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37  ABSTRACT
38 The development of acute right heart failure (ARHF) in the context of chronic pulmonary
39  hypertension (PH) is associated with poor short-term outcomes. The morphological and
40 functional phenotyping of the right ventricle is of particular importance in the context of
41  hemodynamic compromise in patients with ARHF. Here, we describe a method to induce ARHF
42 in a previously described large animal model of chronic PH, and to phenotype, dynamically,
43  right ventricular function using the gold standard method (i.e., pressure-volume PV loops) and
44  with a non-invasive clinically available method (i.e., echocardiography). Chronic PH is first
45  induced in pigs by left pulmonary artery ligation and right lower lobe embolism with biological
46  glue once a week for 5 weeks. After 16 weeks, ARHF is induced by successive volume loading
47  using saline followed by iterative pulmonary embolism until the ratio of the systolic pulmonary
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pressure over systemic pressure reaches 0.9 or until the systolic systemic pressure decreases
below 90 mmHg. Hemodynamics are restored with dobutamine infusion (from 2.5 pg/kg/min
to 7.5 pg/kg/min). PV-loops and echocardiography are performed during each condition. Each
condition requires around 40 minutes for induction, hemodynamic stabilization and data
acquisition. Out of 9 animals, 2 died immediately after pulmonary embolism and 7 completed
the protocol, which illustrates the learning curve of the model. The model induced a 3-fold
increase in mean pulmonary artery pressure. The PV-loop analysis showed that ventriculo-
arterial coupling was preserved after volume loading, decreased after acute pulmonary
embolism and was restored with dobutamine. Echocardiographic acquisitions allowed to
qguantify right ventricular parameters of morphology and function with good quality. We
identified right ventricular ischemic lesions in the model. The model can be used to compare
different treatments or to validate non-invasive parameters of right ventricular morphology
and function in the context of ARHF.

INTRODUCTION

Acute right heart failure (ARHF) has been recently defined as a rapidly progressive syndrome
with systemic congestion resulting from impaired right ventricular (RV) filling and/or reduced
RV flow output®. ARHF may occur in several conditions such as left-sided heart failure, acute
pulmonary embolism, acute myocardial infarction or pulmonary hypertension (PH). In the case
of PH, ARHF onset is associated with a 40% risk of short-term mortality or urgent lung
transplantation?*. Here, we describe how to create a large animal model of ARHF in the setting
of chronic pulmonary hypertension and how to evaluate the right ventricle using
echocardiography and pressure-volume loops.

Pathophysiological features of ARHF include RV pressure overload, volume overload, a
decrease in RV output, an increase in central venous pressure and/or a decrease in systemic
pressure. In chronic PH, there is an initial increase in RV contractility allowing to preserve
cardiac output despite the increase in pulmonary vascular resistance. Therefore, in the
context of ARHF on chronic PH, the right ventricle can generate nearly isosystemic pressures,
particularly under inotropic support. Taken together, ARHF on chronic PH and hemodynamic
restoration with inotropes lead to the development of acute RV ischemic lesions, as recently
described in our large animal model®. The increase in inotropes creates an increased energetic
demand that may further develop ischemic lesions, and finally lead to the development of
end-organ dysfunction and poor clinical outcomes. However, there is no consensus about how
to manage patients with ARHF on PH, mainly regarding fluid management, inotropes and the
role of extra-corporeal circulatory support. Consequently, a large animal model of acute right
heart failure may help to provide pre-clinical data on ARHF clinical management.

As a first step to quantify the response to therapy, simple and reproducible methods to
phenotype the right ventricle are needed. To date, there is no consensus about how to better
phenotype the RV morphology and function of patients with ARHF. The gold standard method
to evaluate RV contractility (i.e., intrinsic capacity to contract) and ventriculo-arterial coupling
(i.e., contractility normalized by ventricular afterload; an index of ventricular adaptation) is
the analysis of pressure-volume (PV) loops. This method is twice invasive because it requires
right heart catheterization and a transient reduction in RV preload using a balloon inserted in
the inferior vena cava. In clinical practice, non-invasive and repeatable methods to evaluate
the right ventricle are needed. Cardiac magnetic resonance (CMR) is considered as the gold



95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141

standard for non-invasive evaluation of the right ventricle. In patients with ARHF on chronic
PH who are managed in intensive care unit (ICU), the use of CMR may be limited because of
the patient’s unstable hemodynamic condition; moreover, repeated CMR evaluations, several
times a day, including at night, may be limited because of its cost and limited availability.
Conversely, echocardiography allows non-invasive, reproducible and low-cost RV morphology
and function evaluations in ICU patients.

Large animal models are ideal to perform preclinical studies focusing on the relationship
between invasive hemodynamic parameters and non-invasive parameters. The large white pig
anatomy is close to humans. Consequently, most of the echocardiographic parameters
described in humans are quantifiable in pigs. Some minor variations exist between human and
pig heart that must be taken into account for echocardiographic studies. Pigs present a
constitutional dextrocardia and a slightly counterclockwise rotation of the heart axis. As a
result, the apical 4-chamber view becomes an apical 5-chamber view and the acoustic window
is situated below the xiphoid appendix. Additionally, parasternal long and short axis views
acoustic windows are situated on the right side of the sternum.

Here, we describe a novel method to induce ARHF in a large animal model of chronic
thromboembolic PH and to restore hemodynamic using dobutamine. We also report RV
ischemic lesions present in the model within 2-3 hours after hemodynamic restoration with
dobutamine. Moreover, we describe how to acquire RV PV-loops and echocardiographic RV
parameters at each condition providing insights on the dynamic changes in RV morphology
and function. As the large animal model of chronic thromboembolic PH and the PV-loop
methods were previously described®, these sections will be briefly described. Also, we
reported results of echocardiographic evaluations which are deemed potentially difficult in
porcine models. We will explain the methods to achieve repeated echocardiographic in the
model.

The model of ARHF on chronic PH reported in this study can be used to compare different
therapeutic strategies. The methods of RV phenotyping can be used in other large animal
models mimicking clinically relevant situations such as acute pulmonary embolism’, RV
myocardial infarction®, acute respiratory distress syndrome® or right heart failure associated
with left ventricular failurel® or left ventricular mechanical circulatory support!?.

PROTOCOL

The study complied with the principles of laboratory animal care according to the National
Society for Medical Research and was approved by the local ethic committee for animal
experiments at Hospital Marie Lannelongue.

1. Chronic thromboembolic PH

1.1. Induce chronic thromboembolic PH as previously described®'2,

1.2. Briefly, induce a model of chronic thrombo-embolic PH in around 20 kg large white pigs

(sus scrofa). Perform a ligature of the left pulmonary artery ligation through a left thoracotomy
at week 0 (closed pericardium); and perform weekly an embolization of the right lower lobe
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pulmonary artery (0.2 mL to 0.4 mL per week) with a mixed solution composed with 1 mL of
soft tissue glue including N-butyl-2-cyanoacrylate and 2 mL of lipidic contrast dye (lipiodol) for
5 weeks.

