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ViaMetrics-E™ is a rapid, non-invasive in vitro fertilization (IVF) procedure that provides an objective measure of embryo viability. Near infrared (NIR) spectroscopy-based metabolomics and proprietary bioinformatics are employed to analyze the spent culture media of an embryo to generate a numerical score that represents an embryo’s reproductive potential.
Long abstract: should be 200 to 400 words
Over two million patients worldwide undergo in vitro fertilization (IVF) treatment for infertility each year; therefore the need is high for improved techniques to help identify embryos with the highest reproductive potential. Morphology assessment has been the standard method for selecting embryos to transfer, but its ability to predict which embryo will result in a successful pregnancy is limited. This video article introduces ViaMetrics-E™, a rapid, non-invasive procedure that provides an objective measure of embryo viability, when used in conjunction with morphology. 
As embryos develop they undergo specific metabolic changes and produce biomarkers that modify the surrounding culture media. Studies have demonstrated that embryos destined to succeed and embryos destined to fail modify their environments differently (add References). The ViaMetrics-E™ technology platform combines metabolomics, spectroscopy, and bioinformatics to objectively assess the reproductive potential of an embryo. Following the removal of an embryo from a culture media droplet, a small volume of the spent culture media is collected and injected into a sample cell. The sample cell is then placed into the ViaMetrics™ Instrument, which employs near infrared (NIR) spectroscopy to analyze the molecular components of the sample.  The NIR spectra of the sample are further analyzed by proprietary bioinformatics to generate a Viability Score™, a numerical value that is a quantification of the metabolomic profile of the culture media. This Viability Score™ is representative of an embryo’s reproductive potential as determined by its ability to implant and display Fetal Cardiac Activity (FCA) at 12 weeks.
The benefits of the ViaMetrics-E™ procedure has been verified by clinical studies that demonstrate correlation between higher Viability Scores and increasing pregnancy rates (add References). In addition, Receiver Operating Characteristics (ROC) Analysis supports an improved ability to predict pregnancy outcome (add References). The ViaMetrics-E™ procedure does not compromise the embryo and can be performed on-site in just minutes, requiring only a small amount of spent embryo culture media. As an adjunct to morphological assessment, the Viability Score™ can be used to rank embryo viability within a single IVF patient’s cohort of embryos with similar morphology grades and help guide treatment options.
Text: should include a description of the experimental procedure protocol, representative results and a short discussion. Describe procedures in sufficient detail so that the work can be reproduced.

Protocol
I. ViaMetrics-E™ System Overview

ViaMetrics™ Instrument

The ViaMetrics™ Instrument is a near infrared (NIR) spectrometer specifically designed for metabolomic measurement of small volumes of embryo culture media. The spectrometer features an indium gallium arsenide (InGaAs) array-based, 512 element detector, and a tungsten halogen light source. 
A fully functional internal computer equipped with 8 GB of internal storage provides an easy to use interface with touch screen capabilities. The Computer Power Indicator light is illuminated when the computer power is ON; this light only indicates the power status of the computer and not instrument power status. The customized graphical user interface (GUI) software allows operators to communicate with ViaMetrics-E™ using the provided stylus pen and/or touchpad keyboard. The software enables documentation of embryo quality, day of transfer, and culture media manufacturer for multiple embryos within a large patient database, and stores this patient clinical data and resulting Viability Score™ values. The ViaMetrics™ instrument also has a USB 2.0 port that allows data to be transferred to removable storage devices. A Cell Chamber equipped with a sliding door for chamber closure is where the sample cell is inserted for analysis.
ViaMetrics-E™ Sample Cells 
The specially designed ViaMetrics-E™ Sample Cell allows a small micro-volume of culture and control media to be analyzed. Two injection ports located on the side of the cell allow a sample to be injected using a gel-loading pipette tip. An optical crystal cell window seals in fluid and allows light transmittance. Sample Cells are equipped with Radio Frequency Identification (RFID) tags that uniquely identify samples and their respective controls, and the paper label provides ample space for writing sample identifiers. 

