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SUMMARY: 
This protocol provides a method of accurately calculating nasal occlusion by nasal high-flow cannula in different noses and how the measured nasal leak area can be used to estimate the pressure that will be generated in the upper airways at different flow rates. 

ABSTRACT: 
[bookmark: _Hlk219453263]Traditionally, pressure generation during nasal high-flow (NHF) therapy is difficult to predict because it is an open system with variable leak depending on cannula size and the shape of individual nares. This protocol presents a standardized and reproducible method for calculating nasal leak and predicting pressure generation for different flow rates during NHF therapy. The primary goal is to provide a rationale for cannula selection by quantifying the percentage of occlusion by different cannula sizes. Cannula selection is an important factor influencing positive end-expiratory pressure, patient comfort, and NHF effectiveness. In this approach, images of both the nares and cannula prongs are captured and analysed to calculate individual leak areas and occlusion percentages. These measurements can be used in a simple equation, incorporating flow rate, to estimate the airway pressure generated during NHF. This low-cost, accessible approach was validated using twelve anatomically accurate 3D-printed airway models derived from MRI scans, demonstrating a good level of agreement across both symmetrical and asymmetrical cannula designs. This protocol could enable NHF to be personalized based on the anatomy of individual nares, by helping to support cannula selection. The visual and analytical steps are designed to be easily implemented in both clinical and research settings, making the method valuable for both clinical education and in further research into respiratory care. 

INTRODUCTION: 
Current nasal high-flow (NHF) cannula user instructions recommend selecting a cannula size that will occlude approximately 50 % of the nares1-3. This recommendation was based on safety considerations to prevent excessive pressure generation, and to provide leak area for the washout of carbon dioxide (CO2). Because of the challenges in accurately assessing the level of nares occlusion, it is unclear whether recommendations are consistently followed, and, at the time of writing, no standardized methods have been reported for assessing the degree of cannula occlusion. Recently a new design of asymmetrical cannula has been introduced, where one prong is enlarged giving a greater combined nares occlusion area. This cannula may improve dead space clearance and elevate airway pressure4. In this design, the leak area is guaranteed by the smaller prong size, therefore the recommendation of 50 % occlusion may no longer apply. Although the nares can be visually inspected before and after cannula placement, their irregular geometry can distort the perception of size, and once the cannula is in place, direct visualization is obstructed, making accurate leak assessment difficult. The authors present a method based on digital image analysis to calculate the cross-sectional area of the nares and estimate the total leak area during NHF therapy. 

The nares leak area is not only a key determinant of appropriate cannula sizing and comfort, but has also been found to influence the efficiency of dead space clearance and the generation of positive airway pressure4-7.

This technique was developed to predict the generation of mouth-closed positive end-expiratory airway pressure (PEEP) in adults, and to calculate the percentage of nasal occlusion by different NHF cannula. It is important to note that pressure delivered during NHF is dynamic and changes across the breathing pattern with the highest pressures observed during the peak of expiration. This method is only designed to estimate PEEP, and the results may not generalize to paediatric populations, patients with substantial nasal asymmetry, or scenarios involving a significant oral leak.
	
NHF therapy has emerged as an increasingly utilized modality of non-invasive respiratory support, spanning applications from neonatal care to elderly populations and playing a critical role in the management of acute and chronic respiratory failure. This technique for predicting PEEP may facilitate future research into the physiological effects of NHF therapy and patient comfort based on an individualized approach. It offers a simple, low-cost method for calculating nare leak area and discusses alternative options that can be used to account for individual anatomical variation and prong deformation within narrower nares. 

The objective of this method is to estimate the level of PEEP that will be generated by a cannula for a given flow rate using a non-invasive method of calculating the total nasal leak area around the cannula prongs during NHF therapy. This method will be achieved using scale photographs of both a participant’s nares and the prong tips of the cannula that is intended to be used. A visual workflow summarizing the key steps of image acquisition, analysis, and pressure estimation is provided (Figure 1) to facilitate reproducibility of the protocol. The primary outcome of this study is the accuracy of predicted PEEP compared to measured values.	Comment by Pradnya Kedari: PLEASE CONSIDER THIS VERY IMPORTANT.

