Journal of Visualized Experiments

Invasive Hemodynamic Assessment for the Right Ventricular System and Hypoxia-
induced Pulmonary Arterial Hypertension in Mice

Article Type:
Manuscript Number:

Full Title:

Keywords:

Corresponding Author:

Corresponding Author's Institution:

Corresponding Author E-Mail:
Order of Authors:

Additional Information:

Question

Please indicate whether this article will be
Standard Access or Open Access.

Please indicate the city, state/province,
and country where this article will be
filmed. Please do not use abbreviations.

--Manuscript Draft--

Methods Article - JOVE Produced Video
JoOVEG0090R1

Invasive Hemodynamic Assessment for the Right Ventricular System and Hypoxia-
induced Pulmonary Arterial Hypertension in Mice

Pulmonary hypertension, hemodynamics, right ventricular pressure, pulmonary artery
pressure, mouse, catheterization, hypoxia

yue tang

Chinese Academy of Medical Sciences & Peking Union Medical College Fuwai
Hospital

Beijing, Beijing CHINA

Chinese Academy of Medical Sciences & Peking Union Medical College Fuwai
Hospital

tangyue@fuwaihospital.org
Fuliang Luo

Xin Wang

Xiaokang Luo

Bo Li

Desheng Zhu

Hansong Sun

yue tang

Response

Standard Access (US$2,400)

Beijing, China

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



Manuscript Click here to access/download;Manuscript;60090_R1_RE.docx 2

1 TITLE:
2 Invasive Hemodynamic Assessment for the Right Ventricular System and Hypoxia-Induced
3 Pulmonary Arterial Hypertension in Mice
4
5  AUTHORS AND AFFILIATIONS:
6  Fuliang Luo?, Xin Wang?, Xiaokang Luo?, Bo Li!, Desheng Zhu?, Hansong Sun3, Yue Tang!
-
8 !Beijing Key Laboratory of Pre-clinical Research and Evaluation for Cardiovascular Implant
9  Materials, State Key Laboratory of Cardiovascular Disease, Fuwai Hospital, National Centre for
10  Cardiovascular Diseases, Chinese Academy of Medical Sciences and Peking Union Medical College,
11  Beijing, People's Republic of China.
12 2 Laboratory Animal Center, Peking University, Beijing, People's Republic of China.
13  3Center of Cardiac Surgery for Adults, State Key Laboratory of Cardiovascular Disease, Fuwai
14  Hospital, National Centre for Cardiovascular Diseases, Chinese Academy of Medical Sciences and
15  Peking Union Medical College, Beijing, People's Republic of China.
16
17  Corresponding authors:
18 Hansong Sun (drsunhs@sina.com)
19 YueTang (tangyue@fuwaihospital.org)
20
21  Email Addresses of Co-Authors:
22  Fuliang Luo  (luofuliang@fuwai.com)
23  Xin Wang (fuwaiwangxin@188.com)
24 Xiaokang Luo (luoxkang@qg.com)
25  BoLi (175543406 @qq.com)
26  Desheng Zhu (deshengz@pku.edu.cn)
27
28 KEYWORDS:
29  Pulmonary hypertension, hemodynamics, right ventricular pressure, pulmonary artery pressure,
30  mouse, catheterization, hypoxia
31
32 SUMMARY:
33 Here, we present a protocol to perform an invasive hemodynamic assessment of the right
34  ventricle and pulmonary artery in mice using an open-chest surgery approach.
35
36  ABSTRACT:
37  Pulmonary arterial hypertension (PAH) is a chronic and severe cardiopulmonary disorder. Mice
38 are a popular animal model used to mimic this disease. However, the evaluation of right
39  ventricular pressure (RVP) and pulmonary artery pressure (PAP) remains technically challenging
40  in mice. RVP and PAP are more difficult to measure than left ventricular pressure because of the
41  anatomical differences between the left and right heart systems. In this paper, we describe a
42  stable right heart hemodynamic measurement method and its validation using healthy and PAH
43  mice. This method is based on open-chest surgery and mechanical ventilation support. It is a
44  complicated procedure compared to closed chest procedures. While a well-trained surgeon is
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required for this surgery, the advantage of this procedure is that it can generate both RVP and
PAP parameters at the same time, so it is a preferable procedure for the evaluation of PAH
models.

INTRODUCTION:

Pulmonary arterial hypertension (PAH) is a chronic and severe cardiopulmonary disorder with
elevation in pulmonary artery pressure (PAP) and right ventricular pressure (RVP) that is caused
by cellular proliferation and fibrosis of small pulmonary arteries®. Pulmonary artery catheters,
also called Swan-Ganz catheters?, are commonly used in the clinical monitoring of RVP and PAP.
Furthermore, a wireless PAP monitoring system has been used clinically®>*°. To mimic the disease
for study in mice, a hypoxic environment is used to simulate human clinical manifestations of
PAHS®. In the evaluation of PAP in animals, large animals are relatively easy to monitor through
pulmonary artery catheters using the same technique as for human subjects, but small animals
such as rats and mice are difficult to assess because of their small body size. Hemodynamic
measurement of the right ventricular system in mice is possible with an ultrasmall size 1 Fr
catheter’. A method for measuring RVP and PAP in mice has been reported in the literature®?,
but the methodology lacks a detailed description. RVP and PAP are more challenging to measure
than left ventricular pressure because of the anatomical differences between the left and right
heart systems.

