JORNAL VASCULAR BRASILEIRO
ISSN 1677-7301 (Online)

Intraoperative vascular Doppler ultrasound blood flow and
peak systolic velocity predict early patency in hemodialysis
arteriovenous fistula

O volume de fluxo e a velocidade de pico sistdlico ao ultrassom vascular com Doppler
intraoperatorio como preditores de perviedade precoce na fistula arteriovenosa
autogena para hemodidlise

Guilherme de Castro-Santos' (2, Gabriella Yuka Shiomatsu' €2, Rafaela Martins dos Santos Oliveira' €2,
Ricardo Jayme Procopio’ €2, Tulio Pinho Navarro'

Abstract

Background: Chronic kidney disease is a major public health problem. Hemodialysis is the most common renal
replacement therapy. Arteriovenous fistulas (AVF) are a possible access option, but early failure rates remain high.
Objectives: to investigate the value of intraoperative vascular Doppler ultrasound for predicting early AVF patency.
Methods: Prospective observational study. Consecutive patients undergoing AVF were assessed with vascular Doppler
ultrasonography intraoperatively and on days 1,7, 30, and 60. Patients were divided into groups according to presence
or absence of primary and secondary patency. Blood flow (BF) and peak systolic velocity (PSV) were compared. ROC
curves were plotted and used to define the PSV and BF values that yielded greatest sensitivity (Sens) and specificity
(Spec). Results: 47 patients met the inclusion criteria and were analyzed. Higher intraoperative PSV and BF values
were observed in patients who had primary and secondary patency than in patients with access failure. The values
with greatest sensitivity and specificity for predicting 30-day primary patency were 106 cm/s for venous PSV (Sens: 75%
and Spec: 71.4%) and 290.5 ml/min for arterial blood flow (Sens: 80.6% and Spec 85.7%). Values for 30-day secondary
patency were 106 cm/s for arterial PSV (Sens: 72.7%, Spec: 100%) and 230 ml/min for venous blood flow (Sens: 86.4%,
Spec100%). Values for 60-day primary patency were 106 cm/s for venous PSV (Sens: 74.4%, Spec: 62.5%) and 290.5
ml/min for arterial blood flow (Sens: 80%, Spec: 75%). Conclusions: Peak systolic velocity and blood flow measured
using intraoperative vascular Doppler ultrasound can predict early patency of hemodialysis arteriovenous fistulas.
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Resumo

Contexto: A insuficiéncia renal cronica é um problema de saude piblica mundial. A hemodialise é a principal terapia
renal substitutiva. As fistulas arteriovenosas (FAV) sdo uma possivel escolha, mas apresentam altas taxas de faléncia.
Objetivos: Este estudo tem como objetivo avaliar a relagédo entre as variaveis hemodinamicas ao ultrassom vascular
com Doppler no intraoperatério e a perviedade precoce da FAV para hemodialise. Métodos: Tratou-se de um estudo
prospectivo observacional. Os pacientes consecutivos foram submetidos a FAV com ultrassonografia vascular com
Doppler em intraoperatério nos dias 1, 7, 30 e 60. Eles foram divididos em grupos quanto a presenga ou ndo de
perviedade primaria e secundaria, e o volume de fluxo (VF) e a velocidade de pico sistdlico (VPS) foram comparados.
Foram realizadas curvas receiver operating characteristic (ROC), com definigdo de valores de VPS e VF com sensibilidade
(S) e especificidade (E). Resultados: Foram analisados 47 pacientes, os quais preencheram os critérios de inclusao. Os
valores de VPS e VF intraoperatério foram maiores nos pacientes com perviedade primaria e secundaria comparados
aqueles com faléncia. Os seguintes valores apresentaram maiores sensibilidade e especificidade para predizer perviedade
primaria aos 30 dias: 106 cm/s para VPS venoso, S: 75%, E: 71,4%; e 290,5 mL/min para VF arterial, S: 80,6%, E: 85,7%. Para
perviedade secundaria aos 30 dias, foram observados: 106 cm/s para VPS arterial, S: 72,7%, E: 100%; e 230 mL/min para
VF venoso, com S: 86,4%, E: 100%. Para a perviedade primaria no 60° dia, foram observados: 106 cm/s para VPS venoso,
S: 74,4%, E: 62,5%; e 290,5 mL/min para VF arterial, S: 80%, E: 75%. Conclusées: A velocidade de pico sistélico e o VF
ao ultrassom vascular com Doppler intraoperatério sdo preditores de perviedade precoce na FAV para hemodidlise.

Palavras-chave: fistula arteriovenosa; perviedade; ultrassom intraoperatério; volume de fluxo; velocidade sistélica de pico.
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INTRODUCTION

Chronic kidney disease (CKD) is a global public
health problem.! It is estimated that in 2017 there were
697.5 million cases of CKD in the global population,
16.7 million of which were in Brazil."? The principal
renal replacement therapy method is hemodialysis.
It is predicted that the demand for hemodialysis will
have more than doubled from 2010 to 2030.3

The preferred type of hemodialysis access is an
autogenous arteriovenous fistula (AVF).* Compared to
prostheses and catheters, AVF offers better long-term
patency and lower rates of complications, infections,
and mortality.>® However, it is known that patency
rates are not ideal and the early failure rate has a
major impact, compromising around 20% of AVFs.”#

Intraoperative vascular Doppler ultrasonography is
a very important tool because it can be used to monitor
hemodynamic variables in patients undergoing AVF
creation.”' The objective of this study is to evaluate the
relationship between hemodynamic variables measured
with intraoperative vascular Doppler ultrasonography
and early patency of hemodialysis AVFs.

METHODS

The study was authorized by the Ethics Committee
at the Universidade Federal de Minas Gerais (UFMG),
Belo Horizonte, Minas Gerais (MQG), Brazil, with
CAAE: 03241718.6.0000.5149, decision number:
3.257.774, Brazilian Clinical Trials Registration
(Rebec) number: UTN: U1111-1247-880. All patients
signed free and informed consent forms, and the
confidentiality of participants’ data was fully preserved
throughout the process.

The design is an observational, prospective, cohort
study. Patients over the age of 18 who underwent
elective hemodialysis AVF creation were selected
consecutively at the Hospital das Clinicas da UFMG,
Belo Horizonte, MG, Brazil, from May 2019 through
December 2020. Patients whose access was created
using a prosthetic arteriovenous loop were excluded.
In order to reduce the risk of selection bias, all patients
who underwent creation of a definitive hemodialysis
access during the study period were invited to take
part in the study. All of the patients who were invited
to take part agreed to participate.

Preoperative assessment included clinical examination
and mapping with vascular Doppler ultrasound.
The most distal arteriovenous anastomosis site possible
was preferred, with minimum diameters of 2 mm
for the donor artery and 3 mm for the recipient vein.
The patient was also examined with vascular Doppler
ultrasonography during the operation. All fistulas and
vascular Doppler ultrasonography examinations were
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performed by the same vascular surgeon, following
the hospital’s protocols.

Surgical procedure

Radial-cephalic, brachial-cephalic, brachial-basilic,
and ulnar-basilic fistulas were created according to
the hospital’s protocols with brachial plexus block or
local anesthesia and local intra-arterial and intravenous
administration of heparin solution at 1:100. Brachial-
basilic fistulas were created in a single intervention'! with
superficial and anterior displacement of the vein.
Brachial-brachial fistulas were created in a single
operation or in two stages. Single-step surgery was
performed using the technique described by Bazan
and Schanzer.!> Two-step procedures consisted of
side-to-side anastomosis of the brachial vessels and
later superficialization of the most appropriate vein,
according to maturation criteria.

