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A pilot study comparing bovine mesenteric artery and
expanded polytetrafluoroethylene grafts as non-autogenous
hemodialysis options
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Abstract

Background: Many dialysis patients do not have the necessary conditions for construction of a native arteriovenous
fistula (AVF). Expanded Polytetrafluoroethylene (ePTFE) vascular prostheses are the most widely-used option, butitis
known that they are inferior to native vein AVFs. Objectives: To identify a graft with superior performance to ePTFE,
comparing their results with those of AVFs made from bovine mesenteric arteries treated with L-Hydro technology
(Labcor Laboratories®). Methods: A prospective and controlled study of 10 patients with AVFs constructed with
ePTFE and 10 patients with L-Hydro bioprostheses, matched for comorbidities. The variables studied were: primary
patency, assisted primary patency, and secondary patency, surgical manipulability, and prevalence of infections.
The performance of prostheses was assessed by duplex-scan and repeated consultations with health professionals
at hemodialysis clinics. The chi-square test was used for statistical analysis. Results: After 1 year of postoperative
follow-up, secondary and primary patency rates were higher for L-Hydro than ePTFE AVFs. Fewer interventions were
needed to maintain AVF patency in the L-Hydro AVF group. The most common complication was graft thrombosis,
which was more frequent in the ePTFE group. While the figures indicate more favorable outcomes in the L-Hydro
AVFs, this could not be confirmed with the statistical treatment employed. Conclusions: The L-Hydro graft appears
to be a valuable alternative option for AVFs, since it seems to require fewer interventions to maintain patency when
compared to ePTFE grafts.
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Resumo

Contexto: Muitos pacientes dialiticos apresentam condigdes desfavoraveis para confecgéo de fistula arteriovenosa (FAV)
nativa. A prétese vascular de politetrafluoroetileno expandido (ePTFE) é a alternativa mais utilizada, porém, sabidamente
inferior aquela com veias nativas. Objetivos: Pesquisar um enxerto de performance superior a do ePTFE, confrontrando
seus resultados com os de FAVs confeccionadas com artéria mesentérica bovina tratada com tecnologia L-Hydro (Labcor
Laboratérios®). Métodos: Estudo prospectivo e controlado, composto pelo grupo controle de 10 pacientes submetidos
a confecgdo de FAV com ePTFE (FAV ePTFE) e grupo experimental de 10 pacientes com bioprétese L-Hydro (FAV
L-Hydro). Os componentes foram pareados em relagdo as comorbidades apresentadas. As variaveis estudadas foram:
perviedades primaria, primaria assistida e secundaria, manuseabilidade e prevaléncia de infecgdes. A performance das
proteses foi avaliada por duplex scan e por consultas seriadas realizadas por profissionais de clinicas de hemodialise. O
tratamento estatistico foi o teste do qui-quadrado. Resultados: Apos 1ano de seguimento pos-operatorio, as taxas de
perviedade secundaria e primaria assistida foram maiores no grupo FAV L-Hydro do que no FAV ePTFE. As intervengoes
para manter a perviedade da FAV foram menores no grupo FAV L-Hydro. A complicagdo mais comum foi trombose
do enxerto, mais frequente no grupo FAV ePTFE. Apesar de os nimeros indicarem desfechos mais favoraveis nas
FAV L-Hydro, ndo foi possivel confirmar esse achado com o tratamento estatistico aplicado. Conclusées: O enxerto
L-Hydro parece ser uma alternativa valiosa para FAV, pois parece necessitar de menos intervengoes para manutencao
da perviedade, quando comparado ao enxerto de ePTFE.

Palavras-chave: fistula; hemodialise; perviedade.
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INTRODUCTION

Arteriovenous fistulas (AVFs) constructed using the
native veins of the patient’s forearm are recognized
as the best option for definitive hemodialysis vascular
access. Sadly, in many patients, because of the
comorbidities frequently present in patients with chronic
renal failure (such as diabetes mellitus, connective
tissue diseases, and systemic arterial hypertension)
excessive manipulation of the native veins of the
forearm makes them useless for construction of AVFs.!

Expanded polytetrafluoroethylene (ePTFE) vascular
prostheses are the most widely-used alternative for
construction of AVFs in cases in which there are
no native veins available in the forearm, but their
use is associated with elevated rates of infectious
complications and premature graft occlusions.

in the 1970s, vascular bioprostheses constructed
from bovine pericardium preserved in glutaraldehyde
were widely employed in attempts to identify a
vascular substitute that offers superior performance
to ePTFE for construction of AVFs for hemodialysis.’
However, postoperative follow-up of the performance
of these grafts was beset by complications affecting
significant numbers of patients (neointimal hyperplasia
and degeneration of the biological tissue),’ so they
were abandoned for construction of hemodialysis
AVFs. Degeneration of the bovine pericardium
used for construction of the vascular bioprostheses
was attributed to immunoresponses provoked by
graft-host reactions, since preserving biological tissues
with glutaraldehyde does not entirely eliminate the
xenograft’s antigenicity. Another factor identified as
responsible for the adverse results of bovine pericardium
vascular bioprostheses is glutaraldehyde’s intrinsic
cytotoxicity, which impedes endothelization of the
internal surface of the vascular bioprosthesis.

