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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? Yes
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=20772683
SCREEN: 2.2.1-2.2.2,2.3.2,2.5.1,2.7.1-2.7.3,2.8.1-2.8.2,2.9.1-2.9.3,2.11.1-2.11.3,2.12.1-2.12.2, 2.13.1-2.13.3,2.15.1-2.15.3,2.16.1-2.16.2,2.17.1-2.17.3
Videographer: please film the screen of the instrument for all shots labelled SCREEN, as backup

Current Protocol Length
Number of Steps:  09
Number of Shots:  20

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


REQUIRED: What is the scope of your research? What questions are you trying to answer? 
1.1. Michael Turk: Venous Excess Ultrasound, or VExUS, is a scoring system developed to help predict AKI based on the degree of venous congestion present, determined by evaluating the doppler waveform of the hepatic, portal and intrarenal veins. 
1.1.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera.


What research gap are you addressing with your protocol?
1.2. Yuriy Bronshteyn: Despite the emergence of VExUS in today’s Point-of-Care ultrasound landscape, it remains underutilized due, at least in part, to knowledge gaps and lack of training. To bridge this gap, we describe a protocol for VExUS image acquisition and interpretation.
1.2.1. 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 Duke University School of Medicine



Protocol  

2. Ultrasound Imaging Setup and IVC, Hepatic, Portal and Intrarenal Vein Assessment
Demonstrator: Michael Turk 

2.1. To begin, position the patient in a supine posture for most of the examination [1]. Expose the patient’s lower chest and abdomen prior to scanning [2]. Position the ultrasound machine so that the sonographer’s dominant hand can comfortably hold the ultrasound probe [3].
2.1.1. WIDE: Talent positioning a patient lying supine on the examination bed.
2.1.2. Talent uncovering the patient’s lower chest and abdomen.
2.1.3. Talent adjusting the ultrasound machine to the correct side for probe access.

2.2. Select the two-dimensional (2-D) (2-D) mode, also called brightness mode or B-mode (B-mode), on the ultrasound machine [1]. Then, select the Cardiac preset [2].
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=20772683
2.2.1. SCREEN: Navigate the machine interface and choose B-mode.
2.2.2. SCREEN: Select the Cardiac preset from the list of presets.

2.3. For the subxiphoid view, place the probe beneath the xiphoid process with the indicator pointing cranially [1]. Adjust the probe position until the inferior vena cava or IVC (I-V-C) is visualized in its maximal anteroposterior diameter [2]. While maintaining the IVC at the center of the screen, rotate the probe 90 degrees counterclockwise to obtain a short-axis view of the IVC [3].
2.3.1. Talent placing the ultrasound probe below the xiphoid process with indicator cranially.
2.3.2. SCOPE/SCREEN: Maximal anteroposterior diameter view of the IVC is being seen on screen.
2.3.3. Talent rotating the probe counterclockwise while keeping the IVC centered on screen.

2.4. In patients with contraindications to subxiphoid imaging, place the probe along the right anterior axillary line in the body’s coronal plane with the probe indicator pointing cranially [1]. 
2.4.1. Talent positioning the probe on the right anterior axillary line with indicator pointing cranially.

2.5. Adjust the probe position until the IVC is seen in its maximal anteroposterior diameter [1]. While keeping the IVC in the center of the screen, rotate the probe 90 degrees counterclockwise to obtain a short-axis view of the IVC [2].
2.5.1. SCOPE/SCREEN: Visualization of the IVC in maximal anteroposterior diameter is being seen.
2.5.2. Talent rotating the probe 90 degrees counterclockwise while keeping IVC centered.

2.6. To visualize hepatic vein from the right flank view, place the probe along the right anterior axillary line in the body’s coronal plane with the probe indicator pointing cranially [1]. 
2.6.1. Talent positioning probe at the right anterior axillary line.

2.7. Adjust the probe until the hepatic vein is visualized entering the IVC near the cavo-atrial junction [1]. Select Color Doppler mode on the ultrasound machine [2]. Then move the color box to include the majority of the vessel within its borders [3].
2.7.1. SCOPE/SCREEN: Hepatic vein emptying into IVC near cavo-atrial junction is being seen.
2.7.2. SCREEN: Select Color Doppler mode on the interface.
2.7.3. SCREEN: Move and resize the color Doppler box to cover the vessel.