Quality Control Cells 
A dark cell and a reference standard cell are used to monitor quality control and stability of the ViaMetrics™ Instrument. The dark cell blocks the light beam when scanned, allowing the electronic baseline of the instrument to be measured. The reference standard is used to check the performance of the instrument.
Temperature Stabilizer 
Stable sample temperature is critical when making NIR spectroscopic measurements. The Temperature Stabilizer equilibrates the temperature of the samples and controls. The sample cells are placed in the Temperature Stabilizer prior to placement into the ViaMetrics™ Instrument. 
Aspiration Unit 
The aspiration unit provides vacuum power to remove any residual liquid from the sample cell channel and to properly dry the sample cell before control media is loaded. The vacuum is activated by a foot operated switch. A reusable glass water trap bottle prevents aspirated fluids from being drawn into the vacuum power unit and provides stable pressure.
ViaMetrics-E™ Training Cells 
Training cells are provided for new users to become proficient at loading cells without contaminants or bubbles that may affect the Viability Scores™. These training cells cannot be used for clinical analyses because they do not have the same optical quality windows or RFID tags as sample cells. Training cells will not be accepted by the instrument, except while the instrument is in Training Mode. It is recommended that each user successfully loads at least 10-20 training cells prior to using the procedure for actual clinical analyses. 
II. Sample Collection

1. Prior to collecting samples for analysis, prepare the sample cells: first retrieve the total number of sample cells required to scan a single patient’s cohort of embryos.
2. Use a permanent blue/black ink marker (such as a Sharpie) to label each sample cell with the appropriate sample identifier (patient ID, embryo number, etc). Do not use a ball point pen as this may damage the RFID tag which lies beneath the label. Do not use a labeling system that employs an RFID tracking system of its own as this may affect the function of the instrument.
3. Each embryo must be cultured individually in its own culture media droplet. The optimal droplet volume is 25 μl and all embryo culture media droplets within a cohort must be prepared using the same droplet volume.

4. Since the ViaMetrics-E™ procedure evaluates only spent culture media, the embryo must be removed from the culture media droplet before the media is collected. It is recommended that the media collection is performed under a stereomicroscope, particularly during the first few analyses run.
5. Set the precision pipette by turning the orange knob until the dial reads a calibrated volume of 14 μl. Use a new pipette tip for each sample.
6. To collect the media without oil contamination, DEPRESS THE PLUNGER KNOB TO THE FIRST STOP ONLY and then insert the pipette tip vertically into the center of the culture media droplet until it touches the bottom of the dish. Release the plunger slowly, drawing 14 μl of media into the tip. After media is drawn into the tip, hold the pipette tip there for one second to ensure the complete volume is collected.
7. Withdraw the pipette from the media. Wipe the pipette tip with a new Kimwipe® to remove any oil residue from the outside of the pipette tip. 

8. Inspect the pipette tip for spaces of air or oil before loading the sample into the sample cell.
III. Loading the sample cell
1. To load the sample cell, insert the gel-loading pipette tip fully into either of the two cell injection ports on the side of the sample cell. Do not forcefully insert the tip.
2. Deposit the embryo culture media sample into the cell channel by slowly depressing the plunger knob of the pipette to the first stop only, and slowly releasing the culture media from the gel-loading tip. It is critical to avoid air bubbles during the loading of cells to assure the most accurate ViaMetrics-ETM Viability Score possible.
3. Wipe any small amounts of ejected sample from the injection port side of the sample cell with a Kimwipe® tissue, but be very careful not to get any media on the sample cell window.
4. Hold the cell up to a light source, or look at both the cell channel and the cell path under a microscope to ensure that the cell channel and light path of the sample cell are completely filled with culture media and that no air and/or oil bubbles are present.
5. Insert the loaded sample cell into a cell place holder of the Temperature Stabilizer. Sample cells should remain in the Temperature Stabilizer for a minimum of 4 minutes and a maximum of 30 minutes before initiating the ViaMetrics-E™ procedure.
6. The dark and reference standard cells should also be kept in the Temperature Stabilizer throughout the ViaMetrics-E™ procedure; place the dark cell in the place holder marked with a black dot and the reference standard cell in the place holder marked with a red dot.
IV. Scanning samples and control
1. To initiate the procedure for scanning samples, select the ‘ViaMetrics-E™’ button on the graphical user interface (GUI).
2. You will then be prompted to enter the relevant patient and clinical information (patient ID, day of transfer, culture medium, and culture medium droplet volume). The ‘Patient ID’ and the ‘Day of Transfer’ MUST be entered before moving to the next step.

