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Experimental, comparative, duplex mapping study of
arterial flow distribution in ischemia and reperfusion by
retrograde circulation

Estudo comparativo experimental da distribuicéo do fluxo arterial, em isquemia e
reperfusdo por circulagdo retrograda, através de mapeamento duplex
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Abstract

Treatment options for critical lower limb ischemia in the absence of the distal bed are limited. Diverting blood flow
in a retrograde direction through the venous circulation is one alternative option that is supported by evidence from
several published articles. Duplex scanning was used to compare the distribution of arterial flow in hind limbs of pigs
maintained in physiological circulation to contralateral limbs subjected to ischemia and reperfusion by retrograde
circulation. Flow in limbs with physiological and retrograde circulation was evaluated by duplex scanning with analysis
of Peak Systolic Velocity (PSV), End Diastolic Velocity (EDV), and the Resistivity Index (RI) for selected arteries. This
comparative analysis of extremities maintained in physiological circulation in relation to those subjected to ischemia
and reperfusion by retrograde circulation showed, via duplex scanning, that changes in spectral wave patterns and
hemodynamic variables are satisfactory indicators and suggest good distribution of distal blood flow.
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Resumo

Aisquemia critica de membro inferior sem leito distal tem op¢des restritas para tratamento. Desviar o fluxo sanguineo
de maneira retrograda através da circulagio venosa é uma alternativa amparada em evidéncias de inimeros trabalhos
publicados. Comparou-se através de mapeamento duplex a distribui¢do do fluxo sanguineo arterial em membros
posteriores de suinos mantidos em circulagéo fisiologica com o contralateral submetido a isquemia e reperfuséo por
circulagéo retrégrada. O fluxo nos membros em circulagao fisiologica e retrograda foi avaliado por mapeamento duplex
através da determinacéo da velocidade de pico sistolico (VPS), da velocidade diastélica final (VDF) e do indice de
resistividade (IR) em artérias selecionadas. A andlise comparativa das extremidades mantidas em circulagio fisiolégica
em relagdo as mantidas em isquemia e reperfusdo, por circulagéo retrégrada, mostrou nestas, a0 mapeamento diplex,
que as alteragdes nos padrdes de onda espectral e nas variaveis hemodindmicas sdo indicadores satisfatorios e sugerem
boa distribui¢do do fluxo sanguineo vascular distal.
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INTRODUCTION

When critical ischemia is present without a distal
arterial bed, it is impossible to divert blood to a
patent artery in the extremity distal to the obstruction.
Diverting blood flow in a retrograde direction via
the venous circulation is a feasible option that is
supported by evidence from several published studies.'”’
The underlying concept is based on the theory that
if primary arterial blood pressure is absent or greatly
reduced in the arterioles, then blood supplied via the
arterialized distal venous system will be able to supply
peripheral tissues with sufficient oxygenation.>--10

Studies have attempted to compare, using physical
and laboratory variables, the degree of ischemia
and reperfusion produced by arterialization of
veins in animal models." This study compared the
distribution of arterial vascular flow in limbs in which
physiological circulation was maintained against the
flow in contralateral limbs subjected to arterialization
of veins, by studying hemodynamic variables and
Doppler indices in the vascular beds.

This project was approved by the Animal Research
Ethics Committee (CEUA —024/2017) at the Universidade
Estadual de Ponta Grossa (UEPG), Ponta Grossa, PR,
Brazil. An observational study was conducted using
four Large White and Landrace cross pigs, that had
not yet undergone any prior surgical procedures, but
were scheduled to be used in practical Operating
Technique classes and were used for the experiments
before those surgical procedures were undertaken.
The animals were premedicated with ketamine
(14 mg/kg), xylazine (0.2 mg/kg), and acepromazine
(0.4 mg/kg). Anesthesia was induced with propofol
(5 mg/kg) and maintained with inhaled isoflurane at
a minimum alveolar concentration of 1.2 to 1.7%.

