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April 22, 2020

Dear Dr. Alisha DSouza, 

Please find enclosed the following revised submission of a method for consideration at JOVE: “Leveraging turbidity and thromboelastography for complementary clot characterization”.  This article is being exclusively considered for publication at JOVE and is based on the recently published article that was recently accepted at Thrombosis Research titled “Fibrin clot formation under diverse clotting conditions: Comparing turbidimetry and thromboelastography”.  

The revised manuscript addresses all reviewer concerns and details how to run turbidity and thromboelastography utilizing a simplified fibrinogen/thrombin model providing for clot analysis across many different clot formation conditions.  Additionally, the discussion regarding alternatives, pitfalls, protocol modifications, and data analysis associated with these techniques has been expanded.  We look forward to hearing from you regarding this submission.  The authors have no conflicts of interest to disclose.  If there are any questions or concerns feel free to email (nalves@iu.edu) or call me at 203-565-2049.  Thank you for your consideration.

Best Regards,
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Nathan J. Alves, PhD
Assistant Professor 
Department of Emergency Medicine
Indiana University School of Medicine
635 Barnhill Dr. Rm. 371
Indianapolis, IN 46202
nalves@iu.edu










Editorial Comments:

• Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammatical errors.

The manuscript has been proofread. Spelling and grammatical errors have been corrected.  

• Protocol Detail: Please note that your protocol will be used to generate the script for the video, and must contain everything that you would like shown in the video. Please add more specific details (e.g. button clicks for software actions, numerical values for settings, etc) to your protocol steps. There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol.

Authors have checked all procedures and made efforts to include all necessary details in the video script.

• Protocol Highlight:
1) Please focus the title on the highlighted portions.
2) Notes cannot be filmed and should be excluded from highlighting.

The manuscript title reflects the highlighted portion. Authors have removed highlighting from notes.

• Discussion: JoVE articles are focused on the methods and the protocol, thus the discussion should be similarly focused. Please ensure that the discussion covers the following in detail and in paragraph form (3-6 paragraphs): 1) modifications and troubleshooting, 2) limitations of the technique, 3) significance with respect to existing methods, 4) future applications and 5) critical steps within the protocol.

Authors have modified/ added content in the discussion of the manuscript and it should now cover all the details mentioned above:

[bookmark: _Hlk38361662]“However, since phosphate can bind to calcium resulting in precipitation, PBS should be avoided when calcium is used as the clot initiator. When studying platelet rich plasma clot formation, it is important to consider platelet settling as a significant confounder when running clot formation assays under conditions in which clot formation is slow.  Issues regarding platelet settling are less impactful when clot formation is rapid.  This is particularly important for turbidity assays where the assay accuracy and reproducibility largely relies on the homogeneity of the reagents in the well. If experimental design permits, kaolin (often utilized as a clot initiator for TEG) or other negatively charged particle activators can be used to speed up plasma clot initiation by providing additional surface area for faster contact pathway activation of the coagulation cascade. Importantly, activator suspensions should be mixed thoroughly with clotting solutions to avoid settling. When utilizing a surface area or charged particle-based clot activator ensure that the necessary background controls are taken into account as the reagents themselves may contribute to absorptivity in turbidity assays.  Additionally, settling may be an issue with larger particle-based additives such as kaolin.” (discussion section)  


• Commercial Language: JoVE is unable to publish manuscripts containing commercial sounding language, including trademark or registered trademark symbols (TM/R) and the mention of company brand names before an instrument or reagent. Examples of commercial sounding language in your manuscript are SpectraMax, Softmax Pro 7.0, TEG®5000 Thromboelastograph Hemostasis Analyzer, Haemonetics Corporation, TEG Analytical Software®
1) Please use MS Word’s find function (Ctrl+F), to locate and replace all commercial sounding language in your manuscript with generic names that are not company-specific. All commercial products should be sufficiently referenced in the table of materials/reagents. You may use the generic term followed by “(see table of materials)” to draw the readers’ attention to specific commercial names.

Authors have removed or replaced all commercial sounding languages.

• If your figures and tables are original and not published previously or you have already obtained figure permissions, please ignore this comment. If you are re-using figures from a previous publication, you must obtain explicit permission to re-use the figure from the previous publisher (this can be in the form of a letter from an editor or a link to the editorial policies that allows you to re-publish the figure). Please upload the text of the re-print permission (may be copied and pasted from an email/website) as a Word document to the Editorial Manager site in the "Supplemental files (as requested by JoVE)" section. Please also cite the figure appropriately in the figure legend, i.e. "This figure has been modified from [citation]." 

Authors reuse one figure (figure 3) in this manuscript and it is properly cited. A reuse permission has been obtained and the file is saved in a separate word document.


Reviewer #1:
Manuscript Summary:
The procedure of the tests is really clearly described in the present manuscript However in Zeng et al Thrombosis Research 2020 article all the variables listed as possible changes in the present manuscript: albumin concentration, ionic strength and pH, are very well described there but not is this one. This manuscript seems to be the model and the possibilities of changing the variables are listed, but without details.