2.8. Next, select PW Doppler (P-W-Doppler) mode on the ultrasound machine [1]. Move the Doppler gate so that it is located within the lumen of the hepatic vein [2]. 
2.8.1. SCREEN: Select PW Doppler mode on the ultrasound machine.
2.8.2. SCREEN: Adjust the Doppler gate to align within the hepatic vein.
2.9. Activate PW Doppler to start capturing waveform data [1]. Allow a full screen of PW Doppler tracing to occur, then click on Freeze or the equivalent control [2]. Click on Acquire or the equivalent button to save still images of the flow tracing [3].
2.9.1. SCREEN: Activate PW Doppler to begin tracing.
2.9.2. SCREEN: Click on Freeze once full tracing is captured.
2.9.3. SCREEN: Click on Acquire to save the tracing image.
2.9.4. 

2.10. To visualize the portal vein from the right flank, return the probe to the same position as for the hepatic vein, along the right anterior axillary line [1].
2.10.1. Talent positioning probe at the right anterior axillary line.

2.11. Adjust the probe until the portal vein is visualized horizontally with thick white borders [1]. Select Color Doppler mode on the ultrasound machine [2]. Then move the color box to include the majority of the vessel within its borders [3].
2.11.1. SCOPE/SCREEN: Portal vein is being seen within liver parenchyma.
2.11.2. SCREEN: Select Color Doppler mode on the interface.
2.11.3. SCREEN: Move and resize the color Doppler box to cover the vessel.

2.12. Next, select PW Doppler (P-W-Doppler) mode on the ultrasound machine [1]. Move the Doppler gate so that it is located within the lumen of the portal vein [2]. 
2.12.1. SCREEN: Select PW Doppler mode on the ultrasound machine.
2.12.2. SCREEN: Adjust the Doppler gate to align within the hepatic vein.

2.13. Activate PW Doppler to start capturing waveform data [1]. Allow a full screen of PW Doppler tracing to occur, then click on Freeze or the equivalent control [2]. Click on Acquire or the equivalent button to save still images of the flow tracing [3].
2.13.1. SCREEN: Activate PW Doppler to begin tracing.
2.13.2. SCREEN: Click on Freeze once full tracing is captured.
2.13.3. SCREEN: Click on Acquire to save the tracing image.
2.14. To visualize the intrarenal veins from the right flank, place the probe along the right mid axillary line [1].
2.14.1. Talent positioning probe at the right anterior axillary line.

2.15. Adjust the probe until the right kidney is visualized in the hepatorenal recess [1]. Select Color Doppler mode on the ultrasound machine [2]. Then move the color box to include the majority of the kidney within its borders [3].
2.15.1. SCOPE/SCREEN: intrarenal vessels are being visualized.
2.15.2. SCREEN: Select Color Doppler mode on the interface.
2.15.3. SCREEN: Move and resize the color Doppler box to cover the vessel.

2.16. Next, select PW Doppler (P-W-Doppler) mode on the ultrasound machine [1]. Move the Doppler gate so that it is located over any area of color gain from the intrarenal vessels [2]. 
2.16.1. SCREEN: Select PW Doppler mode on the ultrasound machine.
2.16.2. SCREEN: Adjust the Doppler gate to align within the hepatic vein.

2.17. Activate PW Doppler to start capturing waveform data [1]. Allow a full screen of PW Doppler tracing to occur, then click on Freeze or the equivalent control [2]. Click on Acquire or the equivalent button to save still images of the flow tracing [3].
2.17.1. SCREEN: Activate PW Doppler to begin tracing.
2.17.2. SCREEN: Click on Freeze once full tracing is captured.
2.17.3. SCREEN: Click on Acquire to save the tracing image.


Results

3. Representative Results 

3.1. Hepatic vein Doppler showed progressive reversal of the systolic wave with increasing venous congestion [1].
3.1.1. LAB MEDIA: Figure 12. Video editor: Highlight the three right-side panels with black backgrounds showing the waveform

3.2. Portal vein Doppler tracing changed from a near-continuous waveform with pulsatility  index of less than 30 percent to over 50 percent and then to a to-and-fro pattern with reversed flow as venous congestion increased [1].
3.2.1. LAB MEDIA: Figure 13. Video editor: Highlight the waveform panels on the right side. 

3.3. Intrarenal vein Doppler showed progression from continuous flow to biphasic waves, then to monophasic diastolic-only waves as venous congestion increased [1].
3.3.1. LAB MEDIA: Figure 14. Video editor: Highlight the three right-side waveform panels. 

3.4. The VExUS (vex-us) scoring system visually integrated the changes in hepatic, portal, and intrarenal vein waveforms, showing how combination and severity of waveform abnormalities correspond to increasing grades of venous congestion [1].
3.4.1. LAB MEDIA: Figure 15. Video editor: Highlight the three columns under hepatic, portal, and intrarenal veins. 
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