Assessment with vascular Doppler
ultrasonography

Vascular Doppler ultrasonography was conducted
using a Philips CX 50 US (Philips Medical Systems,
Andover, MA, United States) with a L9-3 linear
transducer (frequency: 9-3 MHz) for intraoperative
examinations and a Toshiba Aplio 300 US (Toshiba
Medical Systems, Tokyo, Japan) with a L9-3 linear
matrix transducer (frequency: 9-3 MHz) for postoperative
examinations. There was therefore no direct comparison
of variables from the two different systems.

For the intraoperative examination, the values analyzed
were those obtained immediately after arteriovenous
anastomosis. The diameters of target arteries and
veins were measured as the vertical distance between
the external walls of the artery and vein, using the
electronic measurement tool on the vascular Doppler
ultrasonography machine. Hemodynamic parameters
were measured with a sagittal scan of the target
artery and vein, approximately 3 cm proximal to the
anastomosis with optimization in ultrasound B-mode.
The pulsed wave Doppler ultrasound mode was then
activated and the gate was placed on the center of
the arterial or venous lumen and its sample volume
set to 3 mm. The angle of insonation (defined as the
angle between the ultrasound beam and the direction
of blood flow) was then adjusted and maintained at
60 degrees or less. The pulsed Doppler spectral wave
form trace was then activated and its scale adjusted.
Assuming that an ideal pulsed Doppler spectral wave
form was obtained, it was traced automatically and
the vessel hemodynamic parameters displayed and
saved. These parameters include the peak systolic
velocity (PSV, cm/s) and mean velocity (Vm, cm/s).
The values shown are the mean of three consecutive
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cardiac cycles. The cross-sectional area of the vessel
was calculated assuming that the artery and the vein
had a circular cross-section. Blood flow (BF) was
subsequently calculated as the product of Vm and
cross-sectional area, using the Doppler vascular
ultrasound machine’s software.

Patency assessment

Patency was defined as presence of intravascular
flow through the recipient vein and assessed using
Doppler vascular ultrasound intraoperatively and on
postoperative days 1, 7, 30, and 60. Primary patency
was defined as a patent fistula with no need for any
type of intervention. Secondary patency was defined
as a patent fistula with or without intervention.

Sample size calculation

Sample size was calculated using measures
of asymmetrical sampling between groups (4:1),
considering patency on day 30 vs. arterial BF, with
alpha of 0.05 and beta of 0.2, and using data from
Saucy etal.,"” in which mean 1 =230 (194) and mean
2 =98 (65), achieving sufficiency with 25+6 patients,
the sample size for this study.

Statistical analysis

Patients were allocated to groups according to
presence or absence of primary and secondary patency
on postoperative days 1, 7, 30, and 60. Individual,
demographic, and hemodynamic intraoperative
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vascular Doppler ultrasound (PSV and arterial and
venous BF) variables were compared between groups.
Normality was assessed with the Shapiro-Wilk test.
Comparisons between groups were made using the
Welch ¢ test, the Mann-Whitney test, and Fisher’s exact
test, as appropriate, and patency prediction models
were analyzed using receiver operating characteristic
(ROC) curves. Patency rates were illustrated using
Kaplan-Meier plots. All analyses were performed
using Prism GraphPad 9.00 (GraphPad Software,
San Diego, CA, United States) for i0S.

RESULTS

Fifty-one patients were selected for the study. Four
of them underwent creation of polytetrafluoroethylene
(PTFE) prosthetic arteriovenous accesses and were
excluded from the sample (Figure 1). Demographic
and individual data are shown in Tables 1 and 2.
No participants were lost to the sample during the
period.

Primary and secondary patency rates were,
respectively, 89.4% and 93.6% on postoperative day
1; 87.2% and 93.6% on day 7; 86.96% and 96.62% on
day 30; and 82.98% and 91.49% on day 60 (Figure 2).
Five patients had thrombosis on day 1, two of whom
underwent thromboembolectomy with a Fogarty catheter
followed by reconstruction of the anastomosis and
systemic anticoagulation with unfractionated heparin
and warfarin; one of whom underwent creation of a

Patients who underwent elective creation
of an autogenous hemodialysis AVF

(n=51) :
Patients excluded from the study

because of prosthetic
polytetrafluoroethylene access
v (n=4)

v

Thrombosis (7 AVFs)
5 patients at 1 POD
1 patient at 5 POD
1 patient at 17 POD

Eligible patients analyzed

(n=47)

Thrombosis (1 AVF)

3 accesses
T abandoned at 1
< T > POD
30" POD
Primary patency Secondary patency
(n = 40) (n=44)
" 1 access
B I " abandoned
60" POD at 60 POD

1 patient at 60 POD

Primary patency
(n=239)

Secondary patency
(n = 43)

Figure 1. Flow diagram illustrating the study design. An abandoned access is an access that is no longer usable for dialysis. When
this occurs, a new access must be created. POD = postoperative day(s).
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more proximal substitute anastomosis; and two of
whom were not reoperated. One patient suffered an
occlusion on the 4th postoperative day and underwent
thromboembolectomy with a Fogarty catheter followed
by reconstruction of the anastomosis and systemic
anticoagulation with unfractionated heparin and
warfarin. This patient had two episodes of hematoma
of the surgical wound, needing for surgical drainage
and prompting suspension of systemic anticoagulation.
On the 17th postoperative day, another patient exhibited
thrombosis of the AVF, requiring thromboembolectomy
with a Fogarty catheter, followed by reconstruction
of the anastomosis and systemic anticoagulation
with unfractionated heparin and warfarin. On the

Table 1.Individual variables, comorbidities, preoperative laboratory
tests, and imaging exams.

Age (mean + SD) 56+15.8
Male (%) 22 (46)
BMI (mean + SD) 26.4+5.9
Diabetes (%) 19 (40)
Hypertension (%) 40 (85)
Pre-dialysis (%) 33 (70)
Brachial plexus block (%) 38 (81)
Hemoglobin (mean + SD) 11.3+£1.75
Urea (mean * SD) 120+37
Median creatinine 4.43 (3.2-6.7)

(interquartile range)

Platelets — mean 225,000 (187,000-272,000)

(minimum-maximum)

INR (mean + SD) 0.96+0.05
Diameter of donor artery 3.88+1.40
(mean + SD)
Diameter of recipient vein 3574136
(mean + SD)

SD = standard deviation; BMI = body mass index; INR = international
normalized ratio.

Table 2. Types of arteriovenous fistula and number of prior
surgeries.

AVF types (%) Radial-cephalic 17 (36.17)
Brachial-basilic 9(19.15)

Brachial-brachial 2 (4.25)
Brachial-cephalic 16 (34.04)

Ulnar-basilic 1(2.13)

Ulnar-ulnar 1(2.13)

Radial-basilic 1(2.13)

Previous fistulas (%) 0 66 (31)

1 17 (8)

2 15(7)

3 2(1)
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60th postoperative day, another patient exhibited
occlusion of the AVF after a puncture accident and
was not reoperated (Figure 1).

Comparison of intraoperative arterial and venous
PSV and BF showed that values were higher for
functional fistulas than non-functional fistulas,
both when evaluated according to primary patency
and according to secondary patency (Figure 3).
Comparison of intraoperative arterial and venous
PSV and BF between groups with and without patent
AVF at 60 days revealed that values were higher for
the primary patency group, but not for the secondary
patency group (Table 3)

These results were used to construct predictive
models of primary and secondary patency on the 30th
day after creation of the AVF and primary patency on
the 60th day, according to hemodynamic variables.
Among the several ROC curves plotted for 30-day
primary patency, arterial BF proved to be the variable
with greatest predictive value (area under the curve

1004
_!