The authors would like to draw the attention of the reviewer to Section 5 in the protocol.  The aim of this manuscript was to introduce experimental procedures and analysis used in basic thromboelastography and turbidity assays for clot characterization. To maintain the focus on methodology, procedures omitting the complexities that accompany changing of the listed variables was first described in the initial four sections of the protocol. A separate section (section 5) was added to elaborate experimental procedures of how to modify the protocol and change variables, such as fibrinogen, thrombin and albumin concentrations, pH, ionic strength. 

A sentence has been added to the end of the introduction to guide the reader that details regarding the specific clotting variations that are listed will be discussed following the description of the techniques. “Details regarding these variations to the protocol have been included in Section 5.”

Minor Concerns:
Considering the discussion of the possibility to use these methods for clinical samples, the authors should to be more careful and explained that turbidimetric assay will be very hard to standardize if Platelet reach plasma is used do to the fact that platelets will decant in the well base during the 60 min of Absorbance reading. In the same way Kaolin is a heavy powder that is useful to is not useful in photooptical coagulometers because of the turbidity and the need to mix all over the time because it decants in well base as well. Perhaps some colloidal silica suspensions or celite suspension as negatively charged intrinsic coagulation pathway activators could be more adequate for these experiments. So, it is recommended to consider these limitations in the discussion. PRP or whole blood, as well as Kaolin or other negatively charged materials are able to be processed by TEG instrument without problems.

To address reviewer’s concerns the following sentences are modified and added in the discussion session of the manuscript:

[bookmark: _Hlk38109499]“When studying platelet rich plasma clot formation, it is important to consider platelet settling as a significant confounder when running clot formation assays under conditions in which clot formation is slow.  Issues regarding platelet settling are less impactful when clot formation is rapid.  This is particularly important for turbidity assays where the assay accuracy and reproducibility largely relies on the homogeneity of the reagents in the well. If experimental design permits, kaolin (often utilized as a clot initiator for TEG) or other negatively charged particle activators can be used to speed up plasma clot initiation by providing additional surface area for faster contact pathway activation of the coagulation cascade. Importantly, activator suspensions should be mixed thoroughly with clotting solutions to avoid settling. When utilizing a surface area or charged particle-based clot activator ensure that the necessary background controls are taken into account as the reagents themselves may contribute to absorptivity in turbidity assays.  Additionally, settling may be an issue with larger particle-based additives such as kaolin.”


Reviewer #2:
Manuscript Summary:
The authors describe the use of two techniques to investigate clot structure, namely turbidity and thromboelastography. The methodology described by the authors is sufficiently detailed, leading to the formation of fibrin clots from which the specific polymerisation and clot formation parameters can be determined. However, the reasoning for how the parameters obtained from each method (maximum absorbance or maximum amplitude, and time to maximum absorbance/amplitude) are complementary when utilised together are not made clear.

Additional sentences have been added throughout the manuscript to detail how TEG can be used to assess clot strength and turbidity can be utilized a surrogate to fibrin fiber thickness and fibrin fiber density.  When taken together the two techniques provide synergistic clot characterization.  

”Results demonstrate that TEG and turbidity  track clot formation via two distinct methods and when utilized together provide complementary clot strength and fiber structural information across diverse clotting conditions.”

“When both TEG and Turbidity assays are utilized together it provides complementary clot characterization information as clot strength and kinetics are easy extracted from TEG and fibrin fiber thickness can be accessed by optical turbidity measurements.”

“In addition, TurbMax is an optical measure of clot structure which is indicative of fibrin fiber thickness and fibrin network density. TEGMax is a mechanical measure that reflects absolute clot strength. They represent different aspects of a clot that can change independent of each other based on our previous findings14. Taken together, the two values provide complementary insight about the clot microstructures, such as how dense the fibers are packed in the fibrin network.”

General comments:
1) As mentioned above, the way in which the parameters calculated from turbidity and TEG are complementary are not obvious. The authors might consider updating the tittle of the manuscript. Alternatively, a designated section describing what fibrin clot characteristic the chosen parameters are used to measure (e.g., maximum absorbance in turbidity is indicative of fibre thickness, and maximum amplitude in TEG reflects absolute clot strength), and how these parameters complementary, can be included in the manuscript.

See above added statements to strengthen the complementary claim of the two unique clot characterization techniques. 


2) The use of 'turbidity' and/or 'turbidimetry' is not continuous throughout the manuscript. For instance, 'turbidimetry' is used in the abstract and 'turbidity' in the introduction. The authors do mention that mass/length ratio can be calculated from turbidity data, which justifies the term 'turbidimetry'. However, the actual method described in the manuscript is for turbidity analysis, and with that I would suggest the authors use 'turbidity' throughout the manuscript.

To maintain uniformity, the word “turbidimetry” has been replaced with “turbidity” throughout the manuscript. 

Specific comments:
3) In the abstract and first paragraph of the introduction the authors refer to fibrin as the primary protein responsible for clot formation. This should be updated to fibrinogen or fibrin(ogen) for a more accurate description.

In both the abstract and introduction, the word “fibrin” has been replaced with “fibrin(ogen).”

