Dear Editor,

We would like to express our great gratitude to you and reviewers for the insightful comments and constructive suggestions. Here, we submit a revised version of our manuscript with the title “Dual-raster-scanning photoacoustic small-animal imager for vascular visualization” (Manuscript ID JoVE61584), which has been modified according to the editor and reviewer’s suggestions. We have made the best efforts to revise the manuscript, and hope that these changes can lead to the acceptance of the manuscript.
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Point-by-point response to reviews’ comments

NOTE: All authors have carefully studied the comments of Reviewers #1 and #2. The changes in the revised manuscript are listed below each the reviewers’ comment.


Reviewer #1:
This manuscript “Dual-raster-scanning photoacoustic small-animal imager for vascular visualization” introduced a photoacoustic microscopy (PAM) system that integrates the wide-field mode and real-time mode. This manuscript well explained the system configuration and provided effective visual materials. However, this paper needs improvement, and some details remain with the reader’s imagination. Thus, I recommend publishing this paper if the following comments could be addressed.
[bookmark: OLE_LINK1]Response: 
We appreciate you for the constructive comments and suggestions. The manuscript has been revised according to your suggestions. Point-by-point responses are attached as follows.

1. Comment
[bookmark: OLE_LINK4]B-mode is already available in wide-field mode. Despite the fast speed, the real-time mode can provide quite small FOV (~100 μm). Please provide a more detailed benefit in the integration of the motor- and galvanometer-based scanning systems.
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Response: 
[bookmark: _Hlk40802504][bookmark: OLE_LINK5]Thanks for your suggestion. The DRS-PAI provides a flexible transition from wide-field monitoring the vasculature to real-time imaging of local dynamic in vivo. In the wide-field mode, wide FOV images are presented to show vascular morphology. For the real-time mode, there are currently two applications. First, the real-time B-scan images can be provided. So, the displacement of vascular along the depth direction can be measured to reveal the characteristics of respiration or pulse. Second, the specific area in wide-field image can be quantitatively measured. So, the comparable images of different regions at the same period can be provided to accurately reveal the details of local change. We have added relevant descriptions in the revised manuscript (Introduction Section). 
Line 68-74: “Combining wide-field imaging and real-time imaging will benefit basic research. In the wide-field mode, wide field images are presented to show vascular morphology. For the real-time mode, there are currently two applications. First, the real-time B-scan images can be provided. The displacement of vascular along the depth direction can be measured to reveal the characteristic of respiration or pulse. Second, the specific area in wide-field image can be quantitatively measured. The comparable images of different regions at the same period can be provided to accurately reveal the details of local change.”

2. Comment
In the introduction section, the authors mentioned the principal and advantages of photoacoustic imaging (PAI). Please consider citing the following paper:
A. Jeon, Seungwan, et al. “Review on practical photoacoustic microscopy.” Photoacoustics (2019):100141.
[bookmark: OLE_LINK84][bookmark: OLE_LINK85]Response: 
Thanks for your comments. We have added relevant contents in the revised manuscript (Introduction Section). 
Line 51: “Photoacoustic imaging (PAI), as a non-invasive imaging technique combining the advantages of optical imaging and ultrasound imaging2.”

2.	Jeon, S., Kim, J., Lee, D., Baik, J. W., Kim, C. Review on practical photoacoustic microscopy. Photoacoustics. 15, 100141 (2019).