1.3. Perform a xyphoidectomy at week 0 at time of left pulmonary artery ligation to improve
the echocardiography feasibility. To do this, perform a 4 cm longitudinal incision in front of
the xiphoid process. Remove the xyphoid process using a diathermy knife. Close the
subcutaneous plan and the skin with a running suture.

1.4. Perform an additional right lower lobe pulmonary embolism at week 10 by using the same
protocol explained above (step 1.2).

1.5. Perform the ARHF induction (section 6) model 6 weeks after the last right lower lobe
embolization (week 16) in order to avoid acute right heart lesions induced by acute pulmonary

embolisms.

NOTE: Other large animal model of right heart failure can be used, or other pathological
conditions can be induced in the chronic-thromboembolic PH model.

2. Animal positioning and catheter placements

2.1. Perform general anesthesia as previously described®.

2.1.1. Briefly, let the animal fast for 12 h. Then perform an intramuscular injection of ketamine
hydrochloride (30 mg/kg) for premedication. Perform an intravenous bolus of fentanyl (0.005
mg/kg), Propofol (2 mg/kg) and cisatracurium (0.3 mg/kg) intravenously through an ear vein

and intubate non-selectively the pig with a 7 French probe.

2.1.2. Maintain general anesthesia with inhaled 2% isoflurane, continuous infusion of fentanyl
(0.004 mg/kg) and propofol (3 mg/kg).

2.2. After general anesthesia induction, position the pig on his back with its forelegs in a
slightly spread position to allow parasternal echocardiographic acquisition (section 3).

2.3. Place the device electrodes on the arms and legs (echocardiograph, workstation for
hemodynamic acquisitions) prior to the placement of the sterile fields.

2.4. Place an 8-French sheath into the jugular vein using the Seldinger method?3.
2.4.1. Introduce an 18 G (1.3 mm x 48 mm) IV catheter into the jugular vein.

2.4.1.1. Perform a percutaneous puncture on the middle line at 2 cm above the manubrium
with a 45° orientation.

2.4.1.2. After obtaining a venous reflux, insert a guidewire into the catheter (0.035 inch /0.089
mm, 180 cm, angled).
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2.4.1.3. Verify the correct placement of the guidewire into the superior vena cava with
fluoroscopy and dispose the 8-French sheath on the guidewire into the superior vena cava.

NOTE: The guidewire is correctly placed when it goes through the inferior vena cava along the
right border of the spine.

2.5. Perform a division of the right femoral vessels to introduce a fluid filled catheter into the
right femoral artery for continuous systemic pressure monitoring and a balloon dilation
catheter into the inferior vena cava through the femoral vein as follow.

2.5.1. Perform a 4 cm transverse incision at the groin.

2.5.2. Place a Beckman retractor and divide the anterior face of the femoral vein and of the
femoral artery using a Debackey forceps and Metzenbaum scissors.

2.5.3. Place a 20 G catheter into the femoral artery under direct visual control and connect it
to a disposable transducer with a fluid filled catheter to obtain continuous systemic blood
pressure monitoring.

NOTE: The mean blood pressure should be continuously above 60 mmHg.

2.5.4. Use an 18 G catheter to insert a guidewire (0.035 inch / 0.089 mm, 180 cm, angled) into
the femoral vein through the inferior vena cava under fluoroscopic control.

2.5.5. Insert a balloon dilation catheter on the guidewire through the inferior vena cava at the
intrapericardial level under fluoroscopic control.

2.6. Perform the fluoroscopic control with a C-arm using an anteroposterior view. Place the
visible markers of the balloon immediately above the diaphragm level under fluoroscopic

control. Remove the guidewire when the balloon is placed.

2.7. Sew a purse with a 5.0 polypropylene monofilament suture around the venous dilation
balloon catheter to avoid bleeding from the femoral vein.

3. Echocardiography

3.1. Perform the echocardiography right after the animal positioning and the catheter
placement (section 2) in animals still under general anesthesia and mechanical ventilation.

3.2. Acquire each echocardiographic view in cine loop format for at least 3 cardiac cycles
during end-expiratory apnea.

3.3. Acquire all views in 2-dimension and Tissue Doppler modes.
3.4. Acquire the apical 5-chamber view under the xiphoid process.

3.5. Acquire the parasternal short and long axis views on the right side of the sternum.
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3.6. Acquire valvular flow using continuous and pulsed Doppler modes.

3.7. Acquire Tissue Doppler signals of the lateral tricuspid annulus and lateral and septal mitral
annulus.

NOTE: Use the latest guidelines for echocardiographic assessment in humans for
echocardiographic acquisitions and interpretations®.

4, Right heart catheterization

4.1. Perform the right heart catheterization after the cardiac echo (section 3) and prior the
pressure-volume loop acquisitions (section 5)

4.2. Link the Swan-Ganz catheter to the disposable transducer.
4.3. Introduce the Swan-Ganz catheter into the jugular 8-French sheath previously inserted
into the jugular vein (section 2.4) and acquire mean right atrial, right ventricular and

pulmonary artery pressures. Place the catheter under fluoroscopy if needed.

NOTE: Check that fluid filled catheters are well purged with saline and remove air bubbles to
avoid pressure signal damping.

4.4. After placing the Swan-Ganz catheter into the pulmonary artery, measure the cardiac
output with the thermodilution method as explained by the manufacturer’s instructions;
measure simultaneously the heart rate for stroke volume calculation.

4.4.1. Ensure that the saline is at 4 °C to avoid overestimation of the cardiac output.

4.4.2. Connect the disposable transducer to the PV-loop work station for live acquisitions of
pressures derived from fluid filled catheters.

5. Pressure volume loop acquisition using the conductance method

NOTE: This section has been previously published®®.

5.1. Introduce the conductance catheter into the right ventricle under fluoroscopic control.
5.1.1. Verify the quality signal using “in live” acquisition of pressure-volume loops.

5.2. Activate adequate electrodes to obtain optimal signal (i.e., counter-clockwise PV-loops
with physiological shape).

5.3. Follow-up the pressure and volume calibration steps of the workflow according to the
manufacturer’s instruction (blood conductivity, parallel volume, stroke volume calibration =
alpha calibration).
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NOTE: Stroke external with the Swan-Ganz catheter can be repeated for each conditions;
whereas the other calibration steps can be performed only once.

5.4. Acquire PV-loop families in steady states and during acute preload reduction (i.e., acute
occlusion of the inferior vena cava) during end-expiratory apnea.

5.5. Perform at least 3 acquisitions per condition (steady + IVC occlusion).

6. Induction of acute right heart failure by volume and pressure overload (Figure 1).
6.1. Induce volume overload using a 3-step saline infusion (around 2 h).

6.1.1. Start the first infusion of 15 mL/kg of saline with a free-flow infusion output.

6.1.2. Perform the measurements (right heart catheterism, PV-loops and echocardiographic)
5 min after hemodynamic stabilization after the end of each infusion.

6.1.3. Start the second volume infusion of 15 mL/kg immediately after the end of the
measurements.

6.1.4. Start the third volume infusion of 30 mL/kg of saline immediately after the end of the
measurements.

CAUTION: Volume loading can induce hemodynamic compromise or pulmonary edema
depending on the animal model used. In this model, volume loading revealed an adaptive
response characterized by increasing cardiac output, stable right atrial pressure and preserved
ventriculo-arterial coupling.

