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 			    Response to the Editorial letter (27.10.2020), Manuscript Nr.: JoVE62057 


[bookmark: _GoBack]
To the Manager of Review
Journal of Visualized Experiments

Dear Dr. Nam Nguyen, Ph.D.


We are very thankful to the referees and editors for their revision and new constructive suggestions regarding our manuscript: “Cardiac response to -adrenergic stimulation determined by Pressure-Volume Loops analysis” (JoVE62057). We have uploaded the revised manuscript (with track change as requested), the responses to the reviewers and please find below the point-by-point response in which we replied to all reviewers’ concerns and adapted the corresponding issues rose by them. We are confident that all points were sufficiently addressed. 

We hope that the further revised version of the manuscript would be suitable for publication in JoVe. 



wish that you, your families and colleagues are safe and doing well during this challenging time.




Sincerely yours,



[image: ]
Juan E. Camacho Londoño (For all co-authors) 

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.
Thank you for this observation. We revised the manuscript accordingly. 

2. For in-text formatting, corresponding reference numbers should appear as numbered superscripts after the appropriate statement(s), but before punctuation. 
We performed the correction regarding the superscript formatting as requested.  

3. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please remove all commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials and Reagents.
For example: Rod18, LASvendi GmbH, Germany; ecoLab-PE-Mikroschlauch, Smiths; VenflonTM Pro Safety 20-G, Becton Dickinson; Millar, USA; AD Instruments, USA; LabChart 7.3 Pro; Excel; Origin; GraphPad Prism; etc
Thank you for this observation. We revised the manuscript and did the corresponding changes, including also Figure 1B, and let that information only in the Table of Materials and Reagents.  
[bookmark: _Hlk55383843]
4. 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: please specify the use of vet ointment on eyes to prevent dryness while under anesthesia. 
Thank you for this observation. This standard procedure was now explicitly included in the protocol. Please see line 193 under Point 3.6 of the Protocol section

5. What was the strain/genetic background, sex, age of the mice used in the study? Line 215 mentions C57BI6/N—please add this information to the beginning of the protocol. 
Regarding this comment, the following sentence is now included at the beginning of the protocol section: “Data shown in this protocol are derived from wild type C57Bl6/N male mice (17 ± 1.4 weeks of age).”  

6. 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.
Thank you for the remark. We went again through the text of the protocol and made the corrections as required.  

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.
Thank you for the observation. As requested, we included a one-line space between each protocol step and highlighted the text for inclusion into the video through the text of the protocol and made the corrections as required.  

8. Please ensure that the references appear as the following: [Lastname, F.I., LastName, F.I., LastName, F.I. Article Title. Source. Volume (Issue), FirstPage–LastPage (YEAR).] For more than 6 authors, list only the first author then et al. Italicize the journal name, not the article title. Please include volume and issue numbers for all references. Do not abbreviate any journal names.
We revised the reference list and adjusted accordingly. 

9. Please upload tables separately to your Editorial Manager account in the form of an .xls or .xlsx file. Table captions (title and description) should after the Representative Results of the manuscript text.
The Table captions are now located after the Representative Results and the tables were uploaded in the requested file format. 











 
Reviewer #1: 
Manuscript Summary:In this paper, the authors provide a detailed protocol for cardiac pressure-volume (PV)-loop (PVL) analysis under increasing doses of intravenously isoproterenol. Detailed surgical procedure, anesthesia and analgesia methods, intubation and ventilation methods, as well as recommended sample size for different parameters under different doses of isoproterenol are described. This carefully detailed methodology will be very helpful for researchers studying cardiac hemodynamic in mouse hearts to generate reliable data on myocardial contractility and diastolic function, thereby reducing the exclusion of animals from experimental cohorts. Below are some specific comments with regard to technical issues.