The right rear limbs of the animals studied were
maintained with physiological circulation, but the left
rear limbs subjected to ischemia and reperfusion by
arterialization of veins. The left lateral saphenous veins
were dissected. After systemic anticoagulation with
5,000 UI of heparin, proximal ligation, longitudinal
venotomy, and downstream valvotomy using a Lengua
valvotome were performed. The distal extremities were
dilated using heparinized saline via a n° 4 catheter, with
catheterization, attachment, and closure of the catheters
after local administration of 10 mL of heparinized
saline (5,000 UI/500 mL of physiological saline).
The left common femoral arteries were dissected,
with ligature of the distal extremities. The proximal
extremities were catheterized with n° 6 catheters, which,
after attachment and local administration of 10 mL of
heparinized saline, were immediately connected to
the lateral saphenous veins using silicone catheters
(20 cm Luer Lock Reversible Catheter Extender,

Doppler scanning of retrograde circulation

double male — 10F; Hartmann®, Rio de Janeiro, Brazil),
thereby achieving arterialization of the extremity veins.
The mean duration of ischemia from ligature of the
distal femoral artery to establishment of retrograde
circulation was 20 minutes (Figure 1).

Vascular flow in the physiological and arterialized
extremities of the limbs was monitored using duplex
mapping. These examinations were unblinded and
were all conducted by the same radiologist, without
cross-checking, using a Samsung/Medison SonoAce R7®
scanner (South Korea) with an LN5-12 8MHz linear
transducer, lubricated with Sonic-Plus® electroconductive
ultrasound gel and positioned in the regions of the
chosen vascular beds, the common femoral, saphenous,
and medial plantar arteries. In Doppler spectral color
mode, the manufacturer’s presets for vascular peripheral
studies were used, providing arterial results for Peak
Systolic Velocity (PSV), End-Diastolic Velocity (EDV),
and spectral waveform (WF). These parameters were
used to calculate the Doppler Resistivity Index (RI).
The mean time between establishment of retrograde
circulation and completion of readings from the right and
left rear limbs was 60 minutes. After the experimental
procedures and the Operating Technique classes had
been completed, the animals were euthanized in
accordance with Federal Veterinary Medical Council
resolution 1000/2012 (Conselho Federal de Medicina
Veterinaria - CFMV).

1. Common femoral a.
2. Saphenous a.

3. Deep femoral a.

4. Catheter
5
6

. Catheter extender
. Lateral saphenous v.

Lateral view

Figure 1. Diagram illustrating the surgical procedure.
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Hemodynamic variables and Doppler indices were
measured for each animal and results from limbs with
physiological circulation were compared to results
for contralateral arterialized limbs (Table 1). For the
purposes of comparison, ratios were calculated for
arterialized limbs against physiological limbs for the
variables described above. This procedure provides
an index for each variable expressing the result for
the arterialized limb as a proportion of the result for
the physiological limb of the same animal (Table 1).

The Doppler study of arterial blood flow in the
arterialized limbs demonstrated equivalence between
the triphasic and biphasic wave patterns in the femoral
artery, predominance of the biphasic pattern in the
saphenous artery, and predominance of the monophasic

Table 1. Proportions obtained by calculating ratios for animals’
arterialized/physiological limbs in the selected vascular beds
and their respective means.

PSV (A/P) EDV (A/P)  RI(A/P)
Medial plantar artery
Pig 1 0.378536585 1.108571429 0
Pig 2 0.798532355 1.278350515 0.355077412
Pig 3 1.236657737 2.907750832 0.626229168
Pig 4 1.109047619 1.638185654 0.607377988
Mean 0.880693574 1.733214608 0.397171142

Saphenous artery

Pig 1 0.835980861 0.329371817 1.497646945
Pig 2 1.167390578 0.705561614 1.17474589
Pig3 0.708371665 1.533568905 0.693541504
Pig 4 0.425147183 0.630193906 0.671957036
Mean 0.784222572 0.79967406 1.009472844

Femoral artery

Pig 1 0.697104677 0.451960784 1.103369824
Pig 2 0.871744694 0.542525773 1.049950646
Pig3 1265533411 17 0.926154743
Pig 4 0.955450557 0.660446518 1.157368548
Mean 0.947458335 0.838733269 1.05921094

PSV (A/P) = arterialized/physiological limb ratio for peak systolic velocity;
EDV (A/P) = arterialized/physiological limb ratio for end-diastolic velocity;
RI (A/P) = arterialized/physiological limb ratio for Doppler resistivity index .