Development of endovascular techniques for treatment
of stenosis in arteries and veins has revived interest
in using biological vascular grafts for construction
of AVFs. This is because any stenoses of grafts or
anastomoses that emerged during the postoperative
period could be treated using endovascular procedures,
resulting in greater AVFs durability.

Vascular bioprostheses preserved in L-Hydro
(Labcor Laboratories®) are the result of application
of a preservation process known as L-Hydro to
bovine mesenteric arteries. L-Hydro technology
enables antigens and cellular components to be
extracted from the biological tissue, while preserving
essential extracellular elements, such as elastin
and collagen. The biological behavior of vascular
bioprostheses preserved with L-Hydro technology
shares the autologous vein’s capacity to achieve
full endothelization. Graft healing is completed by
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incorporation of myofibroblasts into the collagen and
elastin framework in the tunica media of the bovine
mesenteric artery.*

The objective of this study was to compare the
performance of AVFs constructed using ePTE vascular
prostheses with AVFs constructed using vascular
bioprostheses preserved with L-Hydro technology,
according to the following parameters: primary patency,
assisted primary patency and secondary patency;
surgical handling properties of the vascular prostheses
used to construct AVFs; and complications related
to the vascular prostheses used to construct AVFs.

METHOD

The research protocol was assessed by the
institution’s Ethics Committee and registered on the
Plataforma Brasil (number: 46166115.4.0000.5258).
All patients were duly informed of the proposal for
their voluntary enrollment on the study and signed
consent forms prior to preoperative assessment.

The study inclusion criteria were: adult dialysis
patients with chronic renal failure who did not
have native veins in their upper limbs adequate for
construction of AVFs for hemodialysis; brachial artery
diameter > 3 mm at the cubital fossa and axillary vein
diameter > 3 mm at its most distal point (according
to the Kidney Diseases Outcomes Quality Initiative,
KDOQI, recommendations), measured preoperatively
by duplex scan.

Patients were allocated at random to one of two groups:
the ePTFE AVF group, comprising 10 patients who
had AVFs constructed with ePTFE vascular prostheses
(FlowLine Bipore vascular grafts, JOTEC®); or the
L-Hydro AVF group, comprising 10 patients who had
AVFs constructed using vascular bioprostheses preserved
with L-Hydro technology (Labcor Laboratories®).

Patients were prospectively enrolled on the study at
random and alternately into each of the experimental
groups, from August 1,2013, to December 31, 2015.
A total of 20 AVFs were constructed at the Hospital
Federal do Andarai (HFA).

Surgical procedures were conducted with anesthetic
block at the brachial plexus and sedation. In all patients,
AVFs were constructed with systemic heparinization
and the vascular prosthesis (whether ePTFE or L-Hydro)
was implanted within the subcutaneous plane under the
anterolateral surface of the arm (within the topography
of the biceps muscle). Proximal anastomosis with
the brachial artery was performed at the level of the
cubital fossa, and the distal anastomosis was with the
most distal portion of the axillary vein. In the L-Hydro
AVF group, anastomosis to the brachial artery was
performed before anastomosis to the axillary vein.
The bioprosthesis was filled with arterial blood under



Figure 1. Prosthesis before implantation.

Figure 2. Prosthesis in place.

Figure 3. Control duplex scan.
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pressure, guided through the subcutaneous tunnel,
and brought out at the point where the axillary vein
was dissected. This strategy was intended to prevent
torsion and kinking along the bioprosthesis’ path
through the subcutaneous tunnel. All patients were
examined as soon as possible after the operation
(while still in the post-anesthetic recovery room) for
perfusion distal to the AVFs (capillary refill time and
ipsilateral hand strength) by the surgeon responsible
for constructing the AVFs.® The study’s postoperative
follow-up period was 2 years. The postoperative
follow-up protocol was based on criteria established
by KDOQI’ (Figures 1 and 2).

All patients were assessed during postoperative
follow-up using Doppler vascular ultrasonography
to scan AVFs for stenosis or dilatation of the
vascular prosthesis; changes in the thickness of the
vascular prosthesis wall; stenosis at anastomosis sites
(neointimal hyperplasia); and presence of hematoma
or periprosthetic accumulations; and to estimate AVF
flow rate;® and evaluate the response to antibiotic
therapy in cases of infected prostheses (Figure 3).

Clinical criteria related to AVF performance were
also evaluated during hemodialysis sessions. These
included presence of pulse waves along the AVF
path; presence of continuous thrill along the AVF
path; difficulties with puncture of the prosthesis;
detection of persistent bleeding at the puncture site
after needle removal; and need for dialysis machine
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parameters to be reprogrammed in order to achieve
effective dialysis.®

Acute AVF occlusion

In cases of clinical suspicion of AVF occlusion
(disappearance of thrill), the study protocol’s
recommendation was immediate assessment by
the surgeon and investigation with duplex scan or
angiography. After confirmation of a diagnosis,
therapeutic intervention with endovascular procedures
was the preferred management option. Open surgery
was only resorted to if endovascular treatment was
impossible or failed.

