APPENDIX B:

Pre-Course Online Module for HCU imaging of IVC Training
Welcome

Thank you for agreeing to participate in our hand-carried ultrasound (HCU) project.  This project is aimed to teach you to acquire and interpret images of the inferior vena cava (IVC) to help estimate volume status. 
This is a 3 part study that includes this online portion, an in-person training and evaluation session and a follow-up session to reassess competency approximately 6 weeks following the initial in-person training.
This pre-course work includes:
1. Introduction to the FDA-approved HCU device, the GE Vscan©
2. Background on IVC image acquisition and interpretation to estimate central venous pressure
The in-person schedule includes:

1. Completion of entry survey
2. Didactic teaching session

3. Practice of image acquisition and interpretation with 10 standardized patients

4. Testing competence to acquire and interpret IVC images including calculation of the IVC collapsibility index

5. Testing ability to interpret HCU images of IVC by calculating the IVC collapsibility index on 10 videos of previously recorded IVC images (maximum and minimum diameters).

6. Completion of the exit survey
The Vscan© HCU Device

We will provide a more detailed walk through of the Vscan device during the in-person training however, a brief introduction to the controls are presented here:

· The Vscan© device is turned on by simply opening the lid.
· It should be preset to cardiac imaging however pushing MENU at the top of the black dial confirms this or allows one to select other types of imaging (e.g. OB, ABD).

· The up and down arrow keys allow increasing or decreasing of the depth of imaging.

· When the measurement tool is used via the MENU button (called “distance” and has a ruler icon) the arrow keys facilitate making measurements.
· The lower right icon on the outer black dial is a recording button. Pushing this button saves the image on the screen if still or the loop of images if it is a movie. They are saved in a Gallery also accessed from the MENU button.

· The middle black circular button is used for selections in the MENU, making measurements or stopping and starting the image loops.
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Vscan© device
Why Scan the IVC?

Non-invasive estimate of central venous pressure

Point of care ability to estimate volume status in selected patients
· IVCs that are small and collapsible (<1.0 cm) are associated with low right atrial / low central venous pressure.
· IVCs that are dilated (> 2.5cm) and not collapsible are associated with high venous pressure.

Where is the IVC and how to identify it 

· Retroperitoneal
· Right of the aorta
· Traverses liver in longitudinal view
· Normal size < 2.5cm
· Varies with respiration
          See Figure 1.
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Figure 1.  The inferior vena cava (IVC) is seen traversing through the liver and entering the right atrium (RA) at the arrow tip.
Images of the IVC are obtained with the patient supine and subxyphoid placement of the ultrasound probe. The probe index marker is to the patient’s left and rotated counterclockwise until the heart and liver junction is located. Then look for the IVC entering the right atrium (RA).

The IVC diameter measurements are performed approximately 2cm from the IVC/RA junction by convention, perpendicular to the longitudinal view of the IVC and just distal to any ridge if present. See Figure 2.
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             IVC maximum diameter (expiration)       IVC minimum diameter (inspiration)

Figure 2. The white lines demonstrate the diameter measurements. The yellow arrows points to a ridge near the IVC and RA junction.
IVC COLLAPSIBILITY

We already mentioned that an enlarged IVC diameter (>2.5cm) correlates with high venous pressure. The collapsibility of the IVC during inspiration also helps semi-quantify the venous filling pressure. One study suggested that heart failure patients with larger IVCs and lower IVC collapsibility at discharge (i.e. high venous pressure) had a higher readmission rate for CHF at 30 days. (Goonewardena SN, et al. J Am Coll Cardiol Img, 2008; 1:595-601). See Figure 3 for example video of IVC collapsibility. 
The Collapsibility Index is simply calculated as a percentage as follows:
IVC maximum diameter – IVC minimum diameter during sniff     = % collapse
                           IVC maximum diameter
Estimating central venous pressure (CVP) based on IVC maximum diameter and collapsibility:

1) If IVC maximum diameter is < 1.5 cm and IVC Collapsibility Index is > 50%, CVP is 0-5 mmHg.

2) If IVC maximum diameter is 1.5 – 2.5 cm and IVC Collapsibility Index is > 50%, CVP is 5-10 mmHg.
3) If IVC maximum diameter is 1.5 – 2.5 cm and IVC Collapsibility Index is < 50%, CVP is 10-15 mmHg.

4) If IVC maximum diameter is > 2.5 cm and IVC Collapsibility Index is < 50%, CVP is 15-20 mmHg. 

        

Figure 3. The IVC normally collapses with inspiration and expands with expiration. For this reason, we may ask the patient to “sniff” to measure IVC collapsibility. In the video above the IVC is seen near the bottom of the clip and collapses with inspiration. (Note: the IVC is small at the beginning and the end of the clip.) [To view video, right click on the image and select “edit hyperlink” to specify path for the attached video clip, “IVC video clip for online hospitalist training.MP4”]
Questions  
Please email your answers or bring your answers to the class on a piece of paper with your name on it.

Question 1                                                                                                                                                                                                          What is the calculated IVC Collapsibility based on these IVC measurements?                                                                                                                                                             
IVC max = 2.8cm                                                                                                                                                                                                                 IVC minimum = 2.1cm

-------------------------------------------------------------

Question 2                                                                                                                                                                                                                          Is this suggestive of high or low venous pressure? (refers to Question 1)
________________________________________

Question 3                                                                                                                                                                                                                 The IVC diameter is 2.7cm with a 20% collapsibility index in a patient with pulmonary hypertension.       
The central venous pressure is likely:                                                                                                                                                                                a. low                                                                                                                                                                                                                            b. high                                                                                                                                                                                                                         c. cannot differentiate
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