As per the Jove Guideline, All the tables and Figures should be cited in the manuscript sequentially. 
Eg: 
Please cite the references, tables, and Figures in the sequential order in the manuscript.  Eg: after citing reference 1, cite reference no 2, then 3.

In this manuscript only supplementary figures are cited. Figure 1 , 2, 3,4 are not cited.

Please cite figure 2-5 sequentially in the script.

I have re-numbered the figures in the legend as schematic representation is cited here in the beginning (hence it becomes figure 1) and not at the end of figure 4.
Please cite figure 2-5 sequentially in the script.
If needed, renumber the figures so that they will get cited in the sequence in the manuscript.	Comment by Monique Rees: Have corrected the numbering


PROTOCOL: 
[bookmark: _Hlk219206249]Ethical approval for this research was obtained from the New Zealand Health and Disabilities Ethics Committee (HDEC: 2023 EXP 15196), in accordance with the Deceleration of Helsinki. Written informed consent was obtained from all the participants.	Comment by Pradnya Kedari: Please check and confirm this.	Comment by Monique Rees: Can confirm this


1. Building a Camera Stand (Supplemental Figure 1)

NOTE: Skip to the section “Photographing the Nares without Full Camera Stand” if the custom-built camera stand is not used for image acquisition. A camera stand was constructed to enable repeat measurements and maintain a consistent imaging scale. The stand is designed for use with the FIT0729 camera, which connects to a computer via USB.

1.1. Assemble the camera stand

1.1.1. Download all DXF and STL files from the supplement to prepare the camera stand.

1.2. Fabricate components

1.2.1. Laser-cut the following components from 6 mm thick acrylic (any color is acceptable):

1.2.1.1. Cut 1 × BasePlate.dxf.

1.2.1.2. Cut 2 × AcrylicLegs.dxf.

1.2.1.3. Cut 1 × LidBox.dxf.

1.2.2. Laser-cut the following component from 3 mm thick clear acrylic (no color tint):

1.2.2.1. Cut 1 × LensCover.dxf.

1.2.3. Laser-cut the following component from 3 mm thick opaque acrylic (any color is acceptable):

1.2.3.1. Cut 1 × NaresTemplate.dxf.

1.2.4. 3D-print the following components (any material or color is acceptable):