Infection of AVFs

A diagnosis of AVF infection was made on the
basis of clinical signs (erythema, edema and pain
along the prosthesis path) and confirmed by blood
culture or cultures of secretions. The initial treatment
proposed for infection of AVFs with prostheses was
prolonged antibiotic therapy. Surgical removal of the
vascular prosthesis was indicated if treatment with
antibiotics was unsuccessful.’

Flow steal syndrome

Steal syndrome was defined using the ischemia
stages classification:*!?

- Stage I: pale-blue and/or cold hand, with no
pain;

- Stage II: pain triggered by exercise and/or during
hemodialysis;

- Stage III: pain at rest in the ipsilateral hand;

- Stage IV: ulcers/necrosis/gangrene of the hand.

Surgical intervention would be deemed necessary
in the event of Stage II or IV steal syndrome.

Technique for prosthesis puncture for
hemodialysis

The puncture technique employed to initiate
hemodialysis with L-Hydro AVFs was the same that
is used for AVFs constructed from native veins: the
first access is acquired using 17G puncture needles
at an angle of 25 to 30°. For subsequent hemodialysis
sessions, when the skin at the puncture sites was
thicker, the L-Hydro AVFs were punctured with
larger-caliber needles (15G). The prosthesis puncture
technique for ePTFE AVFs used a 15G caliber needle
from the first hemodialysis access on.!

The following definitions were used in this study:

- AVF primary patency: defined as the time elapsed
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between construction of the AVF and diagnosis
of AVF dysfunction or complete occlusion of
the prosthesis (thrombosis);

- Assisted AVF primary patency: defined as the
duration of usability of AVFs for which there
were interventions (endovascular/surgery) to
correct dysfunctions diagnosed in postoperative
follow-up;

- AVF secondary patency: defined as the duration
of usability of AVFs for which interventions
(endovascular/surgery) were conducted after
complete occlusion of the prosthesis (thrombosis).

The chi-square test was used to compare rates
of complications observed during the study.
The significance level of statistical probability used
in this study was 0.05.

RESULTS

Demographic data for the patients in the L-Hydro
AVF and ePTFE AVF groups were similar. With
relation to frequencies of comorbidities, diagnoses of
systemic and intraoperative arterial hypertension were
more common in one of the study groups (L-Hydro).

During postoperative follow-up, there was a
difference between the groups of one additional case
in the ePTFE AVF group, with six interventions in
three patients, whereas in the L-Hydro AVF group
there were four interventions in two patients.

With relation to assisted primary patency, the
data show that the fistula was functioning in 50%
of the patients in the L-Hydro AVF group at 1-year
follow-up and in 25% after 2 years of postoperative
follow-up. In the ePTFE AVF group, 25% of the
patients had functioning AVFs at 1-year follow-up
and after 2 years just 10% of the patients had a
functioning AVF (p < 0.05).

After 2 years’ follow-up, primary patency was
70%, in the L-Hydro AVF group and just 20% in the
ePTFE AVF group (p <0.05).

The analysis of AVF secondary patency did not
detect statistical differences between the L-Hydro
AVF and ePTFE AVF groups (secondary patency
rates after 2 years’ follow-up were 60% and 50%,
respectively). In this study population, the number
of interventions needed to extend the service life of
AVFs was 1.5 interventions/year in the L-Hydro AVF
group and two interventions/year in the ePTFE AVF
group. Angioplasty was the procedure most frequently
employed to preserve AVF function.

The most frequently-observed complications related
to vascular prostheses were thrombosis, infection, and
pseudoaneurysm. The most frequent complication
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Figure 4. Complications.

was graft thrombosis, observed in eight patients in
the ePTFE AVF group and three in the L-Hydro AVF
group (p = 0.01). The frequency of graft infection
was similar in both study groups, but management
of the L-Hydro AVF group differed from that of the
ePTFE AVF group, since in the L-Hydro AVF group
prolonged treatment with antibiotics was effective for
averting the need for explantation of the prosthesis
(Figure 4).

The frequencies of diagnoses of other complications,
such as pseudoaneurysm formation and steal syndrome,
did not exhibit statistical differences between the two
study groups.

In one patient in the L-Hydro AVF group, with
venous hypertension secondary to stenosis of a central
vein, an L-Hydro bioprosthesis developed significant
dilatation, causing deactivation of the AVF and removal
of the graft. Anatomopathological examination of the
prosthesis after removal showed that the biological
tissue was intact, with endothelial lining preserved,
and free from signs of degeneration.

DISCUSSION

Although the number of patients was limited, in
our study we observed greater primary patency among
AVFs constructed using the L-Hydro bioprosthesis
than for AVFs constructed with ePTFE prostheses.!!
We also observed that the L-Hydro AVF group required
a smaller number of interventions for maintenance of
AVF viability. The reduced need for interventions in
the L-Hydro group had an impact on the lower rate
of complications observed in the group.?

