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Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  NO

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No

3. Filming location: Will the filming need to take place in multiple locations?   

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. 


Current Protocol Length
Number of Steps:  31
Number of Shots:  48 

Interviews
Videographer: Obtain headshots for all authors available at the filming location. 

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Fernanda Gimenes: Our research identifies key ultrasound parameters of arteriovenous fistula maturation to improve assessment of vascular access readiness for clinical use.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera Suggested B roll: 4.4.1

Describe the research contexts or systems in which this protocol can be applied.
1.2. Fernanda Gimenes:  This protocol assesses AVF maturation in the postoperative period and supports decision-making for the first cannulation within 6 weeks of creation.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera Suggested B roll: Figure 6

CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Fernanda Gimenes: This protocol allows researchers to study AVF maturation using examination and ultrasound measurements, including diameter, depth, flow, and resistance index.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera Suggested B roll: 4.8.2.


Describe the most important consideration or challenge when performing this protocol.
1.4. Fernanda Gimenes: The main challenge in this procedure is operator dependence, requiring training for accurate ultrasound measurements and proper technique.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera



How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Fernanda Gimenes: Future studies should validate reproducibility, inter-operator reliability, clinical outcomes, and the multicenter implementation of standardized ultrasound protocols.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera



Videographer: Obtain headshots for all authors available at the filming location.

Ethics Title Card

This research has been approved by the Institutional Review Board (IRB)  at the Ribeirão Preto College of Nursing, University of São Paulo. Written informed consent was obtained from all participants 


Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Clinical Examination of the Arteriovenous Fistula
Demonstrators: Laís Facioli Rosa Moreno da Costa and Vilmeire Mendonça Costa     	 

2.1. To begin, assess and prepare the patient for the procedure [1]. Inspect the arteriovenous fistula limb for pallor, cyanosis, erythema, edema, skin lesions, aneurysmal dilation, and signs of infection [1].
2.1.1. Establishing shot of talent with patient positioned for the procedure.  Videographer: Please obtain CU shot as well for this shot.
2.1.2. Talent inspecting the arteriovenous fistula limb for pallor, cyanosis, erythema, edema, skin lesions, aneurysmal dilation, and signs of infection.
2.2. Document the collateral veins in the upper limb or thoracic region [1]. Elevate the limb and observe venous collapse during the arm lift test [2]. 
2.2.1. Talent documenting the collateral veins in the upper limb or thoracic region.
2.2.2. Talent elevating the limb and observing venous collapse during the arm lift test.
2.3. Identify the presence of a developed, straight, and superficial vein [1].
2.3.1. Talent check the fistula member and point out the presence of the superficial and straight vein with their finger.
2.4. Assess the limb temperature and compare the findings with the contralateral extremity [1].
2.4.1. Talent assessing the limb temperature and comparing it with the contralateral extremity. 
2.5. Palpate the arteriovenous fistulas along the entire draining vein [1] and document the presence and extent of a thrill measuring at least 10 centimeters [2].
2.5.1. Talent palpating the arteriovenous fistulas along the entire draining vein.
2.5.2. Talent documenting the presence and extent of a thrill measuring at least 10 centimeters.
2.6. Palpate the extent of the arteriovenous fistula [1] and identify the reduction in the intensity of the thrill starting from the anastomosis under normal conditions [2].
2.6.1. Talent palpating the extent of the arteriovenous fistula.
2.6.2. Talent demonstrates palpation of fremitus and identifies the reduction in the intensity of the thrill starting from the anastomosis.
2.7. Certify the presence of compressible veins and thickened walls through palpation [1].
2.7.1. Talent palpating the vein and confirming compressibility and thickened walls.
2.8. Manually occlude the arterialized vein [1] and identify an increase in the pulse after the anastomosis by performing the pulse augmentation test [2]. If there is no increase in the pulse, identify the likely inflow stenosis [3]. If the thrill remains palpable after occluding the arteriovenous fistula, identify the likely presence of accessory veins below the occlusion point [4].
2.8.1. Talent manually occluding the arterialized vein.
2.8.2. Talent palpating the pulse after the anastomosis during the pulse augmentation test.
2.8.3. Talent identifying the likely inflow stenosis based on the absence of pulse augmentation.
2.8.4. Talent identifying the likely presence of accessory veins below the occlusion point after confirming a persistent thrill.
2.9. Evaluate the characteristics of the arteriovenous fistula thrill and the pulse [1].
2.9.1. Talent checking arteriovenous fistula thrill and pulse
2.10. Assess the characteristics of the arterial pulse [1].
2.10.1. Talent checking the arterial pulse.
2.11. Using a stethoscope, auscultate the arteriovenous fistulas along the entire vascular pathway [1].
2.11.1. Talent auscultating the arteriovenous fistulas along the entire vascular pathway with a stethoscope.