Doppler scanning of retrograde circulation

pattern in the medial plantar artery (Table 2). The small
sample size resulted in highly heterogeneous data,
which made statistical analysis impossible. This
diversity was primarily detected in the coefficient of
variation for EDV in the vascular beds studied.

While the best parameter to use to evaluate the
circulation of a limb is its contralateral counterpart,
measurements are taken sequentially, so the hemodynamic
conditions are not identical. Use of inelastic catheters
with calibers smaller than the vessels may increase
resistivity, while bypass to the lower pressure venous
and arterial systems, by ligature of the femoral, may
reduce it. Therefore, the numerical result of this
equation may exhibit discrepancies.

The hemodynamic variables used in this study
were chosen to quantitatively evaluate the Doppler
spectrum. When viewing an arterial spectral wave
(Figure 2), the maximum point reflects PSV, i.e., the
highest velocity achieved in the vascular bed during a
cardiac cycle; while the minimum point in the shape
of the wave gives the value of EDV.1213

In turn, the Doppler indices provide data
on peripheral vascular resistance based on the
variables defined above (PSV, EDV). The RI was
described by Pourcelot in 1974 and is determined by
subtracting EDV from PSV and dividing the result by
PSV (RI=PSV — EDV/PSV).'21?

Changes in hemodynamic indices are of help for
identifying disorders that affect tissue perfusion or
complacency of the vascular beds. Several factors
in addition to resistance to blood flow through the
peripheral vessels influence the values of Doppler
indices, including heart rate, blood pressure, and
length and elasticity of vessels,'? highlighting the
importance of comparing the physiological and
arterialized sides of the same animal, as described
in the literature.'*!* Although the dissections and
catheterizations performed to create retrograde
circulation were conducted on the left, it is probable
that the right limb also underwent changes to blood
flow, provoked by changes to peripheral resistance
on the left.

Table 2. Waveforms observed in the selected arterial beds and their proportions (%) in the animals’ physiological and arterialized limbs.

Waveform
Artery - - - - -
Triphasic Biphasic Monophasic
Physiological 2 50.00% 2 50.00% 0.00%
Femoral Arterialized 2 50.00% 2 50.00% 0.00%
Physiological 0 0.00% 4 100.00% 0 0.00%
Saphenous Arterialized 0.00% 3 75.00% 1 25.00%
Physiological 0 0.00% 4 100.00% 0 0.00%
Medial plantar Arterialized 0.00% 1 25.00% 3 75.00%
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[Flow]

PSV 89.80cm/s
EDV 20.41cm/s
TAMV 29.59cm/s
'TAPV 40.90cm/s

PGmean 0.85mmHg
PGmax 3.23mmHg
S/D 4.40

D/S 0.23

RI 0.77

PI 1.70

Figure 2. Triphasic spectral waveform in femoral artery of the limb
with physiological circulation maintained. PSV = peak systolic
velocity; EDV = end-diastolic velocity; TAMV = time-averaged mean
velocity; TAPV = time-averaged peak velocity; PGmean = mean
pressure gradient; PGmax = maximum pressure gradient;
S/D = PSV/EDV;D/S = EDV/PSV; Rl = resistivity index;
Pl = pulsatility index.

[General]

PSV 107.95cm/s
EDV 25.67cm/s
'TAPV 48.59cm/s
PGmean 1.18mmHg
PGmax 4.66mmHg
S/D 4.21

D/S 0.24

RI 0.76

PI 1.69
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Figure 3. Biphasic spectral waveform in femoral artery of the
limb with arterialized circulation. PSV = peak systolic velocity;
EDV = end-diastolic velocity; TAPV = time-averaged peak velocity;
PGmean = mean pressure gradient; PGmax = maximum pressure
gradient; S/D = PSV/EDV; D/S = EDV/PSV; Rl = resistivity index;
Pl = pulsatility index.

Figure 4. Monophasic spectral waveform in medial plantar artery
of the limb with arterialized circulation.

