in platelet counts occurred in both patients, in contrast with another study [16].
Patient 1 presented increased serum fibrinogen levels at admission, which decreased to the
reference range for the canine specie following the HBOT sessions. Those contrasting results
may be related to the use of longer HBOT session as described by Amin et al. [16]. HBOT
affects the regulation of several cytokines, which reflects in attenuation of the inflammatory
response [17]. This theory justifies the decrease on WBC counts, as seen in both patients.
HBOT has been associated to preservation of the renal function in ischemia-reperfusion (I/R)
models, with improve of BUN values, even used for pre-conditioning [3-5]. A HBOT

protocol identical as used in these two cases improved liver protection mechanisms, with
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increase of mitochondrial function and decrease of serum liver injury biomarkers following
I/R disorders [18]. Case 2 patient presented mild liver disease, with biliary mud within the
gallbladder, which had an improve on liver biomarkers following HBOT sessions, as
previously reported [18].

Heme oxygenase-1 (HO-1) is a potential antioxidant enzyme which is able to catabolize the
heme group. Heme is a pro-oxidant that promotes toxic effects over several cell targets, which
was widely reported in studies on kidney and liver I/R injury [5,19]. In an animal model,
HBOT increased kidney expression of HO-1, resulting in decreased tissue injury and
improved renal function in animals undergone pre-conditioning [5]. Moreover, HBOT
protects the liver from I/R injury. Such protective effect is mediated by the expression of HO-
1[19].

I/R injury occur during laparoscopy, as a consequence of pneumoperitoneum used for
insufflation of the abdominal cavity [20]. I/R is one of the most significant cause of oxidative
stress and inflammation in laparoscopic procedures [21]. We believe those minimal changes
in BUN and serum creatinine occurred because the analyses were carried out before
laparoscopic nephrectomy. Nonetheless, improve on liver biomarkers on patient 2 may be
attributed to improve on HO-1 expression following hyperbaric pre-conditioning. However,
more studies focused on the post-operative effect of HBOT pre-conditioning are warranted.
Both patients presented sparse hematological changes. In fact, HBOT improved those
changes, leading to normalization of hematocrit and serum fibrinogen, as well as improve of
albumin, ALP, ALT in patient 2. We hypothesize tissue hyperoxygenation cause positive
effects specially over organs under several pathological conditions.

Although negative changes occurred, all parameters remained within the reference intervals
for the canine specie, and patients were not negatively affected by the therapy purposed.
Concerning the benefits of HBOT reported in the literature, the authors recommend
hyperbaric pre-conditioning in dogs with D. renale parasitism and/or liver disorders,
considered to undergo laparoscopic surgery.

In conclusion, hyperbaric pre-conditioning may cause different effects over the red blood cell
indices of dogs under D. renale parasitism. HBOT may be considered as an alternative to
clinical improve on the pre-operative period of canine patients with dioctophymosis. Overall,
therapy was tolerated by the dogs, with no adverse effects in two sessions of 30 minutes,

under 2 ATA of pressure.
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Table 1 — Hematologic and biochemical changes in dogs with Dioctophyme renale parasitism
prior and after pre-conditioning with two sessions of HBOT for 30 minutes, at 2 ATA.

Case 1 Case 2 Reference
Pre-HBOT Post-HBOT Pre-HBOT Post-HBOT  range*
RBC (x10%/uL) 6.23 6.98 6.99 6.35 5.7-8.5
Hemoglobin (g/dL) 14.2 155 17.6 15.9 14.1-20.1
Hematocrit (%) 40 45 52.8 47.8 41-58
MCV (fL) 64.2 64.5 75.1 75.3 64-76
MCHC (%) 355 344 33.3 33.2 33-36
RDW (%) 12 11.7 14 12,8 10.6-14.3
TPP (g/dL) 7.2 8 6.8 7.6 5.9-7.8
Platelets (x10%/uL) 381 364 576 495 186-545
Fibrinogen (mg/dL) 600 200 200 400 200-400
WBC (x10%/uL) 8.5 8.0 13.8 10.9 5.7-14.2
Neutrophils 6.460 5.680 8970 7085 2.7-9.4
Lymphocytes 1.445 1.200 4002 2507 0.9-4.7
Monocytes 170 720 690 436 0.1-1.3
Eosinophils 425 400 138 872 0.1-2.1
Albumin (g/dL) 2,8 3 3,3 3,3 3.2-4.1
Creatinine (mg/dL) 0,8 0,7 0,8 0,8 0.6-1.4
BUN (mg/dL) 46 52 36 33 9a26
Alanine aminotransferase (UI/L) 174 136 17-95
Alkaline phosphatase (UI/L) 248 216 7-115