To get both PAP and RVP parameters in the same mouse, we describe an open-chest
surgery-based approach for right heart hemodynamic measurements, its validation with healthy
and PAH mice, and how to avoid generating artificial data during the complicated open-chest
surgery. Although this technique is best performed by a well-trained surgeon, it has the
advantage of being able to assess PAP and RVP in the same mouse.

PROTOCOL:

The animal protocol was reviewed and approved by the Institutional Animal Care and Use
Committee at Fuwai Hospital, Chinese Academy of Medical Science, Peking Union Medical
College (NO.0000287). The experimental animals were housed and fed according to the
guidelines of animal welfare in China.

NOTE: Eight- to 12-week-old male C57BL mice were housed in an environment with a 12 h dark/
12 h light cycle. The PAH mice were housed for 4 weeks under an oxygen concentration of 10%,
maintained by an oxygen-controlled hypoxia chamber to induce pulmonary hypertension, and
control mice were housed in room air (21% oxygen) under identical conditions. RVP and PAP
measurements were performed at the end of the 4 weeks of hypoxia challenge.

1. Preoperative preparation

1.1. Soak the pressure transducer catheter (size: 1 Fr) in 0.9% saline at room temperature for at
least 30 min before the hemodynamic experiment.
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1.2. Prepare 10 mL of 1.0% digestive enzyme solution for catheter cleaning.
1.3. Connect the pressure transducer catheter to a pressure-volume system.
1.4. Calibrate the pressure transducer prior to obtaining pressure measurements for each mouse.

1.4.1. Turn the calibration knob to 0 mmHg and 25 mmHg to send a verification pressure signal
to the data acquisition software and configure the calibration setting in the software.

1.4.2. Turn the knob to Transducer and adjust the Balance knob to zero baseline.

1.5. Set up a standard stereomicroscope and a temperature-controlled small animal surgical
table for body temperature maintenance during the surgery.

1.6. Set up a light illumination system for microsurgery to provide enough light over the surgical
area.

2. Open-Chest surgery and hemodynamic measurement

2.1. Anesthetize mice with 250 mg/kg of 2,2,2-Tribromoethanol via intraperitoneal (i.p.) injection.
If needed, repeat supplemental doses at 1/3 to 1/2 of the original dose during the procedure.

2.2. Remove chest and neck fur using a shaver and hair removal lotion (Figure 1A, 2A).

2.3. Secure each mouse in the supine position on a temperature-controlled small animal surgical
table to help maintain body temperature (37 °C) during surgery.

2.4. Once anesthesia is in effect, confirm adequate anesthesia induction using a toe pinch.
2.5. Make a midline incision on the neck skin (Figure 1A).
2.6. Dissect the skeletal muscle using curved forceps and expose the trachea (Figure 1B, 1C).

2.7. Perform intubation through the mouth using a modified 22 G intravenous sheath catheter.
Confirm that the tubing is in the trachea using forceps (Figure 1D).

2.8. Connect the tubing to a small animal ventilator. Calculate and set respiration rate and tidal
volume based on body weight according to the ventilator user manual®. For example, set
respiration rate to 133/min and tidal volume to 180 pL for a 30 g mouse based on the described
calculation.

2.9. Secure the tubing for ventilation using tape.
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2.10. Make a midline incision on the chest skin and carefully dissect the chest muscles using a
cautery tool (Figure 2B, 2C).

2.11. Cut the sternum using scissors across the middle and expose the thoracic cavity (Figure
2D).

2.12. Prevent any bleeding using the cautery tool during the open-chest surgery procedure.
2.13. Expose the right ventricle with retractors (Figure 2E).

2.14. Insert the saline-soaked pressure transducer catheter through a small tunnel created with
a 25 G needle into the right ventricle to measure RVP (Figure 2F and Figure 3A, 3C).

2.15. Hold the catheter cable and cross the pulmonary valve in a coaxial manner with the
pulmonary artery. Observe the pressure waveform and obtain a stable PAP signal (Figure 3B, 3D).

2.16. Record hemodynamic data using the data acquisition system and software.

2.17. After the final measurements, euthanize mice humanely through i.p. injection of an excess
dose of 2,2,2-Tribromoethanol solution.

2.18. Carefully remove catheter from the right heart system and place into a 1 mL syringe
containing 1% digestive enzyme solution.

2.19. Use distilled water to continuously flush the catheter carefully and store it in the original
box.

3. Data analysis for hemodynamics

NOTE: The hemodynamic data were recorded and analyzed using analysis software!! (Table of
Materials).

3.1. For each mouse, select at least 10 continuous and stable heartbeat cycles without noise to
obtain the average data of RVP or PAP data for each parameter.

3.2. Use Student’s t-test to compare the normal air control and hypoxia groups. NOTE: p < 0.05
was considered statistically significant. Data are presented as the mean + SD.

REPRESENTATIVE RESULTS:

The pressure transducer catheter was inserted into the right ventricle (Figure 3A) through a
tunnel expanded by a 25 G needle, and a typical RVP waveform (Figure 3C) was obtained. The
catheter was continually adjusted and slowly advanced and kept in the same axis as the
pulmonary artery while passing through the pulmonary valve (Figure 3B). When the pressure
sensor was successfully inserted into the pulmonary artery, a typical PAP waveform with a
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characteristic dicrotic notch appeared (Figure 3D). To avoid the generation of artificial data, we
observed whether the waveform had noise (Figure 4) or whether the zero level of the catheter
had drifted (Figure 5). If this occurred, corrections were made, and these segments with noise
were excluded from data analysis.

