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Cover Letter

Dear editors

We appreciate the opportunity to present our microsurgical technique for
establishment of a novel surgical technique as a foundation for further in-vivo
liver engineering in rat to the Journal of Visualized Experiments.

Recently one research group (Pan and colleagues) was found publishing a paper
regarding in-vivo liver engineering, which gives an opportunity to study liver
engineering in-vivo rather than ex-vivo. However, postoperative survival was
absent in his experiment. Thus, we established a novel surgical technique for in-
vivo surgical single liver lobe perfusion with a long survival period of more than 1
week, which serves as a foundation for in-vivo partial liver engineering in rat. We
would like to publish this procedure in JoVE, which provides an opportunity
letting the audiences learn the procedure in a visualized way. This film we made
will demonstrate this whole procedure step by step. We hope this technique can
be used in many experimental studies where a surgical in-vivo partial liver
perfusion model are needed, e.g. to study partial organ treatment by infusion with
drugs, in-vivo “cell culture system” in comparison with ex-vivo, in-vivo partial
organ decellularization as chemical resection, and in-vivo liver engineering.

Thanks again for reviewing our manuscript.
Best regards

Uta Dahmen
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25  SHORT ABSTRACT:
26 We establish a novel surgical technique for an in vivo single liver lobe perfusion model in rat as a
27  prerequisite for further studying in vivo partial liver engineering in the future.
28
29 LONG ABSTRACT:
30 Organ engineering is a novel strategy to generate liver organ substitutes that can potentially be
31 used in transplantation. Recently, in vivo liver engineering, including in vivo organ
32  decellularization followed by repopulation, has emerged as a promising approach over ex vivo
33  liver engineering. However, postoperative survival was not achieved. The aim of this study is to
34  develop a novel surgical technique of in vivo selective liver lobe perfusion in rats as a prerequisite
35  forinvivo liver engineering. We generate a circuit bypass only through the left lateral lobe. Then,
36 the left lateral lobe is perfused with heparinized saline. The experiment is performed with 4
37  groups (n = 3 rats per group) based on different perfusion times of 20 min, 2 h, 3 h, and 4 h.
38  Survival, as well as the macroscopically visible change of color and the histologically determined
39 absence of blood cells in the portal triad and the sinusoids, is taken as an indicator for a successful
40 model establishment. After selective perfusion of the left lateral lobe, we observe that the left
41 lateral lobe, indeed, turned from red to faint yellow. In a histological assessment, no blood cells
42  are visible in the branch of the portal vein, the central vein, and the sinusoids. The left lateral
43  lobe turns red after reopening the blocked vessels. 12/12 rats survived the procedure for more
44  than one week. We are the first to report a surgical model for in vivo single liver lobe perfusion
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with a long survival period of more than one week. In contrast to the previously published report,
the most important advantage of the technique presented here is that perfusion of 70% of the
liver is maintained throughout the whole procedure. The establishment of this technique
provides a foundation for in vivo partial liver engineering in rats, including decellularization and
recellularization.

INTRODUCTION:

The indications for organ transplantation are constantly expanding. In contrast, organ donation
rates and overall quality of organs are declining, leading to an increasing demand for grafts. The
number of candidates added to the liver transplant waiting list continued to increase (e.g., in the
United States, 11,340 patients were added in 2016, compared with 10,636 in 2015). Despite
substantial efforts, the number of available organs does not meet clinical needs. Due to the
increased incidence of liver disease, many patients with end-stage liver diseases die on the
transplant waiting list before a donor organ becomes available. To meet the huge demand for
donor liver grafts, alternative approaches using liver tissue engineering principles are being
actively pursued?. Nowadays, a newly developed biological technique of liver engineering could
potentially overcome this shortage.

Liver engineering consists of two steps: the generation of an acellular scaffold, followed by a
repopulation of the scaffold. To obtain a biological acellular liver scaffold, the explanted liver is
perfused via the vascular system with ionic or nonionic detergents, which can remove the cellular
material from the liver. In most previous studies, a biological acellular liver scaffold was achieved
by perfusion of the liver with a combination of sodium dodecyl sulfate and TritonX100. As a result,
all cells were removed, whereas the structure of the extracellular matrix was maintained. The
organ scaffolds were reseeded with mature cells, hepatocellular, as well as endothelial cell lines,
and primary hepatocytes with or without the simultaneous application of endothelial cells or
mesenchymal stem cells (MSC). Most researchers focus on ex vivo liver engineering34. However,
in most previous studies, only small pieces of repopulated scaffold cubes were transplanted into
different heterotopic implantation sites. In a few studies, partial repopulated scaffolds were
transplanted as an auxiliary graft. However, the maximal reported survival time was only 72 h&4,
As far as we know, orthotopic transplantation of a repopulated full liver graft has not yet been
performed or published about. The long-term function and transplantation of engineered organs
are still in their infancy. Therefore, an alternative approach to ex vivo liver engineering is needed.