804

Patency

60

40 T T Ja— i T

0 2 4 6 8 10
Days

-+- Primary patency

-- Secondary patency

Figure 2. Primary and secondary patency of hemodialysis
arteriovenous fistulas up to the 60th postoperative day.

Figure 3. Intraoperative spectral analysis of the recipient vein
soon after creation of the anastomosis. 2A) Fistula non-functional
on Tst postoperative day. Peak systolic velocity (PSV) = 56 cm/s
and blood flow = 142 mL/min. 2B) Fistula functional on 1st
postoperative day. PSV = 192 cm/s and blood flow = 463 mL/min.
TAMV = Time-average maximum velocity.
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Table 3. Comparison of arterial and venous peak systolic velocity (PSV) and blood flow volume (BF) measured with intraoperative
vascular Doppler ultrasound for patent and non-patent AVF at 30 and 60 postoperative days.

Primary patency on 30th postoperative day. Values expressed as means and standard deviations

Yes (n = 40) No(n=7) p
PSV artery cm/s 150 (70.08) 82.93 (33.66) 0.0082
PSV vein cm/s 170 (80.72) 93.66 (46.86) 0.0038
BF artery mL/min 634 (444) 266 (261) 0.0084
BF vein mL/min 602 (462) 432 (272) 0.4451

Secondary patency on 30th postoperative day. Values expressed as means and standard deviations

Yes (n = 44) No (n=3) p
PSV artery cm/s 144.4 (69.47) 723 (37.26) 0.0498
PSV vein cm/s 1655 (78.8) 58.47 (37.69) 0.0104
BF artery mL/min 605.7 (439) 156.3 (100.1) 0.0132
BF vein mL/min 557.6 (330.8) 147.3 (78.14) 0.0028

Primary patency on 60th postoperative day. Values expressed as means and standard deviations

Yes (n = 39) No (n=8) p
PSV artery cm/s 150.2 (70.92) 88.79 (35.30) 0.0157
PSV vein cm/s 170.3 (81.76) 102, (49.49) 0.0065
BF artery mL/min 629.5 (449.6) 333.3(308.1) 0.042
BF vein mL/min 5525 (323.7) 4285 (397.9) 0.1185

Secondary patency on 60th postoperative day. Values expressed as means and standard deviations

Yes (n = 43) No (n=4) p
PSV artery cm/s 144.7 (70.26) 86.68 (41.86) 0.1058
PSV vein cm/s 165.6 (79.73) 84.10 (59.8) 0.0508
BF artery mL/min 600.6 (443.8) 318.3 (334.0) 0.1411
BF vein mL/min 394.8 (498.9) 544.1(322.3) 0.146

[AUC] = 0.8095) (Figure 4). The cutoff points with
greatest sensitivity and specificity for predicting
functional AVFs with primary patency on the 30th
postoperative day were 105.5 cm/s for arterial PSV,
with sensitivity of 72.5% (95% confidence interval
[95%CI]: 57.17-83.89%) and specificity of 71.4%
(95%CI: 35.89-94.92%); 106 cm/s for venous PSYV,
with sensitivity of 75% (95%CI: 59.81-85.81%)
and specificity of 71.4% (95%CI: 35.89-94.92%));
and 290.5 mL/min for arterial BF, with sensitivity
0f 80.6% (95%CI: 64.97-90.25%) and specificity of
85.7% (95%CI: 48.69-99.27%) (Table 4).

The variable with greatest predictive value for
secondary patency 30 days after creation of the AVF
was venous BF (AUC =0.9545) (Figure 5). The cutoff
points with greatest sensitivity and specificity to
predict this outcome were 106 cm/s for arterial PSV,
with sensitivity of 72.7% (95%CI: 58.15-83.65%) and
specificity of 100% (95%CI: 43.85-100%); 230 mL/
min for venous BF, with sensitivity of 86.4% (95%CI:

100,
e
80
°
s
> 60
=
2
=
2 - PS8V vein. AUC = 0.7750 p = 0.0214
d.)
S 40
— PS8V artery. AUC = 0.8071, p = 0.0102
-—- BF artery. AUC = 0.8095, p = 0.0103
20
" e e e e e N 1

100% - Specificity

Figure 4. Receiver operating characteristic (ROC) curves
comparing intraoperative vascular Doppler ultrasound variables
and primary patency at 30 days. PSV = peak systolic velocity;
BF = blood flow; AUC = area under the curve.
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Table 4. Sensitivity and specificity of a selection of cutoff points for arterial and venous peak systolic velocity (PSV) and blood flow
(BF) measured with intraoperative vascular Doppler ultrasound for detection of primary and secondary patency at 30 postoperative

days and primary patency at 60 postoperative days.

30-day primary patency

Value Sensitivity 95%Cl Specificity 95%Cl
PSV artery cm/s > 99.40 725 57.17% to 83.89% 57.1 25.05% to 84.18%
> 105.5 725 57.17% to 83.89% 71.4 35.89% to 94.92%
> 108.5 70.0 54.57% to 81.93% 71.4 35.89% to 94.92%
PSV vein cm/s > 93.85 80.0 65.24% to 89.50% 571 25.05% to 84.18%
> 99.15 77.5 62.50% to 87.68% 571 25.05% to 84.18%
> 106.0 75.0 59.81% to 85.81% 71.4 35.89% to 94.92%
BF artery mL/min > 2625 80.6 64.97% to 90.25% 71.4 35.89% to 94.92%
>290.5 80.6 64.97% to 90.25% 85.7 48.69% t0 99.27%
> 318.5 77.8 61.92% to 88.28% 85.7 48.69% t0 99.27%

30-day secondary patency

Value Sensitivity 95%Cl Specificity 95%Cl
PSV artery cm/s >93.85 77.3 63.01% to 87.16% 66.7 11.85% to 98.29%
> 99.15 75.0 60.56% to 85.43% 66.7 11.85% to 98.29%
> 106.0 72.7 58.15% to 83.65% 100.0 43.85% to 100.0%
BF vein mL/min >219.0 88.6 76.02% to 95.05% 66.7 11.85% to 98.29%
>225.0 86.4 73.29% to 93.60% 66.7 11.85% to 98.29%
> 230.0 86.4 73.29% to 93.60% 100.0 43.85% to 100.0%
BF artery cm/s > 2385 80.0 65.24% to 89.50% 66.7 11.85% to 98.29%
> 2515 77.5 62.50% to 87.68% 66.7 11.85% to 98.29%
> 2625 77.5 62.50% to 87.68% 100.0 43.85% to 100.0%

60-day primary patency

Value Sensitivity 95%Cl Specificity 95%Cl
PSV artery cm/s > 99.40 718 56.22% to 83.46% 50.0 21.52% to 78.48%
> 105.5 71.8 56.22% to 83.46% 62.5 30.57% to 86.32%
> 108.5 69.2 53.58% to 81.43% 62.5 30.57% to 86.32%
PSV vein cm/s > 106.0 74.4 58.92% to 85.43% 62.5 30.57% to 86.32%
> 1111 71.8 56.22% to 83.46% 62.5 30.57% to 86.32%
> 114.6 69.2 53.58% to 81.43% 62.5 30.57% to 86.32%
BF artery mL/min > 2625 80.0 64.11% to 89.96% 62.5 30.57% to 86.32%
>290.5 80.0 64.11% to 89.96% 75.0 40.93% to 95.56%
> 3185 771 60.98% to 87.93% 75.0 40.93% to 95.56%

95%Cl = 95% confidence interval.