3. Preparation of the Ultrasound System

3.1. Power on the ultrasound device [1] and select the vascular preset [2].
3.1.1. Talent powering on the ultrasound device.
3.1.2. Vascular preset being selected.
3.2. Select a high-frequency linear transducer operating between 5 and 15 megahertz [1].
3.2.1. Talent selecting a high-frequency linear transducer.
3.3. Apply the conductive gel on the transducer footprint over the skin in the arteriovenous fistula area [1]. Use rotation, pressure, sliding, and tilting maneuvers to optimize image acquisition [2].
3.3.1. Talent applying the conductive gel on the transducer footprint over the skin in the arteriovenous fistula area.
3.3.2. Talent manipulating the transducer with rotation, pressure, sliding, and tilting maneuvers to optimize image acquisition.
3.4. Adjust the imaging depth, gain, focal zone, pulse repetition frequency, and wall-filter settings before Doppler acquisition [1].
3.4.1. Imaging depth, gain, focal zone, pulse repetition frequency, and wall-filter settings being adjusted before Doppler acquisition.
3.5. Position the linear transducer over the arteriovenous fistula with the index pointing to the patient's right [1].
3.5.1. Talent positioning the linear transducer over the arteriovenous fistula with the index pointing to the patient's right.

4. Ultrasound-Based Assessment of Arteriovenous Fistula Maturation
4.1. Identify the draining vein in the longitudinal and transverse planes [1]. 
4.1.1. Talent identifying the draining vein using the ultrasound transducer.

4.2. Measure the venous diameter in a transverse view, about 5 centimeters distal to the arteriovenous anastomosis, ensuring the vessel is centered on the ultrasound screen. Avoid aneurysms, stenoses, and venous branches in your measurements [1].
4.2.1. Venous diameter being measured in the transverse view with the vessel centered on the ultrasound screen.

4.3. At each standardized site, obtain 3 consecutive diameter measurements [1] and record the average value [2]. Calculate the overall venous diameter using the mean of the site-specific measurements [3].
4.3.1. Three consecutive diameter measurements are being obtained at a standardized site.
4.3.2. The average value being recorded.
4.3.3. The overall venous diameter is being calculated using the mean of the site-specific measurements.
4.4. Measure the venous diameter from the inner anterior wall to the inner posterior wall with the vessel centered on the screen and without probe-induced compression [1].
4.4.1. Venous diameter being measured from the inner anterior wall to the inner posterior wall with the vessel centered on the screen.
4.5. Measure the vein depth from the skin surface to the anterior vessel wall at the same site used for diameter assessment that best represents the intended cannulation segment [1].
4.5.1. Vein depth is being measured from the skin surface to the anterior vessel wall.
4.6. Measure the usable cannulation segment length in the longitudinal view [1].
4.6.1. Usable cannulation segment length being measured in the longitudinal view.
4.7. For Doppler mode, adjust the Doppler scale according to the flow velocity to avoid aliasing [1]. Use low wall-filter settings to preserve low-velocity flow signals [2].
4.7.1. Doppler scale being adjusted according to the flow velocity.
4.7.2. Low wall-filter settings are being selected.
4.8. Evaluate the brachial artery using sliding and rocking movements [1] and measure the peak systolic velocity, resistance index, and blood flow in milliliters per minute [2].
4.8.1. Talent evaluating the brachial artery using sliding and rocking movements with the transducer.
4.8.2. Peak systolic velocity, resistance index, and blood flow being measured.
4.9. Measure the peak systolic velocity and time-averaged mean velocity using an angle correction of 60 degrees [1].
4.9.1. Peak systolic velocity and time-averaged mean velocity being measured with an angle correction of 60 degrees.
4.10. Then, position the Doppler sample volume in the center of the vessel lumen during spectral Doppler acquisition [1].
4.10.1. Doppler sample volume being positioned in the center of the vessel lumen.
4.11. Calculate the access flow [1], vessel cross-sectional area [2], and resistance index using the presented formula [3].
4.11.1. TEXT ON A PLAIN BACKGROUND
Access Flow (mL/min) = Time-Averaged Mean Velocity × Cross-Sectional Area × 60.
4.11.2. TEXT ON A PLAIN BACKGROUND
Area = π × (vessel radius)²