*Reference range for the canine specie according to the Cornell University — College of
Veterinary Medicine
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Figure 1 — Two dogs with Dioctophyme renale parasitism of the right kidney, undergone
HBOT pre-conditioning and laparoscopic nephrectomy. A and B — Patients inside the
hyperbaric chamber (model HVYM-H1), during a HBOT session. C —Laparoscopic
nephrectomy by a 3-port approach on the right paralumbar fossa. D — Retrieval of parasites
from the right kidney, from inside the laparoscopic specimen retrieval bag. E — Three male
parasites withdrawn from the right kidney of patient 1. F — right kidney and male parasite

retrieved from patient 2.
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ABSTRACT

O parasito Dioctophyme renale (D. renale) tem predilecdo em parasitar o rim direito de
animais carnivoros e, assim, causar destruicdo irreversivel. Ndo responsivo as terapias
antiparasitarias convencionais, ha recomendacéo de tratamento cirargico com frequente
extirpacdo do 6rgédo parasitado. Ainda incomuns, as cirurgias de nefrectomia laparoscopicas ja
foram relatadas para a resolucéo da parasitose. Este trabalho objetivou a descri¢do de 17
procedimentos cirurgicos laparoscopicos de nefrectomia direita em cées parasitados por D.
renale realizados em sete instituicdes brasileiras. Todos o0s pacientes eram sem raca definida,
com maior ocorréncia nas fémeas (n=12/17). A hematdria foi o Unico sinal clinico relacionado
a parasitose relatado (n=4/17). Trés formas de acesso abdominal minimamente invasivos
foram descritos, sendo com o posicionamento de portais apenas no flanco direito (n=11/17),
seguido pela associacao entre um portal proximo a cicatriz umbilical e os demais no flanco
direito (n=4) e dois procedimentos foram realizados com portais posicionados em linha média
ventral. Apos identificagdo dos vasos do hilo renal, a hemostasia foi realizada com clipes de
titdnio (n=14), selador vascular LigaSure™ (n=2) e energia bipolar (n=1). Apos liberacdo
renal, o 6rgdo foi removido da cavidade abdominal pelo acesso de um dos portais de
videocirurgia. Em dois casos, processos hemorragicos levaram a conversdo cirdrgica. Os
procedimentos foram eficazes em todos os pacientes e permitiram a remocao do rim e dos
parasitos. A nefrectomia laparoscépica é considerada um procedimento complexo e deve ser
realizada por equipes experientes. Considerando os beneficios da videocirurgia, 0s autores
recomendam o emprego de técnicas minimamente invasivas na terapia da dioctofimatose

renal.

PALAVRAS-CHAVE: Dioctofimatose; videocirurgia; cirurgia urolégica.
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ABSTRACT

O parasito Dioctophyme renale (D. renale) tem predilecdo em parasitar o rim direito de
animais carnivoros e, assim, causar destruicdo irreversivel. Ndo responsivo as terapias
antiparasitarias convencionais, hd recomendacéo de tratamento cirargico com frequente
extirpacdo do 6rgédo parasitado. Ainda incomuns, as cirurgias de nefrectomia laparoscopicas ja
foram relatadas para a resolugéo da parasitose. Este trabalho objetivou a descricéo de 17
procedimentos cirurgicos laparoscopicos de nefrectomia direita em cées parasitados por D.
renale realizados em sete instituicdes brasileiras. Todos os pacientes eram sem raca definida,
com maior ocorréncia nas fémeas (n=12/17). A hematdria foi o Unico sinal clinico relacionado
a parasitose relatado (n=4/17). Trés formas de acesso abdominal minimamente invasivos
foram descritos, sendo com o posicionamento de portais apenas no flanco direito (n=11/17),
seguido pela associacao entre um portal proximo a cicatriz umbilical e os demais no flanco
direito (n=4) e dois procedimentos foram realizados com portais posicionados em linha média
ventral. Ap6s identificagdo dos vasos do hilo renal, a hemostasia foi realizada com clipes de
titnio (n=14), selador vascular LigaSure™ (n=2) e energia bipolar (n=1). Apo6s liberacao
renal, o 6rgdo foi removido da cavidade abdominal pelo acesso de um dos portais de
videocirurgia. Em dois casos, processos hemorragicos levaram a conversao cirdrgica. Os
procedimentos foram eficazes em todos os pacientes e permitiram a remocao do rim e dos
parasitos. A nefrectomia laparoscépica é considerada um procedimento complexo e deve ser
realizada por equipes experientes. Considerando os beneficios da videocirurgia, 0s autores
recomendam o emprego de técnicas minimamente invasivas na terapia da dioctofimatose