1.2.4.1. Print 1 × CameraBox.stl.

1.2.4.2. Print 1 × TemplateHolder.stl.

1.2.4.3. Print 2 × BottomFeet.stl.

1.3. Thread holes

1.3.1. Thread the four holes in the BasePlate using an isometric M3 through tap.

1.3.2. Thread the two external holes in the CameraBox using an isometric M3 through tap.

1.4. Insert the camera

1.4.1. Place the camera in the CameraBox so that the lens faces upward.

1.4.2. Feed the camera cable through the gap in the box wall.

1.5. Assemble CameraBox components

1.5.1. Place the laser-cut LidBox on top of the CameraBox with the camera inside.

1.5.2. Align the holes on the outer edges.

1.5.3. Place the LensCover on top and align the holes on the outer edges.

1.5.4. Secure the assembly using 2 × 12 mm length isometric M3 screws.

1.6. Attach CameraBox to BasePlate

1.6.1. Place the assembled CameraBox on the laser-cut BasePlate.

1.6.2. Align the four central holes with the four corner holes.

1.6.3. Secure the CameraBox to the BasePlate using 4 × 6 mm length isometric M3 screws.

1.7. Assemble legs and feet

1.7.1. Insert the narrowest end of each AcrylicLeg into the BottomFeet until fully inserted.

1.8. Install legs onto BasePlate

1.8.1. Place the assembled legs and feet into the slots on the BasePlate.

1.9. Attach TemplateHolder

1.9.1. Place the TemplateHolder onto the top of the legs until it slots into place.

1.9.2. Ensure the open edge of the TemplateHolder is opposite the side of the camera containing the USB cable.

1.10. Insert NaresTemplate

1.10.1. Place the laser-cut NaresTemplate into the TemplateHolder.

1.10.2. Align the open edges.

1.11. Complete assembly

1.11.1. Confirm that the camera stand assembly is complete.

2. Photograph the nares using the camera stand (Supplementary Figure 2) 

2.1. Turn on the camera 

2.1.1. Insert the USB connector into a laptop. 

2.1.2. Open the camera application. 

2.1.3. Switch the camera settings from the built-in laptop camera to the USB camera if required. 

2.2. Align the participant 

2.2.1. Align the participant’s nostrils with the bottom of the NaresTemplate (the plane facing the camera). 

2.2.2. Position the tip of the nose so that it points outward parallel to the template. 

2.3. Ensure clear visualization 

2.3.1. Ensure a clear view of both nares. 

2.3.2. Tape the participant’s philtrum and cheeks temporarily if required to avoid obstructing the camera’s view. 

2.4. Capture the image 
2.4.1. Click the photograph icon to capture an image of the nares. 

2.4.2. Save the image. 

3. Photograph the nares without the full camera stand 

NOTE: Skip this section if using the custom camera stand (Sections “Building a Camera Stand” and “Photographing the Nares using Camera Stand”). 

3.1. Download the template 

3.1.1. Download NareTemplate.dxf from the supplemental files. 

3.2. Open the software 

3.2.1. Open the Inkscape software. 

3.2.2. Select New Document. 

3.3. Import the template 

3.3.1. Select File > Import and choose NareTemplate.dxf. 

3.3.2. In the DXF input options, select Method of Scaling > Read from file. 

3.3.3. Leave all other values as default and select OK. 

3.3.4. Confirm that the part is visible in the document. 

3.3.5. Drag the part onto the white document if required. 

3.4. Print the template 

3.4.1. Select File > Print. 

3.4.2. Print the document using default settings. 

3.4.3. Do not use color printing. 

3.5. Verify scale 

3.5.1. Use a ruler to confirm that the squares in the printed document measure 10 mm × 10 mm. 

3.5.2. If the scale is not preserved, proceed using the printed template. 

3.5.3. Use the adjusted square length values when setting the scale in ImageJ software if required. 

3.6. Prepare the template 

3.6.1. Glue the printed document to a piece of thin card. 

3.6.2. Use scissors to cut out the shape outline. 

3.6.3. Do not cut out the squares. 

3.7. Orient the template 

3.7.1. Mark the template with left and right sides corresponding to the participant’s left and right naris to maintain correct orientation during analysis. 

3.8. Position the template 

3.8.1. Align the template with the square scale facing in the same direction as the nares. 

3.8.2. Align the template to the transverse plane of the participant’s nose so that the nares align with the bottom of the template. 