PAH is characterized by a sustained elevation in PAP and RVP, caused by increased resistance in
small pulmonary arteries. PAH is defined by a mean PAP of 225 mmHg at rest, measured during
right heart catheterization in the clinic?2. We measured the RVP and PAP in the mice with the
induced chronic hypoxia (kept at 10% oxygen for 4 weeks) or a control group (kept in normal air).
The results are shown in Figure 6. Compared to those in the normal air control group, systolic
PAP (Figure 6A), diastolic PAP (Figure 6B), mean PAP (Figure 6C), and right ventricular systolic
pressure (Figure 6D) were all significantly increased in the chronic hypoxia group. Investigators
have also reported that compared with hypoxia alone, a combination of a VEGFR inhibitor with
chronic hypoxia for 3 weeks to induce severe PAH in mice can result in significantly increased
RVP13’18.

FIGURE LEGENDS:

Figure 1: Intubation for mechanical ventilation support in mice. (A) The neck fur is removed
using hair removal lotion to obtain a clean area for surgery. A midline incision is made on the skin
of the neck. (B) The skeletal muscle covering the trachea is exposed. (C) The skeletal muscles are
bluntly dissected to expose the trachea. The yellow arrow indicates the trachea. (D) The tubing
(modified using a 22 G intravenous catheter) is inserted into the airway, with placement
confirmed using forceps. The yellow arrow indicates the tubing inside the trachea.

Figure 2: Open-chest surgery for hemodynamic measurement at the right ventricular system.
(A) The chest fur is removed using hair removal lotion to obtain a clean area for surgery. (B) A
midline incision is made to expose chest skeletal muscles and the sternum. (C) A cautery tool is
used to minimize bleeding during chest opening (the arrow indicates the cautery tip). (D) The
sternum is cut along the midline (the yellow dash line). (E) Two retractors are used to expose the
heart (the upper arrow indicates the right atrial wall, and the lower arrow indicates the right
ventricular free wall). (F) A pressure transducer catheter (the lower arrow) is inserted into the
right ventricular chamber using a puncture tool (25 G size needle, the upper arrow) to produce a
small tunnel on the right ventricular free wall.

Figure 3: Representative RVP and PAP curves. The pressure transducer catheter is inserted into
the right ventricular chamber (A) to obtain the RVP waveform (C). The pressure transducer
catheter goes through the pulmonary valve and then stays in the pulmonary artery (B) to
generate the PAP waveform. The arrows indicate the characteristic dicrotic notch on the PAP
waveform (D), which is a sign of a pulmonary valve closure. RA = right atrium, RV = right ventricle,
PA = pulmonary artery, LV = left ventricle.

Figure 4: RVP waveform noise caused by touching of the pressure sensor surface to the
ventricular wall. The arrow point shows a sharp increase in pressure on the RVP curve (the upper
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channel), which simultaneously produces an artificial change in dP/dt (the lower channel). dP/dt
is calculated from RVP. The dashed lines indicate dP/dt noise. If the noise is constantly present,
adjustment of the catheter sensor position in the ventricle can prevent noise.

Figure 5: Zero drift of pressure transducer during RVP measurement. The left window shows
artificially slightly elevated end-diastolic RVP. The right expanded window shows increased end-
diastolic RVP (arrows indicate end-diastolic RVP).

Figure 6: Hypoxia-induced pulmonary artery hypertension in C57BL mice. (A) Systolic PAP (sPAP).
(B) Diastolic PAP (dPAP). (C) Mean PAP (mPAP). (D) Right ventricular systolic pressure (RVSP). (E)
and (F), Representative PAP waveforms for control and PAH mice respectively *p < 0.05;
Student’s t-test; control group n = 10; hypoxia group n = 3. Data are presented as the mean  SD.
PAP = pulmonary artery pressure, RVP = right ventricular pressure.

DISCUSSION:

Tracheal intubation is the first important step for open-chest surgeries. The classic method of
tracheal intubation for small animals, such as rats or mice, involves making a T-shaped incision
on the trachea and directly inserting Y-type tracheal tubing into the trachea. In practice, we find
that this method is not easy during operation. The Y-type tracheal tubing is too large for small
animals and forms an angle with the trachea. Thus, it is difficult to fix the tubing in place.
Additionally, once the intubation tubing accidentally comes out from the airway during open-
chest surgery, it usually results in animal death because of loss of mechanical ventilation support.
Therefore, we modified the method of endotracheal intubation* by making an incision on the
skin, separating the muscle layer to expose the trachea (Figure 1C), and directly inserting the
tracheal tubing into the airway through the animal's mouth. The placement of tubing in the
trachea can be conveniently confirmed by clamping the trachea using forceps (Figure 1D). After
removing the guide needle and only using the sheath catheter, a 22 G intravenous catheter is
used as the intubation tubing. The tubing can be easily secured after intubation. This is a safe
way to manage intubation during surgery and can significantly improve the success rate of small
animal open-chest surgery. However, this method requires training and practice.