NOTE: Volume loading can be stopped in case of poor respiratory or hemodynamic tolerance.
6.2. Induce pressure overload with iterative pulmonary embolism.

6.2.1. Insert a5 French angiographic catheter through the jugular sheath into the right lower
lobe pulmonary artery under fluoroscopic control.

6.2.2. Embolize the right lower lobe pulmonary artery with a bolus of 0.15 mL of a mixed
solution composed with 1 mL of soft tissue glue including N-butyl-2-cyanoacrylate and 2 mL
of lipidic contrast dye. Wash out the catheter with 10 mL of saline.

6.2.3. Evaluate the hemodynamic response 2 minutes after the embolization using the
systemic pressure and pulmonary artery pressure.

6.2.4. Repeat embolisms of 0.15 mL every 2 minutes until obtaining hemodynamic
compromise, (i.e., systolic systemic pressure <90 mmHg or systolic pulmonary pressure over
systolic systemic pressure ratio >0.9).
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CAUTION: Pulmonary embolism can induce severe hemodynamic compromise, sometimes
irreversible, leading to immediate death. Prior starting the embolization step, be ready to start
hemodynamic support (dobutamine protocol or epinephrine in case of circulatory arrest). Be
ready to start PV-loops and echocardiographic monitoring. As this step may be associated with
severe hemodynamic compromise, right heart catheterization using the Swan-Ganz catheter
can be avoided so as to start dobutamine support sooner.

7. Induce restoration of the systemic hemodynamic with dobutamine

7.1. After reaching hemodynamic compromise and performing PV-loops and
echocardiographic acquisitions, start dobutamine infusion at 2.5 pug/kg/min.

NOTE: Other drugs or treatments can be started at this time point.

7.2. Wait 10 to 15 min for hemodynamic stabilization.

7.3. Perform right heart catheterization, PV-loops and echocardiographic acquisitions.
7.4. Increase the dose of dobutamine infusion to 5 pg/kg/min.

7.5. Wait 15 min for hemodynamic stabilization and repeat acquisitions.

7.6. Repeat right heart catheterization, PV-loops and echocardiographic acquisitions.

7.6. Increase the dose of dobutamine infusion to 7.5 pg/kg/min.

NOTE: Other doses, drugs or treatments can be initiated.

8. Euthanasia and cardiac tissue harvesting

8.1. Atthe end of the protocol, perform a median sternotomy using an oscillating saw.
8.2.  Open the pericardium and inject a lethal solution of potassium chloride (0.2 g/kg).

8.3. Harvest the heart; select samples of the right and left ventricular free-walls for
pathological and molecular evaluations.

NOTE: The methods for the pathological evaluations of the right ventricle and for the statistics
were previously reported®.

REPRESENTATIVE RESULTS:

Feasibility

We describe the results of 9 consecutive procedures of ARHF induction in a large animal CTEPH
model previously reported®. The duration of the protocol was around 6 hours to complete,
including anesthesia induction, installation, vascular access/catheter placements, induction of
volume/pressure overload and hemodynamic restoration, data acquisitions and euthanasia.
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Each hemodynamic condition requires around 40 minutes to achieve induction of the
condition, hemodynamic stabilization and data acquisitions.

The protocol was achieved in 7 out of 9 animals, which represents the learning curve. Three
additional protocols were successfully achieved after these described (not published). The
cause of the 2 protocol failures was the induction of an irreversible hemodynamic failure after
the pulmonary embolism phase.

PV loops were not acquired in 1 out of 7 animals at time of hemodynamic compromise
because of the necessity to provide rapid systemic hemodynamic restoration with an
epinephrine bolus after the right heart catheterism and the cardiac echo. In this case,
dobutamine was started immediately after the restoration of the systemic hemodynamic with
epinephrine.

Effects of volume and pressure overload on hemodynamics and RV function

Acute volume loading did not induce ARHF but rather highlighted the adaptive phenotype of
the chronic PH model. With volume loading, the cardiac output increased without increase in
right atrial pressure, while the ventriculo-arterial coupling remained stable (Figure 2).

Hemodynamic compromise criteria were achieved after 1 embolus in 1 animal, 2 emboli in 2
animals, 3 emboli in 5 animals and 4 emboli in 1 animal. Two animals died immediately after
PE (1 animal with 1 embolus and 1 animal with 4 emboli). In another animal, severe
hypotension required an epinephrine bolus and immediate starting of dobutamine prior to
PV-loop and echocardiographic data acquisitions. The 2 deaths occurring immediately after
acute pulmonary embolism were associated with acute thrombosis of the right heart cavities
(as illustrated in Figure 3).

Hemodynamic compromise was associated with a significant decrease in cardiac output,
stroke volume and ventriculo-arterial coupling (Ees/ea), whereas RV contractility remained
stable (Figure 2); there was a two-fold increase in right atrial pressure and mean pulmonary
artery pressure.

Dobutamine effect on ARHF
Dobutamine restored a cardiac output, stroke volume, and ventriculo-arterial coupling within
normal range (Figure 2).

Echocardiography

Echocardiography was feasible providing quantification of dynamic changes in RV size and
function during the protocol (Figure 4). Echocardiographic parameters were not assessed in 1
animal with severe hemodynamic compromise after pulmonary embolism requiring an
epinephrine bolus and immediate starting of dobutamine.

RV PV-loops
Pressure volume loop analysis allowed dynamic quantification of RV end-systolic elastance

and ventriculo-arterial coupling (Figure 2 and Figure 5).

Right ventricular ischemic lesions
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After hematein, eosin, and saffron staining, we observed RV ischemic lesions in the
subendocardial and in the subepicardial layers of the RV free-wall (Figure 6). The ischemic
lesions were characterized by clusters of hypereosinophilic cardiomyocytes with picnotic
nucleus.

FIGURE LEGENDS

Figure 1: Protocol summary. PH, pulmonary hypertension; VL1, volume loading with 15 mL/kg
of saline; VL2, 15 mL/kg of saline; VL3, 30 mL/kg of saline; ARHF, acute right heart failure; PE,
pulmonary embolism. *systemic systolic pressure <90 mmHg or systolic pulmonary/systemic
pressures ratio >0.9. This figure has been modified from®.

Figure 2: Individual hemodynamic and pressure-volume loop dynamic changes. MPAP, mean
pulmonary artery pressure; MAP, mean arterial pressure; RAP, right atrial pressure; HR, heart
rate; SV, stroke volume; CO, cardiac output; Ees; right ventricular end-systolic elastance; Ea,
arterial elastance. Plots are median and interquartile range. *P<0.05 compared to baseline;
comparisons were performed using Wilcoxon matched-pairs signed rank tests with GraphPad
Prism 6. This figure has been modified from>.

Figure 3: Example of cause of protocol failure: acute right heart thrombosis (arrow) after
pulmonary embolism responsible for irreversible hemodynamic compromise, immediate
death and protocol failure.