3.8.3. Position the tip of the nose so that it points outward parallel to the template. 

3.8.4. Ask the participant to hold the template in place during image capture. 

3.9. Capture the image 

3.9.1. Ensure that the camera is parallel to the template. 

3.9.2. Ensure that the scale squares are not distorted into a trapezoidal shape.

3.9.3. Photograph the nares with the template in place. 

3.9.4. Ensure that the image shows both nares and both square scales clearly. 

3.9.5. Tape the participant’s philtrum and cheeks temporarily if required to avoid obstructing the camera’s view. 

3.10. Transfer images 

3.10.1. Upload the photographs to a computer for analysis. 

4. Calculate the nares area

4.1.  Open the image

4.1.1. Open the nares image in ImageJ software.

4.1.2.  Select File > Open and choose the nares image file.

4.2. Set the image scale

4.2.1. Select the straight-line drawing tool.

4.2.2. Trace the length of one edge of a square.

4.2.3. Select Analyze > Set Scale.

4.2.4. Confirm that the distance in pixels is populated based on the traced line.

4.2.5. Set the known distance to 10.

4.2.6. Leave all other options as default.

4.2.7. Click OK to apply the scale.

4.2.8.   Confirm that the image scale is set to millimeters.

4.3. Verify the scale

4.3.1. Select the rectangle drawing tool.

4.3.2. Trace around one square.

4.3.3. Select Analyze > Measure (or press Ctrl + M).

4.3.4. Confirm that the measured area equals 100 (10 × 10).

4.3.5.  Reset the scale using step 4.2 if required.

4.4. Measure the nares area

4.4.1. Select the polygon tool.

4.4.2. Trace the outline of the left naris.

4.4.3. Zoom in (Ctrl + mouse scroll) and use small step sizes to improve accuracy if required.

4.4.4. Close the traced area by clicking the yellow square at the starting point.

4.4.5. Press the Esc key to delete the trace and restart if required.

4.4.6. Calculate the area by selecting Analyze > Measure (or pressing Ctrl + M).

4.4.7. Repeat the tracing and measurement for the right naris.

4.5. Save the results

4.5.1.  Save the analysis results.

4.5.2.  Record the measured nares areas.

5. Measure the prong area

5.1. Apply the same measurement method

5.1.1.  Apply the same procedures used for photographing and measuring the nares area (Sections “Photographing the Nares using Camera Stand” to “Calculating the Nares Area”) to measure prong cross-sectional areas on the cannula.

NOTE: When photographing the cannula, ensure that the prong tips are parallel to the camera and aligned with the bottom of the template (the plane facing the camera).

Calculating Nasal Occlusion and Estimating Pressure

5.2. Use the following formula to calculate the nasal occlusion percentage and the predicted pressure (cmH20). 






 
Apl = Left Prong Area (mm2)
Apr = Right Prong Area (mm2)
Anl = Left Naris Area (mm2)
Anr = Right Naris Area (mm2)
Atot = Total leak area (mm2)
Q = High Flow Rate (L/min)

NOTE: The formula is simplified and only intended to give a rough estimate of PEEP when the mouth is closed. The real delivered pressure will depend on many additional parameters such as internal nasal geometry, cannula fit, and mouth position. 

REPRESENTATIVE RESULTS: 

This method was used to estimate pressure generated by different NHF cannula in twelve independent airway models. The models were derived from MRI of healthy participants and 3D-printed in a rigid material with the mouth closed. Photographs of the participant’s nares were taken prior to the MRI scan using the Camera Stand. The cannula size was selected based on a visual assessment of the nares prior to photography, aiming to ensure a 50% leak area. The equation using the nares leak area and flow rate was used to predict the PEEP for each printed airway. A quantitative comparison between measured and predicted pressure values demonstrated good agreement, with low RMSE and NRMSE across flow rates. The median NRMSE remained below 10% for most conditions, indicating that the photographic method can estimate applied PEEP within an acceptable error margin (Figure 2). 

The relationship between pressure and flow increases non-linearly and depends on the amount of nasal leak around the prongs. Calculations of occlusion percentage based on the image analysis showed that despite recommendations of a 50 % occlusion with the symmetrical cannula, the average occlusion was only 36.6 ± 7.1 %. With the asymmetrical cannula the average occlusion was 48.6 ± 10.6 %. 

Although the equation accounts for the most important factors, it is not feasible to incorporate all the variables influencing pressure delivery, such as internal nasal geometry, mouth and soft palate position, cannula positioning, or turbulence. To account for some variability, testing in the 3D-printed models was repeated six different times with a range of pressure values observed as a result of subtle changes in cannula positioning (Figures 3 and 4). A normalized root mean squared error (NRMSE) was calculated between each estimated pressure and the accompanying six observed pressures using range as the normalization factor. A subsequent one-tailed Wilcoxon test of NRMSE showed that the error was within a 10 % cut-off (p < 0.05) for all but the asymmetric cannula at a flow rate of 70 L/min where the p-value was not significant (p = 0.64) (Table 1).  These findings indicate that the applied PEEP can be estimated with an error lower than 10% under most experimental conditions.