3. Once complete, select ‘OK’ to continue.

4. First, calibrate the instrument by scanning the dark cell. Insert the dark cell into the cell chamber and slide the door shut. 

5. Select the ‘Scan’ button. The progress of the dark scan will be displayed as a percentage of scan completion.

6. When scanning of the dark cell is complete, remove the dark cell from the cell chamber.
7. Next, scan an empty chamber by sliding the door shut and selecting the ‘Scan’ button.

8. Then retrieve a loaded sample cell from the Temperature Stabilizer. Insert the sample cell into the cell chamber and slide the door shut.

9. Complete the following entry fields:  Embryo ID (required), Embryo Quality (optional) and Embryo Stage (optional).

10. Select the ‘Scan’ button. The software will monitor the process of the scan by displaying “Stabilizing” and “Scanning” text. Stabilizing ensures an equilibrated sample temperature before scanning.
11. Each sample must be scanned for a total of 3 scans (triplicate scans). To do this, completely remove the sample cell from the cell chamber, and then gently replace it. Be sure to handle the sample cell with care so as to not introduce air bubbles.

12. Select the ‘Scan Again’ button. The software will again display the scan progress.

13. After the second scan, remove the sample cell from the cell chamber and then gently replace it.  As before, handle the sample cell with care so as to not introduce air bubbles.
14. Select the ‘Scan Again’ button. Following a successful triplicate sample scan, the instrument will confirm that the sample has been scanned.
15. After all samples from the patient are scanned, select the ‘No More Samples’ button. 

16. The next step is to scan the control, which must be done 60 minutes after scanning the sample.
17. Prior to loading the control media into the sample cell, the sample must be completely removed from the sample cell using the aspiration unit.
18. Turn on the aspirator and attach a gel-loading pipette tip onto the pipette tip adapter at the end of the longer connection tube. Only one pipette tip is required per day of use.

19. Depress the foot switch to begin aspiration. Ensure the vacuum level reaches a level of 300 mmHg.

20. Insert the gel-loading pipette tip into the bottom port of the sample cell and leave the pipette tip in this port for 5 seconds. Repeat the aspiration by inserting the gel-loading tip into the top port for 5 seconds.

21. Alternate between both ports for an additional 5 seconds each, and then place the pipette tip into either port for an additional 10-20 seconds until the cell is completely dry. 
22. The control media should be from an incubated stock of matching unused culture media.  Use a precision pipette to collect 14μl of control media.

23. Then insert the gel-loading tip fully into the cell injection port not used to originally load the sample. Load the control into the sample cell following the same technique used for loading the sample.
24. Return the loaded sample cell into a cell place holder of the Temperature Stabilizer for 4 minutes.

25. To begin scanning the control, retrieve the loaded sample cell from the Temperature Stabilizer. Insert it into the sample cell chamber and slide the door shut. The RFID tag reader will automatically read and display the Embryo ID number for the previously scanned sample.
26. Select the ‘Scan’ button. The control must also be scanned in triplicate, following the same procedure as that for scanning the sample. Author:  Please confirm that the procedures for loading and scanning of the control are identical to those for loading and scanning the sample.  If this is so, we will not film the loading and scanning of the control for the video protocol; instead we can re-use shots from the loading and scanning of the sample.