The concept of AVF primary patency is related to
the time elapsed between construction of the fistula and
diagnosis of dysfunction (or occlusion). A diagnosis
of AVF dysfunction is generally suspected on the basis
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of clinical changes, observed by a technician or nurse,
during the hemodialysis sessions. Perception of these
signs and symptoms is dependent on the expertise and
experience of the hemodialysis professionals who,
ultimately, are responsible for referring the patient
for assessment by the vascular surgeon.

Since AVF primary patency depends on a
diagnosis of AVF dysfunction, which in turn cannot
be standardized across all patients, it is clear that
use of the primary patency variable for the purpose
of comparing AVF performance is compromised.
We therefore consider that the parameters assisted
primary patency and secondary patency offer a firmer
foundation for comparisons of AVF performance
between the groups in our study.'?

We consider that the assisted primary patency rates
in the ePTFE AVF group observed in our study' were
low (25% of the patients had functioning AVFs after
1 year of follow-up), although several prospective
studies report assisted primary patency rates ranging
from 10 to 43%. Two recent prospective studies of
AVFs constructed with ePTFE grafts' also reported
widely discrepant results. A retrospective study
comparing the performance of AVFs constructed
with ePTFE and standard PTFE'® reported assisted
primary patency rates of 35% and 25%, respectively.

Notwithstanding the variability of the results of
comparative studies of the patency of AVFs constructed
using prostheses, it is important to emphasize the result
observed in our study, where the assisted primary
patency rate was 70% in the L-Hydro AVF group.
The small number of patients enrolled in the sample
could have affected this result, but it is nevertheless
arate that is very much higher than the results of the
majority of published prospective studies on assisted
primary patency in AVFs constructed using ePTFE.

Our initial experience with vascular bioprostheses
preserved in L-Hydro began in 2011, for revascularization
of the lower limbs of patients without available native
veins as an alternative to ePTFE vascular prostheses.
We observed reduced inflammatory response at the
site of bioprosthesis implantation and lower rates of
infectious complications, in addition to better surgical
graft malleability, when compared to ePTFE vascular
prostheses. After mean postoperative follow-up of
15 months, this group of patients had a significantly
lower incidence of graft thrombosis than those with
ePTFE vascular prostheses.!”

Neointimal hyperplasia frequently develops in vascular
anastomoses and causes progressive graft stenosis and
occlusion. A common cause of arteriovenous graft
thrombosis is neointimal hyperplasia developing at
anastomosis sites. The cause of neointimal hyperplasia
is multifactorial mechanical stress provoked by blood
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turbulence in the region of the anastomosis, because
of differences in the complacency of the artery
wall and the wall of the vascular substitute and the
shear stress resulting from the changing blood flow
in the area of vascular anastomosis. The greater
complacency and malleability of vascular bioprostheses
preserved in L-Hydro is evidence that their use for
construction of AVFs involves reduced neointimal
hyperplasia-generating stimulation, when compared
with ePTFE vascular prostheses.

CONCLUSIONS

Bovine mesenteric artery grafts preserved in
L-Hydro are an excellent option for hemodialysis.
Further studies with larger numbers of participants
and longer postoperative follow-up are needed to
consolidate our results.
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A pilot study comparing bovine mesenteric artery and expanded
polytetrafluoroethylene grafts as non-autogenous hemodialysis options
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Resumo

Contexto: Muitos pacientes dialiticos apresentam condigdes desfavoraveis para confeccdo de fistula arteriovenosa
(FAV) nativa. A protese vascular de politetrafluoroetileno expandido (ePTFE) é a alternativa mais utilizada, porém,
sabidamente inferior aquela com veias nativas. Objetivos: Pesquisar um enxerto de performance superior a do
ePTFE, confrontrando seus resultados com os de FAVs confeccionadas com artéria mesentérica bovina tratada
com tecnologia L-Hydro (Labcor Laboratérios®). Métodes: Estudo prospectivo e controlado, composto pelo
grupo controle de 10 pacientes submetidos a confecgdo de FAV com ePTFE (FAV ePTFE) e grupo experimental de
10 pacientes com bioprétese L-Hydro (FAV L-Hydro). Os componentes foram pareados em relagéo as comorbidades
apresentadas. As variaveis estudadas foram: perviedades primaria, primaria assistida e secundaria, manuseabilidade e
prevaléncia de infecgdes. A performance das proteses foi avaliada por duplex scan e por consultas seriadas realizadas
por profissionais de clinicas de hemodialise. O tratamento estatistico foi o teste do qui-quadrado. Resultados: Apds
1ano de seguimento pos-operatorio, as taxas de perviedade secundaria e primaria assistida foram maiores no grupo
FAV L-Hydro do que no FAV ePTFE. As intervencOes para manter a perviedade da FAV foram menores no grupo
FAV L-Hydro. A complicagdo mais comum foi trombose do enxerto, mais frequente no grupo FAV ePTFE. Apesar
de os nimeros indicarem desfechos mais favoraveis nas FAV L-Hydro, ndo foi possivel confirmar esse achado com o
tratamento estatistico aplicado. Conclusdes: O enxerto L-Hydro parece ser uma alternativa valiosa para FAV, pois
parece necessitar de menos intervengdes para manutengao da perviedade, quando comparado ao enxerto de ePTFE.

Palavras-chave: fistula; hemodialise; perviedade.