4.11.3. TEXT ON A PLAIN BACKGROUND
RI = (Peak Systolic Velocity − End Diastolic Velocity) / Peak Systolic Velocity

4.12. Record all flow measurements in milliliters per minute [1] and document representative Doppler waveforms [2].
4.12.1. Flow measurements being recorded in milliliters per minute.
4.12.2. Representative Doppler waveforms being documented.

4.13. Assess focal stenosis by identifying luminal narrowing, focal flow acceleration, post-stenotic turbulence, or a velocity increase greater than 2 to 1 compared with adjacent segments [1].
4.13.1. Luminal narrowing, focal flow acceleration, post-stenotic turbulence, or a velocity increase greater than 2:1 is being identified.
4.14. For thrombus assessment, identify echogenic intraluminal material, absent compressibility, or absent color Doppler flow [1].
4.14.1. Thrombus being assessed. Echogenic intraluminal material, absent compressibility, or absent color Doppler flow are being shown
4.15. Document the lesion location relative to the anastomosis [1] and classify the findings as juxta-anastomotic, cannulation-segment, or proximal outflow lesions [2].
4.15.1. Lesion location relative to the anastomosis being documented.
4.15.2. Findings being classified as juxta-anastomotic, cannulation-segment, or proximal outflow lesions.

4.15.3. 

Results

5. Results 

5.1. A brachiocephalic arteriovenous fistula assessed 6 weeks after surgical creation demonstrated a venous diameter of 0.83 centimeters [1], a vein depth of 0.28 centimeters [2], an access flow of 980 milliliters per minute, a resistance index of 0.52, a usable cannulation segment of 8.2 centimeters, and no evidence of stenosis or thrombus [3].
5.1.1. LAB MEDIA: Figure 6. Video editor: Highlight the label 'Venous Diameter = 0.83 cm'.
5.1.2. LAB MEDIA: Figure 6. Video editor: Highlight the label 'Vein Depth = 0.28 cm'.
5.1.3. LAB MEDIA: Figure 6. Video editor: Highlight the Rule of 6-criteria and clinical interpretation
5.2. A radiocephalic arteriovenous fistula assessed 5 weeks after surgical creation did not satisfy the Rule-of-6 criteria and demonstrated clinical and ultrasound findings consistent with non-maturation [1]. Based on protocol interpretation, the arteriovenous fistula was classified as unsuitable for cannulation, and referral for vascular evaluation was recommended [2].
5.2.1. LAB MEDIA: Figure 7. 
5.2.2. LAB MEDIA: Figure 7. Video editor: Highlight the red panel titled 'CLINICAL RECOMMENDATION'.
5.3. A spectral Doppler waveform was obtained in the outflow vein with the sample volume placed at the center of the vessel [1]. The calculated access flow was 980 millilitres per minute [2], and the resistance index was 0.52, findings consistent with a mature, low-resistance arteriovenous fistula [3]. 
5.3.1. LAB MEDIA: Figure 8
5.3.2. LAB MEDIA: Figure 8. Video editor: Highlight the yellow box showing 'Access Flow = 980 mL/min'.
5.3.3. LAB MEDIA: Figure 8. Video editor: Highlight the yellow box and show 'RI = 0.52'.
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