Doppler scanning of retrograde circulation

Although ultrasound readings on the left were taken
upstream of the point of ligature of the common femoral
artery, the limbs with retrograde circulation may have
exhibited changes in relation to the physiological
side, as a function of the variations in peripheral
resistance observed (Table 1 and Table 2). In one of
the saphenous arteries, a monophasic Doppler WF
and reduced PSV and EDV were observed together
with maintenance of RI, suggesting a retrograde
circulation scenario (Table 2).

In the distal arterial beds (medial plantar artery),
the expectation was that RI would be reduced,
demonstrating presence of post-arterialization flow.
The results showed that this monophasic flow was
present, according to the RI data (Table 1 and Table 2).

Triphasic WF (Figure 2) is typical of vascular
beds with elevated RI and is represented graphically
by tapered systolic peaks and reverse blood flow at
the start of diastole. Reverse diastolic blood flow
occurs in these vessels because the elevated PSV
is reflected with high impedance by the peripheral
vascular bed, but, as the vascular diameter returns to
normal, diastolic blood flow becomes continuous.'?

Biphasic WF (Figure 3) is typical of regions where
there is loss of high resistivity, as in tissues with
post-stenotic circulation. This is characterized by
systolic peaks that are also tapered, but are wider than
in triphasic WF, and by continuous diastolic blood
flow, without reverse flow.'? In turn, monophasic WF
(Figure 4) is typically venous or of low resistivity
beds, such as in arteriovenous fistulae (low RI), and
is generally laminar."

In the physiological arterial beds, the WF in the
common femoral artery was equivalently distributed
between the triphasic and biphasic forms, while biphasic
waveforms predominated in the other arteries. In the
arterialized vessels, changes in WF were observed
in one saphenous artery and three medial plantar
arteries with a predominance of monophasic waves,
characterizing a change to a low resistivity pattern
compatible with arterialized blood flow. The importance
of analyzing WFs in the context of arterialization of
veins is to identify changes so that it can be suggested
that blood flow in the vascular beds originates from
a different route than its physiological origin.

Possible anatomic biases could have been reduced
by randomizing which side would be arterialized.
Preoperative measurements, which were not taken,
could have been used to detect any hemodynamic
changes that took place on the physiological side after
arterialization of contralateral veins. Measuring the
ankle-brachial index, before and after arterialization
of veins could have provided support for any changes
that would have been detected by duplex mapping.
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Comparative analysis of extremities in which
physiological circulation was maintained in comparison
to those subjected to ischemia and reperfusion by
retrograde circulation showed that, in the latter, spectral
waveforms and hemodynamic variables obtained
with duplex mapping were satisfactory indicators
and suggested good distribution of blood flow in the
vascular beds. However, additional studies are needed
to evaluate Doppler ultrasonography parameters in
the vessels involved with greater precision.
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Estudo comparativo experimental da distribuicao do fluxo
arterial, em isquemia e reperfusao por circulacao retrograda,
através de mapeamento duplex

Experimental, comparative, duplex mapping study of arterial flow distribution in
ischemia and reperfusion by retrograde circulation

Cesar Roberto Busato' (2, Carlos Alberto Lima Utrabo', Leandro Cavalcante Lipinski',
Marcelo de Oliveira Dreweck', Ana Carolina Viezzer Fernandes' (&), Gabriel Sviercoski’

Resumo

Aisquemia critica de membro inferior sem leito distal tem opgoes restritas para tratamento. Desviar o fluxo sanguineo
de maneira retrograda através da circulagido venosa é uma alternativa amparada em evidéncias de inimeros trabalhos
publicados. Comparou-se através de mapeamento duplex a distribuigdo do fluxo sanguineo arterial em membros
posteriores de suinos mantidos em circulacéo fisiologica com o contralateral submetido a isquemia e reperfuséo por
circulagéo retrégrada. O fluxo nos membros em circulagao fisiologica e retrograda foi avaliado por mapeamento duplex
através da determinagéo da velocidade de pico sistélico (VPS), da velocidade diastdlica final (VDF) e do indice de
resistividade (IR) em artérias selecionadas. A analise comparativa das extremidades mantidas em circulagéo fisiologica
em relagdo as mantidas em isquemia e reperfusdo, por circulagao retrograda, mostrou nestas, ao mapeamento duplex,
que as alteragbes nos padroes de onda espectral e nas varidveis hemodinamicas sdo indicadores satisfatorios e sugerem
boa distribui¢do do fluxo sanguineo vascular distal.

