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Title: Non-invasive Optical Measurement of Cerebral Metabolism and Hemodynamics in Infants
Authors, please fill out the brief questionnaire below.   
A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  ___N______
B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? ___N______
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__3.4, 5.1, 5.2, 5.3 ____
D.  What is the single most difficult aspect of this procedure and what do you do to ensure its success?  Limited time at the bedside, highly trained operators
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative:
The overall goal of this procedure is to assess cerebral oxygen metabolism in newborns at the bedside (Intro).
This is accomplished by first placing the Frequency domain near infrared spectroscopy, or FDNIRS (pronounced “ F-D- nears”) probe on the head and measuring cerebral hemoglobin oxygenation in the underlying brain. (P1 Editor, bring in the baby’s head, then the flowchart on the left and the probe on the babys head, then the red arrow with the SO2,CBV text below)
Next, an index of cerebral blood flow is measured using a Diffuse Correlation Spectroscopy, or DCS device (P2 Editor, switch out the flowchart above for the one in P2 along with the red DCS text, then add in the CBFi).
Then, the FDNIRS and DCS measurements are repeated on six other locations covering the frontal, temporal and parietal areas (P3 Editor, remove the text and flow charts then replace the black probes with the ones in P3).
Using a pulse co-oximeter, systemic parameters like arterial oxygenation and hemoglobin in the blood are then acquired (P4, Editor, bring in the device, the baby’s foot, the arrow and text).

Finally, all the parameters are combined to calculate oxygen consumption (P5, Editor, bring in the formula then the arrows with the red text).
Ultimately results can be obtained that show cerebral hemoglobin oxygenation, cerebral blood flow, and cerebral oxygen metabolism across cortical regions to help detect possible brain injury, response to therapy, or measure brain development (P6, Editor, bring in P6).
Paste a copy of your graphic overview here.  The original file should be adobe illustrator (preferred) or powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website.   
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.    Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.  **If individuals will be doing the demonstrations but not speaking in the introduction, please use statement 1.8 to introduce these demonstrators (ex PI introducing students).   
1.1) Author name _Maria Angela Franceschini_: The main advantage of this technique over existing methods, like __MRI and PET__, is that FDNIRS-DCS can provide bedside measures of brain metabolism without any risk to the infant. We use research devices that require some technical expertise and training to successfully operate. We are currently working with ISS Inc. and other companies to develop fully integrated FDNIRS-DCS devices that are easier to use.

1.2) Author name  __Ellen Grant   : This method has the potential to improve neonatal brain health by allowing us to screen for injuries, monitor treatment responses, predict outcomes, and ideally optimize individual care.
1.3) Author name __ Mathieu Dehaes _: We first had the idea for this approach when we realized that cerebral oxygen metabolism is a more precise measure of neuronal function than oxygen extraction fraction.