The closed-chest approach for right heart hemodynamic measurement has been described in
detail*>1®, One limitation of the closed-chest method is that it can be used to only evaluate RVP,
because the catheter cannot access the pulmonary artery in mice. We use a midline chest incision
where the right ventricular free wall is located, just below the sternum (Figure 2D). After right
ventricular catheterization to obtain RVP, it is easy to insert the catheter in a coaxial manner with
the pulmonary artery to get PAP (Figure 2E). When the sternum is cut during the open-chest
surgery, an electrocoagulation tool is used to avoid sternal cutting section bleeding to prevent
artificial blood pressure decrease caused by blood loss (Figure 2C). It is optional for this open-
chest surgery to use a P-V loop catheter to get both RVP and volume information'®. However, it
is best to not use it to obtain PAP because of its bigger size. Although this method is best
performed by a well-trained surgeon, it is preferable to the closed-chest approach because it
allows for the maintenance of tracheal intubation and prevention of bleeding during open-chest
surgery to avoid animal death.
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Additionally, the right ventricular free wall is punctured with a 25 G or smaller needle to reduce
resistance during the insertion of the catheter into the ventricle. During catheterization, the
pressure sensor surface must not deviate from the bevel of the needle to prevent accidental
damage to the catheter sensor by the sharp metal surface. It is preferable to not use a large
needle to puncture the ventricular free wall, as it usually causes further bleeding, and the
insufficient blood volume in circulation also causes artificial pressure data.

Because of the small volume of the ventricle and the irregular size of the right ventricular
chamber in mice, the pressure sensor of the catheter easily touches the right ventricular free wall
during the high heartbeat rate. This generates noise on the ventricular pressure curve (Figure 4),
directly affecting ventricular pressure analysis. In this case, the angle and depth of the catheter
should be adjusted until the noise disappears to obtain a smooth ventricular pressure waveform
again.

The small size of the 1 Fr pressure transducer catheter’ makes it a very precise, accurate pressure
transducer. Zero drift is generally not experienced during a standard catheter test in saline
solution in vitro unless the catheter is faulty or damaged. However, in the presence of body blood,
blood components adhering to the pressure sensor surface may cause the catheter to undergo
zero drift during an in vivo experiment (Figure 5). To address this issue, we do the following:
temporarily remove the catheter out from the ventricular chamber and place the sensor tip of
the catheter into warm 1.0% digestive enzyme solution; incubate it to digest the blood
components attached to the sensor surface; and after gently wiping the catheter with saline-
soaked gauze, insert the catheter back to the ventricular chamber to obtain a stable, non-zero
drift ventricular pressure waveform.

The preparation of a pressure transducer catheter is also essential to obtain stable data. The
pressure sensor tip of the catheter must be soaked for at least 30 min in 0.9% saline at room
temperature before the in vivo procedure to maintain the stability of the catheter. In this way,
the electrical characteristics of the pressure transducer catheter can be optimally stabilized.

Finally, the hypoxia period is viable from 3 to 4 weeks for the hypoxia-induced hypertension
model in mice®31718 Our data showed that 4 weeks of hypoxia can induce a stable pulmonary
hypertension model in C57BL mice, and the PAP and RVP levels are comparable with the
literature. Further study is needed to address how long the PAH model can be maintained if the
mice are put back in normoxic conditions for different hypoxia protocols.
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Name of Reagent/ Equipment Company Catalog Number
2,2,2-Tribromoethanol Sigma-Aldrich T48402-5G
Animal temperature controller Physitemp Instruments, Inc. TCAT-2LV
Dissection forceps Fine Science Tools, Inc. 11274-20
Gemini Cautery System Gemini GEM 5917
Intravenous catheter (22G) BD angiocath 381123
LabChart 7.3 ADInstruments

Light illumination system Olympus

Mikro-Tip catheter Millar Instruments, Houston, TX |SPR-1000
Millar Pressure-Volume Systems Millar Instruments, Houston, TX |[MVPS-300

02 Controller and Hypoxia chamber Biospherix ProOx 110
PowerLab Data Acquisition System ADInstruments PowerLab 16/30
Scissors Fine Science Tools, Inc. 14084-08

Small animal ventilator Harvard Apparatus Mini-Vent 845
Stereomicroscope Olympus SZ61

Surgery tape 3M

Terg-a-zyme enzyme Sigma-Aldrich Z2273287-1EA

L]
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Comments/Description

For anesthesia

For temperature control

For surgery

For surgery

For intubation

For data analysis

For surgery

For pressure measurement

For pressure measurement

For chronic hypoxia

For data recording

For surgery

For surgery

For surgery

For surgery

For catheter cleaning
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Title of Article:

Invasive Hemodynamic Assessment for Right Ventricular System and
Hypoxia-induced Pulmanary Arterjal Hypertension in Mice

Author(s}:

Fuliang Luo, Xin Wang, Xiackang Luo, Bo Li, Desheng Zhu, Hansong Sun, Yue Tang

ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:
MStandard Access

Item 2: Please select one of the following items:

|:| Open Access

MThe Author is NOT a United Sfates government employee.

DThe 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 sighatory 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 cther
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://creativecommaons.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 Mylove Corporation, a
Massachusetts corperation 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 Auther may or may not
appear.

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 [anguages, 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 alf limitations and requirements set forth in, the
CRC License,

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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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 1tem 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
helow, 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 Actess. This
Section & 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 fuli 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, JovVE 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.5.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such 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. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author{s) name and on their behalf
if JoVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. 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
ali applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Auther 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 authoris 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 use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not viclate,
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 [imitation 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 hoard.