Palavras-chave: arterializagdo venosa; isquemia; reperfuséo.

Abstract

Treatment options for critical lower limb ischemia in the absence of the distal bed are limited. Diverting blood flow
in a retrograde direction through the venous circulation is one alternative option that is supported by evidence from
several published articles. Duplex scanning was used to compare the distribution of arterial flow in hind limbs of pigs
maintained in physiological circulation to contralateral limbs subjected to ischemia and reperfusion by retrograde
circulation. Flow in limbs with physiological and retrograde circulation was evaluated by duplex scanning with analysis
of Peak Systolic Velocity (PSV), End Diastolic Velocity (EDV), and the Resistivity Index (RI) for selected arteries. This
comparative analysis of extremities maintained in physiological circulation in relation to those subjected to ischemia
and reperfusion by retrograde circulation showed, via duplex scanning, that changes in spectral wave patterns and
hemodynamic variables are satisfactory indicators and suggest good distribution of distal blood flow.

Keywords: venous arterialization; ischemia; reperfusion.
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INTRODUCAO

Em isquemia critica sem leito arterial distal, nao é
possivel derivar o sangue para uma extremidade arterial
pérvia distal a obstrug@o. Desviar o fluxo sanguineo
de maneira retrograda através da circulagdo venosa
¢ uma alternativa viavel amparada em evidéncias
de intimeros trabalhos publicados'’. Esse conceito
baseia-se na teoria de que, na auséncia ou diminuicao
de pressdo arterial primaria nas arteriolas, o sangue
fornecido utilizando o sistema venoso distal por meio
da arterializa¢do ¢ capaz de suprir os tecidos periféricos
e fornecer oxigenagado adequada’=>-1°,

Trabalhos procuraram comparar, através de variaveis
fisicas e laboratoriais, o grau de isquemia e a reperfuséo
produzida por arterializacdo venosa em modelos
animais'. Este trabalho comparou a distribui¢do do
fluxo vascular arterial em membros mantidos em
circulacao fisioldgica com contralaterais submetidos
a arterializagdo venosa, através da medida de variaveis
hemodinamicas e indices Doppler nos leitos vasculares.

Este projeto foi aprovado pelo Comité de Etica em
Pesquisa Animal (CEUA - 024/2017) da Universidade
Estadual de Ponta Grossa (UEPG), Ponta Grossa, PR,
Brasil. Foi realizado um estudo observacional, em que
foram utilizados quatro suinos cruzados Large White
e Landrace, livres de qualquer procedimento cirurgico
prévio, destinados as aulas praticas de Técnica Operatoria
antes dos procedimentos cirtirgicos. Os animais receberam
medicagdo pré-anestésica com ketamina (14 mg/kg),
xilazina (0,2 mg/kg) e acepromazina (0,4 mg/kg).
Foram induzidos a anestesia com propofol (5 mg/kg)
e mantidos em anestesia inalatoria com isofluorano em
concentragdo alveolar minima de 1,2 a 1,7%.

Membros posteriores direitos dos animais estudados
foram mantidos em circulagao fisiologica enquanto
membros posteriores esquerdos foram submetidos
a isquemia e reperfusdo por arterializagdo venosa.
Realizaram-se, a esquerda, disseccdes de veias safenas
laterais. Apds anticoagulagdo sistémica com 5.000 Ul
de heparina, procederam-se ligaduras proximais,
venotomias longitudinais e rotura das valvulas a
jusante com auxilio de valvulotomo de Lengua.
Foi feita a dilatagdo das extremidades distais com soro
heparinizado através de sonda n° 4 e cateterizagdo,
fixacdo e fechamento das sondas apos aplicagdo local com
10 mL de soro heparinizado (5.000 UI/500 mL de soro
fisiologico). As disseccdes das artérias femorais
comuns esquerdas com ligadura das extremidades
distais foram realizadas. As extremidades proximais
foram cateterizadas com sondas n° 6, as quais,
apos fixacdo e aplicagdo local com 10 mL de soro
heparinizado, foram imediatamente conectadas as
veias safenas laterais utilizando-se cateteres de silicone
(extensor para Cateter Reversivel Luer Lock 20 cm,

Doppler em circulagéo retrograda

2 conectores macho — 10F; Hartmann®, Rio de Janeiro,
Brasil), estabelecendo-se a arterializagdo venosa da
extremidade. O tempo médio de isquemia entre a
ligadura da artéria femoral distal e o estabelecimento
da circulacdo retrograda foi de 20 minutos (Figura 1).