73.29-93.60%) and specificity of 100% (95%CI:
43.85-100%); and 262.5 mL/min for arterial BF,
with sensitivity of 77.5% (95%CI: 62.5-87.68%) and
specificity of 100% (95%CI: 43.85-100%) (Table 4).

For primary patency on the 60th postoperative
day, arterial PSV, venous PSV, and arterial BF had
AUC of 0.7692, 0.7356, and 0.7321, respectively
(Figure 6). The cutoff points yielding the greatest
values for sensitivity and specificity for this outcome
were 105.5 cm/s for arterial PSV, with sensitivity of
71.8% (95%CI: 56.22-83.46%) and specificity of 62.5%
(95%CI: 30.57-86.32%), 106 cm/s for venous PSYV,
with sensitivity of 74.4% (95%CI: 58.92-85.43%)
and specificity of 62.5% (95%CI: 30.57-86.32%),

and 290.5 mL/min for arterial BF, with sensitivity
of 80% (95%CI: 64.11-89.96%) and specificity of
75% (95%CI: 40.93-95.56%).

DISCUSSION

Intraoperative hemodynamic parameters proved to
be potential predictors of hemodialysis AVF patency.
Arterial BF exhibited the greatest predictive value
for primary patency on the 30th day, with sensitivity
exceeding 80% with a cutoff point 0f 290.5 mL/min.
In turn, venous BF was the variable with greatest
predictive value for secondary patency on the 30th
day, with sensitivity exceeding 85% and specificity
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Figure 5. Receiver operating characteristic (ROC) curves
comparing intraoperative vascular Doppler ultrasound variables
and secondary patency at 30 days. PSV = peak systolic velocity;
BF = blood flow; AUC = area under the curve.
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Figure 6. Receiver operating characteristic (ROC) curves comparing
intraoperative vascular Doppler ultrasound variables and primary
patency at 60 days. PSV = peak systolic velocity; BF = blood flow.

of 100% with a cutoff point of 230 mL/min. Arterial
and venous PSV demonstrated predictive power for
primary patency on the 60th day, with cutoff points
of 105.5 cm/s and 106 cm/s, respectively, yielding
sensitivity in excess of 70%.

Several studies have already demonstrated an
association between intraoperative BF and the main
outcomes of AVFs. Saucy et al.! analyzed predictors

Intraoperative Doppler ultrasound to predict arteriovenous fistula success

of failure to mature within 30 days of creation of
radial-cephalic AVFs, identifying an intraoperative
BF cutoff point of 120 mL/min, but with a lower
patency rate (77.58%). Cyrek et al.'* compared.
radial-cephalic AVFs with high (> 200 mL/min) and
low intraoperative BF (< 200 mL/min), observing
significantly higher primary and secondary 1-year
patency rates in high-flow AVFs (100% and 93.15%,
respectively) when compared with low-flow AVFs
(81.25% and 75%, respectively). Other observational
studies have reiterated this same relationship between
postoperative BF and AVF failure, identifying cutoff
points ranging from 160 mL/min to 300 mL/min.!>!¢

With regard to PSV values, several studies
have confirmed the association observed.
Karanan et al.'” analyzed AVF outcomes according
to the arterial PSV value on postoperative days 1 and
8, confirming that PSV was a significant predictor of
AVF outcome. Similarly, Abreu et al.'® conducted a
5-year follow-up study that demonstrated that PSV
in ulnar and radial arteries had predictive value for
secondary patency.

We observe certain limitations of this study. Itis a
single-center study with a single observer, so interobserver
variations and biases were neither assessed nor validated.
The sample was highly heterogeneous, with a wide
variety of AVF types. Two different ultrasonography
systems were employed. A Philips CX 50 was used
for intraoperative examinations and a Toshiba Aplio
300 was used for postoperative examinations. There
may be a minor variation in PSV and BF values
measured by the two machines. The study also had
a small patient sample, so univariate analysis was
employed, which can lead to certain limitations,
primarily related to the possibility of predicting a given
outcome. Another important limitation was the small
number of primary patency failure events by day 30,
which could have contributed to the very wide Cls.

The subject investigated in this study still constitutes
an open question and one that has been studied little.
Since intraoperative vascular Doppler ultrasonography
is an investigative method that is widely available
and has no side effects or risks for patients, it is an
important tool for vascular surgeons. This examination
provides important variables in real time, which can
correlate with short-term success of the surgery and
may provoke changes to the surgical strategy during
the procedure, leading to re-creation of an access or
even to a change of anastomosis site, depending on
the PSV and BF values observed. Although PSV has
lower sensitivity and specificity than BF, it is a variable
that is easy to obtain and analyze and is available on
almost all vascular ultrasonography systems.

Castro-Santos et al. J Vasc Bras. 2027;20:€20210098. https://doi.org/10.1590/1677-5449.210098 7/8



CONCLUSIONS

Peak systolic velocity and BF measured with
intraoperative vascular Doppler ultrasound are predictors
of early patency after AVF hemodialysis surgery. They
are both reliable assessment parameters for predicting
ecarly AVF failure and offer the opportunity to change
the surgical strategy intraoperatively in order to achieve
better outcomes during the postoperative period.
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O volume de fluxo e a velocidade de pico sistolico ao ultrassom
vascular com Doppler intraoperatorio como preditores de
perviedade precoce na fistula arteriovenosa autdgena para

hemodialise

Intraoperative vascular Doppler ultrasound blood flow and peak systolic velocity
predict early patency in hemodialysis arteriovenous fistula
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Resumo

Contexto: A insuficiéncia renal cronica é um problema de satide publica mundial. A hemodialise é a principal terapia
renal substitutiva. As fistulas arteriovenosas (FAV) sdo uma possivel escolha, mas apresentam altas taxas de faléncia.
Objetivos: Este estudo tem como objetivo avaliar a relagdo entre as variaveis hemodinamicas ao ultrassom vascular
com Doppler no intraoperatério e a perviedade precoce da FAV para hemodialise. Métodos: Tratou-se de um estudo
prospectivo observacional. Os pacientes consecutivos foram submetidos a FAV com ultrassonografia vascular com
Doppler em intraoperatério nos dias 1, 7, 30 e 60. Eles foram divididos em grupos quanto a presenga ou nao de
perviedade primaria e secundaria, e o volume de fluxo (VF) e a velocidade de pico sistélico (VPS) foram comparados.
Foram realizadas curvas receiver operating characteristic (ROC), com defini¢do de valores de VPS e VF com sensibilidade
(S) e especificidade (E). Resultados: Foram analisados 47 pacientes, os quais preencheram os critérios de incluséo. Os
valores de VPS e VF intraoperatério foram maiores nos pacientes com perviedade primaria e secundaria comparados
aqueles com faléncia. Os seguintes valores apresentaram maiores sensibilidade e especificidade para predizer perviedade
primaria aos 30 dias: 106 cm/s para VPS venoso, S: 75%, E: 71,4%; e 290,5 mL/min para VF arterial, S: 80,6%, E: 85,7%. Para
perviedade secundaria aos 30 dias, foram observados: 106 cm/s para VPS arterial, S: 72,7%, E: 100%; e 230 mL/min para
VF venoso, com S: 86,4%, E: 100%. Para a perviedade primaria no 60° dia, foram observados: 106 cm/s para VPS venoso,
S: 74,4%, E: 62,5%; e 290,5 mL/min para VF arterial, S: 80%, E: 75%. Conclusdes: A velocidade de pico sistdlico e o VF
ao ultrassom vascular com Doppler intraoperatorio séo preditores de perviedade precoce na FAV para hemodialise.