11. 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
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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
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.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns frem 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 harmiess 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 viclation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, persenal injury, violations
of institutional, laboratory, hospital, ethical, human and
animat 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 shalt be respansible 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 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,

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of 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 US51,200 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.

14, 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 shalf be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect te
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 shalf 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 is required per submission.

CCORRESPONDING AUTHOR
Name:
Hansong Sun, Yue Tang
De pa rtment: Center of Cardiac Surgery for Adults and Befiing Key Laboratary of Pre-clinical Research and Evaluation for Cardievascular
Implant Materials
Institution: State Key Laboratery of Cardiovascular Disease, Fuwai Hospital, National Centre for Cardlovascular Diseases,
Chinese Academy of Medical Sciences and Peking Union Medical College, 100037, Beijing, People's Republic of China.
Title:
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Rebuttal Letter

Click here to access/download;Rebuttal Letter;60090_RO-
comments and anwers-6-27-2019.docx

Editorial comments:
Changes to be made by the author(s):
1. The language in the manuscript is not publication grade. Please employ

professional copy-editing services.

We have employed professional copy-editing services to improve the language. A
native English speaker has edited the manuscript to improve the flow and

readability of the text, hopefully, the new version can fit the JoVE standard.

2. Please revise lines 57-58, 94-96, and 150-152 to avoid previously published

text.

We revised these sentences according to your suggestion.

3. Keywords: Please provide at least 6 keywords or phrases.

We added more keywords as following:

Keywords: Pulmonary hypertension, hemodynamics, right ventricular pressure,

pulmonary arterial pressure, mouse, catheterization, hypoxia

4. Please add a Summary section before the Abstract section to clearly describe

the protocol and its applications in complete sentences between 10-50 words:

“Here, we present a protocol to ...”

L]


https://www.editorialmanager.com/jove/download.aspx?id=1074690&guid=e9823292-96c5-4f03-be18-615215865d64&scheme=1
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We added a sentence before the Summary section: “Here, we present a protocol
to perform an invasive hemodynamic assessment of the right ventricle and

pulmonary artery in mice using the open-chest approach. “

5. Abstract: Please expand to include an overview of the method and a summary

of its advantages, limitations, and applications.

We revised the Abstract section according to your suggestion.

6. Introduction: Please revise to include all of the following:

a) A clear statement of the overall goal of this method

b) The rationale behind the development and/or use of this technique

c) The advantages over alternative techniques with applicable references to
previous studies

d) A description of the context of the technique in the wider body of literature
e) Information to help readers to determine whether the method is appropriate

for their application

We revised the Introduction section according to your suggestion.

7. 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. You may use the generic term



followed by “(Table of Materials)” to draw the readers’ attention to specific
commercial names. Examples of commercial sounding language in your
manuscript are: Beijing Vital River Laboratory Animal Technology Co., Ltd., Millar

Mikro-Tip, Terg-a-zyme, PowerlLab, ADInstruments, LabChart, etc.

According to your suggestion, Millar Mikro-Tip, Terg-a-zyme, PowerlLab,
ADInstruments and Beijing Vital River Laboratory Animal Technology Co., Ltd are

all deleted in main text and removed to the Table of Materials as needed

The LabChart is a software name, so we only keep this in the main text.

8. Please revise the Protocol to contain only action items that direct the reader to
do something (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.” Please include all safety procedures and use of hoods, etc. However,
notes should be used sparingly and actions should be described in the imperative
tense wherever possible. Please move the discussion about the protocol to the

Discussion.

We revised the Protocol section according to your suggestion.

9. Lines 80-86, 133-138: Please write the text in the imperative tense. Any text

that cannot be written in the imperative tense may be added as a “NOTE”.



These sentences are related to 2 paragraphs, and they are not used to describe
the surgery procedures, we checked the other published JoVE papers that the
authors used a similar style for the description, so we ask for keeping current

description.

10. Please add more details to your protocol steps. There should be enough detail
in each step to supplement the actions seen in the video so that viewers can
easily replicate the protocol. Please ensure you answer the “how” question, i.e.,
how is the step performed? Alternatively, add references to published material

specifying how to perform the protocol action. See examples below.

We revised and added more details in the Protocol section to ensure viewers can

replicate the protocol.

11. Line 89: Please specify the incubation temperature.

We revised the sentence as “Soak the pressure transducer catheter (SPR-1000,

size: 1F) in 0.9% saline at room-temperature for at least 30 min before the

hemodynamic experiment.”

12. Line 91: Please describe how to calibrate the pressure transducer.

The calibration details are added to the Protocol section.



13. Line 93: Please list an approximate volume to prepare.

It is about 10 mL 1.0% digestive enzyme solution, the main text has been updated.

14. Line 96: Please specify the light source used in this protocol.

A standard light source for microsurgery was used, we have updated the

information in the Table of Materials.

15. Please specify surgical tools used throughout the protocol.

We described the surgical tools used in the Protocol section and updated the

tools information in the Table of Materials.

16. Line 126: Please specify the euthanasia method.

We specify the euthanasia method as “After the final measurements, euthanize

mice humanely through i.p. injection of an excess dose of 2,2,2-Tribromoethanol

solution.”

17. Figure 6: Please define error bars in the figure legend.

The error bars in the figure legend are defined as standard deviation in the figure

legend. The figure and figure legend are all updated.



18. Please remove the titles and figure legends from the uploaded figures. Please
include all the figure Legends together at the end of the Representative Results in

the manuscript text.