Abstract

Background: Many dialysis patients do not have the necessary conditions for construction of a native arteriovenous
fistula (AVF). Expanded Polytetrafluoroethylene (ePTFE) vascular prostheses are the most widely-used option, butitis
known that they are inferior to native vein AVFs. Objectives: To identify a graft with superior performance to ePTFE,
comparing their results with those of AVFs made from bovine mesenteric arteries treated with L-Hydro technology
(Labcor Laboratories®). Methods: A prospective and controlled study of 10 patients with AVFs constructed with
ePTFE and 10 patients with L-Hydro bioprostheses, matched for comorbidities. The variables studied were: primary
patency, assisted primary patency, and secondary patency, surgical manipulability, and prevalence of infections.
The performance of prostheses was assessed by duplex-scan and repeated consultations with health professionals
at hemodialysis clinics. The chi-square test was used for statistical analysis. Results: After 1 year of postoperative
follow-up, secondary and primary patency rates were higher for L-Hydro than ePTFE AVFs. Fewer interventions were
needed to maintain AVF patency in the L-Hydro AVF group. The most common complication was graft thrombosis,
which was more frequent in the ePTFE group. While the figures indicate more favorable outcomes in the L-Hydro
AVFs, this could not be confirmed with the statistical treatment employed. Conclusions: The L-Hydro graft appears
to be a valuable alternative option for AVFs, since it seems to require fewer interventions to maintain patency when
compared to ePTFE grafts.

Keywords: fistula; hemodialysis; patency.
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Fistula arteiro venosa

INTRODUGAO

As fistulas arteriovenosas (FAV) confeccionadas
com veias nativas do antebrago sdo reconhecidas como
amelhor alternativa de acesso vascular definitivo para
hemodialise. Infelizmente, em muitos pacientes, a
manipulagdo excessiva das veias nativas do antebrago,
em fun¢ao de comorbidades frequentemente presentes
em pacientes portadores de insuficiéncia renal cronica
(tais como diabetes melito, doengas do colageno,
hipertensao arterial sistémica), torna impossivel sua
utilizagdo na confec¢do de FAV!.

A proétese vascular de politetrafluoroetileno expandido
(ePTFE) € o substituto vascular alternativo mais
utilizado para confecgdo de FAV quando ndo existem
veias nativas disponiveis no antebrago, a despeito do
numero elevado de complicagdes infecciosas e oclusdes
precoces do enxerto associados a sua utilizagao.

Na busca de um substituto vascular com performance
superior a da ePTFE para confecgdo de FAV para
hemodialise, foram amplamente utilizadas, na década
de 1970, bioproéteses vasculares de pericardio bovino
preservadas em glutaraldeido?. O acompanhamento
pos-operatorio da performance desses enxertos foi
marcado por complicagdes — hiperplasia neointimal
¢ degeneragdo do tecido bioldgico — em numero
significativo de pacientes’, levando ao abandono
de seu uso na confecgdo de FAV para hemodialise.
A degeneracdo do pericardio bovino utilizado na
confeccdo da bioprotese vascular foi atribuida a resposta
imune provocada pela reagdo enxerto-hospedeiro,
uma vez que a preservacao de tecidos biologicos com
glutaraldeido ndo elimina totalmente a antigenicidade
do xenoenxerto. Outro fator apontado como responsavel
pelos resultados adversos da bioprotese vascular de
pericardio bovino ¢ a citotoxicidade intrinseca do
glutaraldeido, que impede a endotelizagdo da superficie
interna da bioprotese vascular.

O desenvolvimento de técnicas endovasculares para
tratamento de estenoses em artérias e veias reavivou o
interesse na utilizagao de enxertos vasculares biologicos
para confec¢do de FAV. As eventuais estenoses no
enxerto ou nas anastomoses, surgidas no pos-operatorio,
poderiam ser tratadas por procedimento endovascular,
resultando em maior durabilidade da FAV.

Abioprotese vascular preservada em L-Hydro (Labcor
Laboratérios®) é obtida pela aplicagdo de um processo
de preservagao conhecido como L-Hydro em artérias
mesentéricas bovinas. A tecnologia L-Hydro permite
a extragdo de antigenos e componentes celulares do
tecido bioldgico ao mesmo tempo em que preserva
constituintes extracelulares fundamentais, tais como
elastina e colageno. O comportamento biolégico da
bioprodtese vascular preservada com tecnologia L-Hydro
compartilha com a veia autdgena a capacidade de
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alcancar a endotelizagdo completa. A cicatrizagdo
do enxerto se completa com a incorporagdo de
miofibroblastos ao arcabougo de colageno e elastina
na camada média da artéria mesentérica bovina*>.

O objetivo deste estudo foi comparar a performance
de FAVs confeccionadas com proétese vascular de
ePTE com a daquelas que empregaram bioproteses
vasculares preservadas com tecnologia L-Hydro,
de acordo com os seguintes parametros: perviedade
primaria, perviedade primaria assistida e perviedade
secundaria; propriedades de manuseio cirurgico da
protese vascular utilizada na confecgdo da FAV;
e complicagdes relacionadas a protese vascular
empregada na confecgdo da FAV.