Palavras-chave: fistula arteriovenosa; perviedade; ultrassom intraoperatério; volume de fluxo; velocidade sistdlica de pico.

Abstract

Background: Chronic kidney disease is a major public health problem. Hemodialysis is the most common renal
replacement therapy. Arteriovenous fistulas (AVF) are a possible access option, but early failure rates remain high.
Objectives: to investigate the value of intraoperative vascular Doppler ultrasound for predicting early AVF patency.
Methods: Prospective observational study. Consecutive patients undergoing AVF were assessed with vascular Doppler
ultrasonography intraoperatively and on days 1, 7, 30, and 60. Patients were divided into groups according to presence
or absence of primary and secondary patency. Blood flow (BF) and peak systolic velocity (PSV) were compared. ROC
curves were plotted and used to define the PSV and BF values that yielded greatest sensitivity (Sens) and specificity
(Spec). Results: 47 patients met the inclusion criteria and were analyzed. Higher intraoperative PSV and BF values
were observed in patients who had primary and secondary patency than in patients with access failure. The values
with greatest sensitivity and specificity for predicting 30-day primary patency were 106 cm/s for venous PSV (Sens: 75%
and Spec: 71.4%) and 290.5 ml/min for arterial blood flow (Sens: 80.6% and Spec 85.7%). Values for 30-day secondary
patency were 106 cm/s for arterial PSV (Sens: 72.7%, Spec: 100%) and 230 ml/min for venous blood flow (Sens: 86.4%,
Spec100%). Values for 60-day primary patency were 106 cm/s for venous PSV (Sens: 74.4%, Spec: 62.5%) and 290.5 ml/min
for arterial blood flow (Sens: 80%, Spec: 75%). Conclusions: Peak systolic velocity and blood flow measured using
intraoperative vascular Doppler ultrasound can predict early patency of hemodialysis arteriovenous fistulas.

Keywords: arteriovenous fistula; patency; intraoperative ultrasound; blood flow; peak systolic velocity.
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Ultrassom Doppler intraoperatério como preditor de sucesso na fistula arteriovenosa

INTRODUCAO

A doenga renal cronica (DRC) ¢ um problema
de satde publica mundial'. Em 2017, estimou-se
697,5 milhdes de casos de DRC na populagdo global,
sendo 16,7 milhGes apenas no Brasil'%. A principal
modalidade de terapia renal substitutiva ¢ a hemodialise.
Projeta-se que a demanda pela hemodialise aumente
em mais do que o dobro entre 2010 ¢ 2030°.

Entre os diferentes tipos de acesso para hemodialise,
héa preferéncia pela fistula arteriovenosa autégena
(FAV)*. Se comparada as proteses e aos cateteres, a
FAV possui maior perviedade a longo prazo e menores
taxas de complicagdes, infec¢des ¢ mortalidade®.
Entretanto, sabe-se que as taxas de perviedade nao
sdo ideais, e a faléncia precoce ¢ um fator de grande
impacto, atingindo cerca de 20% das FAVs’.

A ultrassonografia vascular com Doppler
intraoperatoria mostra-se como ferramenta de grande
importancia, uma vez que torna possivel acompanhar
variaveis hemodinamicas nos pacientes submetidos a
confecgdo da FAV®!. Este estudo teve como objetivo
avaliar a relagdo entre as variaveis hemodinamicas ao
ultrassom vascular com Doppler no intraoperatorio
e a perviedade precoce da FAV para hemodialise.

METODOS

O estudo foi autorizado pelo comité de ética da
Universidade Federal de Minas Gerais (UFMG),
Belo Horizonte, Minas Gerais (MG), Brasil, CAAE:
03241718.6.0000.5149, nimero do parecer: 3.257.774,
registrado no Registro Brasileiro de Ensaios Clinicos
(Rebec), namero do UTN: U1111-1247-880. Todos
os pacientes assinaram o Termo de Consentimento
Livre e Esclarecido, e a confidencialidade dos dados
dos participantes foi plenamente respeitada em todos
0S Processos.

Tratou-se de um estudo observacional do tipo
coorte prospectivo. Foram selecionados pacientes
consecutivos, maiores de 18 anos submetidos a
confecgao eletiva de FAV para hemodialise no Hospital
das Clinicas da UFMG, Belo Horizonte, MG, Brasil,
entre maio de 2019 e dezembro de 2020. Pacientes
submetidos a confec¢do do acesso com protese
arteriovenosa foram excluidos. Para reduzir o risco
de viés de selegdo, todos os pacientes submetidos a
confecgdo de acesso definitivo para hemodialise no
periodo estudado foram convidados a participar do
estudo. Todos os pacientes convidados aceitaram a
participag@o.

A avaliagdo pré-operatdria incluiu exame clinico
e mapeamento ao ultrassom vascular com Doppler.
Foi dada preferéncia para a anastomose arteriovenosa
o mais distal possivel, com didmetro minimo para a
artéria doadora de 2 mm e para a veia receptora de
3 mm. Durante o intraoperatorio, foi realizado exame
de ultrassonografia vascular com Doppler. As fistulas

e os exames de ultrassonografia vascular com Doppler
foram realizados de acordo com os protocolos do
hospital e pelo mesmo cirurgido vascular.

Procedimento cirurgico

As fistulas radiocefalica, braquiocefélica,
braquiobasilica e ulnar-basilica foram confeccionadas
de acordo com os protocolos do hospital, com bloqueio
do plexo braquial ou anestesia local e administragao
local intra-arterial e intravenosa de solugdo de heparina
na propor¢ao de 1:100. As fistulas braquiobasilicas
foram confeccionadas em uma tinica intervengdo'' com
deslocamento superficial e anterior da veia. As fistulas
braquiobraquiais foram realizadas em tempo unico
ou em dois tempos. A cirurgia em tempo Unico foi
realizada utilizando a técnica descrita por Bazan e
Schanzer'. A cirurgia em dois tempos foi realizada
com anastomose laterolateral entre os vasos braquiais
com posterior superficializa¢do da veia mais adequada
conforme os critérios de maturagao.

Avaliagdo com ultrassonografia vascular com
Doppler

A ultrassonografia vascular com Doppler foi
realizada usando os aparelhos Philips CX 50 US
(Philips Medical Systems, Andover, MA, EUA) e
um transdutor linear L9-3 (frequéncia 9-3 MHz),
para os exames intraoperatorios, ¢ Toshiba Aplio
300 US (Toshiba Medical Systems, Toquio, Japao)
e um transdutor de matriz linear L9-3 (frequéncia
9-3 MHz) para os exames pos-operatorios. Dessa
forma, ndo houve comparagdo direta de variaveis
entre aparelhos diferentes.

