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Dear Dr. Irwin,

Thank you for reviewing our manuscript entitled “Optical Frequency Domain Imaging of Ex Vivo Pulmonary Resection Specimens: Obtaining One to One Image to Histology Correlation” submitted for publication in JoVE. 

We appreciate the reviewers’ comments and the opportunity to make revisions based on these comments. We have addressed all comments below, with our responses bolded and in blue. If there are any questions, please feel free to contact me. We appreciate your time and hope you find this manuscript worthy of publication with the suggested edits.

Sincerely yours,

Lida Hariri, M.D., Ph.D.

Pathology Resident

Department Of Pathology

Massachusetts General Hospital

Harvard Medical School 

Title: Optical Frequency Domain Imaging of Ex Vivo Pulmonary Resection Specimens: Obtaining One to One Image to Histopathology Correlation

Reviewer 1:
Summary

The article describes a method to more precisely correlate optical frequency domain images with histopathology of resected lung specimens. 

Major Concerns

None

Minor Concerns

1. Page 6. The source of the green ink should be included.

This information has been added to the manuscript both for the black and green ink (Sections 4.3 and 6.1)

2. #6.2. The sentence “The tissue thickness perpendicular to the dots should be no more than 0.2 cm and the tissue depth should be no more than 1.0 cm” should be clarified. What would one do if the thickness is >1.0 cm? It is difficult to trim fresh bronchial and lung tissue.

These dimensions were included to indicate that the tissue needs to be trimmed to fit into a histology processing cassette. Optical imaging modalities are limited to 0.3 cm depth of imaging due to light scattering, thus a 1.0 cm thick specimen would more than encompass the imaging field of view. If tissue needs to be more than 1.5 cm in length, then tissue can be broken up into different matched imaging: histology samples with the same protocol. This information has been added to the manuscript (Section 4.2). For clarity we have removed the specific dimensions for the histology tissue block and stated that tissue should be trimmed to fit into a histology cassette as follows (Section 6.2):

Section 4.2: “If a tissue length of > 1.5 cm is required, then split the tissue length into multiple 1.5 cm long inked regions of interest to create multiple matched imaging: histology pairs.”

Section 6.2: “Remove tissue encompassing the two black ink marks and green ink mark. Trim tissue to fit into a standard histology processing cassette.  If cutting fresh tissue is difficult, then the tissue may be fixed prior to removing the tissue for histology.”

3. Figure 3A. It is not intuitively obvious that the metal objects in both ends of the specimens are pins. Perhaps a symbol would help to clarify. 

Arrows have been added to the figure to indicate the metal pins.

4. The ink dots are not readily seen in some of the histology figures e.g. Figure 3C & D.

We agree with the reviewer that the ink marks in Figure 3C and D are fainter than seen in the other figures. However, after careful examination including the assessment of adjacent OFDI and histology slides, the authors are confident that the marks are in the locations indicated. We have a short discussion on this topic to the manuscript in Section 7.

“In some instances, the ink may not be readily visible in which case adjacent sections/slides should be examined.”

5. Figure 3E. This figure is not very informative. I don’t think one can differentiate smooth muscle, glands or salivary duct from this figure.

We agree with the reviewer that differentiating structures in the lamina propria can be difficult. We agree that distinguishing smooth muscle is very difficult and thus, the identification of smooth muscle in the OFDI images has been removed. However, one can reliably distinguish epithelium from lamina propria, which is demonstrated in this figure and thus provides merit to the inclusion of the figure. We also feel that glandular tissue has distinct imaging characteristics when compared with the connective tissue components and is distinguishable in this figure.  We have included the following discussion on smooth muscle in OFDI in the discussion section:

“Smooth muscle in human airway appears as discontinuous, interspersed smooth muscle fascicles and is thus, not identifiable in OFDI.”

6. Page 7. The authors should point out the limitation of ex-vivo study in specimens without blood flow. Vascular spaces that appear as void signal on the OFDI can be difficult to distinguish from other non-vascular structures. In-vivo, one can use Doppler but this cannot be done ex-vivo.

We agree with the reviewer and have added the following to the discussion section.