1.4) **Author name _ Mathieu Dehaes : Demonstrating the procedure will be _Pei-Yi Lin, Angela Fenoglio and Katherine_Hagan, members of our study team. All of the following demonstrations are filmed in the neonatal intensive care unit at Brigham and Women’s Hospital, with the valuable help of the NICU staff.  These recordings are approved by the Partners Healthcare IRB.
Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Preparation for Bedside Measures and Frequency Domain Near Infrared System Gain Settings and Calibration 
2.1. Frequency domain near infrared spectroscopy and diffuse correlation spectroscopy (TEXT: FDNIRS/DCS) comprise a customized frequency-domain system from ISS Inc. with two identical sets of 8 laser diodes emitting at eight wavelengths ranging from 660 to 830 nm, two photomultiplier tube detectors (TEXT: PMT), and a DCS device, which is a home-built system consisting of a solid-state, long coherence laser at 785 nm, and four photon-counting avalanche photodiode detectors. 
2.1.1. Broll of the FDNIRS and the DCS device
2.2. Choose the appropriate probe according to the infant’s postmenstrual age, or PMA. For example, use an optical probe with FDNIRS source-detector separations of 1, 1.5, 2 and 2.5 cm for infants <37 wks PMA and the probe with FDNIRS separations 1.5, 2, 2.5 and 3 cm for older infants (TEXT: see text protocol for further details). In both probes DCS source-detector separations are 1.5 and 2 cm. Sanitize the probes with a disinfecting wipe and insert the probe and fibers into a single-use polypropylene plastic sleeve.
2.2.1. WIDE Talent approaches cart or bench chooses the correct probe  
2.2.2. MED/CU Talent holds up the first probe, then the second probe with the VO
X.X.X?  Add MED/CU Sanitize the optical probes with a Sani-cloth disinfecting wipe and insert the probe and fibers into a single-use polypropylene plastic sleeve
2.3. To meet ANSI standards for skin exposure, the light at the probe must be attenuated and diffused across a large area. To accomplish this, use a 3 mm diameter white Teflon sheet to cover the tip of the fiber at the probe end. The Teflon is highly scattering and widely diffuses the laser beam. (Videographer, get enough footage for this VO)
2.3.1. CU White Teflon sheet on the tip at the probe end and CU Teflon sheet
2.4. At the bedside, using a power meter, ensure that the laser power (TEXT: 785 nm, not visible) at the probe is less than 25mW, and use an infrared viewing card to verify that the spot size is larger than 3 mm in diameter.  Please refer to text protocol for additional safety precautions.
2.4.1. MED Talent uses power meter to check laser power
2.4.2. CU Meter with value visible
2.4.3. CU Talent checks spot size with IR viewing card
2.5. For FDNIRS calibration, select either a dark or light calibration block to match the infant’s skin/hair color. 

2.5.1. MED/CU Talent chooses the correct calibration block

2.6. Open the FDNIRS Graphical User Interface, or GUI, and select the program settings file corresponding to the probe and calibration block being used.
2.6.1. MED OVER SHOULDER Talent opens the software and selects the correct program settings file
2.7. To adjust detector gains, gently place the probe on an area of the subject’s head without hair (TEXT: preferably left side of forehead) and maintain it in the same position without applying any pressure. We prefer to set the gains in the frontal area because this region has the lowest absorption and is therefore the most prone to saturation.
2.7.1. CU Talent parts the baby’s hair if necessary and gently places the probe on the infant’s head and maintains it without applying pressure - videographer, please get enough footage for this VO

2.8. Turn on sources and detectors and adjust the PMT voltage until the amplitude of any of the source lasers reaches 20,000 counts. The maximum digitization value from the analog to digital acquisition card is 32,000. PMTs gains need to be set below this threshold to avoid saturation during data acquisition.
2.8.1. MED/CU Talent turns on source detectors and adjusts PMT voltage - amplitude reaches 20,000 counts - videographer, get enough footage for this VO
Add LAB MEDIA2.8.1.jpg to show AC amplitude reaches 20,000 counts 
2.9. Place the probe back on the calibration block and use neutral density filter if any source-detector pair saturates. Hold the probe still for 16 sec while running the calibration procedure. Three different neutral density filters are shown here.
2.9.1.  MED/CU Talent places probe back on the calibration block with the neutral density filter on top of the block and holds it still while running calibration procedure
2.9.1c CU three different neutral density filters

2.10. Measuring a calibration block of known optical properties allows estimation of coupling factors for each source-detector pair, reduces the number of unknowns to the absorption and scattering coefficients and allows the system to solve two equations with two measured parameters, light amplitude and phase shift.
2.10.1. MED/CU Continue with talent running calibration procedure

Add LAB MEDIA2.10.1.avi

2.10.2. SCREEN/LAB MEDIA ua calibration.tif  
Move 2.10.2 to become 2.11.2
2.11. After calibration, acquire 16 seconds of data on the block and use an in-house MATLAB GUI, visually assess the adequacy of the calibration. The measured absorption and scattering coefficients should match the actual coefficients of the calibration block at all wavelengths. Recalibrate if the fit is poor.
2.11.1. SCREEN/LAB MEDIA us calibration.tif - Editor, point out the absorption and scattering coefficients