A avaliagdo do fluxo vascular nas extremidades
fisiologica e arterializada dos membros foi realizada
através do exame de mapeamento diplex. O exame
foi realizado de forma aberta, sempre pelo mesmo
radiologista, sem contraconferéncia, em um aparelho
de ultrassom Samsung/Medison SonoAce R7® (Coreia
do Sul) com transdutor linear modelo LN5-12 de
frequéncia 8MHz, lubrificado com gel eletrocondutor
para ultrassom Sonic-Plus® e posicionado na regido
dos leitos vasculares eleitos, as artérias femoral
comum, safena e plantar medial. No modo de medicao
Doppler espectral e colorido, utilizou-se o preset do
fabricante para estudo vascular periférico, do qual
se obteve resultados arteriais de velocidade de pico
sistélico (VPS), velocidade diastolica final (VDF)
e padrao de onda espectral (PO). Sobre esses, foi
calculado o indice Doppler de resistividade (IR).
O tempo médio entre o estabelecimento da circulagao
retrograda e o final da leitura nas artérias dos membros
posteriores direito e esquerdo foi de 60 minutos.
Ao final dos procedimentos do experimento e das aulas
de Técnica Operatoria, os animais foram submetidos a
eutanasia conforme resolucao 1000/2012 do Conselho
Federal de Medicina Veterinaria (CFMV).

1. A. Femoral comum
2.A. Safena

3..A. Fernoral profunda
4. Cateter

5. Extensor para conexdo

WS&’O ldterdl 6. V. Safena lateral

N

Figura 1. Desenho esquematico do procedimento cirurgico.
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Cada animal teve as variaveis hemodinamicas e
indices Doppler determinados, e aqueles dos membros
com circulagdo fisiologica foram comparados aos
dos membros contralaterais arterializados (Tabela 1).
Para efeitos de comparagao, foram consideradas as
razdes entre os membros arterializado e fisiologico
das variaveis supracitadas. Assim, tem-se um indice
apontando a propor¢ao de uma determinada variavel
no membro arterializado correspondente a do lado
fisiologico do mesmo animal (Tabela 1).

A pesquisa de fluxo sanguineo arterial ao Doppler
em membros arterializados demonstrou equivaléncia
entre os padrdes de onda trifasicos e bifasicos na
artéria femoral, predominancia de padréo bifasico na

Tabela 1. Proporgdes obtidas através da relagio membro
arterializado/fisioldgico dos animais e leitos vasculares selecionados
e suas respectivas médias.

VPS (A/F) VDF (A/F) IR (A/F)
A. Plantar medial
Suino 1 0,378536585  1,108571429 0
Suino 2 0,798532355  1,278350515 0,355077412
Suino 3 1,236657737  2,907750832 0,626229168
Suino 4 1,109047619  1,638185654 0,607377988
Média 0,880693574  1,733214608 0,397171142
A. Safena
Suino 1 0,835980861 0,329371817  1,497646945
Suino 2 1,167390578 0,705561614  1,17474589
Suino 3 0,708371665  1,533568905 0,693541504
Suino 4 0,425147183  0,630193906 0,671957036
Média 0,784222572  0,79967406  1,009472844
A. Femoral
Suino 1 0,697104677  0,451960784  1,103369824
Suino 2 0,871744694  0,542525773  1,049950646
Suino 3 1,265533411 1,7 0,926154743
Suino 4 0,955450557  0,660446518  1,157368548
Média 0,947458335 0,838733269  1,05921094

VPS (A/F) = relagdo membro arterializado/fisiologico da velocidade de pico
sistolico; VDF (A/F) = relagdo membro arterializado/fisiolégico da velocidade
diastdlica final; IR (A/F) = relagdo membro arterializado/fisiolégico do indice
Doppler de resistividade.