Para o exame intraoperatdrio, considerou-se os
valores obtidos no momento imediatamente apos a
anastomose arteriovenosa. Os didmetros da artéria e
da veia-alvo foram medidos como a disténcia vertical
entre as paredes externas da artéria e da veia, usando o
paquimetro eletronico na maquina de ultrassonografia
vascular com Doppler. Os pardmetros hemodinamicos
foram realizados com uma varredura sagital da artéria e
da veia-alvo, a aproximadamente 3 cm proximalmente
a anastomose, ¢ a imagem de ultrassom modo B foi
otimizada. O modo de ultrassom Doppler de onda
pulsada foi, entdo, ativado, o gate size foi localizado
no centro do lumen arterial ou venoso e o tamanho
da amostra foi ajustado para 3 mm. Em seguida, o
angulo de insonagao, definido como o angulo entre o
feixe de ultrassom e a dire¢do do fluxo sanguineo, foi
ajustado e mantido em 60 graus ou menos. O tragado
da forma de onda espectral Doppler de onda pulsada
foi, entdo, ativado, ¢ a escala, ajustada. Uma vez
que uma forma de onda espectral Doppler de onda
pulsada ideal foi alcancada, ela foi automaticamente
tracada, e os pardmetros hemodindmicos vasculares
foram exibidos e registrados. Os parametros incluiram
velocidade sistdlica de pico (VPS, cm/s) e velocidade
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média (Vm, cm/s). Os valores exibidos eram de
uma média de trés ciclos cardiacos consecutivos.
A area da secdo transversal do vaso foi calculada
assumindo que a artéria e a veia tinham uma segao
transversal circular. O volume de fluxo (VF) foi
subsequentemente calculado como um produto da
Vm e da area transversal, utilizando o software da
maquina de ultrassom vascular com Doppler.

Avaliagao da perviedade

A perviedade foi considerada como a presenga de
fluxo intravascular em veia receptora e avaliada através
do ultrassom vascular com Doppler em intraoperatorio
enosdias 1, 7,30 e 60 do pds-operatorio. A perviedade
primaria foi considerada como fistulas pérvias sem
nenhum tipo de intervengao. A perviedade secundaria
foi considerada como fistulas pérvias com e sem
intervengoes.

Calculo do tamanho da amostra

Foram utilizadas medidas assimétricas de amostragem
entre os grupos (4:1), considerando a perviedade no
D30 vs. o VF da artéria, com alfa 0,05 e beta 0,2, ¢,
utilizando os dados de Saucy et al.', em que média
1=230(194) e média 2 =98 (65), haveria suficiéncia
para 25+6 pacientes, contemplando a amostra deste
estudo.

Anilise estatistica

Os pacientes foram divididos em grupos quanto a
presenca ou ndo de perviedade primaria e secundaria nos
dias 1, 7,30 e 60 apds a cirurgia. Variaveis individuais,

demograficas e hemodinamicas ao ultrassom vascular
com Doppler em intraoperatério — VPS e VF arteriais
e venosos — foram comparadas entre os grupos. Para
avaliacdo da normalidade, foi utilizado o teste de
Shapiro-Wilk. A comparacdo entre grupos foi feita
por meio dos testes # de Welch, de Mann-Whitney e
exato de Fisher, quando adequados, e os modelos de
previsdo de perviedade foram analisados por meio
da curva receiver operating characteristic (ROC).
As taxas de perviedade foram demonstradas por meio
de curvas de Kaplan-Meier. Todas as andlises foram
realizadas no soffware Prism GraphPad 9.0.0 (GraphPad
Software, San Diego, CA, EUA) para iOS.

RESULTADOS

Cinquenta e um pacientes foram selecionados para
o estudo. Destes, quatro foram submetidos a confecc¢ao
do acesso por meio de protese arteriovenosa de
politetrafluoroetileno (PTFE) e excluidos da amostra
(Figura 1). Os dados demograficos e individuais estao
demonstrados nas Tabelas 1 e 2. Nao houve perda de
participantes no periodo.

As taxas de perviedade primaria e secundaria
foram, respectivamente, 89,4% e 93,6% no dia 1;
87,2% e 93,6% no dia 7; 86,96% e 96,62% no 30;
e 82,98% e 91,49% no dia 60 do pds-operatorio
(Figura 2). Dos cinco pacientes que trombosaram
no dia 1 do pds-operatério, dois foram submetidos a
tromboembolectomia com cateter de Fogarty, seguido por
reconfeccdo da anastomose e anticoagulagao sistémica
com heparina ndo fracionada e varfarina; um paciente
foi submetido a confec¢do de nova anastomose mais

Pacientes submetidos a confec¢éao
eletiva de FAV autégena para hemodialise

Trombose (7 FAV)
5 pacientes - 1 DPO
1 paciente - 5 DPO
1 paciente - 17 DPO

Trombose (1 FAV) P

1 paciente - 60 DPO

(n=51) . .
Pacientes excluidos
do estudo
protese de politetrafluoroetileno
v (PTFE) (n=4)
Pacientes elegiveis e analisados
=47
(n ) 3 acessos
I abandonados
< T > 1 DPO
30° DPO
Perviedade primaria Perviedade secundaria
(n =40) (n=144)
1 acesso
- I "~ abandonado
60° DPO 60 DPO

Perviedade primaria
(n=239)

Perviedade secundaria
(n =43)

Figura 1. Diagrama de fluxo representando o desenho do estudo. Acesso abandonado é aquele através do qual ndo é possivel mais
a realizagdo de didlise. Quando ocorre, é necessario a confecgdo de um novo acesso. DPO = dias de pds-operatorio.
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proximal; e dois pacientes ndo foram reabordados.
Um paciente apresentou oclusao no 4° dia do pds-
operatorio e foi submetido a tromboembolectomia
com cateter de Fogarty, seguido por reconfec¢do da
anastomose ¢ anticoagulagao sistémica com heparina
ndo fracionada e varfarina. Esse paciente apresentou
dois episddios de hematoma de ferida operatoria, com
necessidade de drenagem cirtirgica, sendo optado por
suspensdo da anticoagulagdo sistémica. No 17° dia do
pds-operatodrio, outro paciente apresentou trombose da
FAV, necessitando de tromboembolectomia com cateter
de Fogarty, seguido por reconfec¢ao da anastomose e
anticoagulacao sistémica com heparina nao fracionada
¢ varfarina. No 60° dia do pds-operatdrio, outro
paciente apresentou oclusdo da FAV apds acidente
de pungdo e ndo foi reabordado (Figura 1).

Ao comparar a VPS e o VF arterial e venoso no
intraoperatorio, observa-se um maior valor para as

Tabela 1. Varidveis individuais, comorbidades, exames pré-operatérios
laboratoriais e de imagem.

Idade (média = DP) 56+15,8
Sexo masculino (%) 22 (46)
IMC (média + DP) 26,4%5,9
Diabetes (%) 19 (40)
Hipertensio (%) 40 (85)
Pré-dialitico (%) 33 (70)
Bloqueio de plexo braquial (%) 38 (81)
Hemoglobina (média + DP) 11,3%£1,75
Ureia (média + DP) 120+37
Creatinina mediana (intervalo 4,43 (3,2-6,7)

interquartil)
Plaquetas — média 225.000 (187.000-272.000)

(minimo-maximo)

RNI (média + DP) 0,96+0,05
Diametro artéria doadora 3,88+1,40
(média £ DP)
Diametro veia receptora 3,57+1,36
(média £ DP)

DP = desvio padrao; IMC = indice de massa corporal; RNI = Razao Normalizada
Internacional.

Tabela 2. Tipos de fistula arteriovenosa e nimero de cirurgias
prévias.