All of titles and figure legends were all moved to the end of the Representative

Results section in the main text.

19. Please upload Table of Materials to your Editorial Manager account as an .xlsx
file. Please ensure that it has information on all relevant supplies, reagents,
equipment and software used, especially those mentioned in the Protocol. Please
sort the items in alphabetical order according to the name of

material/equipment.

The Table of Materials has been updated to an .xlsx file following the JoVE

standard.

20. Please ensure that the references appear as the following: [Lastname, F.1.,
LastName, F.l., LastName, F.I. Article Title. Source. Volume (Issue), FirstPage —
LastPage (YEAR).] For more than 6 authors, list only the first author then et al.
Please do not abbreviate journal titles. See the example below:

Bedford, C.D., Harris, R.N., Howd, R.A., Goff, D.A., Koolpe, G.A. Quaternary salts of
2-[(hydroxyimino)methyl]imidazole. Journal of Medicinal Chemistry. 32 (2), 493-
503 (1998).

All the references are all formatted to fit the JoVE standard.



Reviewers' comments:

Reviewer #1:

Manuscript Summary:

In this paper, the authors established a right heart hemodynamic measurement
methodology and validated with healthy and PAH mice. Authors measured only
right ventricular pressures, without measuring volumes, and thus the method
gives limited information about ventricular function. Even though, this is an
interesting, brief, well-structured and useful manuscript. Authors focus also in
some troubleshooting, which is very valuable for other researchers to implement

the methodology. There are several major points requiring additional workout.

Major Concerns:
-It is not clear on which basis the protocol of 4 weeks of hypoxia was selected.
Authors should give a precise justification or provide some reference that justifies

their selection.

We added more references and justification in the Discussion section. Based on
the published papers, hypoxia period is viable from 3 to 4 weeks to induce
pulmonary hypertension in mice. We did pilot chronic hypoxia experiment in C57
wild type mice showed that 4 weeks of hypoxia could induce a stable pulmonary

hypertension model.

We have added one more sentence in the Discussion section as following:



“Finally, the hypoxia period is viable from 3 to 4 weeks for the hypoxia-induced
hypertension model in mice. Our data showed that 4 weeks of hypoxia can induce
a stable pulmonary hypertension model in C57BL mice, the PAP and RVP level are
comparable with the literature, further study need to address how long the PAH
model can be maintained if put back to normoxia condition for different hypoxia

protocols.”

References:

1. Ciuclan L., et al. A novel murine model of severe pulmonary arterial
hypertension. American Journal of Respiratory and Critical Care Medicine. 184
(10), 1171-1182 (2011). 3 weeks of hypoxia

2. Shatat M. A., et al. Endothelial Kruppel-like Factor 4 modulates pulmonary
arterial hypertension. American Journal of Respiratory Cell and Molecular
Biology. 50 (3), 647-653 (2014). 3 weeks of hypoxia

3. Chen M. et al. Berberine attenuates hypoxia-induced pulmonary arterial
hypertension via bone morphogenetic protein and transforming growth factor-3
signaling. Journal of Cellular Physiology. https://doi.org/10.1002/jcp.28370
(2019). 4 weeks of hypoxia

-Did the authors make any anaesthetic maintenance during the hemodynamic

procedure? If yes, how? If no, why?

We have added more details about maintenance of anesthesia in the Protocol
section:

“Anesthetize mice with 2,2,2-Tribromoethanol, 250 mg/kg, intraperitoneal (i.p.)
injection; if needed, repeat supplemental doses at 1/3 to 1/2 of the original dose

during the procedure.”


https://doi.org/10.1002/jcp.28370

-Why did the authors choose to make animal ventilation through an intubation
through a "T" shaped incision on the trachea, instead of ventilation through a

direct intubation trough the animal mouth? It would be less invasive.

We have revised in the first paragraph of the Discussion section to clarify as
following:

“Tracheal intubation is the first important step for open chest surgeries. The
classic method of tracheal intubation for small animals, such as rats or mice,
involves making a "T" shaped incision on the trachea and directly inserting a "Y"-
type tracheal tubing into the trachea. In practice, we find that this method is not
easy during operation. The “Y”-type tracheal tubing is too large for small animals
and forms an angle with the trachea; thus, it is difficult to fix the tubing in place.
Additionally, once the intubation tubing accidentally comes out from airway
during open chest surgery, it usually results in animal death because of loss of
mechanical ventilation support. Therefore, we modified the method of
endotracheal intubation by making an incision on the skin, separating the muscle
layer to expose the trachea (Figure 1C), and directly inserting the tracheal tubing
into the airway through the animal mouth. The placement of tubing in the trachea
can be conveniently confirmed by clamping the trachea using forceps (Figure 1D).
A 22 G intravenous catheter (after removing the guide needle and only using the
sheath catheter) is used as the intubation tubing, and the tubing can be easily
fixed after intubation. This is a safe way for management during surgery and can
significantly improve the success rate of small animal open chest surgery.

However, this method requires a period of training and practice.”



-How did the authors calculate the respiration rate and tidal volume?

Calculate respiration rate and tidal volume based on body weight according the
ventilator user manual ( on the page 16 and 17:
www.harvardapparatus.com/media/harvard/pdf/Inspira_557058 9.pdf).