Figure 4: Representative echocardiographic windows and results. (A) Position for acquisition
of the apical 5-chamber (A5C) view. (B) Position for acquisition of the parasternal short axis
(PSSAX) view. (C) Dynamic echocardiographic evaluations of the A5C and the PSSAX views
during the different steps of the protocol. VL, volume loading; PE, pulmonary embolism; Dobu
2.5, dobutamine 2.5 pg/kg/min; Dobu 7.5, dobutamine 7.5 pug/kg/min. *right ventricle; **left
ventricle. This figure has been modified from?®.

Figure 5: Representative dynamic RV multibeat pressure-volume loops. PH, pulmonary
hypertension; PE, pulmonary embolism; Ees, end-systolic elastance (black line labelled *); Ea,
arterial elastance (black line labelled **); Ees/Ea, ventriculo-arterial coupling. This figure has
been modified from?®.

Figure 6: Representative RV ischemic lesions in the subendocardium and in the sub
epicardium layers. (A) Subepicardial ischemic lesion; (B) Subendocardial ischemic lesions; (C)
Magnification of a border of a subepicardial ischemic lesion with normal nuclei (1),
intracytoplasmic vacuolization (2) and pyknotic nuclei (3). (D) individual numbers of
subendocardic and subepicardic ischemic lesions in 2 cm length samples of RV free-wall from
animals with acute right heart failure (ARHF) on chronic pulmonary hypertension (PH), animals
with chronic PH and healthy controls; plots are medians. Comparisons were performed using
Mann-Whitney test with GraphPad Prism 6. *P<0.05. This figure has been modified from®.

DISCUSSION:

We describe a method to model major pathophysiological features of ARHF on chronic PH in
a large animal model including volume and pressure overload and hemodynamic restoration
with dobutamine. We also reported how to acquire hemodynamic and imaging data to

10
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phenotype the dynamic changes of the right ventricle at each condition created during the
protocol. These methods can provide background data to build up future research protocols
in the field of ARHF, particularly regarding fluid management and inotropic support.

Inducing hemodynamic compromise was a critical step in the model because of the risk of
unexpected and immediate death of the animal. Consequently, we recommend inducing
progressive pulmonary embolism with small embolus volumes. At time of pulmonary
embolism, the investigators should be ready to immediately start data acquisitions and
hemodynamic support. In our experience, we were able to realize the PV-loop acquisitions
and the echocardiography prior to starting dobutamine in 6 out of 7 animals in whom the
protocol was completed.

The critical step to phenotype the right ventricle is to obtain comprehensive hemodynamic,
PV loop and echocardiographic data. Right heart catheterization allows one to estimate
cardiac output and stroke volume changes for each condition. Changes in cardiac output and
stroke volume can be further evaluated with echocardiography. This multimodal analysis of
cardiac output and stroke volume changes better the external volume calibration of the PV-
loops. Importantly, absolute values and rates of changes of PV-loop parameters can be more
precisely quantified by including cardiac output and stroke volume changes with external
methods performed for each situation.

We observed that volume loading did not induce hemodynamic compromise but rather
revealed the adaptive phenotype of the PH model as we observed an increase in cardiac
output, stroke volume and systemic pressure with preserved ventriculo-arterial coupling.
Therefore, in our model, initial volume loading provided the conditions to observe a major
drop in cardiac output and stroke volume after acute pulmonary embolism, hence increasing
the sensitivity of the model. Future studies should determine the effect of volume loading or
fluid depletion at the time of hemodynamic compromise.

Our protocol has several limitations. This protocol was not built to analyze the cause of the
edema, but it may represent an interesting research area. Another limit of the protocol is the
time-consumption and the skills required to perform all the steps. The volume loading phase
can be shortened or removed from the protocol, but this may result in a lower decrease in the
absolute value of the cardiac output and stroke volume after acute pulmonary embolisms. The
skills required to perform the protocol require the collaboration of several investigators to
place the catheter under fluoroscopy, perform the echocardiography, and analyze in real time
the PV-loop quality. We acknowledge that we did not performed 3-dimensional evaluations
of the RV volumes. We aim to develop 3-dimensional evaluations of RV volumes as it may
provide more precision in the RV volume calibration for RV PV-loop evaluations. One of the
first steps would be to evaluate the feasibility of the method. Furthermore, our protocol
requires specific facilities such as an operating room and fluoroscopy for invasive RV
evaluations.

To our knowledge, we have described the first animal model of ARHF with chronic PH. Previous
studies reported dynamic changes of the right ventricle with dobutamine and levosimendan
after acute pulmonary artery constriction’. In our group, we also quantified the RV reserve
using dobutamine infusion in chronic PH without hemodynamic compromise!>. Multibeat PV-

11
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loops are considered the gold standard method to quantify the end-systolic elastance, which
represents the ventricular contractility independently from loading conditions!®. RV elastance
(Ees=end systolic elastance) absolute values should be interpreted with caution as there are
several methodological limits. The main limits are the definition of the end-systolic point and
the precision of the volume calibration with external methods (thermodilution and
echocardiography)!’. The ratio of end-systolic elastance over arterial elastance (Ea=end-
systolic pressure over stroke volume ratio), known as the ventriculo-arterial coupling (Ees/Ea)
ratio, reduces the errors due to external volume calibration. The ventriculo-arterial coupling
is of major interest in the field of pulmonary hypertension as it captures the adaptation of RV
contractility to increased afterload. Methods measuring RV adaptation to afterload have

gained major interest in recent years because it has better phenotyping of patients with PH&
20

Our methods provided values of ventriculo-arterial coupling (i.e., Ees/Ea) consistent with
previously published values?! and with RV function estimation using echocardiography. In this
protocol, we show that acute vena cava occlusion is safe when performed in the context of
hemodynamic compromise. Moreover, RV echocardiographic evaluation in the large animal
model was complementary from RV echocardiographic evaluation in small animals models as
it allowed to quantify different RV function parameters compared with previously reported
mice models with RV remodeling??.

The methods described in this study can be used for different research protocols aiming to
address key questions in the field of ARHF. First, these methods can be used to perform
research protocols aiming to compare different treatment strategies in the context of ARHF
on chronic PH. Secondly, iterative and simultaneous PV-loop and echocardiographic
evaluation can allow to validate echocardiographic indices in different situations of clinical
interest.

ACKNOWLEDGEMENT:
This work is supported by a public grant overseen by the French National Research Agency
(ANR) as part of the second Investissements d’Avenir Program (reference: ANR-15RHUS0002).

DISCLOSURE:
The authors have nothing to disclose.

REFERENCES:

1 Harjola, V. P. et al. Contemporary management of acute right ventricular failure: a
statement from the Heart Failure Association and the Working Group on Pulmonary
Circulation and Right Ventricular Function of the European Society of Cardiology.
European Journal of Heart Failure. 18 (3), 226-241, doi:10.1002/ejhf.478 (2016).

2 Haddad, F. et al. Characteristics and outcome after hospitalization for acute right
heart failure in patients with pulmonary arterial hypertension. Circulation: Heart
Failure. 4 (6), 692-699, doi:10.1161/circheartfailure.110.949933 (2011).