3. Comment
Please provide the detailed model name of the motor stage, OL and CCD, etc. The author also need to provide the following specification of the components.
A. Objective lens: The numerical aperture
B. Ultrasound transducer: Center frequency, Bandwidth, Inner hole size, Focal Length
C. Motor stage: Maximum speed
Response: 
Thanks for your helpful advice. The detailed model name of the motor stage, OL and CCD were described in the Table of materials. The numerical aperture of objective lens is 0.1. The self-made single-element ultrasonic transducer is employed for photoacoustic detection with central frequency of 25 MHz, the bandwidth of more than 90%, the diameter of the element is 10 mm which is with a 3 mm center hole for the exit of the laser beam. Two types of ultrasonic transducers were used in the paper, including a planar ultrasonic transducer and a focused ultrasonic transducer. Particularly, the focal length of focused ultrasonic transducer is 8 mm. The maximum speed of the motor stage is 20 mm/s. 
We have added relevant description in the revised manuscript (protocol section).
A.	Line 98: “1.1.3 Deflect the laser beam by two-axis fast galvanometer scanner (Galva). Use a moveable mirror (M1) to reflect the beam pass through a 4× objective lens (OL, Numerical aperture: 0.1) for focusing”
B.	Line 102: “1.1.4 Fix the self-made hollow single-element ultrasonic transducer (UT, Central frequency: 25 MHz; Bandwidth: more than 90%; Center hole: 3 mm) at the bottom of objective using a XY translator mount (TM), to pass the focused beam by the center hole of the ultrasonic transducer.”
	Line 186: “3.4.1 Remove the hair of mice ear and scalp. Remove the scalp of one of the mice. Use a focused ultrasonic transducer (the focal length: 8 mm).”
C.	Line 94: “1.1.2 Collimate the laser beam using an optical fiber collimator (FC2) at the above of two-dimensional motorized stage (Motor, Maximum speed: 20 mm/s).”

4. Comment
[bookmark: OLE_LINK8]Please provide the imaging time to acquire figures 4 and
Response: 
[bookmark: OLE_LINK6]Thank you for reminding me of the point. The repetition frequency of laser is 10 kHz. Figure 4A shows PA MAP image in wide-field imaging. Among them, the scanning range is 20 mm* 20 mm, the scanning speed is 20 mm/s, the step distance on y-axis is 10 μm. A total of 2000 B-Scan images were collected. Thus, the imaging time takes about 33 minutes. Figure 4B shows B-Scan images in real-time imaging. The update frequency is 24 Hz. Figure 5A and 5B shows that the scanning range is 10 mm* 10 mm, the scanning speed is 10 mm/s, and the step distance on y-axis is 10 μm. A total of 1000 B-Scan images were collected. Thus, the imaging time takes about 16 minutes. We have added relevant description in the revised manuscript (Representative Results Section). 
Line 246: “Figure 4A shows the PA MAP image of mouse back in the wide-field imaging mode. The imaging time takes about 33 minutes.” 
Line 250: “Figure 5 shows the vascular visualization of mouse ear and brain. The imaging time takes about 16 minutes, respectively.”


Reviewer #2:
The authors present an integrated dual-raster-scanning photoacoustic imager with two in one set-up.
Major Concerns:
Nil
Minor Concerns:
Any quantitative analysis available?
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Response: 
Thanks for your comments. The article is mainly about the system operation and experiment process. For the quantitative analysis of resulting images, we developed specialized image processing algorithm, including vascular diameter, vascular density, and vascular tortuosity. Among them, the vascular diameter is the distance between the vertical line passing through the vascular skeleton and the two points where vascular boundary intersects. The vascular density is represented as the ratio of all vascular pixels to the overall pixels of region of interest by binarizing the image. The vascular tortuosity is assessed by measuring the ratio between the actual path length of a vascular segment in each subdomain and the linear distance between the two ends of the vascular. Another article by the author has a detailed introduction and results of the processing analysis (Reference 6). We have added relevant description in the revised manuscript (Discussion section). 
Line 295: “the special image processing algorithm can be developed for quantitative analysis. The quantitative analysis, including vascular diameter, vascular density, vascular tortuosity etc., can provide valuable information for early diagnosis and treatment of diseases.”

6. 	Yang, F., et al. Wide-field monitoring and real-time local recoding microvascular networks on small animals with a dual-raster-scanned photoacoustic microscope. Journal of Biophotonics. (2020).