Doppler em circulagéo retrograda

artéria safena e monofasico na artéria plantar medial
(Tabela 2). O numero amostral reduzido resultou em
grande heterogeneidade nos dados coletados, o que
impossibilitou a analise estatistica. Tal diversidade
foi verificada principalmente através do coeficiente
de variagdo da VDF nos leitos vasculares estudados.

Embora o melhor pardmetro para avaliar a circulagao
emum membro seja o seu contralateral, as determinagoes
sdo realizadas de maneira sequencial de tal forma
que as condigdes hemodinamicas ndo sdo idénticas.
Autilizagdo de cateteres inelasticos de calibres menores
aos dos vasos pode aumentar a resistividade enquanto
o desvio para o sistema venoso e arterial de menor
pressdo, pela ligadura da femoral, pode diminui-la.
Assim, o resultado dessa equagdo em numeros pode
apresentar algumas diversidades.

As varidveis hemodinamicas utilizadas neste estudo
tém a finalidade de avaliar quantitativamente o espectro
Doppler. Na visualizagdo de uma onda espectral
arterial (Figura 2), o ponto maximo corresponde a
VPS, ou seja, a maxima velocidade alcancada no leito
vascular durante um ciclo cardiaco; o ponto minimo
na morfologia da onda ¢ o valor da VDF'>"3,

J& os indices Doppler fornecem dados acerca da
resisténcia vascular periférica por meio dos valores
obtidos nas variaveis supracitadas (VPS, VDF).
O IR, descrito por Pourcelot em 1974, é determinado
através da subtragdo entre a VPS e a VDF, dividida
pela VPS (IR = VPS — VDF/VPS)'213,

As alteragdes nos indices hemodinamicos auxiliam
na identificag¢@o de desordens que afetem a perfusao
tecidual ou a complacéncia dos leitos vasculares.
Diversos fatores além da resisténcia ao fluxo sanguineo
nos vasos periféricos, como a frequéncia cardiaca, a
pressdo sanguinea e o comprimento e a elasticidade dos
vasos, influenciam nos valores dos indices Doppler'?,
ressaltando-se a importancia da comparagado entre os
lados fisiologico e arterializado do mesmo animal,
como encontrado na literatura'#'>, Embora as dissec¢des
e os cateterismos para circulacdo retrograda tenham
sido realizados a esquerda, ¢ provavel que o membro

Tabela 2. Padrdes de onda encontrados nos leitos arteriais selecionados e suas proporgoes (%) nos membros fisiologicos e

arterializados dos animais.

Padrio de onda

Artéria — — —
Trifasico Bifasico Monofasico
Fisiologico 2 50,00% 50,00% 0,00%
Femoral Arterializado 2 50,00% 50,00% 0,00%
Fisiologico 0 0,00% 100,00% 0,00%
Safena Arterializado 0 0,00% 75,00% 25,00%
Fisiologico 0 0,00% 100,00% 0,00%
Plantar medial Arterializado 0 0,00% 25,00% 75,00%
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[Flow]

PSV 89.80cm/s
EDV 20.41cm/s
TAMV 29.59cm/s
'TAPV 40.90cm/s
PGmean 0.85mmHg
PGmax 3.23mmHg
S/D 4.40

D/S 0.23

RI 0.77

PI 1.70

Figura 2. Padrdo de onda espectral trifasico em artéria femoral de
membro mantido em circulagdo fisiologica. PSV = peak systolic
velocity; EDV = end-diastolic velocity; TAMV = time-averaged mean
velocity; TAPV = time-averaged peak velocity; PGmean = mean
pressure gradient; PGmax = maximum pressure gradient;
S/D = PSV/EDV; D/S = EDV/PSV; RI = resistivity index;
Pl = pulsatility index.

[General]

PSV 107.95cm/s
EDV 25.67cm/s
'TAPV 48.59cm/s
PGmean 1.18mmHg
PGmax 4.66mmHg
S/D 4.21

D/S 0.24

RI 0.76

PI 1.69
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Figura 3. Padrdo de onda espectral bifasico em artéria femoral
de membro arterializado. PSV = peak systolic velocity;
EDV = end-diastolic velocity; TAPV = time-averaged peak velocity;
PGmean = mean pressure gradient; PGmax = maximum pressure
gradient; S/D = PSV/EDV; D/S = EDV/PSV; Rl = resistivity index;
Pl = pulsatility index.