Major Concerns:

1. In this paper, the authors inserted PV catheter through puncturing the cardiac apex, which requires thoracotomy. The other commonly used method is insertion through carotid artery, which is less invasive. Have the authors compared the results from PV catheters inserted through carotid artery? Discussion about the advantage and disadvantage of each method will also be helpful.
Thank you for this comment, we appreciate its importance. Unfortunately, we did not compare our results from the open-chest approach directly with data from the closed-chest approach, since we currently only use the open-chest one. As the reviewer states, each approach has its (dis)-advantages. Therefore, we want to kindly bring the attention of this reviewer to the following paragraph of Discussion where we explicitly discussed and compared them extensively (lines 566-589):
“Methodologically, there are two paramount approaches of performing pressure-volume analysis in mice. Each method has its (dis)advantages and the method of choice often depends on the experiences of the lab and its investigators. We here focus on the open-chest procedure, in which the catheter is placed via a puncture on the apex. This approach has the advancement of catheter placement under vision which allows for precise catheter positioning, an essential predictor for the recording of meaningful data of cardiac function in mice. This is particularly true for the recording of volume parameters in the range of microliters. In contrast, a critical aspect of this approach is the loss of physiological intra-thoracic pressures, resulting in collapsing lungs and atelectasis formation and a higher loss of body fluid. However, by using positive end-expiratory pressure (PEEP) ventilation, we here describe a strategy that has proven to counteract pulmonary damage during open-chest PVL in mice 6. The second experimental approach is to insert the catheter via the carotid artery and then retrogradely through the aortic valve. By using this technique, intra-thoracic pressures can be held rather normal, although mechanical ventilation is still needed, which weakens this advantage.  Further, the closed-chest approach limits the investigators possibilities for precise catheter positioning. Moreover, PV catheters used in mice have diameters ranging from 1 to 1.4 French (0.33 mm to 0.47 mm), which implies a significant obstruction of the murine outflow tract when using the closed-chest approach, as aortas of adult mice typically have diameters between 0.8 mm to 1.2 mm 29,30. Concerning the use of PVL in heart failure models, the open-chest approach is of particular importance for transverse aortic constriction models, where the constriction is located between the innominate artery and the left carotid artery.  Here the catheter cannot be placed via the carotid artery. On the other hand, the closed-chest approach is of interest for researchers investigating murine models of dilated ventricles, such as after the induction of myocardial infarction, where puncture of the apex is not feasible“
2. Dobutamine is a also commonly used to test PVL response to β-adrenergic activation. Have the authors tested the protocol on myocardial response following intravenous infusion of dobutamine?
Thank you to the reviewer to this very valid question. Unfortunately, we have not yet performed PV-Loop measurements using Dobutamine as our research questions so far has been focused on the ß-adrenergic signalling. Isoproterenol, in contrast to Dobutamine (normally find as a racemic mixture), is a more selective ß-agonist, whereas the (-)-Enantiomer of Dobutamine also stimulates the 1-receptor and changes afterload in a relevant dimension. However, owing to this constructive comment, we added the following sentence to the discussion (Lines 499-502):
“Finally, this protocol may also be modified in determining response to other catecholaminergic stimuli such as dobutamine or epinephrine; as for example done by Calligaris and colleagues22 who described the analysis in intraventricular pressure during dobutamine stimulation.”

Minor Concerns:
3. The information for the listed parameters included in Table 2 is very helpful. Can the authors provide similar information for other major parameters such as end diastolic volume?
Owing to this very helpful comment of the reviewer we provide now additional information about end-diastolic volume and end-systolic pressure-volume relationship in Table 3 (Former Table 2). In addition, we now include a new table (now Table 2) that includes additional parameters measured under basal and isoproterenol stimulation. In the table the standard deviation values are depicted, being a complement to the now labeled table 3.












Table 2. Analysis of PVL-measurements in C57BL6/N mice. 
[image: ]
PVL parameters of cardiac function during basal conditions and during isoproterenol infusion. Data are presented as mean ± standard deviation from 18 male adult mice. PV: Pressure volume; BPM: Beats per minute.

Table 3. Estimated effect size and required sample size for selected parameters based on values observed in C57BL6/N male mice. 
	Delta (%)
	 
	Effect size
	 
	Sample size per group 

	
	
	Isoproterenol ng/min
	
	Isoproterenol ng/min

	 
	 
	0
	0.825
	8.25
	 
	0
	0.825
	8.25

	
	
	Heart rate

	10
	
	2.4
	2.6
	3.1
	 
	4
	4
	3

	15
	
	3.6
	3.9
	4.6
	
	3
	3
	3

	20
	
	4.8
	5.3
	6.2
	
	3
	3
	3

	25
	
	6.0
	6.6
	7.8
	
	3
	3
	3

	30
	 
	7.2
	7.9
	9.3
	 
	3
	3
	3

	
	
	
	
	
	
	
	
	

	
	
