Letter of rebuttal
Regarding manuscript JoVE62661

To the editorial office of JoVE, 
Att. Vidhya Iyer

Thank you for considering our manuscript. We are delighted to see that our manuscript has been well received and has been through a thorough review process of three external reviewers. We appreciate their insightful comments and have tried to fulfil their request. 
Below, you will find all comments from the editorial office and the reviewers. Each point will be addressed in blue and any changes in the manuscript are in italics. 

We hope that the manuscript is now acceptable for publication in JoVE.

On behalf of all authors,
Yours sincerely,
Mads Dam Lyhne, MD and
Asger Andersen, MD, PhD, ass. professor






Editorial comments:
Changes to be made by the Author(s):
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. Please define all abbreviations at first use.
Comment #1: We have carefully read the manuscript and made few, minor changes. 

2. Please increase the word count of your abstract to be 150-300 words.
Comment #2: The following has been added to the abstract and the word count is now 172. 
“Furthermore, we explain some important troubleshooting steps during critical timepoints of the procedures”.		And
“The presented closed chest approach is a reproducible and physiologically relevant approach to bi-ventricular cardiac PV loop recording in a large animal model. It will be applicable to a large variety of cardiovascular animal research”. 

3. Being a video based journal, JoVE authors must be very specific when it comes to the humane treatment of animals. Regarding animal treatment in the protocol, please add the following information to the text:
a) What happened to the pig? Please specify the euthanasia method without highlighting it.
Comment #3: A “Post-protocol” section no. 9 has been added to the manuscript. 
9. Post-protocol
9.1 In survival studies, all intravascular equipment (PV catheters, IVC balloon and Swan Ganz catheter) can easily be removed and cleaned. Sheaths in veins can be removed and hemostasis achieved by few minutes of compression. For arteries, hemostasis can be achieved by longer compression (5-10 minutes), alternatively one can consider to use AngioSeal or similar closure device. Close skin incisions with 1-2 sutures to avoid bleeding and infection. Apply 5 mL bupivacaine (5 mg/mL) subcutaneously around each skin incision for pain relief. 
9.2 After all devices have been removed and hemostasis achieved, stop infusion of anesthesia. Carefully observe the animal in this phase. Keep the animal intubated (initially with the cuff inflated) until throat reflex is present and the animal is sufficiently awake for extubation. Keep measuring pulse oximetry before and after extubation to ensure proper ventilation and apply oxygen if necessary. 
9.3 The animal should not be returned to the company of other animals until fully recovered.
9.4 For survival surgery, sterile conditions are crucial. Please see section 2.2-2.5. The skin incisions and sutures should be observed daily for signs of infection including measurement of the animal’s temperature.
9.5 Euthanasia after ended experimental protocol was performed by a lethal dose of pentobarbital.

b) Please mention how proper anesthetization is confirmed.
Comment #4: This was stated in section 1.7. We have clarified this part.
“Ensure sufficient anesthesia by the lack of corneal reflexes and response to painful stimulus”
c) Please specify the use of vet ointment on eyes to prevent dryness while under anesthesia.
Comment #5: This has been added as point 1.12 and the product added to the Materials list. 
1.12 Use vet ointment on eyes to prevent dryness. 

e) For survival strategies, discuss post-surgical treatment of animal, including recovery conditions and treatment for post-surgical pain.
Comment #6: Please see Comment #3.

f) Discuss maintenance of sterile conditions during survival surgery.
Comment #7: Sterile conditions are described in section 2.2-2-5. Furthermore, comments for survival surgery has been added, please see Comment #3.

g) Please specify that the animal is not left unattended until it has regained sufficient consciousness to maintain sternal recumbency.
Comment #8: We agree on this important aspect. The following has been added to section 1.7:
“Do not leave the animal unattended at any time until it has regained sufficient consciousness to maintain sternal recumbency (survival protocol) or has been euthanized.”

h) Please specify that the animal that has undergone surgery is not returned to the company of other animals until fully recovered.
Comment #9: Please see Comment #3.

4. Please revise the text, especially in the protocol, to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).
Comment #10: The manuscript has been revised.

5. Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense may be added as a “Note.” However, notes should be concise and used sparingly. Please include all safety procedures and use of hoods, etc.
Comment #11: The manuscript has been revised and changes made accordingly.

6. 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 details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add references to published material specifying how to perform the protocol action. 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.
Comment #12: The manuscript has been revised and changes made accordingly.

7. After including a one line space between each protocol step, highlight up to 3 pages of protocol text for inclusion in the protocol section of the video. This will clarify what needs to be filmed.
Comment #13: The highlighted text is meant to be filmed. 

8. Please sort the Materials Table alphabetically by the name of the material.
Comment #14: The requested changes have been performed.


____________________________________
Reviewers' comments:
Reviewer #1:
Lyhne et al describe their protocol for bi-ventricular PV loop in pigs. The review is well-detailed and explains some important troubleshooting steps. The protocol outlines the steps categorically and appears largely reproducible with exception to variation in animal handling/housing protocols, type of anesthesia applied, availability of exact sheaths, and PV loop recording program. This article should be understandable to experienced users of PV loop applications. For inexperienced and/or junior scientists, the protocol is still straightforward but could clarify some details to aid understanding of the procedure.
We thank the Reviewer for his/her kind comments.