, ‘&‘,% N

Figura 4. Padrdo de onda espectral monofésico em leito vascular
distal de artéria plantar medial em membro arterializado.
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direito tenha sofrido alteragdes no fluxo sanguineo,
provocadas por modifica¢des da resisténcia periférica
a esquerda.

Embora a leitura pelo ultrassom a esquerda tenha
sido feita a montante do ponto de ligadura da artéria
femoral comum, os membros em circulagao retrograda
poderiam apresentar alteracdes, em relagao ao fisiologico,
na dependéncia da variacdo da resisténcia periférica
encontrada (Tabela 1 e Tabela 2). J& em uma artéria
safena, verificou-se um PO monofasico e redugao da
VPS e da VDF com manutencdo do IR, sugerindo
cendrio da circulagdo retrograda (Tabela 2).

Nos leitos arteriais distais (artéria plantar medial),
o esperado era a diminui¢do dos IRs para poder
caracterizar a existéncia de fluxo pos-arterializacao.
Os resultados mostraram que esse fluxo monofasico
esta presente através dos dados do IR (Tabela 1 e
Tabela 2).

O PO trifasico (Figura 2) é tipico de leitos vasculares
com IR elevado e ¢ graficamente representado por
picos sistolicos afilados e fluxo sanguineo reverso
no inicio da diastole. O fluxo sanguineo diastélico
reverso ocorre nesses vasos porque a VPS elevada
¢ refletida com alta impedancia pelo leito vascular
periférico, mas, a medida que o didmetro vascular
retorna ao normal, o fluxo sanguineo diastolico
torna-se continuo'.

O PO bifasico (Figura 3) ¢ tipico de regides onde
ha perda da alta resistividade, como em um tecido
com circulagdo pos-estendtica. Caracteriza-se pela
presenca de picos sistolicos também afilados, porém
mais amplos que os PO trifasicos, e fluxo sanguineo
diastolico continuo, sem fluxo reverso'. J4 o PO
monofasico (Figura 4) ¢ tipicamente venoso ou
de leitos com baixa resistividade, como em fistula
arteriovenosa (baixo IR), sendo geralmente laminar'2.

Quanto aos leitos arteriais fisiologicos, o PO na
artéria femoral comum foi equivalente na distribui¢ao
entre os padrdes tri e bifasicos, enquanto o bifasico
predominou nas demais artérias. J4 nos vasos
arterializados, se verificou alteragdes no PO de uma
artéria safena e de trés artérias plantares mediais com
predominancia de ondas monofasicas, caracterizando
mudanca para um padrio de baixa resistividade
compativel com fluxo sanguineo arterializado.
A importancia da avaliagdo dos POs no contexto da
arterializa¢do venosa ¢é a identificacdo da mudanga
para que se possa sugerir que o fluxo sanguineo nos
leitos vasculares seja proveniente de uma via diferente
da fisioldgica.

Possiveis vieses anatomicos poderiam ser
reduzidos com sorteio do lado a arterializar. Medidas
pré-operatorias, que ndo foram realizadas, poderiam
demonstrar possiveis alteragdes hemodindmicas,
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no lado fisioldgico, apds a arterializacdo venosa
contralateral. A medida de indice tornozelo braquial,
pré e pos-arterializagdo venosa, poderia ter dado
suporte para as possiveis alteragdes que pudessem
ser encontradas ao mapeamento duplex.

A analise comparativa das extremidades mantidas
em circulagdo fisiologica em relagdo as mantidas
em isquemia e reperfusdo por circulagao retrograda
mostrou nestas, a0 mapeamento duplex, que os padrdes
de onda espectral ¢ as variaveis hemodinamicas sdo
indicadores satisfatorios e sugerem boa distribuigao
do fluxo sanguineo nos leitos vasculares. No entanto,
novos estudos sdo necessarios para se avaliar com
maior precisdo os parametros do eco-Doppler nos
vasos envolvidos.
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