“In the in vivo setting, methods such as laser marking may be used for tissue orientation
7. Page 7. It is not quite accurate that endobronchial biopsies do not provide adequate correlates to OFDI. Endobronchial biopsies are of smaller size but provide adequate correlation with the corresponding image segment. In-vivo and ex-vivo studies each have their own strengths and limitations. 

We agree with the reviewer that in vivo studies clearly have many strengths over ex vivo studies. In this study, we require the histology to be precisely matched to the OFDI images so that we can ensure accurate interpretation of the OFDI images. Inadequately sized biopsy specimens cannot be used as a gold standard for characterizing OFDI imaging features of pulmonary pathology as it is not possible to obtain a one-to-one correlation. As ex vivo studies offer significantly more tissue to serve as the gold standard and the ability to co-register tissue to imaging, it serves as a good alternate method for the development of imaging criteria. Once imaging criteria have been developed and validated on ex vivo specimens, they can then be applied in further in vivo studies where a bronchial biopsy can serve as a confirmation of the pathology seen on imaging. We apologize for the initial confusion. This has been clarified in the manuscript as follows:

Introduction 

“Precisely matched, one-to-one OFDI and histology correlation is vital to accurately evaluating features seen in OFDI against histology as a gold standard in order to derive specific image interpretation criteria for pulmonary neoplasms and other pulmonary pathologies. Once specific imaging criteria for pulmonary pathology have been developed and validated ex vivo with matched one-to-one histology, the criteria may then be applied to in vivo imaging studies.”

Discussion, last paragraph

“In this study we have demonstrated volumetric OFDI with precise correlation to tissue-based diagnosis for evaluating pulmonary pathology. The procedure described is intended to provide precisely matched histology to be used as gold standard for the OFDI image interpretation. Once specific imaging criteria for pulmonary pathology have been developed and validated ex vivo with matched one-to-one histology, the criteria may then be applied to subsequent in vivo imaging studies with the use of a bronchial biopsy as a gold standard assessment of the imaging features seen. This technique is presented as an application to pulmonary resection specimens, but can be applied to almost any tissue type to provide the precise imaging to histology correlation needed to determine fine imaging features of both normal and pathological tissues.”
Reviewer 2:

Summary

This is a well written descriptive manuscript of a methodology for correlating images obtained using OFDI with resected tissue specimens. The technique itself is fairly straightforward and intuitive.  My main concern is that the overall role of the technique is not clearly stated. Is it a bridge to help develop OFDI to the point that it will one day be used to perform real-time scans during bronchoscopy for lung cancer screening or is the end vision to scan a resected specimen? This should be stated early in the manuscript.

We apologize that this was unclear. The end goal is to help develop OFDI diagnostic criteria for various pulmonary pathologies ex vivo so that the criteria may be used to interpret OFDI images obtained in vivo. We anticipate that the diagnostic criteria will one day be used to interpret in vivo OFDI images in real-time during bronchoscopy procedures.  We have added the following to the end of the long abstract:

“Precisely matched, one-to-one OFDI and histology correlation is vital to accurately evaluating features seen in OFDI against histology as a gold standard in order to derive specific image interpretation criteria for pulmonary neoplasms and other pulmonary pathologies. Once specific imaging criteria for pulmonary pathology have been developed and validated ex vivo with matched one-to-one histology, the criteria may then be applied to in vivo imaging studies.”

Major concerns 

· Title – there is no pathology in the swine specimen presented so histopathology should be changed to histology. Would suggest changing most references of histo/pathology to simply histology unless pathology is actually present. 

We agree with the reviewer on this and have changed all “histopathology” terms to “histology” in the manuscript.

· The “long abstract” identifies a problem – that histological counterparts of in-vivo imaging is limited by the small size of biopsy fragments and “as a result, specific imaging features of pulmonary pathology cannot be assessed”. However, the technique presented in this paper does not solve or address this issue.

In this paper, we focus on the techniques used to precisely co-register histology and OFDI images. This direct registration is necessary to accurately interpret features identified in OFDI with respect to correlated histology, which serves as the gold standard, This developed methodology can be used to construct a library of OFDI and histology matched pairs that may be used in future studies to develop OFDI diagnostic criteria for various pathology, including pulmonary pathology. We do not attempt to develop the criteria in the context of the manuscript as this will require a large number of samples for validation and will be the aim of future work.