In vivo liver engineering may represent an alternative to study hepatic repopulation under
physiological conditions. The advantages of in vivo liver engineering compared to ex vivo liver
engineering are manifold. The in vivo repopulated partial liver scaffold is subjected to
physiological blood perfusion with proper temperature, sufficient oxygen, nutrients, and growth
factorsin contrast to ex vivo perfusion with artificial culture medium. Furthermore, the remaining
partial normal liver maintains the hepatic function, principally allowing long-term survival. Since
an implanted ex vivo engineered liver graft is still incapable of sustaining the long-term survival
of experimental animals by its liver function®, we envision that in vivo partial liver engineering
would ultimately become a promising model to further study the evolution of engineered livers
with longer survival observations than ex vivo.
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Recently, one research group (Pan and colleagues) presented, for the first time, a technique of in
vivo liver engineering®®. They achieved the isolated perfusion of the right inferior liver lobe in
living rats despite anatomic and technical challenges. They reported the first intraoperative
results of in vivo repopulation using a human hepatocyte cell line. However, the in vivo surgical
perfusion model of Pan et al. has disadvantages. They achieved single liver lobe perfusion in rats
at the expense of completely blocking the portal vein and inferior vena cava, which may cause
severe harm to the animal. The experimental rats were sacrificed after only 6 hours of
intraoperative observation time. Therefore, the in vivo liver lobe perfusion technique needs
further improvement to achieve postoperative survival.

We developed a novel survival model for in vivo liver lobe perfusion, based on previous studies
of the hepatic anatomy of rat!®, the portal vein cannulation technique for hemodynamic
monitoring in mice'’, and liver bioengineering®1°. The key steps for the procedure are illustrated
in Figures 1A - 1E.

This technique is suitable for those who want to use this experimental in vivo perfusion model
for basic research on partial organ treatment by infusion with drugs, in vivo decellularization as
a chemical resection for organ diseases (e.g., liver cancer), in vivo cell culture in a decellularized
matrix comparing ex vivo two-dimensional and three-dimensional cell culture systems?%-2¢, and
in vivo liver engineering by decellularization and repopulation.

PROTOCOL:

The housing and all procedures carried out were in accordance with German animal welfare
legislation. All gauze, covering clothes, and surgical instruments are autoclaved and prepared
before the operation. All procedures are carried out under sterile conditions.

1. Preparation of the Rat for the Surgical Procedure

1.1. Place the rat in an induction chamber and anesthetize the rat with 4% vaporized isoflurane
and 100% oxygen at 0.5 L/min for about 3 min, until the rat is completely anesthetized.

1.2. Take the rat out of the induction chamber and measure its body weight.
1.3. Shave the fur of the surgical region on the abdomen.

1.4. Place the animal back into the isoflurane chamber for an additional 2 min to deepen
anesthesia.

1.5. Place the rat on the operation table in supine position.
1.6. Fix the anesthesia mask to the mouth region of the rat and keep the animal anesthetized

with a continuous gas flow of 2% vaporized isoflurane and 100% oxygen at a flow rate of 0.5
L/min.
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1.7. Fix the limbs with pieces of tape.
1.8. Apply vet ointment on both eyes to prevent dryness.

1.9. Administer buprenorphine 0.05 mg/kg subcutaneously, to relieve pain during the operation
period.

1.10. Disinfect the surgical field of the abdomen with 3 rounds of iodine tincture followed by 2
rounds of 70% alcohol.

1.11. Place sterilized gauze around the area where the incision will be made to only leave the
operation field of the abdomen exposed.

1.12. Proceed to perform the operation when the toe-pinch withdrawal reflex of the rat is absent.
2. Laparotomy of the Rat

2.1. Make a transverse abdominal skin and muscle incision using scissors and an electrical
coagulator.

2.2. Fix and pull the xiphoid process toward the head using a 4-0 polypropylene suture.

Note: Pay attention to lift up the xiphoid process vertically to better expose the liver, but proceed
with caution to avoid severe respiratory restriction and suffocation.

2.3. Open the peritoneal cavity by pulling both sides of the abdominal walls towards the head
with two subcostal hooks to expose the liver.

2.4. Cover the duodenum and small intestine in the abdominal cavity with a moistened gauze to
avoid drying.

2.5. Lift left and right median lobes up by using a moistened gauze and hold them against the
thorax to better expose the hilum of the liver.

2.6. Place the rat under a stereomicroscope (8X magnification).

2.7. Drop some warm saline into the abdomen and onto the surface of the liver and intestines
every several minutes, to prevent drying during the whole procedure.