3 Sztrymf, B. et al. Prognostic factors of acute heart failure in patients with pulmonary
arterial hypertension. European Respiratory Journal. 35 (6), 1286-1293,
doi:10.1183/09031936.00070209 (2010).

12



562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608

10

11

12

13

14

15

16

17

18

Huynh, T. N., Weigt, S. S., Sugar, C. A,, Shapiro, S., Kleerup, E. C. Prognostic factors
and outcomes of patients with pulmonary hypertension admitted to the intensive
care unit. Journal of Critical Care. 27 (6), 739.e737-713,
d0i:10.1016/j.jcrc.2012.08.006 (2012).

Boulate, D. et al. Early Development of Right Ventricular Ischemic Lesions in a Novel
Large Animal Model of Acute Right Heart Failure in Chronic Thromboembolic
Pulmonary Hypertension. Journal of Cardiac Failure. 23 (12), 876-886,
doi:10.1016/j.cardfail.2017.08.447 (2017).

Noly, P. E. et al. Chronic Thromboembolic Pulmonary Hypertension and Assessment
of Right Ventricular Function in the Piglet. Journal of Visualized Experiments. (105),
e53133, doi:10.3791/53133 (2015).

Kerbaul, F. et al. Effects of levosimendan versus dobutamine on pressure load-
induced right ventricular failure. Critical Care Medicine. 34 (11), 2814-2819,
d0i:10.1097/01.ccm.0000242157.19347.50 (2006).

Ratliff, N., Peter, R., Ramo, B., Somers, W., Morris, J. A model for the production of
right ventricular infarction. The American journal of pathology. 58 (3), 471 (1970).
Ballard-Croft, C., Wang, D., Sumpter, L. R., Zhou, X., Zwischenberger, J. B. Large-
animal models of acute respiratory distress syndrome. The Annals of Thoracic
Surgery. 93 (4), 1331-1339 (2012).

Dixon, J. A., Spinale, F. G. Large animal models of heart failure: a critical link in the
translation of basic science to clinical practice. Circulation: Heart Failure. 2 (3), 262-
271 (2009).

Letsou, G. V. et al. Improved left ventricular unloading and circulatory support with
synchronized pulsatile left ventricular assistance compared with continuous-flow left
ventricular assistance in an acute porcine left ventricular failure model. The Journal of
Thoracic and Cardiovascular Surgery. 140 (5), 1181-1188,
doi:10.1016/j.jtcvs.2010.03.043 (2010).

Mercier, O. et al. Piglet model of chronic pulmonary hypertension. Pulmonary
Circulation. 3 (4), 908-915, do0i:10.1086/674757 (2013).

Seldinger, S. |. Catheter replacement of the needle in percutaneous arteriography: a
new technique. Acta Radiologica. (5), 368-376 (1953).

Lang, R. M. et al. Recommendations for cardiac chamber quantification by
echocardiography in adults: an update from the American Society of
Echocardiography and the European Association of Cardiovascular Imaging. European
Heart Journal - Cardiovascular Imaging. 16 (3), 233-270, doi:10.1093/ehjci/jev014
(2015).

Guihaire, J. et al. Right ventricular reserve in a piglet model of chronic pulmonary
hypertension. European Respiratory Journal. 45 (3), 709-717,
d0i:10.1183/09031936.00081314 (2015).

Burkhoff, D. Pressure-volume loops in clinical research: a contemporary view. Journal
of the American College of Cardiology. 62 (13), 1173-1176,
do0i:10.1016/j.jacc.2013.05.049 (2013).

Sagawa, K. The end-systolic pressure-volume relation of the ventricle: definition,
modifications and clinical use. Circulation. 63 (6), 1223-1227 (1981).

Amsallem, M. et al. Load Adaptability in Patients With Pulmonary Arterial
Hypertension. The American Journal of Cardiology. 120 (5), 874-882,
doi:10.1016/j.amjcard.2017.05.053 (2017).

13



609
610
611
612
613
614
615
616
617
618
619
620
621

19

20

21
22

Dandel, M., Knosalla, C., Kemper, D., Stein, J., Hetzer, R. Assessment of right
ventricular adaptability to loading conditions can improve the timing of listing to
transplantation in patients with pulmonary arterial hypertension. The Journal of
Heart and Lung Transplantation. 34 (3), 319-328, do0i:10.1016/j.healun.2014.11.012
(2015).

Vanderpool, R. R. et al. RV-pulmonary arterial coupling predicts outcome in patients
referred for pulmonary hypertension. Heart. 101 (1), 37-43, doi:10.1136/heartjnl-
2014-306142 (2015).

Boulate, D. et al. in Pulmonary Hypertension 241-253 (Springer, 2016).

Cheng, H. W. et al. Assessment of right ventricular structure and function in mouse
model of pulmonary artery constriction by transthoracic echocardiography. Journal
of Visualized Experiments. (84), e51041, doi:10.3791/51041 (2014).

14



Figure Click here to access/download;Figure;Figure.tif =

Chronic PH model + Induction of ARHF - Hemodynamic restoration = ARHF on chonic PH

A \

Iterative acute PE
Baseline # VL1 ID vi2 F VL3 | ¥ inducing ——# Dobutamine infusion
hemodynamic compromise®

Euthanasia and heart
- harvesting



http://www.editorialmanager.com/jove/download.aspx?id=927729&guid=76f27cfa-605c-4652-874f-0fb60c524de1&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=927729&guid=76f27cfa-605c-4652-874f-0fb60c524de1&scheme=1

Figure Click here to access/download;Figure;Figure2.tif =

MPAP MAP MPAP/MAP

8
:
:

8

>

B
s
el

&.".

3 -

W
-
e
st -
e
ot

2040 . 504 ’ 05<? v .
ol — . . . . o . - 0.04— . v .
e e o8 N & & o & & 2 N
& & & & & & & & &
RAP HR 2 sV
0 200+ : 80
v ’ 1504 ... ¥ a0 v
? 204 A < 3 S % - Y
E 2 -} l gmol s o ; -:! 2 gw $ ;t 7 1{‘ {'
5 ol o e 2 "5 E 3 R
:f- * v 504 20 4
04— - - 0 —— o -
J’ <~ & - - K2 & % ] QQ‘ * o
F & v & & & & &
co Ees Ees/Ea

NNl
o1
e
et <
S
o
H—
e
e
o



http://www.editorialmanager.com/jove/download.aspx?id=927730&guid=eee40f96-e263-4835-bb6e-c683f08cf8d6&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=927730&guid=eee40f96-e263-4835-bb6e-c683f08cf8d6&scheme=1

Click here to access/download;Figure;Figure3.JPG 2



http://www.editorialmanager.com/jove/download.aspx?id=927731&guid=d581aa5e-10df-4718-80e8-738b36c6b3e6&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=927731&guid=d581aa5e-10df-4718-80e8-738b36c6b3e6&scheme=1

Figure Click here to access/download;Figure;Figure4.tif

PE Dobu 2.5 Dobu 7.5



http://www.editorialmanager.com/jove/download.aspx?id=927732&guid=319b11cb-9aa6-4d25-a083-a47b180cb1d9&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=927732&guid=319b11cb-9aa6-4d25-a083-a47b180cb1d9&scheme=1