METODOS

O protocolo da pesquisa foi avaliado pelo Comité
de Etica da institui¢do e registrado na Plataforma
Brasil (numero: 46166115.4.0000.5258). Todos os
pacientes foram devidamente esclarecidos em relagdo
a proposta de participagdo voluntaria no estudo e
assinaram o termo de consentimento previamente a
avaliacdo pré-operatoria.

Os critérios de inclusao no estudo foram: pacientes
adultos portadores de insuficiéncia renal cronica
dialitica sem veias nativas em membros superiores
adequadas para confec¢do de FAV para hemodialise;
e didmetro da artéria braquial > 3 mm na fossa cubital
e da veia axilar > 3 mm em sua por¢do mais distal
(segundo recomendagao da Kidney Diseases Outcomes
Quality Initiative, KDOQI), em medida realizada no
pré-operatorio por duplex scan.

Os pacientes foram divididos aleatoriamente em
dois grupos: grupo FAV ePTFE, incluindo 10 pacientes
que foram submetidos a confec¢do de FAV com
protese vascular de ePTFE (FlowLine Bipore vascular
grafts, JOTEC®); e grupo FAV L-Hydro, incluindo
10 pacientes que foram submetidos a confec¢do de FAV
com bioprotese vascular preservada com tecnologia
L-Hydro (Labcor Laboratorios®).

Os pacientes foram prospectivamente incluidos
no estudo de forma aleatoria e alternadamente em
cada um dos grupos de comparagio, no periodo
compreendido entre 01/08/13 e 31/12/15, totalizando
20 FAVs realizadas no Hospital Federal do Andarai
(HFA).

O procedimento cirurgico foi realizado sob bloqueio
anestésico de plexo braquial e sedagdo. Em todos os
pacientes, a FAV foi confeccionada sob heparinizagao
sistémica, com o implante da protese vascular (ePTFE
ou L-Hydro) no plano subcutaneo na face anterolateral
do brago (topografia do musculo biceps). A anastomose
proximal na artéria braquial foi realizada no nivel
da fossa cubital, e a anastomose distal, na por¢do



Figura 2. Prétese implantada.
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mais distal da veia axilar. No grupo FAV L-Hydro, a
anastomose na artéria braquial foi realizada antes da
anastomose na veia axilar. A bioproétese foi preenchida
com sangue arterial sob pressdo, guiada através do
tinel no plano subcutaneo, e exteriorizada no ponto de
disseccao da veia axilar. Essa estratégia visou impedir
torgdes e acotovelamento no trajeto da bioprotese
no tunel subcutdneo. Todos os pacientes foram
examinados precocemente no pos-operatorio (ainda
na sala de recuperagdo pds-anestésica) em relacao a
perfusdo distal 8 FAV (tempo de enchimento capilar
e for¢a da mao ipsilateral) pelo cirurgido responsavel
pela confec¢do da FAV®. O tempo de seguimento
pos-operatorio do estudo foi de 2 anos. O protocolo
de seguimento pos-operatdrio foi baseado nos critérios
estabelecidos pela KDOQI (Figuras 1 e 2).

Todos os pacientes foram avaliados no seguimento
pos-operatorio por eco-Doppler vascular (duplex scan)
da FAV para pesquisa de: estenose ou dilatacdo na
protese vascular; alteragdes na espessura da parede da
protese vascular; estenose no sitio das anastomoses
(hiperplasia neointimal); presenca de hematomas ou
colegdes peri-protese; estimativa do fluxo da FAVS;
e avaliacdo da resposta a antibioticoterapia em caso
de infeccao da prétese (Figura 3).

Critérios clinicos da performance da FAV foram
também avaliados durante as sessoes de hemodialise,
tais como: presenga de ondas de pulso no trajeto da

Figura 3. Doppler de controle.
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FAV; presenga de frémito/sopro continuo no trajeto
da FAV; dificuldades encontradas na puncdo da
protese; detecgdo de sangramento persistente no local
de pungéo ap6s retirada da agulha; e necessidade de
modificagdo de parametros na programagao da maquina
para atingir padrdes de dialise efetiva®.

Oclusao aguda da FAV

Em caso de suspeita clinica de oclusdo da FAV
(desaparecimento do frémito ou sopro), a recomendagao
do protocolo do estudo foi a avaliagdo imediata do
cirurgido e propedéutica com duplex scan ou angiografia.
Apos confirmagdo do diagnostico, a intervengao
terapéutica através de procedimento endovascular foi
a conduta de escolha. Somente com a impossibilidade
ou fracasso da terapéutica endovascular a abordagem
cirargica direta foi realizada.

Infeccao da FAV

O diagnostico de infecgdo da FAV foi estabelecido
através de sinais clinicos (eritema, edema e dor no
trajeto da protese) e confirmado com hemocultura ou
cultura de secregdo. A antibioticoterapia prolongada
foi o tratamento inicial proposto para infeccao de FAV
com protese. A exérese cirurgica da protese vascular
previamente implantada estava indicada em caso de
falha do tratamento com antibiticos’.