	Stroke volume

	10
	
	0.6
	0.7
	1.0
	
	42
	30
	18

	15
	
	0.9
	1.1
	1.5
	
	20
	15
	9

	20
	
	1.2
	1.5
	2.0
	
	12
	9
	6

	25
	
	1.5
	1.8
	2.4
	
	8
	6
	4

	30
	 
	1.8
	2.2
	2.9
	 
	6
	5
	4

	
	
	
	
	
	
	
	
	

	
	
	Preload recruitable stroke work

	10
	
	0.9
	0.7
	0.9
	
	21
	38
	22

	15
	
	1.3
	1.0
	1.3
	
	10
	18
	11

	20
	
	1.8
	1.3
	1.7
	
	7
	11
	7

	25
	
	2.2
	1.6
	2.2
	
	5
	7
	5

	30
	 
	2.7
	2.0
	2.6
	 
	4
	6
	4

	
	
	
	
	
	
	
	
	

	
	
	dP/dtmax

	10
	
	0.4
	0.6
	1.1
	
	83
	44
	14

	15
	
	0.7
	0.9
	1.7
	
	38
	20
	7

	20
	
	0.9
	1.2
	2.3
	
	22
	12
	5

	25
	
	1.1
	1.5
	2.8
	
	15
	8
	4

	30
	 
	1.3
	1.8
	3.4
	 
	11
	6
	3

	
	
	
	
	
	
	
	
	

	
	
	Tau

	10
	
	1.0
	1.1
	0.8
	
	19
	14
	28

	15
	
	1.4
	1.7
	1.2
	
	9
	7
	13

	20
	
	1.9
	2.2
	1.5
	
	6
	5
	8

	25
	
	2.4
	2.8
	1.9
	
	4
	4
	6

	30
	 
	2.9
	3.4
	2.3
	 
	4
	3
	5

	
	
	
	
	
	
	
	
	

	
	
	dP/dtmin

	10
	
	0.5
	0.7
	0.6
	
	60
	31
	47

	15
	
	0.8
	1.1
	0.9
	
	27
	15
	22

	20
	
	1.0
	1.4
	1.2
	
	16
	9
	13

	25
	
	1.3
	1.8
	1.5
	
	11
	6
	9

	30
	 
	1.6
	2.2
	1.8
	 
	8
	5
	7

	
	
	
	
	
	
	
	
	

	
	
	End-systolic pressure-volume relationship

	10
	
	0.4
	0.3
	0.04
	
	>100
	>100
	>100

	15
	
	0.6
	0.5
	0.06
	
	48
	73
	>100

	20
	
	0.8
	0.6
	0.07
	
	28
	41
	>100

	25
	
	1.0
	0.8
	0.09
	
	19
	27
	>100

	30
	 
	1.2
	1.0
	0.11
	 
	13
	19
	>100

	
	
	
	
	
	
	
	
	

	
	
	End-distolic volume

	10
	
	0.9
	0.8
	0.9
	
	20
	27
	20

	15
	
	1.4
	1.2
	1.4
	
	10
	13
	10

	20
	
	1.8
	1.6
	1.8
	
	6
	8
	6

	25
	
	2.3
	2.0
	2.3
	
	5
	6
	5

	30
	 
	2.8
	2.4
	2.8
	 
	4
	5
	4


Delta depicts a hypothetic difference in the parameter between WT and a treatment group. Effect size and required sample size per group is calculated using WT data (mean and standard deviation), alpha error (0.05) and power (0.8) via G*Power 19. Green backgrounds indicate a suggested threshold effect size (1≤) and sample size for each parameter on each dose of isoproterenol. dP/dtmin: Minimum dP/dt; dP/dtmax: Maximum dP/dt.


















Reviewer #2:
Manuscript Summary: In this manuscript, Rebbeka Merdert et al aimed to present a refined protocol to determine in vivo cardiac function in mice by pressure volume loops measurement during b-adrenergic stimulation