4) Following from the previous comment, on lines 50-51 the authors state 'In the final step of the coagulation cascade, fibrin monomers are cleaved from fibrinogen by thrombin…'. This sentence in incorrect and needs careful revision! Fibrinogen, which is the final product of the coagulation cascade, has its fibrinopeptides cleave by thrombin to form fibrin monomers that are able to polymerise.

[bookmark: _Hlk38113603]This sentence has been modified to “In the final steps of the coagulation cascade, fibrinopeptides are cleaved from fibrinogen by thrombin initiating the polymerization of insoluble fibrin monomers as the clot develops.”

5) Section 1: Why did the authors decide the use PBS? This buffer choice could become problematic with the addition of calcium, as it would cause it to precipitate. In the sections where the authors mention the potential addition of calcium or use of citrated plasma this issue needs to be highlighted! (e.g., section 5 and discussion).

Since the experiments in this manuscript do not involve the addition of calcium, PBS was used as it can operate at physiological pH and can provide a large pH range to study the effect of pH on clot formation. However, we agree that PBS can cause calcium precipitation and therefore, included the following sentences to highlight this issue with PBS. 

[bookmark: _Hlk38527001]“Note: PBS was used throughout this study as the described assays did not require the addition of calcium. It is important to note that when adding calcium, often utilized to re-calcify citrated blood products, PBS should be avoided as calcium is known to precipitate in phosphate buffers.“(In section 1.)

“A suitable buffer system should be carefully selected taking into consideration each unique assay requirements.” (In the note of section 5)

[bookmark: _Hlk38116741]“However, since phosphate can bind to calcium, PBS should be avoided when calcium is used as the clot initiator.” (discussion section)

6) Section 1.3: a degree symbol is missing in between 37 C.

This error has been corrected.

7) Section 2.1.4: was the extinction coefficient used in the concentration calculation provided by the supplier? This is very dissimilar to the extinction coefficient for human plasma purified fibrinogen from Sigma.

Yes, the extinction coefficient was provided by the supplier. However, it was converted to molar extinction coefficient to determine concentration using Beer’s law. For better understanding, “Extinction coefficient” has been replaced with “Molar extinction coefficient” throughout the manuscript. The following statement has also been added in section 2.1.4 note to clarify the difference between molar extinction coefficient and extinction coefficient:

“ɛ is derived by multiplying E1% = 15.1 (280 nm) (extinction coefficient, given by the supplier) with MW.”

8) Section 2.2: Why is thrombin thawed at RT? This is likely drastically decreasing its activity! I would suggest it be thawed as quickly as possible and be kept on ice. Keeping this enzyme on ice in order to keep high levels of activity should be highlighted in the protocol

We agree that measures to retain thrombin activity should be taken. A statement to address this issue has been added in the note of section 2.2.3

[bookmark: _Hlk38285170]“Note: Precautions should be taken to maintain enzyme activity which can be accomplished by maintaining enzymes on ice during thawing and use; however, no reduction in thrombin activity was observed when utilized directly after thawing at RT.”

9) Section 3.4: If compatible with the instruments I would suggest an interval and short as possible, which allows for more accurate overall data to be obtained.

To address this concern, the following sentence has been added to the note of section 3.4:
“The selected reading interval should be as short as possible to achieve the highest level of assay sensitivity.  This will depend upon the spectrometer and number of wells being read during a given assay.”

10) Section 3.6: Was a multichannel pipette used for this step to ensure the measurements can start as soon as fibrinogen is mixed in? In other words, is the time taken between mixing the 1st to the last well taken into account when obtaining the parameters once the run is complete?

Yes, a multichannel pipette was used. We also took into account the time difference across wells (if there was any) as well as the time period prior to the first read by the instrument in the analysis. To address this concern, a sentence has been added in the note of section 3.6:
[bookmark: _Hlk38304549]
“Note: Use a multichannel pipette when running multiple clot samples on the same plate at the same time. Record time differences across wells and the time period prior to the first read by the instrument to offset clotting times.” 

11) Section 4.5: is this mixed at all prior to the start of the run? This would be particularly important when other agents added (such as tPA, calcium, etc.)

Yes, the contents were mixed prior to the start of the run. A sentence has been added at the end of section 4.5 to address this:
“Mix the contents by pipetting up and down five times.”

12) For both methods a buffer only control (i.e., no fibrinogen) should be included. This is particularly important when other proteins, such as albumin, are added to the clotting mixture.

To address this concern, a sentence has been added to the note of section 5: 
[bookmark: _Hlk38304648]“For turbidity and TEG assays, a buffer only control should also be included to ensure an accurate background subtraction while analyzing the effect of these variables.”
	
13) Section 5.5.2: A clear distinction between extinction coefficient and molar extinction coefficient would be helpful.

“Extinction coefficient” has been replaced with “molar extinction coefficient” throughout the manuscript.

14) Figure 1 legend: The legend should read '…examples of clot turbidity tracing curve', as per the remaining legend.

Turbidimetry has been replaced with turbidity in the Figure 1 legend.


15) Table 1: In trend results of increased albumin level an 'x' is missing from TEGMax.

The word has been corrected in the table file.
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