· The purpose of the technique is to correlate resected specimens with OFDI images. It would not be suitable for in-vivo imaging although alternative markers could be used in-vivo for image orientation. This could be discussed briefly.

By obtaining direct correlation between OFDI and histology, we may begin to identify features in the OFDI images that may be used for accurate image interpretation. Due to the limited specimen size obtained during bronchial biopsy techniques, we propose to develop and validate OFDI diagnostic criteria on surgically resected tissue specimens ex vivo. Following the establishment of accurate OFDI diagnostic criteria, we may then apply these criteria to OFDI imaging conducted in vivo. We are aware that additional validation may be necessary when applying the developed diagnostic criteria to images obtained in vivo; however, we will then employ novel techniques such as OFDI-guided biopsy with laser marking to ensure adequate registration for a confirmatory diagnosis.

We agree with the reviewers that there are alternate marking techniques that could be used in in vivo imaging for image orientation. However, the size of the transbronchial biopsy is still a limiting factor in the development of image criteria for pulmonary pathology. We have added a discussion on this topic to the discussion section as follows:

“In the in vivo setting, methods such as laser marking may be used for tissue orientation
· The OFDI quality is fair but not brilliant. Do the authors think they could identify the histological structures on the OFDI image without the corresponding histology as a guide? Is this the ultimate goal? Is the OFDI image quality likely to improve? What will be the effect of metaplastic, dysplastic and neoplastic change on image interpretation?

The concept of this method is to use the precisely matched histology images to guide image feature analysis in OFDI. Once features of normal and diseased lung have been defined and validated, the features could then be applied to both ex vivo and in vivo OFDI imaging. Using this technique, we hope to be able to assess the effects of metaplastic, dysplastic, and neoplastic changes on image interpretation, but this will require a large number of specimens for validation and will be the work of future studies. 

Minor concerns

· Are the OFDI images processed and visualised in true real time i.e. during imaging or after the scanning? If the latter, the term real time should be changed to near real time. This is important as the bronchoscopic application would need to have images available during scanning in order to identify tissue to subsequently biopsy.

The OFDI images are processed and visualized in real-time.

· I don’t quite understand the purpose of the green marker. If it is added to indicate the OFDI scanning zone, shouldn’t it be added prior to step 5.3?

The green ink mark is added for orientation purposes and is not part of the imaged region of interest. 

This has been clarified in Section 6.1.

“Place a green ink dot (Triangle Biomedical Sciences, Durham, NC) on the airway mucosal tissue to orient the beginning of the imaging scan, 0.3 cm away from the ink mark that appeared first in the imaging pullback”

· What size airways can be imaged with the OFDI system i.e. maximal diameter. The trachea has a diameter 14-18mm, the mainstem bronchi 10-12mm – could these be imaged circumferentially?

This is largely dependant on the imaging system and the catheters used. With our OFDI systems, we are able to achieve a 7 mm ranging depth in air. However, with novel catheter centering designs, we are able to achieve full 360 degree imaging in the esophagus (25 mm in diameter). It is additionally possible to employ auto- ranging [Iftimia N, Bouma B, de Boer J, Park B, Cense B, Tearney G. Adaptive ranging for optical coherence tomography. Opt Express. 2004;12(17):4025-34.]
We have included the ranging depth of the OFDI system used in the study under Section 1: Imaging System:
“The axial resolution of the system was 6 (m in tissue and provided an image ranging depth of 7.3 mm”

· Is there a calibration stage in the imaging set-up paragraph?

Our OFDI systems do not require re-calibration prior to each imaging session – the scanning x and y galvos are calibrated at the focal plane for precise x and y scanning; however, it is not necessary to repeat this prior to each imaging session.

· 3.1 – avoid use of personal pronouns (e.g. your)

We apologize for this error. Personal pronouns have been removed.

· 5.4 – define the speed here, according to what criteria is fast or slow speed selected?

We do not define a speed, as the speed will be dependant on the imaging system available to the user. This technique is applicable to both standard slower OCT systems as well as more rapid OFDI/frequency-domain OCT systems. 
We have included the imaging speeds used in this study in section 2.2:

“For the OFDI imaging system used in this study, images were obtained at 10-50 frames per second.”

· 6.1 and 6.2 – keep nomenclature standard. Use mm or cm

Thank you for pointing out this error; the nomenclature has been standardized to cm.