Major Concerns:
1- In the protocol section and in the subsection 4 (Surgery), the authors mentioned that the ventilation during surgery depended on several variables. More details, explanations, references or data showing how the ventilation was set based on those variables is needed.
We thank the reviewer for this helpful comment. First, regarding the settings of the ventilation we mentioned them under Point 3 of the protocol (Ventilation) and are now clearly stated as:
“3.5. Adjust respiratory rate to 53.5 x (Body weight in grams)0.26 [min-1] as done before, and tidal volumes to peak inspiratory pressures of 11 ± 1 cmH2O. Establish a PEEP of 2 cmH2O.”
Second, regarding the general recommendations we mentioned that the Isoflurane concentration can be affected also by variables like mouse strain, gender, age and weight. We agree that the statement is not complete enough. We mentioned in the protocol regarding the isoflurane that “depend on variables like mouse strain, gender, age and weight of the animals” because we have experienced, under different procedures than PV-Loop measurements, that we need to adjust the isoflurane concentration depending on the variables mentioned. In addition, it has been reported by others the effect of distinct anesthetics on different wild type mouse lines (Zuurbier et l., Am J Physiol Heart Circ Physiol 282:2099-2105, 2002. doi: 10.1152/ajpheart.01002.2001.); therefore, we now explicitly mentioned that it needs to be experimentally determined by the investigator and our values are a reference based on the C57BL6N mice used. 

Therefore, we now modified the sentence to: 

“4.1.1.	During surgery ventilate with ~1.5-2% isoflurane vaporized with O2. The isoflurane concentration can also depend on variables like mouse strain, gender, age and weight of the animals, but it needs to be individually and experimentally determined and the values here are reference for the C57BL6N mouse strain. Importantly, the ventilator is connected to an extraction system to prevent the operator from inhaling isoflurane.”

2- In the sub section 7.2.1, the other indicated to have selected the first 5-6 PV loops. However, it is usually recommended to select 8 to 10 loops. More explanation and justifications will be needed for that decision of fewer. 

We thank the reviewer for this important comment. Perhaps the reviewer refers to the suggestions like those done by other authors who recommend selecting 8-10 loops and then identifying 5-6 end-expiratory loops that are subsequently analyzed (Abraham and Mao, 2015. doi: 10.3791/52942). However, in the protocol presented by us, animals receive the muscle relaxant pancuronium which makes it feasible to stop ventilation at end-expiration and to analyze all of the selected loops.

In accordance to this comment we added now the following sentence in the discussion (between lines 510-513): 

“In addition, it makes feasible to stop the ventilation at end-expiration and to analyze all of the selected loops, in contrast to other protocols recommending to select 8-10 loops and then identifying 5-6 end-expiratory loops that are subsequently analyzed 23.“
More importantly, more justification are needed to support the claim that the later loops are influenced by the insufficient myocardial perfusion.
We are thankful also for commenting the additional point, which refers to the sentence:
“[…] avoid including loops where only pressure is declining, but volume is constant. The latter is most likely due to insufficient myocardial perfusion towards the end of an occlusion and highly overestimates the preload-independent parameters of cardiac contraction, such as PRSW and ESPVR.”
Regarding the sentence, the following reference is missing: Burkhoff, Isral Mirsky, and Hiroyuki Suga, 2005 (doi:10.1152/ajpheart.00138.2005.). In the aforementioned publication the authors mentioned: “Finally, changes in coronary perfusion pressure are encountered during load changes, especially those achieved by a vena caval occlusion (83). When mean central aortic pressure (equivalent to coronary perfusion pressure) falls below a critical point (60 mmHg) myocardial contractility may decline, and this effect can be observed within a few beats of the drop in pressure. This can generally be identified as a rather abrupt increase in the slope of the ESPVR near the termination of a prolonged caval occlusion (83). The remedy is to limit the duration of the load change to short time periods and, when this is not possible, to exclude data obtained below the abrupt change in ESPVR slope“
However, after discussing the evidence from the reference and in agreement with the reviewer we decided to omit this asseveration in the current form of the manuscript.  

3- In the discussion, the authors claimed to have circumvents (bypass) the stimulation of the parasympathetic system. However, there are no data to support this claims than an assumption, which is not elaborated. It will be necessary to evaluate the state of parasympathetic by heart rate variability and/or acetylcholine measurement to support this claim.
We are thankful for the comment above and we completely with the reviewer. As it was not clear that we just wanted to point out that with our approach, despite to be very invasive, and different to the close-chest (where the preparation of the aorta includes the risk of stimulation/damage of the vagal nerve just by manipulating maneuvers) we do not work close to the vagal nerve and therefore we assume no stimulation produced by its direct manipulation. Therefore, now we rephrased the statement (lines 479-482) to bring clarity:
“Our approach has the advantage of not manipulating close to the vagal nerve, as done in the close chest approach when the carotid is prepared, and thus we assume that potential stimulation of the parasympathetic system by simply touching/damaging the nerve is avoided.”