Sindrome do roubo de fluxo

A sindrome do roubo de fluxo foi definida segundo
a classificagdo dos estagios de isquemia®!®:

- Estagio I: palidez da mao, que adquire tonalidade
azul-claro e/ou hipotermia da méo, sem presenga
de dor;

- Estagio II: dor na méo desencadeada por exercicio
e/ou durante hemodialise;

- Estagio III: dor de repouso na mao ipsilateral a
FAV;

- Estagio IV: ulcera/necrose/gangrena na mao.

A intervengdo cirurgica estaria indicada em
quadros de sindrome do roubo de fluxo classificados
no estagio Il ou IV.

Técnica de puncao da protese para
hemodialise

A técnica de puncdo empregada para inicio da
hemodialise na FAV L-Hydro foi a mesma empregada
em FAV com veias nativas: o primeiro acesso ¢ realizado
com agulhas de punc¢do 17G em angulacdo de 25°a 30°.
Apds sessoes subsequentes de hemodialise, com a
pele mais espessada nos locais de pungdo, a FAV
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L-Hydro passou a ser puncionada com uma agulha
mais calibrosa (15G). Na FAV ePTFE, a técnica de
puncdo da protese utilizou a agulha com calibre 15G
desde o primeiro acesso para hemodialise'.

No presente estudo, foram utilizadas as seguintes
defini¢des:

- Perviedade primaria da FAV: definida como o
intervalo de tempo decorrido entre a confecgio
da FAV e o diagndstico de disfungdo da FAV ou
oclusdo completa da prétese (trombose);

- Perviedade primaria assistida da FAV: definida
como o intervalo de tempo de durabilidade da FAV
que sofreu intervengdo (endovascular/cirurgia)
realizada para corrigir disfuncdes diagnosticadas
durante seguimento pds-operatorio;

- Perviedade secundaria da FAV: definida como
o intervalo de tempo de durabilidade da FAV
que sofreu interveng¢do (endovascular/cirurgia)
realizada apos oclusdo completa da protese
(trombose).

O teste qui-quadrado foi utilizado para comparagao
das taxas de complica¢des encontradas no estudo.
O nivel de significancia de probabilidade estatistica
utilizado no estudo foi de 0,05.

RESULTADOS

Os dados demograficos dos pacientes dos grupos
FAV L-Hydro e FAV ePTFE foram semelhantes.
Em relagao a frequéncia de comorbidades, o diagndstico
de hipertensdo arterial sistémica e intraoperatoria foi
mais frequente no grupo L-Hydro.

No seguimento pds-operatorio, houve diferenca
entre 0s grupos, com um caso a mais no grupo FAV
ePTFE (seis intervengdes realizadas em trés pacientes),
enquanto no grupo FAV L-Hydro foram realizadas
quatro intervengdes em dois pacientes.

Em relagio a perviedade primaria assistida, os dados
obtidos mostraram que 50% dos pacientes do grupo
FAV L-Hydro apresentavam a fistula funcionante
ap6s 1 ano de seguimento e 25% ap6s 2 anos de
acompanhamento pds-operatorio. No grupo FAV
ePTFE, no primeiro ano de pds-operatorio, 25% dos
pacientes mostravam a fistula com fungao preservada
e, apos 2 anos, apenas 10% dos pacientes mantinham
a FAV funcionante (p < 0,05).

Ap6s 2 anos de seguimento, a perviedade primaria
no grupo FAV L-Hydro foi de 70%, ¢ no grupo FAV
ePTFE foi de somente 20% (p < 0,05).

A analise da perviedade secundaria da FAV ndo
revelou diferenga estatistica entre os grupos FAV
L-Hydro e FAV ePTFE (perviedade secundaria,
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Figura 4. Complicagdes.

apo6s 2 anos de acompanhamento, de 60% e 50%,
respectivamente). Na populagdo estudada, o nimero
de intervengdes necessarias para prolongar a vida
util da FAV foi de 1,5 intervencao/ano no grupo
FAV L-Hydro e de duas intervengdes/ano no grupo
FAV ePTFE. O procedimento mais frequentemente
empregado para a preservacao da funcao da FAV foi
a angioplastia.

As complicagoes relacionadas a protese vascular mais
frequentemente observadas foram: trombose, infecgdo
e pseudoaneurisma. A complicagdo mais frequente
foi a trombose do enxerto, sendo observada em oito
pacientes do grupo FAV ePTFE e trés do grupo FAV
L-Hydro (p=0,01). A frequéncia de infec¢ao de protese
foi semelhante em ambos os grupos estudados mas,
no grupo FAV L-Hydro, diferentemente da conduta
adotada no grupo FAV ePTFE, a terapia prolongada
com antibidticos foi eficiente em evitar a necessidade
de retirada da protese infectada (Figura 4).

A frequéncia do diagnostico de outras complicagdes,
como formagédo de pseudoaneurisma e sindrome do
roubo de fluxo, ndo apresentou diferenga estatistica
entre os dois grupos estudados.