Page 16:

1ced Safety Ventilator User's Manual

Page 17:

Safe Range™ Respiratory Profiles

Setting up the ASV ventilator is both easy and safe thanks to the Safe Range™ software.
Once the animal’s body weight has been entered the software computes the median
settings for tidal volume and respiratory rate. These same equations are used to cal-
culate a Safe Range™ around the median values. Inspira uses the entered weight to
calculate the correct tidal volume and respiratory rate for the animal. The tidal vol-
ume (in liters) is determined by the equation 0.0062 x Mp'"" where My, is the animal
mass in kilograms.

The respiratory rate (in min') is determined by the equation 53.5 x My°*. The Safe
Range"™ is established by computing a range of acceptable values, which are less than
or equal to +10% of the calculated tidal volume and respiratory rate. All the default

Figure 11.Ventilator Graph

Ventilation Parameters
Mammals with <70g Body Mass

Body Mass (g)  Vt (ml) Rate (BPM)

15 0.1 159
20 0.12 148
30 0.18 133
40 0.24 123
50 0.30 mn7
60 0.36 m
70 0.42 107

10



We have added a reference to the Discussion section as following:

www.harvardapparatus.com/media/harvard/pdf/Inspira_557058 9.pdf

-How were the animals euthanized? Which method of euthanasia did the authors

used?

We have clarified this in the Protocol section as:
“After the final measurements, euthanize mice humanely through i.p. injection of

an excess dose of 2,2,2-Tribromoethanol solution.”

-Even for a methodological paper the animal number is too small to show

representative results.

We did more control mice (n=10) for the right ventricular hemodynamic
measurement to show the reproducibility of this method. However, we are very
sorry that we did not add more hypoxia mice data because of the tight revision

time and the preparation of animal models takes a long time.

-Authors should provide if there was any mortality during the hypoxia and, most

importantly, during the hemodynamic protocol.

The C57BL mice are well tolerated to mild hypoxia (10% oxygen) for 3 to 4 weeks,
the surgery mice rarely died during the procedure if maintain the mechanical
support well and no severe bleeding during open chest procedure. We added one

sentence to the Discussion section:
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“Although this method is a safe procedure for a well-trained surgeon, the
maintenance of tracheal intubation and prevention of bleeding during open chest

is important to avoid animal death.”

- The goals of the study are not completely new (even in jove publications:
https://www.jove.com/video/53335/hemodynamic-characterization-rodent-
models-pulmonary-arterial & https://www.jove.com/video/55065/shunt-surgery-
right-heart-catheterization-vascular-morphometry-rat ). Having this in mind,
authors should better discuss and explain the important differences in their
results in comparison with the previous published studies, specially concerning

results in the hemodynamic evaluation and hypoxia protocol used.

We have modified the Discussion section to compare the results in RVP and PAP

for PAH model.

Minor Concerns:

-Authors should provide the reference for the approval of the animal protocol.

We have added approved protocol information in the Protocol section as
following:

“The animal protocol was reviewed and approved by the Institutional Animal Care
and Use Committee at Fuwai Hospital, Chinese Academy of Medical Science,

Peking Union Medical College (NO.0000287).”
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-Authors should provide reference to the brand/model of the hypoxia chamber

and oxygen sensor.

We have added O; controller and hypoxia chamber information to the Table of

Materials.

-Authors should provide the reference for the LabChart Software.

We have added the LabChart version information also a reference website of the
LabChart to the Protocol section. (LabChart:
https://www.adinstruments.com/products/labchart?creative=290739105773&ke
yword=labchart&matchtype=e&network=g&device=c&gclid=CjwKCAjwxrzoBRBBE
iwAbtX1n4212S06KmccVncUHKkmMEXU8KKOXXREyzx8bvTrxYMSze-
ooEOatcbRoCliwQAvD_BwE.)

-Authors should actualize the most recent publications references.

We updated the most recent publications in the Introduction and Discussion

section about the hypoxia protocol and hemodynamics.

-The language must be checked throughout the paper by a native speaker.

According to your suggestion, a native English speaker has helped us to edit and

polish the manuscript.
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Reviewer #2:
Manuscript Summary:
This is a good description of the open-chest right ventricle pressure measurement

but the pulmonary artery measurements are barley mention in the discussion.

Major Concerns:

1. Removing the catheter while measuring to clean the electrode. This will cause
bleeding through the hole in the RV and they don't mention how long the
digestion and rinsing take. The higher the pressure the more bleeding. We always
make sure my probe is clean before inserting and when we finish a measurement
we wipe it gently with a wet gauze before returning it to the saline beaker. This
should remove any protein or debris that it has picked up while reading and

pulling it out of the ventricle.

We agreed with your point. If the measurement can be done correctly so it is not
necessary to remove the catheter for cleaning, at least it might cause minor

bleeding although a cotton-tip can prevent the bleeding.

While we trained the beginners such as young residents or fellows to do this
open-chest procedure, we noticed that they struggled for the catheterization and
the maintenance of the catheter in the ventricle, it took much longer time for the
measurement, so it usually causes the catheter zero-drifting. In this case, to avoid
to generate artificial data, we have to take the catheter out of ventricle to clean

the blood components attached to the sensor. Soak the catheter with warm 1.0%
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digestive enzyme solution, gently wipe the catheter with saline-soaked gauze; it is
beneficial to remove blood components from the catheter. If soaking in the
enzyme in room-temperature (21-24 degree), it usually takes about 15 min for

digestion.

We have revised the main text in the Discussion section to clarify this concern.

2. No figure showing an actual pressure tracing when the probe is in the

pulmonary artery.