2.11.2.  Use 2.10.2 SCREEN/LAB MEDIA: ua calibration.tif
2.12. For DCS preparation, open the in-house DCS data acquisition MATLAB GUI and load the settings file corresponding to the optical probe being used.
2.12.1. SCREEN Talent opens the DCS data acquisition GUI and loads the settings file for the probe

Add LAB MEDIA2.12.1.avi or 2.12.1.jpg
2.13. There is no gain adjustment for the DCS detectors as for the FDNIRS device. Adequate light detection is on the range of 200,000-4,000,000 detected photons (corresponding to -26 - 0 dB on the computer display).  If low counts are noticed, part the hair and reposition the probe to have better light detection. Avoid excessive room light to reduce background noise.
2.13.1. MED Talent monitors DCS device for low counts

      2.13.1a.avi to present good signal quality

2.13.1b.avi to show low counts

2.13.2. CU Talent parts hair and repositions the probe
2.13.3. WIDE Talent turns off unnecessary lighting
2.14. In addition to BF and SO2, which will be acquired by the FDNIRS-DCS, two systemic parameters, arterial oxygenation and hemoglobin in the blood (TEXT: SaO2 and HGB) are needed to calculate cerebral oxygen metabolism. Use a pulse co-oximeter to acquire these systemic parameters, by attaching an adhesive single-use sensor to the infant’s big toe or foot. SaO2 and HGB will be displayed on the monitor within a few seconds. 
2.14.1. Use 3.5.1.  LAB MEDIA Formula for calculating CMRO2
2.14.2. Use 3.5.2  MED Talent picks up sensor for pulse co-oximeter and attaches it to infant’s foot- videographer, begin with the camera on the oximeter

2.14.3. Use 3.5.3.  MED/CU HGB displayed on the monitor

3.5.3b MED/CU SO2 display on the monitor

3. Data Acquisition
3.1. Measure seven locations covering frontal, temporal and parietal areas, according to a 10-20 system in sequence shown here. Begin by parting the hair of the infant along the source-detector line and place the probe on an area of the head.
3.1.1. LAB MEDIA Figure 2B
3.1.2. MED/CU Talent parts hair and places probe on head

3.2. Next, turn on FDNIRS lasers and detectors and acquire data for 16 sec. 
3.2.1. MED/CU Talent turns on the lasers and detectors and checks signal quality
3.2.2. MED Talent acquires data 

3.3. Then, turn on the DCS laser and detectors and acquire data for 10 seconds.
3.3.1. MED/CU Talent turns on DCS laser and detectors 

3.3.2. MED Talent acquires data

3.4. Repeat FDNIRS-DCS measurements up to three times in each location, repositioning the probe in a slightly different spot for each acquisition. This is done to minimize the effects of local inhomogeneities such as hair and superficial large vessels and to provide values representative of a region, rather than a single spot. 
3.4.1. SCREEN Data on computer screen
3.4.2. MED Talent turns off lasers
3.4.3. MED/CU Talent repositions probe
3.5. In addition to BF and SO2, which will be acquired by the FDNIRS-DCS, two systemic parameters, arterial oxygenation and hemoglobin in the blood (TEXT: SaO2 and HGB) are needed to calculate cerebral oxygen metabolism. Use a pulse co-oximeter to acquire these systemic parameters, by attaching an adhesive single-use sensor to the infant’s big toe or foot. SaO2 and HGB will be displayed on the monitor within a few seconds. 
3.5.1. LAB MEDIA Formula for calculating CMRO2
3.5.2. MED Talent picks up sensor for pulse co-oximeter and attaches it to infant’s foot- videographer, begin with the camera on the oximeter