Em um paciente do grupo FAV L-Hydro, com
quadro de hipertensao venosa secundaria a estenose
de veia central, a bioprétese L-Hydro evoluiu com
dilatagdo importante, motivando a desativa¢do da FAV
e retirada do enxerto. O exame anatomopatologico
da proétese explantada mostrou integridade do tecido
bioldgico, com revestimento endotelial preservado,
sem sinais de degeneragao.

DISCUSSAO

Apesar do nimero limitado de pacientes, observamos
em nosso estudo maior perviedade primaria da
FAV confeccionada com a bioprotese L-Hydro,
comparativamente a FAV com protese de ePTFE!.

Bruno Morisson, Antonio Luiz de Aradjo et al.

Observamos também que, no grupo FAV L-Hydro,
um menor numero de intervengdes foi necessario
para manuten¢do da viabilidade da FAV. A menor
necessidade de intervencdes no grupo L-Hydro teve
impacto na menor taxa de complica¢des encontrada
nesse grupo'?.

O conceito de perviedade primaria da FAV esta
relacionado ao tempo decorrido entre a confec¢do
da fistula e o diagndstico de disfuncao (ou oclusio).
O diagnéstico de disfungdo da FAV ¢ geralmente
suspeitado a partir de alteragdes clinicas, notadas
pelo técnico ou enfermeiro, durante as sessdes de
hemodialise. Os sinais ¢ sintomas percebidos dependem
da expertise e da experiéncia do profissional de
hemodialise que, em tltima analise, ¢ o responsavel
pelo encaminhamento do paciente para a avaliagao
do cirurgido vascular. Como a perviedade primdaria
da FAV ¢ dependente do diagnostico de disfungao da
FAV, ¢ esta tlltima nao pode ser padronizada em todos
os pacientes, fica nitido que a utilizacdo da variavel
perviedade primaria para fins de comparagdo de
performance da FAV fica comprometida. Sendo assim,
consideramos que a perviedade primaria assistida e a
perviedade secundaria se constituem como parametros
mais solidos para a comparagao de performance da
FAV entre os grupos do nosso estudo’.

Consideramos que os indices de perviedade primaria
assistida encontrados em nosso estudo no grupo FAV
ePTFE" foram baixos (25% dos pacientes com FAV
funcionante apds 1 ano de seguimento), apesar de
numerosos estudos prospectivos mostrarem taxas de
perviedade primaria assistida que variam de 10% a
43%. Dois estudos prospectivos recentes com FAV
com enxertos de ePTFE'® também relataram ampla
discrepancia de resultados. Em estudo retrospectivo
comparando a performance de FAV confeccionadas
com ePTFE versus PTFE padrao, enxertos de ePTFE'S,
revelaram taxas de perviedade primaria assistida de
35% versus 25%, respectivamente.

Apesar da variabilidade de resultados encontrados
em estudos comparativos de perviedade de FAV com
proteses, ¢ importante ressaltar o resultado encontrado
em nosso estudo, que revela uma taxa de perviedade
primaria assistida de 70% no grupo FAV L-Hydro.
O nimero limitado de pacientes incluidos em nossa
amostra pode ter influenciado o resultado obtido.
De todo modo, trata-se de resultado muito acima
daquele observado na maioria dos estudos prospectivos
publicados sobre perviedade primaria assistida em
FAV confeccionada com ePTFE.

Nossa experiéncia inicial com a bioprotese vascular
preservada em L-Hydro comeg¢ou em 2011 na
revasculariza¢do de membros inferiores em pacientes
sem veias nativas disponiveis ¢ como op¢ao a protese
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vascular de ePTFE. Naquela ocasido, observamos
menor resposta inflamatéria no local do implante da
bioprétese e menor taxa de complicagdes infecciosas,
além de melhor maleabilidade cirtirgica do enxerto
quando comparado a protese vascular de ePTFE. Apos
acompanhamento pos-operatorio médio de 15 meses
desse grupo de pacientes, observamos uma incidéncia
significativamente menor de trombose do enxerto,
comparativamente as proteses vasculares de ePTFE!.

A hiperplasia neointimal que se desenvolve
frequentemente nas anastomoses vasculares ¢ causa de
estenose progressiva e oclusao do enxerto. Uma causa
comum de trombose do enxerto arteriovenoso ¢ a
hiperplasia neointimal que se desenvolve no local
da anastomose. A causa da hiperplasia neointimal
¢ o estresse mecanico multifatorial provocado pelo
turbilhonamento do sangue na area da anastomose,
pela diferenga de complacéncia entre a parede arterial
¢ a parede do substituto vascular e pelas forgas de
cisalhamento (“shear stress”) resultantes da alteracdo
do fluxo sanguineo na area da anastomose vascular.
A maior complacéncia e maleabilidade da bioprotese
vascular preservada em L-Hydro ¢ uma evidéncia de
que sua utiliza¢do para a confeccdo de FAVs resulta
em um estimulo menor para a génese da hiperplasia
neointimal quando comparada a protese vascular
de ePTFE.

CONCLUSAO

O enxerto de artéria mesentérica bovina preservado em
L-Hydro ¢ uma excelente alternativa para hemodialise.
Estudos adicionais com nimero maior de participantes
e maior tempo de seguimento poés-operatorio sdao
necessarios para consolidagao dos nossos resultados.
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