The overall results of measured and predicted PEEP during NHF with mouth closed are presented in Figure 5.

FIGURE AND TABLE LEGENDS:
Figure 1: A schematic representation of the steps required to estimate nasal occlusion and PEEP. 

[bookmark: _Hlk219447253]Figure 2: Normalized root mean square error (NRMSE) between predicted and measured pressures for each airway model and flow rate (10–70 L·min-1). Results are shown for symmetrical (red) and asymmetrical (blue) cannulas. Individual data-points represent model-specific values, and central tendency is indicated for each flow rate. 

Figure 3: The flow-pressure relationship measured in twelve 3D-printed models of upper airways during NHF (10–70 L·min-1)) using symmetrical cannula (medium and large sizes) presented as gray lines. The estimated pressure based on the leak area (% of nares occlusion, bold) is shown by a red line. 

Figure 4: The flow-pressure relationship measured in twelve 3D-printed models of upper airways during NHF (10–70 L·min-1) using asymmetrical cannula (medium and large sizes) presented as gray lines. The estimated pressure based on the leak area (% of nares occlusion, bold) is shown by a blue line.
[bookmark: _Hlk219447267]
[bookmark: _Hlk219449078]Figure 5: Comparison of predicted and measured pressure values during NHF for symmetrical (left) and asymmetrical (right) cannulas. Measured pressures are shown in black, and predicted pressures are shown in red (symmetrical) and blue (asymmetrical). 

Table 1: Median normalized root mean square error (NRMSE) for predicted versus measured pressures for symmetrical and asymmetrical cannulas across flow rates (10–70 L·min-1).

Supplemental Figure 1: The steps illustrating the assembly of the Camera Stand as described in Protocol 1. 

Supplemental Figure 2: (Left) The correct head positioning relative to the camera stand for photography of the nares. (Right) An example demonstrating how a nare photograph should look if taken correctly. The image clearly shows both nares and the scale squares in focus. In this example the lower edges of the nares are obscured by the philtrum – tape should be applied to pull taut the skin to increase the field of view. 

Supplemental Figure 3: Fitted pressures (blue surface) and measured model pressures (black dots) showing the 3-dimensional relationship between pressure, flow rate, and leak area.

Supplemental Figure 4: (Left) A comparison between the areas calculated using the methods described in this protocol (Y-axis) and the areas measured directly from the laser-cut nares template and cannula assemblies (X-axis) showing a high level of agreement. (Right) A comparison of the two methods showing the difference in means (11.2 mm2). In both figures the gray dot highlights the outlier with deviated septum. 

Supplemental Files for readers making the camera stand

AcrylicLegs: This is a DXF file designed to be used by a laser cutter to create the legs of the camera stand. This part should be cut out of 6 mm thick acrylic (any color is acceptable). Two of these parts are required. 

BasePlate: This is a DXF file designed to be used by a laser cutter to create the base platform for the camera stand. This part should be cut out of 6 mm thick acrylic (any color is acceptable). Only a single part is required. 

LensCover: This is a DXF file designed to be used by a laser cutter to create a cover for the camera within the camera stand. This piece will protect the camera lens from scratching and can be replaced as needed. This part should be cut out of 3 mm thick acrylic. (The acrylic needs to be clear with no color tinting as it will be forming a lens cover for the camera.) Only a single part is required.

LidBox: This is a DXF file designed to be used by a laser cutter to create a spacer between the camera case and LensCover. This part should be cut out of 6 mm thick acrylic (any color is acceptable). Only a single part is required. 