Figure Click here to access/download;Figure;Figure5.tif =

1 Ees/Ea = 0.7 Ees/Ea = 0.6 Ees/Ea=0.3 Ees/Ea=0.5
70

Chronic PH

Pressure (mmHg)

N
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80

Volume (mL)



http://www.editorialmanager.com/jove/download.aspx?id=927733&guid=2f614f7c-7c72-4bac-afbf-314514ce03d7&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=927733&guid=2f614f7c-7c72-4bac-afbf-314514ce03d7&scheme=1

Figure Click here to access/download;Figure;Figure6.tif

subepicardial and subendocardial lesions

8 10- “

‘ -

£ o

> AA
x 4 A
g A
c 24 o0 o A
$ —ee—

e 0 eee €n r



http://www.editorialmanager.com/jove/download.aspx?id=927734&guid=dd1ce23b-fe0d-4cf9-9f0a-1a68a997969b&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=927734&guid=dd1ce23b-fe0d-4cf9-9f0a-1a68a997969b&scheme=1

Table of Materials

Name of Material/ Equipment

Radiofocus Introducer Il
Equalizer, Occlusion Ballon Catheter
Guidewire

Vigilance monitor

Swan-Ganz

Echocardiograph; Model: Vivid 9
Probe for echo, M5S-D
MPVS-ultra Foundation system
Ventricath 507

Lipiodol ultra-fluid

BD Insyte Autoguard

Arcadic Varic

Prolene 5.0

Click here to access/download;Table of
Materials;JoOVE_Materials_R2 (1).xIsx

Company

Terumo

Boston Scientific
Terumo
Edwards
Edwards
General Electrics
General Electrics
Millar

Millar

Guerbet

Becton, Dickinson ant
Siemens

Ethicon

L]


http://www.editorialmanager.com/jove/download.aspx?id=929791&guid=65f85310-d228-4a71-a643-9d722dedff98&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=929791&guid=65f85310-d228-4a71-a643-9d722dedff98&scheme=1

Catalog Number Comments/Description

RS+B80K10MQ catheter sheath

M001171080 ballon for inferior vena cava occlusion
GR3506 0.035; angled

VGS2v Swan-Ganz associated monitor

131F7 Swan-Ganz catheter 7 F; usable lenghth 1
GADO000810 and H45561FG Echocardiograph

M5S-D Cardiac ultrasound transducer
PL3516B49 Pressure-volume loop unit; includes a po
VENTRI-CATH-507 conductance catheter

306 216-0 lipidic contrast dye

381847 IV catheter

A91SC-21000-1T-1-7700 C-arm

F1830 polypropilene monofil



110 cm

werlab16/35, MPVS-Ultra PV Unit, bioamp and bridge amp and cables



Author License Agreement (ALA)

tel. 617.945.9051
www.jove.com

&
1 Alewife Center #200
Cambridge, MA 02140

VISUALIZED EXPERIMENTS

Title of Article:

Author(s):

Click here to access/download;Author License Agreement
(ALA);Author_License_Agreement_DB.pdf

ARTICLE AND VIDEO LICENSE AGREEMENT

A Large Animal Model of Acute Right Heart Failure on Chronic Pulmonary Hypertension

David Boulate, Myriam Amsallem, Peter Dorfmuller, Andrew Connolly, Elie Fadel,
Frangois Haddad. Olaf Mercier

Iltem 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/author) via: |X | Standard Access

Item 2 (check one box):

Open Access

X The Author is NOT a United States government employee.

The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means MylJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.

612542.6

2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.



http://www.jove.com/author
http://www.editorialmanager.com/jove/download.aspx?id=927735&guid=6e066bdf-ff75-424b-be59-ae18989c4dec&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=927735&guid=6e066bdf-ff75-424b-be59-ae18989c4dec&scheme=1

1 Alewife Center #200
Cambridge, MA 02140
tel. 617.945.9051
WWW.jove.com

4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such

612542.6

ARTICLE AND VIDEO LICENSE AGREEMENT

statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JOVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the wuse, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have



tel. 617.945.9051
www.jove.com

&
1 Alewife Center #200
Cambridge, MA 02140

VISUALIZED EXPERIMENTS

full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JOVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s

ARTICLE AND VIDEO LICENSE AGREEMENT

expense. All indemnifications provided herein shall include
JoVE's attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JOVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.

CORRESPONDING AUTHOR:
Boulate David

Name:
Department:
Institution: Hopital Marie Lannelongue
Article Title:

DBoulate
Signature:

Reaserch and Innovation Unit, BioArt Lung 2020

A Large Animal Model of Acute Right Heart Failure on Chronic Pulmonary Hypertension

Date: 02/25/2018

Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy of the document as a pfd on the JoVE submission site;

2) Faxthe documentto +1.866.381.2236;

3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139

For questions, please email submissions@jove.com or call +1.617.945.9051

612542.6



Rebuttal Letter Click here to access/download;Rebuttal Letter;Review_R2.rtf =

Answers to Editor

The authors thank the edithor for positive general comment.

All the remarks made by the Editor have been taken as follows.

Editorial comments:

1. The editor has formatted the manuscript to match the journal's style. Please retain the same.

Done

2. Please address all the specific comments marked in the manuscript.

Done

3. Please do not use commercial terms in the manuscript. This includes trademark symbols (™), registered
symbols (®), and company names before an instrument or reagent. All commercial products should be
sufficiently referenced in the Table of Materials and Reagents.

Done

4. For the protocol section please ensure that you use imperative tense throughout the protocol as if
directing someone how to do your experiment. Please provide all specifics with respect to your experiment.

Done

6. Please ensure you answer the “how” question, i.e., how is the step performed?

Done

7. Please provide hard ex[erimental steps/ graphical user interface/ button clicks etc in the action steps.
Done

8. Once done please ensure that the protocol is no more than 10 pages and the highlight is no more than
2.75 pages including heading and spacings.

Done

9. The highlighted steps form a cohesive narrative with a logical flow from one highlighted step to the next.
Please include all relevant details that are required to perform the step in the highlighting. For example: If
step 2.5 is highlighted for filming and the details of how to perform the step are given in steps 2.5.1 and
2.5.2, then the sub-steps where the details are provided must be highlighted.

Done


http://www.editorialmanager.com/jove/download.aspx?id=927739&guid=f60dea90-c4a7-4357-8179-01432f3f7884&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=927739&guid=f60dea90-c4a7-4357-8179-01432f3f7884&scheme=1

Supplemental File (Figures, Permissions, etc.) Click here to access/download;Supplemental File (Figures,
Permissions, etc.);Reuse_agreement.pdf

ELSEVIER LICENSE
TERMS AND CONDITIONS

Jan 22, 2018

This Agreement between David Boulate ("You") and Elsevier ("Elsevier") consists of your
license details and the terms and conditions provided by Elsevier and Copyright Clearance

Center.
License Number 4274220098425
License date Jan 22, 2018

Licensed Content Publisher Elsevier
Licensed Content Publication Journal of Cardiac Failure

Licensed Content Title Early Development of Right Ventricular Ischemic Lesions in a Novel
Large Animal Model of Acute Right Heart Failure in Chronic
Thromboembolic Pulmonary Hypertension

Licensed Content Author David Boulate,Jennifer Arthur Ataam,Andrew J. Connolly,Genevieve
Giraldeau,Myriam Amsallem,Benoit Decante,Lilia Lamrani,Elie
Fadel,Peter Dorfmuller,Frederic Perros,Francois Haddad,Olaf Mercier

Licensed Content Date Dec 1, 2017

Licensed Content Volume 23

Licensed Content Issue 12

Licensed Content Pages 11

Start Page 876

End Page 886

Type of Use reuse in a journal/magazine
Requestor type author of new work
Intended publisher of new  Other

work

Portion figures/tables/illustrations
Number of 8

figures/tables/illustrations
Format both print and electronic

Are you the author of this Yes
Elsevier article?