We updated Figure 6 according to your suggestion. The representative pulmonary
artery pressure curves for control and PAH mice are shown in Fig 6E and 6F

respectively.

3. In the Protocol (Lines 117-120) they say they make a tunnel with the 25 G
needle and then put the catheter in through the tunnel but in the discussion
(Lines 188-193) the implication is that they leave the needle in and put the
catheter through it. If they are leaving the needle in it can cause major problems
such as shorting out the probe if the contacts touch the metal of the needle. We
make the tunnel, remove the needle and push the probe through the tunnel left

by the needle.

We agreed with your point. We prefer the procedure you mentioned above for

the safety of the catheter.
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When we trained the beginners to do catheterization, it was difficult for them to
insert the catheter through the pre-punctured tunnel on the beating heart, so as
an option we modified the method to insert the catheter during the needle
returning from the ventricular wall. It is helpful for the catheterization, but we
should always use a small size needle no more than 25 G to puncture a tunnel, the
bigger size needle not only increases the risk of damage catheter but also causes

more bleeding.

We did minor revision in the Discussion section.

Minor Concerns:
1. Correcting the zero during a recording is something that we do not do. We zero

the catheter at the beginning of the run only.

We agreed that do not correct the zero during recording.

If the catheter zero-drifting does appear during measurement, it means that the
data recorded may be artificial, take out the catheter from the ventricle and

recheck the zero, then try to do the measurement again.

2. How much blood flow is there once the catheter is introduced into the PA? We
know they are using the 1F catheter, but it seems like it would be almost the
same diameter as the PA and would impede flow through the valve. It seems that

in smaller mice, the catheter would take up the diameter of the PA. We don't do
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the closed chest method on mice less that 16 grams and prefer them to be at

least 20 grams for the 1.4F probe.

We agreed that it is difficult to hemodynamics in mice less than 16 gram; the mice
we used in this experiment are all over 24 gram, so they are big enough to do the

measurement.

The catheter size is 1F; it is about 0.33 mm in diameter, considering of the
pulmonary artery diameter is about 1.3-1.5 mm in adult mice, the catheter should
not significantly affect the pulmonary blood flow during the catheter inserted into
the artery. We did not measure the pulmonary blood flow during the pulmonary
artery catheterization procedure, so we don’t have the data currently to show

pulmonary blood flow on this condition.

3. Using 1% Terg-a-zyme is very hard on the electrodes of the catheter. We
usually just wipe ours down with a wet (water) gauze after each mouse, before
returning the probe to the beaker of saline and again after the experiment before

putting the catheter away to prevent salt build up.

We agreed that the Terg-a-zyme might be tricky, we noticed that soak the
catheter with warm 1.0% digestive enzyme solution, gently wipe the catheter
with saline-soaked gauze, it is beneficial to remove blood components from the

catheter, then put the catheter into normal saline until next measurement.

17



4. Should mention the size of the Millar catheter in the text not just in the

materials list.

We added the pressure transducer catheter size in the main text (the Protocol

section); the catheter size is 1F in diameter.

5. They didn't discuss it but in Figure 6 they show the systolic pressure in the right
ventricle and the systolic pressures in the pulmonary artery and they appear to be
the same. They don't mention the variability in pressure between mice which is
fairly high with this model and usually requires larger numbers to achieve

significance. Are the error bars standard deviation or standard error of the mean?

The RVSP and sPAP are comparable in Figure 6. These data are comparable with

references, we did not add more sentences to discuss.

The new Figure 6 is updated, we did more control mice to increase N number

(N=10), and the error bars in Figure 6 are all changed to standard deviation.

About the variability such as in systolic pulmonary artery pressure (sPAP) between
mice, it is about 17.4 to 25.8 mmHg for room air control mice, and 30.1 to 38.4 for
pulmonary hypertension mice. Also, we noticed that while we trained the young
residents or fellows to do chronic hypoxia, sometimes failed to maintain a
consistent 10% O; level in the hypoxia chamber, it might cause significant
variation in hypoxia mice, and some mice may not develop to pulmonary

hypertension only developed a mild elevation of pulmonary artery pressure. Thus,
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for the formal hypoxia experiment, we monitored the hypoxia chamber oxygen
level in person at least twice a day, to confirm that the hypoxia process could
generate a consistent 10% O; level in the hypoxia chamber. In this way, the
hypoxia mice can generate a significant increased pulmonary artery pressure and

acceptable variation compare to room air control mice.

6. What is the mortality rate with this procedure? The numbers of mice are very
small in this experiment. Also they don't mention the variability in pressure
between mice which is fairly high with this model and usually requires larger

numbers to achieve significance.

About the mortality of this open-chest procedure, it depends on the surgeon. For
a well-trained surgeon, animal rarely died during the open-chest surgery if mice
could tolerate anesthesia challenge. During the training period, when the young
residents or fellows do such open-chest surgery in small mice, sometimes failed

for ventilator support such as intubation tubing failure can cause animal die.

We did more control mice (n=10) for the right ventricular hemodynamic

measurement to show the reproducibility of this method. However, we are very

sorry that we did not add more hypoxia mice data because of the tight revision

time and the preparation of animal models takes a long time.

About the variability, we answered the question in question 5.

7. Should mention size of the catheter in the Protocol section.
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We added the pressure transducer catheter size in the Protocol section, it is a

SPR-1000 catheter, 1F.
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