NareTemplate: This is a DXF file designed to be used by a laser cutter to use as a template to capture the scale of the nares. This part should be cut out of 3 mm thick acrylic (any color is acceptable). Ensure the acrylic is opaque to obscure facial features other than the nares for participant privacy. Only a single part is required, and the acrylic template should be wiped down between users to maintain hygiene. 

BottomFeet: This is an STL file designed to be used by a 3D printer to create feet for the AcrylicLegs in the camera stand set up. Any print material or color is acceptable. 

CameraBox: This is an STL file designed to be used by a 3D printer to create a case for the DFRobot camera in the camera stand set-up. Any print material or color is acceptable. 

TemplateHolder: This is an STL file designed to be used by a 3D printer to hold the NareTemplate in the camera stand set up. Any print material or color is acceptable. 

DISCUSSION: 	

This protocol presents the first documented method for assessing nasal leak and estimating pressure generation during NHF. The proposed method for predicting PEEP during NHF is based on 3D-printed models and requires further validation in clinical settings. However, in the future, this approach might help clinicians choose the most appropriate cannula size to achieve target PEEP levels and support clinical education by demonstrating how nasal leak area influences pressure generation.

[bookmark: _Hlk219295467]To ensure the success of this protocol it is critical that the following steps have been followed correctly. Make sure the head is in the correct position to enable the nares to be clearly photographed and scaled (Steps 2.2 and 2.3 or 3.8 and 3.9 - Supplemental Figure 2 provides an infographic which can be referred to.) If the nares are not aligned with the NareTemplate, the measurement will be inaccurate. Nares positioned closer to the camera will appear larger, leading to overestimation, while nares positioned further away will appear smaller, leading to underestimation. The same reasoning can be applied for protocol steps 5, the positioning and photographing of the cannula prongs. It is vital that the tips of the prongs are aligned with the base of the scale template to keep the scaling factor correct. Regardless of the method used to create the NareTemplate, laser cutting or printing, it is also critical that the squares used for scaling are perfect squares and of a known dimension prior to starting the steps listed in protocol step 4. Using squares helps identify when the camera is not parallel to the NareTemplate, as misalignment will cause the squares to appear distorted (e.g. trapezoid). If the squares are distorted, the nares will also be distorted, and measurements will be inaccurate. Correct square dimensions are needed to apply proper pixel scaling (step 4.2). Verify scaling by checking that the measured square area matches its calculated area (step 4.3); if not, repeat the scaling step (step 4.2). Incorrect scaling will prevent accurate measurements of the nares or prong area.

[bookmark: _Hlk219295772]The primary challenge with this method is taking a clear photo of the nares that can be accurately traced. The camera used in protocol steps 1 and 2 is a self-focusing camera which may need a few seconds to focus; if it does not, briefly move a hand in front of the camera to help it refocus. If the NareTemplate is clear but the nares are blurry, this suggests the nares are not aligned with the NareTemplate. Try moving the participant’s head up or down to improve alignment and image clarity. Lighting is also important: photos that are too bright or too dark make the nares hard to outline. Before using this method, try different locations to find the best lighting. The camera lens points upward when affixed in the camera stand, therefore, avoiding strong overhead lights can help reduce glare and shadowing.	Comment by Pradnya Kedari: Where is methods 1 and 2 in the script?. Revise this method 1 and 2 and please mention the corresponding subsection number or step number here. (to check the correct section please read the protocol and write here the correct  protocol section number or step number).

Eg: “The camera used in step 2.3 and 2.4 is a self-focusing camera …”
Check this in entire manuscript and revise wherever necessary.

Please do not disturb any settings as the manuscript is formatted as per the JoVE guideline for publication.