Will you be translating? No
Original figure numbers figures 1, 2, 3,4, 5,6, 7. tables 1, 2
Title of the article Dynamic Right Ventricular Function Phenotyping in a Large Animal

Model of Acute Right Heart Failure on Chronic Thromboembolic
Pulmonary Hypertension

Publication new article is in  Journal of Visualized Experiments
Publisher of the new article Journal of Visualized Experiments
Author of new article David Boulate

Expected publication date Mar 2018

L]


http://www.editorialmanager.com/jove/download.aspx?id=927736&guid=5ef80730-edd1-4b19-acc8-336b0339cd9d&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=927736&guid=5ef80730-edd1-4b19-acc8-336b0339cd9d&scheme=1

Estimated size of new article 10
(number of pages)

Requestor Location David Boulate
Chirurgie Thoracique et vasculaire
Centre Chirurgical Marie Lannelongue
133 avenue de la Resistance
Le PLessis-Robinson, 92350

France

Attn: David Boulate
Publisher Tax ID GB 494 6272 12
Total 0.00 EUR

Terms and Conditions

INTRODUCTION
1. The publisher for this copyrighted material is Elsevier. By clicking "accept" in
connection with completing this licensing transaction, you agree that the following terms
and conditions apply to this transaction (along with the Billing and Payment terms and
conditions established by Copyright Clearance Center, Inc. ("CCC"), at the time that you
opened your Rightslink account and that are available at any time at
http://myaccount.copyright.com).

GENERAL TERMS
2. Elsevier hereby grants you permission to reproduce the aforementioned material subject to
the terms and conditions indicated.
3. Acknowledgement: If any part of the material to be used (for example, figures) has
appeared in our publication with credit or acknowledgement to another source, permission
must also be sought from that source. If such permission is not obtained then that material
may not be included in your publication/copies. Suitable acknowledgement to the source
must be made, either as a footnote or in a reference list at the end of your publication, as
follows:
"Reprinted from Publication title, Vol /edition number, Author(s), Title of article / title of
chapter, Pages No., Copyright (Year), with permission from Elsevier [OR APPLICABLE
SOCIETY COPYRIGHT OWNER]." Also Lancet special credit - "Reprinted from The
Lancet, Vol. number, Author(s), Title of article, Pages No., Copyright (Year), with
permission from Elsevier."
4. Reproduction of this material is confined to the purpose and/or media for which
permission is hereby given.
5. Altering/Modifying Material: Not Permitted. However figures and illustrations may be
altered/adapted minimally to serve your work. Any other abbreviations, additions, deletions
and/or any other alterations shall be made only with prior written authorization of Elsevier
Ltd. (Please contact Elsevier at permissions@elsevier.com). No modifications can be made
to any Lancet figures/tables and they must be reproduced in full.
6. If the permission fee for the requested use of our material is waived in this instance,
please be advised that your future requests for Elsevier materials may attract a fee.
7. Reservation of Rights: Publisher reserves all rights not specifically granted in the
combination of (i) the license details provided by you and accepted in the course of this
licensing transaction, (ii) these terms and conditions and (iii) CCC's Billing and Payment
terms and conditions.
8. License Contingent Upon Payment: While you may exercise the rights licensed
immediately upon issuance of the license at the end of the licensing process for the
transaction, provided that you have disclosed complete and accurate details of your proposed




use, no license is finally effective unless and until full payment is received from you (either
by publisher or by CCC) as provided in CCC's Billing and Payment terms and conditions. If
full payment is not received on a timely basis, then any license preliminarily granted shall be
deemed automatically revoked and shall be void as if never granted. Further, in the event
that you breach any of these terms and conditions or any of CCC's Billing and Payment
terms and conditions, the license is automatically revoked and shall be void as if never
granted. Use of materials as described in a revoked license, as well as any use of the
materials beyond the scope of an unrevoked license, may constitute copyright infringement
and publisher reserves the right to take any and all action to protect its copyright in the
materials.
9. Warranties: Publisher makes no representations or warranties with respect to the licensed
material.
10. Indemnity: You hereby indemnify and agree to hold harmless publisher and CCC, and
their respective officers, directors, employees and agents, from and against any and all
claims arising out of your use of the licensed material other than as specifically authorized
pursuant to this license.
11. No Transfer of License: This license is personal to you and may not be sublicensed,
assigned, or transferred by you to any other person without publisher's written permission.
12. No Amendment Except in Writing: This license may not be amended except in a writing
signed by both parties (or, in the case of publisher, by CCC on publisher's behalf).
13. Objection to Contrary Terms: Publisher hereby objects to any terms contained in any
purchase order, acknowledgment, check endorsement or other writing prepared by you,
which terms are inconsistent with these terms and conditions or CCC's Billing and Payment
terms and conditions. These terms and conditions, together with CCC's Billing and Payment
terms and conditions (which are incorporated herein), comprise the entire agreement
between you and publisher (and CCC) concerning this licensing transaction. In the event of
any conflict between your obligations established by these terms and conditions and those
established by CCC's Billing and Payment terms and conditions, these terms and conditions
shall control.
14. Revocation: Elsevier or Copyright Clearance Center may deny the permissions described
in this License at their sole discretion, for any reason or no reason, with a full refund payable
to you. Notice of such denial will be made using the contact information provided by you.
Failure to receive such notice will not alter or invalidate the denial. In no event will Elsevier
or Copyright Clearance Center be responsible or liable for any costs, expenses or damage
incurred by you as a result of a denial of your permission request, other than a refund of the
amount(s) paid by you to Elsevier and/or Copyright Clearance Center for denied
permissions.

LIMITED LICENSE
The following terms and conditions apply only to specific license types:
15. Translation: This permission is granted for non-exclusive world English rights only
unless your license was granted for translation rights. If you licensed translation rights you
may only translate this content into the languages you requested. A professional translator
must perform all translations and reproduce the content word for word preserving the
integrity of the article.
16. Posting licensed content on any Website: The following terms and conditions apply as
follows: Licensing material from an Elsevier journal: All content posted to the web site must
maintain the copyright information line on the bottom of each image; A hyper-text must be
included to the Homepage of the journal from which you are licensing at
http://www.sciencedirect.com/science/journal/xxxxx or the Elsevier homepage for books at




http://www.elsevier.com; Central Storage: This license does not include permission for a
scanned version of the material to be stored in a central repository such as that provided by
Heron/XanEdu.