Minor Concerns:
4- The authors justified and recommended the inclusion of buprenorphine as way to minimize the influence on cardiovascular function evoked by invasive procedure. However, It's also reported that buprenorphine has suppressive effect on cardiovascular function including, HR, cardiac index, blood pressure etc…. It will be necessary to review (contextualize) this claim or to give more argumentation of why this claim.
This is an important point from our protocol and we are thankful to the review to comment on it. Different anesthetic procedures are adequate in mice and the reviewer is right about the hemodynamic suppressive effect of buprenorphine. However, all hypnotic and proper analgesic drugs effect hemodynamics in diverse manners. We selected buprenorphine since due to animal welfare and ethical issues a potent analgesic (Isoflurane and NSADs probably are not enough) is required as our procedure is very invasive. Therefore, we wanted to avoid any pain sensation that could drive into changes of the hemodynamic parameters (i.e. HR). We agree with the reviewer that we should be more clear with the context and now we clearly mentioned (lines 542-544): 
“Being our approach very invasive, not less important is the inclusion of a potent analgesic like Buprenorphine to minimize influences on cardiovascular functions evoked by insufficient pain avoidance.”

5- Although data in table 2 show the PRSW value in the same fashion as the rest of parameters, the performance of cardiac preload variation in not mentioned in the method part concerning the isoprenaline infusion. 

We thank the reviewer for the important note. Preload variation is done under basal conditions as well as under isoproterenol stimulation. Therefore, in the Protocol step 5.4 is now described accordingly:

“5.4.	After obtaining the measurements under basal conditions proceed to the dose-response of isoproterenol by switching to the prepared syringes. Here the infusion rate stays unchanged in order to avoid modifications of the cardiac preload. Take care not to infuse air bubbles when changing the syringe. Wait at least 2 minutes until new steady-state cardiac function is obtained than again stop the respirator at end-expiratory position and record baseline parameters. After 3 to 5 seconds reduce cardiac preload by lifting the suture beneath the inferior caval vein in order to obtain preload independent parameters. Again, wait at least 30 seconds for the second occlusion. Afterwards switching to the prepared syringe with the next isoproterenol concentration and repeat the recordings of baseline and preload independent parameters. Here it is to note that artifacts like the end-systolic pressure-spike (ESPS, Figure 2C) can occur during the increase in the dosage of isoproterenol, which results from catheter entrapment. Artefacts that occur before the start of basal parameters can be easily corrected via re-positioning of the catheter.”

[bookmark: _Hlk55386540]And if the preload variation was performed after each infusion, the data should be discussed more by considering the possible modifications of catheter position due the serial several change of intraventricular volume as well as pressure. 

In this case for each condition, a first preload reduction is followed by a second one after 30 seconds. We observe that pressure and volume values after the first and after the second vena occlusion reach steady-state values as before the first occlusion. From this it can be concluded that the catheter position is not shifted by preload variation. If that would be the case, especially the volume values which react sensitively to changes in the catheter position would be shifted. 
Because under the Discussion it is not desired by this Journal to discuss the exemplary results rather that with other methods/protocols, we refer to this necessary observation by a note in the protocol step 5.1.2:

“Note: It is important that after the first and second vena cava occlusion, both pressure and volume values return to steady-state values as before the first occlusion. This observation is necessary in order to recognize a shift in catheter position due to serial reductions in intraventricular volume. If a shift in catheter position would be the case, especially volume values would be shifted.”

The ESPVR data will be need as well.

We added now the data as requested in Table 3 (Former Table 2). In addition, we now include a new table (now Table 2) that includes additional parameters measured under basal and isoproterenol stimulation. The new table complements then Figure 3 and Table 3. Please see below the new table and the modified Table 3.
















Table 2. Analysis of PVL-measurements in C57BL6/N mice. 
[image: ]
PVL parameters of cardiac function during basal conditions and during isoproterenol infusion. Data are presented as mean ± standard deviation from 18 male adult mice. PV: Pressure volume; BPM: Beats per minute.