[bookmark: OLE_LINK1]This protocol was tested using different cannula across twelve anatomically accurate airway models derived from MRI scans of healthy participants. In most cases, the equation, which accounts for the nares leak area and flow rate, was able to predict PEEP in both symmetrical and asymmetrical cannula to within a 10 % error rate. In a few cases the prediction over or underestimated the measured values, highlighting the complexity of pressure generation in NHF and the limitations of relying solely on the external geometry of the nares. NHF therapy functions as an open system, delivering air (which can be modelled as a fluid), into the nasal cavity where it is subject to turbulence. Because of this, airway pressure is influenced by numerous complex and interdependent factors, making it difficult to predict accurately. Variables such as gas density, cannula positioning, oral leak, airway geometry, and flow rate interact in non-linear ways; so even small changes - like adjusting the cannula position - may alter pressure. This inherent instability explains the variability in the pressures measured, even within the same airway model and why this equation has been presented as a predictive tool rather than as a deterministic calculation. This variability highlights the importance of quantifying nasal leak area, as similar flow rates may result in substantially different delivered PEEP depending on individual anatomy and cannula fit. Therefore, a non-invasive method to estimate leak and pressure may be clinically valuable for optimizing NHF therapy. The non-linear relationship between pressure and flow rate has been reported,9 as well as the role of nare occlusion by the prongs on pressure generation during NHF5. The equation used in this study was derived from a best fit of the relationship of these two parameters (flow rate and nare leak area) using data measured in 3D-printed models, (Supplemental Figure 3). The equation has not yet been tested in-vivo and may not account for complexity introduced by turbulence, mouth position, internal geometry, or the compliance of soft tissues under pressure. However, these pressures are on par with those measured in cardiac patients by Parke et al. (1.93, 2.58, and 3.31 cmH20 for 30, 40 and 50 L/min) and in paralyzed apneic patients by Riva et al. (approximately 1.7, 2.8, and 4.5 cmH20 at 20, 40 and 60 L/min)10,11. 

In studies by Moore et al12 and Hebbink et al13 using 3D-printed models, it was found that end expiratory pressure was proportional to the square of flow rate, as in the equation presented in this paper. In addition, Hebbink et al.13 tested one infant and one adult airway model and reported an increase in pressure with cannula size due to increased occlusion (at least 50 %) in the infant model, while in the adult model, where the occlusion rates were lower than 25%, it did not show the same effect. This supports the inverse nonlinear relationship between pressure and leak area. 

An alternative method for assessing the leak area was conceived and tested by the authors whereby the nare photograph was converted into scale laser-cuttable templates which the cannula could be inserted into. These templates were then re-photographed and assessed in ImageJ software using a similar method to that described in protocol step 4. While the addition of these steps would increase the accuracy of the leak area estimation and account for any prong deformation, a comparison of the two methods (calculated and directly photographed) showed that the results were highly correlated (r = 0.96, p < 0.005) with the calculated area slightly overestimating leak compared to the directly photographed measurement (mean difference 11.2 mm2), Supplemental Figure 4. One outlier in the results occurred with the asymmetrical cannula when assessing a nose with a deviated septum. In this model the calculated leak area was almost double the directly photographed area. This is due to the inability of the calculated leak to account for significant prong deformations. Prong deformation is most likely to occur in naris with unequal cross-sectional areas (e.g. deviated septums), or in nares which are narrower than the prong width (e.g. elongated nares). In such cases, it would be better to use the direct photography method. 	Comment by Pradnya Kedari: Where is methods 4 in the script?. Revise this method 4 and please mention the corresponding subsection number or step number here. (to check the correct section please read the protocol and write here the correct  protocol section number or step number).

Please do not disturb any settings as the manuscript is formatted as per the JoVE guideline for publication.

The protocol presented provides insights on cannula sizing and the relationship between leak area and airway pressure. However, in clinical practice optimizing cannula selection using this protocol may be difficult due to intricacies and time costs. It is also important to note that the pressures measured and predicted in this protocol are only representative of PEEP as there was no simulation of breathing during testing. It is known that pressure in the airways dynamically oscillates across the breathing cycle with NHF depending on the patients respiratory flows. 14,15 
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