renal.

PALAVRAS-CHAVE: Dioctofimatose; videocirurgia; cirurgia urolégica.



INTRODUCAO

O primeiro relato de nefrectomia realizada por videocirurgia para tratamento de um céo
parasitado por Dioctophyme renale (D. renale) foi publicado em 2002 no Brasil [1]. De la
para cd, Sdo escassos 0s registros da aplicacdo videocirurgica para tratamento da infeccdo
deste parasito [2-4], um nemat6deo de tamanho acentuado e capaz de provocar a destruicéo
cronica e irreversivel do parénquima renal [5]. A parasitose, denominada dioctofimatose, €
uma zoonose cosmopolita que ocorre em diversas regides do planeta, com grande frequéncia
no Brasil [6-9].

A infecgdo por D. renale tem tratamento exclusivamente cirdrgico, uma vez que ndo e
responsiva as terapias antiparasitarias convencionais [5]. Além da parasitose renal, os cées séo
frequentemente acometidos pela forma ectdpica da doenca, apresentando 0s nematddeos
livres nas cavidades abdominal [10] e toracica [11]. Seguidamente, 0s animais parasitados sao
tratados cirurgicamente por meio de técnicas convencionais de cirurgia aberta [10-15].

O objetivo deste estudo retrospectivo € relatar a situacdo da videocirurgia brasileira no
tratamento de cées naturalmente parasitados por D. renale em rim direito. Para tanto, foram
reunidos dados de 15 caes atendidos em diferentes instituicdes do pais e submetidos a

nefrectomia laparoscépica terapéutica.

MATERIAL E METODOS

Foram selecionados pacientes diagnosticados com D. renale no rim direito e submetidos a
nefrectomia laparoscopica em sete institui¢Oes brasileiras. A coleta de dados incluiu a anélise
de registros epidemioldgicos, clinicos, cirdrgicos e parasitoldgicos. Os dados analisados
foram espécie, sexo, raca, idade, sinais clinicos, métodos diagnosticos, técnicas cirdrgicas
empregadas, complicacOes trans e pds-operatdrias e a anélise dos parasitos removidos. Os

resultados foram analisados de forma descritiva.
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RESULTADOS

Obtiveram-se dados de 17 cées parasitados por D. renale submetidos a nefrectomia
terapéutica em sete instituicdes brasileiras, localizadas nos estados do Rio Grande do Sul (4/7
instituicBes, 13/17 procedimentos), Parana (2/7 institui¢bes, 2/17 procedimentos) e Espirito
Santo (1/7 instituigdes, 2/17 procedimentos). A analise epidemioldgica revelou se tratarem de
12 fémeas, 4 machos e um paciente sem o sexo informado, sendo todos sem racga definida
(SRD). Dois pacientes apresentavam-se jovens, com seis e 11 meses de idade. Os demais
eram adultos (n=12), idosos (n=1) ou nao tiveram idade registrada (n=2). Quanto ao peso

corporal, nove registros foram realizados, com média de 12.7 Kg (variacdo 5 — 22 Kg).

Os sinais clinicos relacionados a parasitose foram poucos, sendo relatada apenas a ocorréncia
de hematuria (n=4/17). Os demais pacientes foram considerados assintomaticos e tiveram
diagndsticos incidentais durante outras avaliagdes clinicas. Um paciente foi diagnosticado
durante o procedimento de ovario-histerectomia eletiva. Em alguns casos, foram relatadas
alteracdes concomitantes, como a presenca de tumor venéreo transmissivel (n=2/17), secrecéao
vaginal (n=1/17) e neoplasma mamario (n=1/17). A ultrassonografia abdominal foi utilizada
como método de diagndstico definitivo em todos os pacientes (n=17), e sete apresentaram

ovos do parasito na urina.