Below are more specific comments.
Section 2 It may be worthwhile to mention preparation of dilators with sheath insertion and to suggest ideal views with fluoroscopy.
Comment #15: We thank the Reviewer for this suggestion. The following has been added to section 2.10 and 3.5, respectively.
“Consider using a dilator in a two-step approach for the larger sheaths.”		And
“Anterior-posterior view of fluoroscopy is sufficient for all described procedures.”

Section 4 For those lacking experience in right heart catherization, it may be beneficial to provide an explanation for positioning the 7F sheath through the left external jugular vein into the IVC and the subsequent use of a 16F sheath.
Comment #16: Placement of the 7F sheath is described in Section 2.7. Section 4.4-4.6 describes the exchange of the 7F sheath to a 16F by the Seldinger technique. To clarify this, section 4.5 has been edited to:
“Extract the 7F sheath leaving the guidewire in the venous circulation. Compress on the entry point of the skin to avoid bleeding. Using the Seldinger technique, removed the 7F sheath from the guidewire and exchange it with the 16F Check-Flo sheath”

Section 4.15 &5 5.10 - in our experience, floating catheter rather causes more extra-beats. It should be fixed without compressing the endocardium too much.
Comment #17: We thank the Review for sharing his/her experience. Interestingly, we have different experiences in this matter. To help the reader of the manuscript troubleshooting, we will provide both information. The following has been added to section 4.15 and 5.10:
“Occasionally, floating catheter may cause extra-beats. If so, try fixating it without compressing the endocardium too much.”

Section 7.5 Catheter-cross talk is the unique problem to bi-ventricular PV loop. Examples of crosstalk and how changing the frequency (setting description) can improve the data would be an important point for this protocol.
Comment #18: We certainly agree that electrical crosstalk will make biventricular PV recordings impossible. As stated in section 7.5, our PV boxes are manufactured with two different recording frequencies which eliminates this problem.

Section 8.2 Please spell out APL
Comment #19: The correction has been made.

Section 8.6 Examples of simultaneous occlusion loops would be informative (both loops and time-P & time-V waves)
Comment #20: We thank the Reviewer for this suggestion. As per JoVE instructions, such informative examples are referenced in Representative Results rather than during the protocol. The following has been added to section 8.6:
“See Representative Results for exemplification.”
And to Representative Results:
[bookmark: _GoBack]“The serial connection of the two ventricles cause a timewise shift in preload reduction (See section 8.6). RV preload is quickly reduced by the IVC balloon, but LV preload is not reduced until RV output has decreased by its lack of preload, see Figure 7A. Gradual reduction in preload will cause a family of loops with gradual reduction in volume and pressure to both the LV and RV (Figure 7B-C).”
The following Figure Legend has been added:
“Figure 7: Preload reduction by inferior vena cava balloon inflation.  (A) shows simultaneous recordings of pressure, volume, phase and magnitude from the left ventricle (top) and the right ventricle (bottom). Please note, how pressure and volume is reduced in the right ventricle prior to the reduction in the left ventricular pressure and volume. Accordingly, the inferior vena cava balloon must be inflated long enough to cause preload reduction in both ventricles (section 8.4-8.6). (B) and (C) shows representative family of loops during such preload reduction for the left ventricle (B) and the right ventricle (C).“


Section 8.9 Use of average on non-linear data is not recommended. It is probably better to take the relationship with highest r (fit).
Comment #21: We appreciate the Reviewer’s insightful comment. For the end-systolic elastance (Ees) and the preload-recruitable stroke work, a linear fit is most often used. For diastolic function, the end-diastolic elastance (Eed) is often discussed in the literature if it should be linear or exponential. Such discussion is beyond the scope of this paper, the same for choice of statistical analysis. We have edited section 8.9 which now states:
“Consider to do three satisfactory occlusions for the statistical analyses to increase robustness.”



Reviewer #2:
Manuscript Summary:
The authors are presenting manuscript on the methodology of simultaneous pressure-volume catheter insertion to both right and left ventricles and the recording with the commercially available device. The manuscript is well written, the instructions are easy to understand, and figures are instructive.
We thank the Reviewer for noticing pedagogical aspects which were our focus.

Nevertheless, the Introduction and Discussion sections are rather short, commenting only on the described technique, but not putting it into the context of general applications. A detailed description of the procedure, but without any innovation when compared to previously published material. There are no measured results provided. I would expect to see at least a comparison with other available methods for estimation of heart function. Overall, the manuscript reminds more of a user instructions manual then of a research paper - all presented methods are already well known, previously described, and used in animal experiments in large animal models.