3.5.3. MED/CU HGB displayed on the monitor

3.5.3b MED/CU SO2 display on the monitor

Move 3.5 to become 2.14
4. Data Analysis
4.1. For data analysis open an in-house post-processing data analysis MATLAB script. This software not only estimates all hemodynamic parameters, but also uses the redundancy of data to automatically assess measurement quality and constrain results. 
4.1.1. MED OVER SHOULDER Talent sitting at computer opens MATLAB 
4.1.2. SCREEN Talent opens a script in MATLAB 
Add LABMEDIA4.1.2.avi to show the MATLAB script 
4.2. Calculate absolute HbO and HbR concentrations by fitting the absorption coefficients at all wavelengths, using literature values for Hb extinction coefficients and a 75 percent concentration of water in tissue. Derive total hemoglobin concentration and hemoglobin oxygen saturation from HbO and HbR concentrations.
4.2.1. LAB MEDIA formula_new_09_04.pptx slide 1
4.2.2. LAB MEDIA formula_new_09-04.pptx slide 2
4.3. Estimate the cerebral blood volume using the molecular weight of hemoglobin, and the brain tissue density.
4.3.1. LAB MEDIA formula_new_09_04.pptx slide 3 Editor, point out the MW and Dbt with the VO
4.4. Calculate the blood flow index, or CBFi by fitting the measured temporal autocorrelation functions to the diffusion correlation equation.
4.4.1. LAB MEDIA formula for CBF formula_new_09_04.pptx slide 4
4.5. Finally, calculate the index of cerebral oxygen consumption by using the FDNIRS measure of SO2 and the DCS measure of CBFi with the following equation.
4.5.1. LAB MEDIA formula_new_09_04.pptx slide 5
5. Optical Measurement Results 
5.1. As shown here, a cross-sectional study on more than 50 healthy infants revealed that while CBV more than doubles during the first year of life, SO2 remains constant.  
5.1.1. LAB MEDIA Figure 5
5.2. A study on 70 healthy newborns also demonstrated that CBV, CBFi and CMRO2i are higher in temporal and parietal regions than in the frontal region, which is consistent with PET glucose uptake findings. In both our studies, the constant SO2 indicates that oxygen delivery closely matches local consumption, while CBV, CBF and CMRO2 are more tightly coupled with neural development.
5.2.1. LAB MEDIA Figure 6 
5.3. To verify that CMRO2i is a better screening tool than SO2 in detecting neonatal brain injury, studies in brain injured infants demonstrate that SO2 is not significantly altered by brain injury in both early and chronic stages, while CMRO2i is significantly different than normal during both the acute and chronic stages. 
5.3.1. LAB MEDIA Figure 7 Editor, point out the SO2 levels in the top left panel (early) and the two SO2 values in the bottom (Chronic) with the VO then point out the greater difference in the rCMRO2 in the top right (acute) and bottom (chronic)
5.4. To verify hypothermia therapy, or TH, which is used to reduce damage after a hypoxic insult and lower brain metabolism, we measured 10 infants during therapy and compared them to normal controls. As shown here, the CMRO2i of infants treated with therapeutic hypothermia significantly decreases to levels below normal. These preliminary results suggest that the FDNIRS-DCS method may be able to guide and optimize hypothermia therapy. 
5.4.1. LAB MEDIA Figure 8

INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete: http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj 

6. Conclusion (said by authors on camera)

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.
6.1 Author name _ Katherine Hagan : Once mastered, this technique can be efficiently performed at the bedside, without disturbing the infant.
6.2 Author name _ Angela Fenoglio _: To ensure optimal data quality, it’s important to maintain good contact between the probe and the infant’s head during acquisition.
6.3 Author name __Pei-Yi Lin _: After watching this video, you should have a good understanding of how to _perform bedside measures of cerebral metabolism and hemodynamics in infants_ (restate overall goal of the procedure mention specific steps).
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.
5.1-Figure 2B.tif

7.1-Figure 5.tif

7.2- Figure 6.tif

7.3-Figure 7.tif

7.4-Figure 8.tif
2.8.1-figure2.8.1.tif

2.10.1-2.10.1.avi

2.12.1-2.12.1.avi

2.12.1-figure2.12.1.tif

2.13.1-2.13.1a.avi

2.13.1-2.13.1b.avi

4.1.2-4.1.2.avi
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

( 2010, Journal of Visualized Experiments