Os 17 pacientes apresentavam a parasitose na forma renal direita, sendo que em trés pacientes
havia parasitos livres na cavidade abdominal. Assim, os pacientes foram submetidos a
nefrectomia direita por laparoscopia. As técnicas cirdrgicas variaram quanto ao local de
acesso abdominal e a quantidade de portais utilizados. A forma mais frequente foi o acesso
pelo flanco direito (n=11), com uso de trés (n=8/11) e quatro (n=3/11) portais de acesso para
Optica e instrumentais. Nestes casos 0 paciente estava posicionado em decubito lateral
esquerdo. Foi relatada a elevacao da regido do flanco com almofada posicionada abaixo do

flanco esquerdo, como forma de auxilio na exposi¢éo renal.

Em dois casos, 0 acesso abdominal foi realizado com o posicionamento de trés portais em

linha média. Em quatro procedimentos, houve associacéo entre o acesso em linha média com
um portal e pelo flanco direito com trés portais em disposicao triangular. Em todos 0s casos
houve insuflagdo da cavidade abdominal com CO2 medicinal, com pressdo mantida entre 8 e

12 mmHg e velocidade de insuflagdo de 1.5 a 2 L/min, para visibilizag&o das estruturas
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esplancnicas. Em trés casos havia parasitos ectopicos livres na cavidade abdominal, sendo 0s

mesmos imediatamente removidos com pinga de apreensao tecidual.

Com pincas laparoscépicas de apreenséo e disseccao tecidual, 0s vasos renais foram
dissecados e isolados. As técnicas de hemostasia foram realizadas com clipes de titanio
(n=14/17), dispositivo de energia bipolar com bioimpedancia (LigaSure™) (n=2/17) e gancho
de Hook combinado a energia bipolar (n=1/17) . Foram utilizados até quatro clipes de titanio,
gue remanesceram junto ao coto, para hemostasia de cada vaso, sendo todos ligados de
maneira isolada. Da mesma forma, o ureter foi identificado, isolado e ligado préximo ao
trigono vesical com as mesmas técnicas, sendo utilizados até trés clipes na sua oclusdo. Para a
liberacdo das aderéncias perirrenais, em 14 casos foi utilizada energia bipolar convencional,
em dois casos o dispositivo LigaSure™ e em um caso nenhum aparelho com emprego de

energia foi utilizado.

Apdbs a hemostasia e liberacdo do rim de todas as suas aderéncias, o 6rgao foi removido da
cavidade abdominal. Em 10 casos, foi inicialmente acondicionado em um saco extrator de
tecidos, posteriormente exteriorizado pelo acesso abdominal ligeiramente ampliado de um dos
portais. Dentro do saco extrator, o rim era fragmentado e removiam-se 0 6rgdo e parasitos.
Em cinco procedimentos, o rim foi removido da cavidade abdominal por meio de ampliacéo

do acesso cirtrgico, sem o uso de saco extrator.

Dois casos necessitaram de conversdo para cirurgia convencional por falha nos métodos de
hemostasia do hilo renal. Em um caso houve sangramento da artéria renal durante a divulséo
tecidual, que estava sendo realizada com gancho de Hook e energia bipolar. O segundo caso
ndo teve registro da origem do sangramento, no entanto, foi associado a intensa peritonite
causada pela parasitose. Em ambos 0s casos, apos a conversdo da técnica cirurgica, a

nefrectomia foi finalizada de maneira convencional.

Além dos processos hemorragicos que levaram a conversao cirurgica, as complicacdes
transoperatdrias relatadas foram sangramento difuso dificultando a identificagdo dos vasos
renais (n=2) e sangramento apos secc¢do da veia renal, sendo necessario posicionar um novo
clipe de titanio (n=1). A sutura dos acessos cirurgicos foi descrita em apenas oito pacientes,
consistindo em padrdo de sutura isolado de trés camadas. O tempo cirargico foi registrado em
14 procedimentos totalmente laparoscopicos, com média de 126 min (variacdo —45a 178

min). Apenas uma complicagdo pos-operatoria foi relatada, a ocorréncia de hematoma
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subcutaneo na regido inguinal direita de um paciente submetido ao acesso abdominal em

flanco direito. A alteracdo foi tratada e resolvida de maneira conservativa.