Major Concerns:
- For the demonstration of the method, it would be nice to present your own representative results and relate them to other heart assessment (ECHO? Ventriculography? Thermodilution?)
Comment #22: The Reviewer emphasizes an important aspect of validation. However, admittance PV measurements has been validated against both MRI and echocardiography (doi: 10.1113/expphysiol.2013.074179, doi: 10.1113/expphysiol.2012.070821, and doi: 10.14814/phy2.287). Due to the sensitive nature of these PV catheters where other devices would cause unwanted noise, and due to PV catheters’ superiority of hemodynamic evaluation, we did not use other heart assessments in our studies.  

- Would it be possible to compare the cardiac output of the RV and LV from your acquired data?
Comment #23: We thank the Reviewer for this suggestion. The following has been added to the Results section:
	“To compare our simultaneous PV recordings in the RV and LV, we performed a linear regression of the bi-ventricular CO measurements from our largest study18 with the highest number of simultaneous measurements (n=379). We found, that the slope was 1.03 (95%CI 0.90-1.15) with a Y-intercept of 695 (95%CI -2-1392) and r2=0.40.”


- The title says model of acute right ventricular dysfunction - but none is discussed in the article
Comment #24: The Reviewer raises a good point. The title included RV dysfunction as our experience of closed chest, bi-ventricular PV loop recordings stem from such model, but it is the method of evaluation rather than the model that is the aim of the present paper. If acceptable to JoVE, we suggest to change the title to:
“Closed chest biventricular pressure-volume loop recordings with admittance catheters in a porcine model”

- There already exists at least one video tutorial on Transonic PV loop from both ventricles  https://www.youtube.com/watch?v=EdyB9Yrha7k
Can you specify the advantage of your manuscript over it?
Comment #25: We appreciate the Reviewer’s reference to this video. The Transonic tutorial is very informative and contains lots of background information on the Transonic system, calibration, blood resistivity measurement etc. The tutorial is definitely useful for new users of admittance technology. However, the Transonic tutorial contains few (and sub-optimal) fluoroscopic pictures, only still-images, no instructions in sheaths insertions, no instructions in actual advancement of the catheters into the ventricles (which is definitely the difficult part of experimental research).
Our manuscript is not meant exclusively for admittance-based catheters, as the techniques can be applied for other catheters as well as for other models than RV dysfunction. Contrary to the tutorial, our paper describes the actual instrumentation and includes several troubleshooting suggestions for researchers to use if struggling in the animal lab. We believe, our illustrations are superior, and in combination with the professional filming by JoVE, the actual maneuverers will be shown. Accordingly, we believe that our paper, combined with the later recorded filming, has several advantages over this tutorial, justifying its necessity. 

Minor Concerns:
51 - LV/RV interdependence - please explain in better way
Comment #26: That part of the Introduction has been changed and now states:
“…However, the right and left ventricles exert systolic and diastolic interdependence due to their serial and parallel connections within the tight pericardium11. Changes in output or size of one ventricle will affect size, loading conditions or perfusion of the other ventricle….”

92 - add reference to hypothermia-induced proarrhythmogenicity or revise
Comment #27: A reference (doi:10.1093/cvr/cvy305) has been added and the reference list updated accordingly.

100 - intra-device thrombosis - better intra-luminal
Comment #28: We agree, the correction has been made.

177 - sheath into thoracic cavity.. use better words
Comment #29: In section 4.6, it now states:
“… until the tip of the sheath (not the dilator) has reached the level of the superior vena cava…”

195, 224 - without the catheter tip touching the endocardium, how do you obtain sufficient stability?
Comment #30: We thank the Reviewer for identifying this lack of information. The following has been added to section 4.15 and 5.10:
“Fixate the PV catheter to the external end of the sheath to ensure stability of catheter positioning.”

223 - "On inside"
Comment #31: The error has been corrected to “Once inside”.

234 - is using air recommended?
Comment #32: We know of others who use air in their balloon. “Air,” has been deleted from the revised manuscript.

277 - "is" -> "if"?
Comment #33: Correct, we thank the Reviewer for identifying this mistake. The correction has been made.


Reviewer #3:
Manuscript Summary:
The Athours describe a well known closed chest porcine model for invasive assasment of cardiac function. The new thing here is that they simultaneosly place PV catheters in the right and left ventricles.
We thank the Reviewer for his/her time.

Major Concerns:
The shape of the right ventricle is not optimal for assessing conductace volumetry by a straight catheter. Have the Authrours tried to place two catheters in simultaneoslyin the right ventricle (retrograde and antagrade?) If so, is the shape and phases of the PV loop similar with both aproaches?
Comment #34: The Reviewer raises an important question. The right ventricle is, indeed, troublesome regardless method of evaluation due to its geometry. We did not try the retrograde approach to the right ventricle as it would require opening of the thoracic cavity and thereby cause significant physiological changes. Those are avoided in our closed chest approach. The following as been added to the limitations section of the paper:
“Thirdly, the shape of the RV is not optimal for assessing volumetry by a straight catheter, and minor parts of the RV outflow tract might be missed with our antegrade approach. However, repeated measurements before/after interventions with a fixated catheter will limit this bias, and PV loop recordings in general offer a number of hemodynamic variables outweighing this concern.”