Tipos de FAVs (%) Radiocefalica 17 (36,17)
Braquiobasilica 9(19,15)

Braquiobraquial 2 (4,25)
Braquiocefalica 16 (34,04)

Ulnar-basilica 1(2,13)

Ulno-ulnar 1(2,13)

Radiobasilica 1(2,13)

Fistulas prévias (%) 0 66 (31)

1 17 (8)

2 15(7)

3 2(1)

fistulas funcionantes tanto para perviedade primaria
quanto secundaria comparadas as fistulas nédo
funcionantes (Figura 3). Ao comparar a VPS e o VF
arterial ¢ venoso no intraoperatorio entre os grupos
que apresentaram FAV pérvia e ndo aos 60 dias,
observa-se um maior valor para perviedade primaria,
mas ndo para secundaria (Tabela 3).

A partir desses resultados, foram construidos
modelos de predi¢do das perviedades primaria e
secundaria no 30° dia ap6s a confec¢ao da FAV e da
perviedade primaria no 60° dia, de acordo com as
variaveis hemodindmicas. Entre as curvas ROC para
perviedade primaria no 30° dia do pos-operatdrio, o
VF arterial mostrou-se como a variavel com maior
valor preditor para esse desfecho (area under the curve
[AUC]=0,8095) (Figura 4). Os pontos de corte com
maior sensibilidade e especificidade para detectar FAVs
funcionantes com perviedade primaria no 30° dia do
pos-operatorio foram: 105,5 cm/s para VPS arterial,
com sensibilidade de 72,5% (intervalo de confianga de
95% [1C95%]: 57,17-83,89%) e especificidade de 71,4%
(IC95%: 35,89-94,92%); 106 cm/s para VPS venosa,
com sensibilidade de 75% (1C95%: 59,81-85,81%)
e especificidade de 71,4% (IC95%: 35,89-94,92%);

1004
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-+- Perviedade primaria

-~ Perviedade secundaria

Figura 2. Perviedade primaria e secundaria das fistulas arteriovenosas
para hemodialise até os 60 dias de pds-operatorio.

Figura 3. Analise espectral da veia receptora em intraoperatério
logo apos a confeccdo da anastomose. 2A) Fistula ndo funcionante
no 10 dia de pos-operatdrio. Velocidade sistdlica de pico (VPS) 56
cm/s, volume de fluxo de 142 mL/min. 2B) Fistula funcionante
no 1° dia de pos-operatério. VPS 192 cm/s, volume de fluxo
de 463 mL/min.
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Tabela 3. Comparagéo entre as velocidades de pico sistolico (VPS) e os volumes de fluxo (VF) arteriais e venosos ao ultrassom
vascular com Doppler intraoperatério entre as FAV pérvias e ndo pérvias aos 30 e 60 dias pos-operatorios.

Perviedade primaria ao 30° dia pos-operatdrio. Valores apresentados em média e desvio padrio

Sim (n = 40) Nio (n=7) p
VPS artéria cm/s 150 (70,08) 82,93 (33,66) 0,0082
VPS veia cm/s 170 (80,72) 93,66 (46,86) 0,0038
VF artéria mL/min 634 (444) 266 (261) 0,0084
VF veia mL/min 602 (462) 432(272) 0,4451

Perviedade secundaria ao 30° dia pés-operatorio. Valores apresentados em média e desvio padrio

Sim (n = 44) Nio (n=3) p
VPS artéria cm/s 144,4 (69,47) 72,3 (37,26) 0,0498
VPS veia cm/s 165,5 (78,8) 58,47 (37,69) 0,0104
VF artéria mL/min 605,7 (439) 156,3 (100,1) 0,0132
VF veia mL/min 557,6 (330,8) 147,3 (78,14) 0,0028

Perviedade primaria ao 60° dia pos-operatério. Valores apresentados em média e desvio padrio

Sim (n = 39) Nio (n=8) p
VPS artéria cm/s 150,2 (70,92) 88,79 (35,30) 0,0157
VPS veia cm/s 170,3 (81,76) 102, (49,49) 0,0065
VF artéria mL/min 629,5 (449,6) 333,3(308,1) 0,042
VF veia mL/min 552,5(323,7) 4285 (397,9) 0,185

Perviedade secundaria ao 60° dia pds-operatorio. Valores apresentados em média e desvio padrao

Sim (n = 43) Nao (n = 4) p
VPS artéria cm/s 144,7 (70,26) 86,68 (41,86) 0,1058
VPS veia cm/s 165,6 (79,73) 84,10 (59,8) 0,0508
VF artéria mL/min 600,6 (443,8) 318,3 (334,0) 0,1411
VF veia mL/min 394,8 (498,9) 544,1(322,3) 0,146
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Figura 4. Curvas receiver operating characteristic (ROC)
comparando as variaveis ao ultrassom vascular com Doppler
em intraoperatério e a perviedade priméria aos 30 dias. VPS =
velocidade sistolica de pico; VF = volume de fluxo; AUC = area
under the curve.

€ 290,5 mL/min para VF arterial, com sensibilidade
de 80,6% (1C95%: 64,97-90,25%) e especificidade
de 85,7% (1C95%: 48,69-99,27%) (Tabela 4).

Quanto a perviedade secundaria 30 dias apos a
confecgdo da FAV, a variavel com maior valor preditivo
foi o VF venoso (AUC = 0,9545) (Figura 5). Para
prever esse desfecho, os pontos de corte com maior
sensibilidade e especificidade foram: 106 cm/s para
VPS arterial, com sensibilidade de 72,7% (1C95%:
58,15-83,65%) e especificidade de 100% (IC95%:
43,85-100%); 230 mL/min para VF venoso, com
sensibilidade de 86,4% (IC95%: 73,29-93,60%) ¢
especificidade de 100% (IC95%: 43,85-100%); ¢
262,5 mL/min para VF arterial, com sensibilidade
de 77,5% (IC95%: 62,5-87,68%) ¢ especificidade de
100% (1C95%: 43,85-100%) (Tabela 4).

Para a perviedade primaria no 60° dia do pos-
operatorio, o VPS arterial, o VPS venoso ¢ o VF
arterial apresentaram AUC de 0,7692, 0,7356 ¢
0,7321, respectivamente (Figura 6). Os pontos de
corte para os maiores valores de sensibilidade e
especificidade para esse desfecho foram: 105,5 cm/s
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Tabela 4. Sensibilidade e especificidade de diversos pontos de corte para velocidade de pico sistolico (VPS) e volume de fluxo (VF)
arterial e venoso ao ultrassom vascular com Doppler intraoperatério para detectar perviedade primaria e secundaria aos 30 dias
do pés-operatério e perviedade priméaria aos 60 dias do pos-operatorio.