Apdbs a remocao dos parasitos do interior renal, estes foram identificados como D. renale. A

quantidade de parasitos variou entre um e cinco, com tamanhos entre 12.5 e 112 cm.

DISCUSSAO

Os resultados obtidos permitem constatar uma ascensao na escolha por métodos minimamente
invasivos na terapia da infeccdo por D. renale. Considerada uma cirurgia complexa e que
demanda alto nivel de dominio da equipe cirargica, a nefrectomia videolaparoscépica foi
aplicavel e curativa em todos os pacientes avaliados. Embora tenham ocorrido complicagdes
hemorrégicas potencialmente fatais, a conversdo cirurgica permitiu a correcdo das

complicacdes e a recuperacdo dos pacientes, sem o registro de nenhum ébito.

Embora a literatura ndo apresente indicios de predilecdo sexual da parasitose, neste estudo as
fémeas foram mais afetadas do que os machos, assim como ja relatado por outros autores
[8,9,16]. E frequente que animais sem raca definida sejam parasitados [8,9], uma vez que sdo
a maioria dos animais errantes e acabam por ter contato com alimentos contaminados pela
larva infectante de D. renale [5,6]. O ciclo dessa parasitose é complexo e conta com a
participacao de hospedeiros intermediario (Lumbriculus variegatus) e paraténicos (peixes e
rds). A contaminacdo do hospedeiro definitivo ocorre devido ao consumo do hospedeiro

intermediario ou carne crua de hospedeiros paraténicos [5,6].

A hematuria é um dos sinais clinicos mais relatados em cdes parasitados por D. renale. No
entanto, a auséncia de sintomas também é frequente [3,10,11,17]. A ultrassonografia
abdominal foi utilizada em todos os casos para a confirmacdo diagndstica, proporcionando a
visibilizag&o de estruturas intrarrenais cilindricas, de bordos hiperecogénicos e centro

hipoecogénico [8,18], compativeis com a parasitose.

A técnica mais utilizada foi com acesso cirurgico pelo flanco direito, conforme descrito por
Brun [19]. Esta técnica permite 0 acesso transperitoneal ao rim acometido e, do mesmo modo
como relatado neste estudo, sdo recomendados de trés a quatro portais para a manipulagéo
visceral. A segunda técnica utilizada foi semelhante a descrita por Mayhew [20], com o

posicionamento de um portal em linha média abdominal, para a inser¢éo da oOtica. Nao ha



estudos comparativos entre as técnicas e sugere-se que as mesmas sejam utilizadas de acordo

com a familiaridade de cada cirurgido.

Os dispositivos de hemostasia avangada, como o selador vascular LigaSure™ e o bisturi
harmdnico, sdo opcbes para a hemostasia dos vasos do hilo renal. No entanto, é necessaria
atencdo ao se optar pelo uso exclusivo desta modalidade hemostética, uma vez que vasos
calibrosos podem ndo ser totalmente ocluidos com a aplicacao de energia [20]. Neste estudo,
em apenas dois casos foi utilizado o dispositivo LigaSure™ na hemostasia, hdo sendo
observadas complicagdes transoperatdrias. Nos outros procedimentos, os clipes de titanio

foram eleitos como técnica de hemostasia.

Apenas um caso apresentou sangramento ap0s seccdo da veia renal, no entanto, o
posicionamento de um clipe adicional foi suficiente para o controle hemorragico e ndo foi
necessaria a conversao cirdrgica para a técnica aberta. No entanto, os dois casos em que foi
necessaria a conversao, reiteram a necessidade do dominio de diversas técnicas cirurgicas, da
rapidez na tomada de decisdes e da agilidade desta manobra. O sangramento arterial renal

pode ser intenso e se caracterizar como uma complicagdo fatal.