Table 3. Estimated effect size and required sample size for selected parameters based on values observed in C57BL6/N male mice.
	Delta (%)
	 
	Effect size
	 
	Sample size per group 

	
	
	Isoproterenol ng/min
	
	Isoproterenol ng/min

	 
	 
	0
	0.825
	8.25
	 
	0
	0.825
	8.25

	
	
	Heart rate

	10
	
	2.4
	2.6
	3.1
	 
	4
	4
	3

	15
	
	3.6
	3.9
	4.6
	
	3
	3
	3

	20
	
	4.8
	5.3
	6.2
	
	3
	3
	3

	25
	
	6.0
	6.6
	7.8
	
	3
	3
	3

	30
	 
	7.2
	7.9
	9.3
	 
	3
	3
	3

	
	
	
	
	
	
	
	
	

	
	
	Stroke volume

	10
	
	0.6
	0.7
	1.0
	
	42
	30
	18

	15
	
	0.9
	1.1
	1.5
	
	20
	15
	9

	20
	
	1.2
	1.5
	2.0
	
	12
	9
	6

	25
	
	1.5
	1.8
	2.4
	
	8
	6
	4

	30
	 
	1.8
	2.2
	2.9
	 
	6
	5
	4

	
	
	
	
	
	
	
	
	

	
	
	Preload recruitable stroke work

	10
	
	0.9
	0.7
	0.9
	
	21
	38
	22

	15
	
	1.3
	1.0
	1.3
	
	10
	18
	11

	20
	
	1.8
	1.3
	1.7
	
	7
	11
	7

	25
	
	2.2
	1.6
	2.2
	
	5
	7
	5

	30
	 
	2.7
	2.0
	2.6
	 
	4
	6
	4

	
	
	
	
	
	
	
	
	

	
	
	dP/dtmax

	10
	
	0.4
	0.6
	1.1
	
	83
	44
	14

	15
	
	0.7
	0.9
	1.7
	
	38
	20
	7

	20
	
	0.9
	1.2
	2.3
	
	22
	12
	5

	25
	
	1.1
	1.5
	2.8
	
	15
	8
	4

	30
	 
	1.3
	1.8
	3.4
	 
	11
	6
	3

	
	
	
	
	
	
	
	
	

	
	
	Tau

	10
	
	1.0
	1.1
	0.8
	
	19
	14
	28

	15
	
	1.4
	1.7
	1.2
	
	9
	7
	13

	20
	
	1.9
	2.2
	1.5
	
	6
	5
	8

	25
	
	2.4
	2.8
	1.9
	
	4
	4
	6

	30
	 
	2.9
	3.4
	2.3
	 
	4
	3
	5

	
	
	
	
	
	
	
	
	

	
	
	dP/dtmin

	10
	
	0.5
	0.7
	0.6
	
	60
	31
	47

	15
	
	0.8
	1.1
	0.9
	
	27
	15
	22

	20
	
	1.0
	1.4
	1.2
	
	16
	9
	13

	25
	
	1.3
	1.8
	1.5
	
	11
	6
	9

	30
	 
	1.6
	2.2
	1.8
	 
	8
	5
	7

	
	
	
	
	
	
	
	
	

	
	
	End-systolic pressure-volume relationship

	10
	
	0.4
	0.3
	0.04
	
	>100
	>100
	>100

	15
	
	0.6
	0.5
	0.06
	
	48
	73
	>100

	20
	
	0.8
	0.6
	0.07
	
	28
	41
	>100

	25
	
	1.0
	0.8
	0.09
	
	19
	27
	>100

	30
	 
	1.2
	1.0
	0.11
	 
	13
	19
	>100

	
	
	
	
	
	
	
	
	

	
	
	End-distolic volume

	10
	
	0.9
	0.8
	0.9
	
	20
	27
	20

	15
	
	1.4
	1.2
	1.4
	
	10
	13
	10

	20
	
	1.8
	1.6
	1.8
	
	6
	8
	6

	25
	
	2.3
	2.0
	2.3
	
	5
	6
	5

	30
	 
	2.8
	2.4
	2.8
	 
	4
	5
	4


Delta depicts a hypothetic difference in the parameter between WT and a treatment group. Effect size and required sample size per group is calculated using WT data (mean and standard deviation), alpha error (0.05) and power (0.8) via G*Power 19. Green backgrounds indicate a suggested threshold effect size (1≤) and sample size for each parameter on each dose of isoproterenol. dP/dtmin: Minimum dP/dt; dP/dtmax: Maximum dP/dt.

6- In the representative loops of figure 2-A, the indication of volume will be necessary.