Perviedade primaria 30 dias

Valor Sensibilidade 1C95% Especificidade 1C95%
VPS artéria cm/s > 99,40 72,5 57,17% a 83,89% 571 25,05% a 84,18%
> 105,5 72,5 57,17% a 83,89% 714 35,89% a 94,92%
> 108,5 70,0 54,57% a 81,93% 714 35,89% a 94,92%
VPS veia cm/s > 93,85 80,0 65,24% a 89,50% 571 25,05% a 84,18%
> 99,15 77,5 62,50% a 87,68% 57,1 25,05% a 84,18%
> 106,0 75,0 59,81% a 85,81% 71,4 35,89% a 94,92%
VF artéria mL/min > 262,5 80,6 64,97% a 90,25% 714 35,89% a 94,92%
>290,5 80,6 64,97% a 90,25% 85,7 48,69% a 99,27%
>318,5 77,8 61,92% a 88,28% 85,7 48,69% a 99,27%

Perviedade secundaria 30 dias

Valor Sensibilidade 1C95% Especificidade 1C95%
VPS artéria cm/s > 93,85 77,3 63,01% a 87,16% 66,7 11,85% a 98,29%
> 99,15 75,0 60,56% a 85,43% 66,7 11,85% a 98,29%
> 106,0 72,7 58,15% a 83,65% 100,0 43,85% a 100,0%
VF veia mL/min >219,0 88,6 76,02% a 95,05% 66,7 11,85% a 98,29%
>225,0 86,4 73,29% a 93,60% 66,7 11,85% a 98,29%
>230,0 86,4 73,29% a 93,60% 100,0 43,85% a 100,0%
VF artéria cm/s > 2385 80,0 65,24% a 89,50% 66,7 11,85% a 98,29%
> 251,5 77,5 62,50% a 87,68% 66,7 11,85% a 98,29%
>262,5 77,5 62,50% a 87,68% 100,0 43,85% a 100,0%

Perviedade primaria 60 dias

Valor Sensibilidade 1C95% Especificidade 1C95%
VPS artéria cm/s > 99,40 71,8 56,22% a 83,46% 50,0 21,52% a 78,48%
> 105,5 71,8 56,22% a 83,46% 62,5 30,57% a 86,32%
> 108,5 69,2 53,58% a 81,43% 62,5 30,57% a 86,32%
VPS veia cm/s > 106,0 74,4 58,92% a 85,43% 62,5 30,57% a 86,32%
>111,1 71,8 56,22% a 83,46% 62,5 30,57% a 86,32%
> 114,6 69,2 53,58% a 81,43% 62,5 30,57% a 86,32%
VF artéria mL/min >262,5 80,0 64,11% a 89,96% 62,5 30,57% a 86,32%
>290,5 80,0 64,11% a 89,96% 75,0 40,93% a 95,56%
> 3185 771 60,98% a 87,93% 75,0 40,93% a 95,56%

1C95% = intervalo de confianga de 95%.

para VPS arterial, com sensibilidade de 71,8% (IC95%:
56,22-83,46%) e especificidade de 62,5% (1C95%:
30,57-86,32%), 106 cm/s para VPS venoso, com
sensibilidade de 74,4% (1C95%: 58,92-85,43%) ¢
especificidade de 62,5% (IC95%: 30,57-86,32%),
€ 290,5 mL/min para VF arterial, com sensibilidade
de 80% (IC95%: 64,11-89,96%) e especificidade de
75% (1C95%: 40,93-95,56%).

DISCUSSAO

Os parametros hemodinamicos no intraoperatorio
mostraram-se potenciais preditores da perviedade das
FAVs para hemodialise. O VF arterial apresentou o
maior valor preditor para a perviedade primaria no
30° dia, com sensibilidade maior que 80% para o

ponto de corte de 290,5 mL/min. Ja para a perviedade
secundaria no 30° dia, o VF venoso foi a variavel com
maior valor preditor, com sensibilidade maior que 85%
e especificidade de 100% para o ponto de corte de
230 mL/min. As VPS arterial e venosa demonstraram
poder preditivo na perviedade primaria do 60° dia,
com pontos de corte de 105,5 cm/s e de 106 cm/s,
respectivamente, € com sensibilidade maior que 70%.

Diversos estudos ja demonstraram uma associagao
entre o VF intraoperatdrio e os principais desfechos
das FAVs. Saucy et al."® avaliaram preditores para
a falha na maturacdo das FAVs radiocefalicas nos
primeiros 30 dias apos sua confecgdo, encontrando
o VF intraoperatorio de 120 mL/min como ponto de
corte, mas com menor taxa de perviedade (77,58%).
Cyrek et al."* compararam FAVs radiocefalicas de
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Figura 5. Curvas receiver operating characteristic (ROC)
comparando as variaveis ao ultrassom vascular com Doppler
em intraoperatério e a perviedade secundaria aos 30 dias.
VPS = velocidade sistdlica de pico; VF = volume de fluxo;
AUC = area under the curve.
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Figura 6. Curvas receiver operating characteristic (ROC)
comparando as variaveis ao ultrassom vascular com Doppler
em intraoperatdrio e a perviedade primaria aos 60 dias.

alto (> 200 mL/min) e baixo VF (<200 mL/min) no
intraoperatorio e observaram taxas de perviedade
primaria e secundaria significativamente mais altas nas
FAVs de alto fluxo (100% e 93,15%, respectivamente)
quando comparadas as de baixo fluxo (81,25% e
75%, respectivamente) em | ano. Outros estudos
observacionais reiteram essa mesma relagdao entre
o VF poés-operatorio ¢ a falha da FAV, encontrando
pontos de corte que variam entre 160 mL/min ¢
300 mL/min'>€,

Em relagdo aos valores de VPS, diversos
estudos corroboram com a associa¢do encontrada.
Karanan et al.'” analisaram o desfecho das FAVs
de acordo com o valor da VPS arterial nos dias
1 e 8 do pds-operatorio, confirmando a VPS como
preditor do desfecho da FAV de forma significativa.
Em concomiténcia, Abreu et al.'® conduziram um estudo
com acompanhamento de 5 anos que demonstrou
VPS em artérias ulnar e radial como valor preditor
para perviedade secundaria.

Observamos algumas limitagdes neste estudo.
Tratou-se de estudo em centro Gnico, com Unico
observador, ndo sendo validadas ou avaliadas as
variacOes e vieses interobservadores. A amostra foi
bastante heterogénea, com uma grande variedade de
tipos de FAVs. Foram utilizados dois tipos diferentes
de aparelhos de ultrassonografia. O aparelho Philips
CX 50 foi utilizado para o exame intraoperatorio, € 0
Toshiba Aplio 300, para os exames pds-operatorios.
Pode haver uma pequena variagao nos valores
de VPS e VF entre os aparelhos. Neste estudo,
apresentou-se um reduzido niimero de pacientes; dessa
forma, optou-se pela analise univariada, a qual pode
apresentar algumas limitagdes, sobretudo quanto a
possibilidade de predig¢do de determinado desfecho.
Outra limitagdo importante foi pequeno nimero de
eventos de ndo perviedade primaria no dia 30, o que
pode ter contribuido para ICs muito amplos.

O tema abordado nesta pesquisa permanece em
aberto ¢ ainda pouco estudado. Por se tratar de
propedéutica ndo invasiva, de ampla distribuigdo e
acesso, com auséncia de efeitos colaterais e de riscos
para o paciente, a ultrassonografia vascular com
Doppler realizada em intraoperatorio ¢ uma importante
ferramenta para o cirurgido vascular. Esse exame
fornece variaveis importantes e em tempo real, as
quais podem se correlacionar com o sucesso a curto
prazo da cirurgia e modificar a estratégia cirurgica no
intraoperatorio — como uma reconfecgdo do acesso
ou até mesmo mudanga de local da anastomose — a
depender dos valores de VPS e VF. A VPS, apesar
de apresentar menor sensibilidade e especificidade
quando comparada ao VF, é uma variavel de facil
execu¢do ¢ analise, disponivel em quase todos os
aparelhos de ultrassonografia vascular.

CONCLUSOES

A VPS e o VF ao ultrassom vascular com Doppler
intraoperatorio sao preditores de perviedade precoce na
cirurgia de FAV para hemodialise. Ambos representam
parametros de avalia¢do confiavel para predi¢do da
faléncia precoce da FAV e oferecem a possibilidade
de mudanga da estratégia cirurgica no intraoperatorio
para atingir melhores desfechos no pos-operatorio.
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