O relato de peritonite difusa e aderéncias é frequente em animais com a parasitose [3,10], e
pode dificultar a identificacdo das estruturas renais. O aumento da dificuldade de dissec¢édo
destas estruturas pode causar a conversdo cirurgica [20]. O tempo médio de duragdo dos
procedimentos foi superior aos encontrados na literatura [1,2,20] e deve-se a participacdo de
diferentes cirurgides, com graus variaveis de habilidade videocirurgicas, neste estudo. No
entanto, ndo ocorreram complicacfes graves irreversiveis ou 0bitos nos procedimentos
analisados, 0 que comprova a proficiéncia cirargica dos participantes na realizacao de

procedimentos complexos, como as nefrectomias.

A quantidade de parasitos removidos foi considerada comum, sendo que altas cargas
parasitarias ja foram relatadas em cdes, com ate 34 parasitos em um uUnico animal [10]. No
entanto, uma fémea removida apresentou 112 cm de comprimento, ultrapassando o tamanho

maximo associado a estes parasitos, descrito como até 100 cm [5,21].

A escolha pela nefrectomia videolaparoscopica no tratamento da parasitose por D. renale
demonstrou consideravel aumento na rotina veterindria brasileira nos Gltimos cinco anos.
Considerando-se os beneficios dos procedimentos videocirdrgicos, como a diminuicao da dor

e da resposta inflamatoria [3,20] e a comprovacao da exequibilidade das técnicas cirurgicas de
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nefrectomia minimamente invasiva em cées, 0s autores reforcam a recomendacéao desta

modalidade cirurgica.
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Legenda de figuras

Figura 1 — Nefrectomia videolaparoscépica em cdes com Dioctophyme renale em rim direito.
A — Posicionamento de trés portais em disposicéo triangular em flanco direito para acesso
cirurgico ao rim. B — Ligadura do ureter com clipes de titanio e sec¢do com tesoura de
Metzenbaum videocirdrgica. C — Disseccao e hemostasia do hilo renal com selador vascular
(LigaSure™), D — Deposicao do rim, ap0s ressecc¢do total de suas aderéncias, em um saco
extrator de tecidos. E — Exteriorizacdo do saco extrator de tecidos e remocao do rim direito e
parasito D. renale por um acesso cirurgico para portal de 11mm. F — Aspecto final apds sutura
de quatro acessos videocirdrgicos, com um portal posicionado na cicatriz umbilical e trés
posicionados em disposicdo triangular no flanco direito. Legenda: Ca — caudal; Cr — cranial.

Figura 2 — Resultado de nefrectomia direita videolaparoscopica. A — Parasito macho da
espécie Dioctophyme renale. B — Rim e ureter apds remocéo da cavidade com uso de saco
extrator de tecidos.



Figura 1

Legenda: Ca — Caudal; Cr — Cranial.
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5. CONSIDERACOES FINAIS

A partir dos estudos conduzidos nesta dissertacdo, pode-se observar que a
dioctofimatose se apresenta disseminada em alguns estados brasileiros e que os pacientes
cirurgicamente tratados foram beneficiados com ambas técnicas cirurgicas, tanto convencional
quanto laparoscopica. A nefrectomia convencional é amplamente utilizada na terapia desta
infeccdo e, embora complexa, mostrou-se segura quando realizada por uma equipe capacitada.
Apresenta como beneficios a facil aplicabilidade, utilizacdo de material cirurgico basico e a
possibilidade de associacdo com outros procedimentos cirurgicos, como a ovario-

histerectomias.

Embora menos frequente, a nefrectomia laparoscopica se mostrou exequivel, segura e
terapéutica, ainda que demande de equipe extremamente capacitada e material oneroso para a
realizacdo de procedimentos videocirirgicos complexos. Embora seja comprovada a
superioridade da técnica quanto ao menor estimulo algico e retorno rapido as funcdes
fisioldgicas, € necessario evoluir no desenvolvimento da videocirurgia veterinaria para o

tratamento da infeccéo por D. renale.

A HBOT se mostrou uma terapia promissora na estabilizacdo de cdes com
dioctofimatose. Novos estudos se fazem necessarios para definir os beneficios da aplicacdo pré
e pos-operatoria. Este trabalho auxilia na definicdo de condutas terapéuticas em animais
parasitados pelo verme gigante do rim e ira, assim, contribuir para que a Medicina eterinaria

atinja o estado da arte na terapia da dioctofimatose.
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