· Discussion. Other techniques exist to identify dysplastic epithelium (narrow band imaging, auto fluorescence). What are the benefits of OFDI over these?

We agree with the reviewer that other techniques exist to identify dysplastic epithelium. However, autofluorescence bronchoscopy suffers from decreased specificity due to false positives from regions of inflammation or simple bronchoscope trauma appearing as dysplastic lesions. OCT has been demonstrated to detect and differentiate varying degrees of dysplasia by Lam et al (Lam et al. In vivo optical coherence tomography imaging of preinvasive bronchial lesions. Clin Cancer Res. 2008;14(7):2006-11.). However, as this manuscript is focused on the experimental protocols used to precisely correlate imaging and histology rather than the strengths/weaknesses of any given imaging technologies, we did not include this discussion in the manuscript.

· A brief mention of the effects of respiratory motion might be warranted.

We agree with the reviewer that this is an important issue to discuss, but will be dependant on the type of imaging system used by the reader. We have added the following discussion on this topic to the discussion.

“Motion artifacts may be seen in vivo where they are not present ex vivo. This could be potentially problematic in standard OCT systems with slower acquisition rates. However, the rapid frame rates of OFDI systems are currently > 200 frames per second.14
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 Thus, it is not expected that motion artifact will be a significant issue. Previous in vivo OCT and OFDI imaging studies have demonstrated successful visualization of fine imaging features. HYPERLINK  \l "_ENREF_24" \o "Braaf, 2011 #61" 


 ADDIN EN.CITE ,15,18,19
 ”

Reviewer 3:

Summary: 

This report clearly describes a method to image resected pulmonary specimens with optical frequency domain imaging (OFDI) and obtain precise correlation to histopathology, thus resolving the co registration issues described with this technique. 

Major Concerns: 

None
Minor Concerns: 

-The rationale of the method is described, but not the limitations. 

We agree with the reviewer that a discussion on the limitations should be added to the manuscript. We have added the following to the discussion section:

“Although ex vivo studies serve as an adequate alternate to in vivo imaging, there are some limitations. Ex vivo lung specimens are uninflated and often display surgically-induced atelectasis, which alters the appearance of normal alveolar structures. Inflating surgically resected lung tissue with tissue marking for histology correlation is technically challenging as most surgical lung specimens are received after pathology frozen section evaluation during which the pleural surface is disrupted, interfering with specimen inflation.  Non-pathologic atelectasis is not an artifact seen in the in vivo setting, thus this limitation would not be pertinent to in vivo pulmonary imaging. Additionally, lack of blood within vessels in ex vivo specimens could make it difficult to distinguish vascular structures from other signal void structures. In the in vivo setting, the addition of Doppler OCT/OFDI
Motion artifacts may be seen in vivo where they are not present ex vivo. This could be potentially problematic in standard OCT systems with slower acquisition rates. However, the rapid frame rates of OFDI systems are currently > 200 frames per second.14
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 Thus, it is not expected that motion artifact will be a significant issue. Previous in vivo OCT and OFDI imaging studies have demonstrated successful visualization of fine imaging features. HYPERLINK  \l "_ENREF_24" \o "Braaf, 2011 #61" 


 ADDIN EN.CITE ,15,18,19
”

-While the purpose of this paper, the authors should discuss how they envision in vivo clinical applicability of OFDI in regards to correlation to histopathology (e.g. co-registration issues, biopsy tissue shrinkage, etc); 

We appreciate the reviewer’s remarks on this issue. We have added this discussion to the last paragraph of the discussion section as follows:

“In this study we have demonstrated volumetric OFDI with precise correlation to tissue-based diagnosis for evaluating pulmonary pathology. The procedure described is intended to provide precisely matched histology to be used as gold standard for the OFDI image interpretation. Once specific imaging criteria for pulmonary pathology have been developed and validated ex vivo with matched one-to-one histology, the criteria may then be applied to subsequent in vivo imaging studies with the use of a bronchial biopsy as a gold standard assessment of the imaging features seen. This technique is presented as an application to pulmonary resection specimens, but can be applied to almost any tissue type to provide the precise imaging to histology correlation needed to determine fine imaging features of both normal and pathological tissues.”
Additional Notes to the Author: 

very clear and well written report.