Licensing material from an Elsevier book: A hyper-text link must be included to the Elsevier
homepage at http://www.elsevier.com . All content posted to the web site must maintain the
copyright information line on the bottom of each image.

Posting licensed content on Electronic reserve: In addition to the above the following
clauses are applicable: The web site must be password-protected and made available only to
bona fide students registered on a relevant course. This permission is granted for 1 year only.
You may obtain a new license for future website posting.

17. For journal authors: the following clauses are applicable in addition to the above:
Preprints:

A preprint is an author's own write-up of research results and analysis, it has not been peer-
reviewed, nor has it had any other value added to it by a publisher (such as formatting,
copyright, technical enhancement etc.).

Authors can share their preprints anywhere at any time. Preprints should not be added to or
enhanced in any way in order to appear more like, or to substitute for, the final versions of
articles however authors can update their preprints on arXiv or RePEc with their Accepted
Author Manuscript (see below).

If accepted for publication, we encourage authors to link from the preprint to their formal
publication via its DOI. Millions of researchers have access to the formal publications on
ScienceDirect, and so links will help users to find, access, cite and use the best available
version. Please note that Cell Press, The Lancet and some society-owned have different
preprint policies. Information on these policies is available on the journal homepage.
Accepted Author Manuscripts: An accepted author manuscript is the manuscript of an
article that has been accepted for publication and which typically includes author-
incorporated changes suggested during submission, peer review and editor-author
communications.

Authors can share their accepted author manuscript:

* immediately
° via their non-commercial person homepage or blog
° by updating a preprint in arXiv or RePEc with the accepted manuscript
° via their research institute or institutional repository for internal institutional
uses or as part of an invitation-only research collaboration work-group
o directly by providing copies to their students or to research collaborators for
their personal use
o for private scholarly sharing as part of an invitation-only work group on
commercial sites with which Elsevier has an agreement
 After the embargo period
° via non-commercial hosting platforms such as their institutional repository
° via commercial sites with which Elsevier has an agreement

In all cases accepted manuscripts should:

* link to the formal publication via its DOI
* bear a CC-BY-NC-ND license - this is easy to do



« if aggregated with other manuscripts, for example in a repository or other site, be
shared in alignment with our hosting policy not be added to or enhanced in any way to
appear more like, or to substitute for, the published journal article.

Published journal article (JPA): A published journal article (PJA) is the definitive final
record of published research that appears or will appear in the journal and embodies all
value-adding publishing activities including peer review co-ordination, copy-editing,
formatting, (if relevant) pagination and online enrichment.

Policies for sharing publishing journal articles differ for subscription and gold open access
articles:

Subscription Articles: If you are an author, please share a link to your article rather than the
full-text. Millions of researchers have access to the formal publications on ScienceDirect,
and so links will help your users to find, access, cite, and use the best available version.
Theses and dissertations which contain embedded PJAs as part of the formal submission can
be posted publicly by the awarding institution with DOI links back to the formal
publications on ScienceDirect.

If you are affiliated with a library that subscribes to ScienceDirect you have additional
private sharing rights for others' research accessed under that agreement. This includes use
for classroom teaching and internal training at the institution (including use in course packs
and courseware programs), and inclusion of the article for grant funding purposes.

Gold Open Access Articles: May be shared according to the author-selected end-user
license and should contain a CrossMark logo, the end user license, and a DOI link to the
formal publication on ScienceDirect.

Please refer to Elsevier's posting policy for further information.

18. For book authors the following clauses are applicable in addition to the above:
Authors are permitted to place a brief summary of their work online only. You are not
allowed to download and post the published electronic version of your chapter, nor may you
scan the printed edition to create an electronic version. Posting to a repository: Authors are
permitted to post a summary of their chapter only in their institution's repository.

19. Thesis/Dissertation: If your license is for use in a thesis/dissertation your thesis may be
submitted to your institution in either print or electronic form. Should your thesis be
published commercially, please reapply for permission. These requirements include
permission for the Library and Archives of Canada to supply single copies, on demand, of
the complete thesis and include permission for Proquest/UMI to supply single copies, on
demand, of the complete thesis. Should your thesis be published commercially, please
reapply for permission. Theses and dissertations which contain embedded PJAs as part of
the formal submission can be posted publicly by the awarding institution with DOI links
back to the formal publications on ScienceDirect.

Elsevier Open Access Terms and Conditions

You can publish open access with Elsevier in hundreds of open access journals or in nearly
2000 established subscription journals that support open access publishing. Permitted third
party re-use of these open access articles is defined by the author's choice of Creative
Commons user license. See our open access license policy for more information.

Terms & Conditions applicable to all Open Access articles published with Elsevier:
Any reuse of the article must not represent the author as endorsing the adaptation of the
article nor should the article be modified in such a way as to damage the author's honour or
reputation. If any changes have been made, such changes must be clearly indicated.




The author(s) must be appropriately credited and we ask that you include the end user
license and a DOI link to the formal publication on ScienceDirect.

If any part of the material to be used (for example, figures) has appeared in our publication
with credit or acknowledgement to another source it is the responsibility of the user to
ensure their reuse complies with the terms and conditions determined by the rights holder.
Additional Terms & Conditions applicable to each Creative Commons user license:
CC BY: The CC-BY license allows users to copy, to create extracts, abstracts and new
works from the Article, to alter and revise the Article and to make commercial use of the
Article (including reuse and/or resale of the Article by commercial entities), provided the
user gives appropriate credit (with a link to the formal publication through the relevant
DOI), provides a link to the license, indicates if changes were made and the licensor is not
represented as endorsing the use made of the work. The full details of the license are
available at http://creativecommons.org/licenses/by/4.0.

CC BY NC SA: The CC BY-NC-SA license allows users to copy, to create extracts,
abstracts and new works from the Article, to alter and revise the Article, provided this is not
done for commercial purposes, and that the user gives appropriate credit (with a link to the
formal publication through the relevant DOI), provides a link to the license, indicates if
changes were made and the licensor is not represented as endorsing the use made of the
work. Further, any new works must be made available on the same conditions. The full
details of the license are available at http://creativecommons.org/licenses/by-nc-sa/4.0.

CC BY NC ND: The CC BY-NC-ND license allows users to copy and distribute the Article,
provided this is not done for commercial purposes and further does not permit distribution of
the Article if it is changed or edited in any way, and provided the user gives appropriate
credit (with a link to the formal publication through the relevant DOI), provides a link to the
license, and that the licensor is not represented as endorsing the use made of the work. The
full details of the license are available at http://creativecommons.org/licenses/by-nc-nd/4.0.
Any commercial reuse of Open Access articles published with a CC BY NC SA or CC BY
NC ND license requires permission from Elsevier and will be subject to a fee.

Commercial reuse includes:

* Associating advertising with the full text of the Article
» Charging fees for document delivery or access

* Article aggregation

» Systematic distribution via e-mail lists or share buttons

Posting or linking by commercial companies for use by customers of those companies.
20. Other Conditions:

v1.9

Questions? customercare@copyright.com or +1-855-239-3415 (toll free in the US) or
+1-978-646-2777.