Thank you. It was indicated as requested in Figure 2-A and also in Figure 3-A.


image4.emf

image5.emf
Baseline

0.248 0.825 2.475 8.250

Systolic Parameters

Ejection Fraction (%)

63.0 ± 10.0 71.2 ± 10.7 90.9 ± 8.06 102 ± 7.67 105 ± 6.47

Stroke Work (mmHg x µl)

1007 ± 244.3 1153 ± 192.7 1399 ± 261.1 1582 ± 234.3 1720 ± 216.2

Maximal dP/dt (mmHg/s)

6129 ± 1398 7087 ± 1401.1 8982.4 ± 1481.3 11422 ± 1476.8 13256 ± 1164.6

Minimal dV/dt (µl/s)

- 523 ± 106 - 613 ± 102 - 835 ± 151 - 1103 ± 165 - 1273 ± 177

Preload Recuitable Stroke Work

67.8 ± 7.62 76.3 ± 9.85 96.1 ± 14.6 108 ± 14.6 113 ± 13.0

End-systolic PV-Relationship

4.96 ± 1.29 5.15 ± 1.16 7.2 ± 2.28 17.3 ± 42.0 40 ± 107

Developed Pressure (mmHg)

74.4 ± 7.20 78.1 ± 6.56 81.2 ± 5.60 83.1 ± 5.29 87.8 ± 9.33

Maximal Power (mmHg x µl/s)

3009 ± 955 3541 ± 1188 4185 ± 1057 4272 ± 959.0 4918 ± 1417

Maximal Pressure (mmHg)

77.5 ± 6.86 81.5 ± 6.27 84.4 ± 5.15 85.8 ± 4.87 86.8 ± 4.31

End-systolic Pressure (mmHg)

70.8 ± 6.98 72.5 ± 7.42 69 ± 6.28 61.2 ± 17.4 68.2 ± 19.7

Diastolic Parameters

Tau (ms)

6.14 ± 0.64 5.67 ± 0.44 4.92 ± 0.44 4.83 ± 0.55 4.96 ± 0.65

Minimal dP/dt (mmHg/s)

- 7272 ± 1403 - 8119 ± 1295 - 8998 ± 1240 - 8618 ± 1129 - 8648 ± 1468

Maximal dV/dt (µl/s)

765 ± 174 817 ± 178 972 ± 156 1158 ± 163 1264 ± 153

End-diastolic PV-Relationship

1.0 ± 0.9 1.23 ± 0.9 1.5 ± 0.9 1.87 ± 0.9 1.96 ± 1.0

Minimal Pressure (mmHg)

3.11 ± 1.03 3.41 ± 1.07 3.2 ± 1.09 3 ± 1.50 3.23 ± 1.31

End-diastolic Pressure (mmHg)

5.29 ± 1.01 5.74   ± 1.07 5.6 ± 1.51 5.37 ± 1.13 5.76 ± 1.15

Global Parameters and 

Volumes

Heart Rate (BPM)

470 ± 19.6 490 ± 19.3 542 ± 20.6 605 ± 20.5 638 ± 20.5

Stroke Volume (µl)

16.2 ± 2.64 17.6 ± 2.14 20.3 ± 2.76 22.3 ± 2.17 23.9 ± 2.45

Cardiac Output (µl/minute)

7627 ± 1210 8609 ± 1098 11000 ± 1616 13502 ± 1494 15291 ± 1761

Mean Pressure (mmHg)

27.4 ± 2.17 28.6 ± 2.16 29.2 ± 1.91 29.7 ± 1.93 30.5 ± 1.87

Arterial Elastance (mmHg/µl)

4.44 ± 0.63 4.18 ± 0.66 3.46 ± 0.52 2.78 ± 0.91 2.91 ± 1.02

Maximal Volume (µl)

27.7 ± 2.99 26.9 ± 3.08 24.4 ± 3.00 23.9 ± 2.53 25 ± 2.67

Minimal Volume (µl)

11.5 ± 2.73 9.34 ± 3.21 4.10 ± 1.96 1.63 ± 1.77 1.05 ± 1.73

End-systolic Volume (µl)

13.1 ± 3.13 10.5 ± 3.47 4.81 ± 2.33 1.94 ± 1.89 1.50 ± 1.66

End-diastolic Volume (µl)

27.4 ± 2.98 26.6 ± 3.04 24.1 ± 3.08 23.8 ± 2.58 24.8 ± 2.68

Isoproterenol (ng/min)
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