27. Following a triplicate control scan, the ViaMetrics™ system will compare the scanned sample and control and then compute and display a Viability Score™.

28. Once all scans are complete, a Patient Report screen will appear that provides information about all completed scans: 
• Sample Number 
• Embryo ID 
• Embryo Quality (optional data entered by user) 
• Embryo Stage (optional data entered by user) 
• ViaMetrics-E™ Viability Score™
29. When the summary information has been reviewed and results printed, select ‘OK’ to save the results in the system and return to the Main Menu.
Representative Results and Discussion

Embryo assessment is a key step in an in vitro fertilization (IVF) procedure.  Since a viable embryo has a different metabolomic profile than a non-viable embryo, this can be evaluated non-invasively in the media the embryo grows in, using ViaMetrics-E™. The benefit of using ViaMetrics-E™ as an adjunct to morphology in the assessment and selection of embryos with greatest reproductive potential is supported by clinical evidence. Findings from multiple studies have demonstrated a positive association between a high Viability Score and higher pregnancy rates. 

To date, Molecular Biometrics, Inc. has collaborated with over 30 leading IVF centers worldwide in conducting clinical studies. Figure [Slide 6 from “VME New Clinical Slides (final) 9-23-2010.pptx”] shows the design of the typical ViaMetrics-E™ clinical study used to validate the commercial algorithms in the instrument.  Embryos from patients undergoing IVF with single embryo transfer (SET) are cultured individually and transferred using standard morphology.  The embryo culture media is then sent to Molecular Biometrics, Inc. for blinded analyses with pre-developed algorithms to generate Viability Scores, which are then correlated to pregnancy outcomes.
Blinded validation using the commercial day 2 algorithm on 438 day 2 cleavage stage embryos (Figure from Slide 10) shows a very strong positive correlation between increasing Viability Scores, grouped in quartiles, and pregnancy outcomes, defined as + Fetal Cardiac Activity (FCA). The p value of 0.0064 in the T-test indicates the ability to see a difference between positive and negative outcomes using Viability Scores. Similarly, very strong positive correlations between increasing Viability Scores and pregnancy outcomes are observed in blinded validations using the commercial day 3 algorithm on 388 day 3 cleavage stage embryos (Figure from Slide 11) and the commercial day 5 algorithm on 279 day 5 cleavage stage embryos (Figure from Slide 12).

A Receiver Operating Characteristics (ROC) Analysis was performed to examine the ability of two different techniques, morphology versus Viability Scores plus morphology, to predict implantation potential (FCA) of Day 5 embryos (Figure from Slide 16). The area under the curve (AUC), an indication of pregnancy, was greater by 15 % for morphology plus Viability Scores than morphology alone.
In a Cohort Study, the Viability Scores for individual patients’ cohorts of Day 5 embryos were assessed to determine whether differences in scores could impact the fate of an individual embryo’s chances of selection. Single embryos from patient cohorts consisting of 1-5 embryos of similar morphology were selected for transfer using morphology alone. Spent culture media of all embryos was then assessed using ViaMetrics-E™. The results indicate that Viability Score ranges within a cohort differ, reflecting different metabolomic status of embryos from the same patient. Viability Score ranges also differ by patient, reflecting patient-to-patient variability (Figure from Slide 19). By analyzing pregnancy outcomes it was found that embryos with the highest Viability Score coincided with those selected by morphology for transfer in only 26% of the cases.
Since Viability scores can vary within a cohort of similar grade/quality embryos (Figure from Slide 20), the Viability Score can be extremely useful as an adjunct to morphology for the selection of embryos with greatest reproductive potential. Transferring embryos with good morphology with the highest Viability Scores may translate into increased pregnancy rates. 
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