3. Establishment of a Bypass Passage Within the Left Lateral Lobe

3.1. Dissect the left portal vein and ligate it with a 6-0 silk suture at the base (Figure 2A).



177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220

3.2. Block the left hepatic artery, the left bile duct along with the left median portal vein, the left
median hepatic artery, and the left median bile duct with micro clamps to prevent a flow of the
perfusate to the left median lobe (Figure 2B).

3.3. Separate the left lateral lobe by cutting off the surrounding ligaments of the lobe with micro
scissors.

3.4. Block the left lateral hepatic vein by clamping at the base of the left lateral lobe with micro
clamps (Figure 2C).

Note: Make sure not to clamp the left portal vein as well by mistake.

3.5. Use mosquito clamps to hold the ligature of the left portal vein and keep the vein with proper
tension for later cannulation.

3.6. Carefully make an incision in the front wall of the left portal vein by puncturing it with a 24-
G needle-dwelling catheter (Figure 3A).

Note: To create a bypass, vascular access points on the left portal vein and the left hepatic vein
are needed. For this step, it is preferred to create the vascular access by puncturing the vessels
with a needle rather than making a larger incision using scissors. This reduces the risk of bleeding
and later stenosis.

3.7. Withdraw the catheter and take the needle out of the catheter to obtain a needle-free 24-G
catheter.

3.8. Connect the catheter to a perfusion tube, of which the other endpoint connects to a 20-mL
syringe with 15 mL of 40 U/mL heparinized saline on a perfusion pump.

3.9. Turn on the pump for perfusing the tube to expel air out from the tube and the needle-free
catheter.

3.10. Turn off the perfusion pump.

3.11. Again, insert the needle-free catheter into the left portal vein via the punctured incision on
the vein (Figure 3B).

Note: Owing to the fact there is very limited space for fixing the catheter, it is not fixed at this
point. Therefore, the surgeon should use care to avoid the displacement of the cannulated
catheter.

3.12. Carefully make another incision at the margin of the exposed region of the left lateral
hepatic vein by puncturing it with a 22- or 24-G needle-dwelling catheter (Figure 3C).
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Note: It is recommended that the catheter be slightly smaller than the vessel.

3.13. Withdraw the catheter and take the needle out of the catheter to obtain a needle-free 22-
G catheter.

3.14. Turn on the perfusion pump to perfuse heparinized saline into the left lateral lobe via the
24-G cannulated needle-free catheter of the left portal vein at a flow rate of 0.5 mL/min.

3.15. Use dry gauze to absorb out-flowing waste fluid around the incision area of the left lateral
hepatic vein.

3.16. Cannulate the left lateral hepatic vein via the punctured incision of the vein with the 22-G
needle-free catheter, to generate a fluid outlet to minimize intra-abdominal contamination
(Figure 3D).

Note: It is technically difficult to fix the cannulated catheter to the liver lobe. Therefore, the
surgeon should pay attention to avoid displacement of the catheter. Alternatively, without
cannulation of the left lateral hepatic vein with a catheter, waste fluid can also be absorbed at

the incision region of the vein only with a dry gauze.

3.17. Keep perfusing the left lateral lobe with heparinized saline for around 20 min (group 1) and
then only with saline for 2 h, 3 h, or 4 h (group 2, group 3, and group 4, respectively).

3.18. Turn off the pump to stop the perfusion.

4. Physiological Reperfusion of the Left Lateral Lobe

4.1. Take off both catheters from the left portal vein and the left lateral hepatic vein.

4.2. Close the incision of the left portal vein with an 11-0 polyamide suture.

4.3. Close the incision of the left lateral hepatic vein with an 11-0 polyamide suture as well.
4.4. Unclamp the left lateral hepatic vein.

4.5. Unclamp the left median portal vein, left bile duct, and left hepatic artery.

4.6. Cut off the ligature on the left portal vein to reopen the vein.

5. Closure of the Abdominal Wall

5.1. Close the muscle layer of the abdominal wall by interrupted suturing with a 4-0 absorbable
polyglactin 910 suture.
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5.2. Close the skin layer of the abdominal wall by interrupted suturing with a 4-0 absorbable
polydioxanone suture.

5.3. After closing the abdomen, disinfect the skin incision with 70% alcohol.
6. Postoperative Treatment of the Rat

6.1. Place the animal on a warming pad for resuscitation for about 10 min and then put it into a
new cage.

6.2. Administer buprenorphine 0.05 mg/kg subcutaneously 2x a day for a consecutive 3 d
postoperatively to release pain.

REPRESENTATIVE RESULTS:

Twelve male (aged 12 - 13 weeks) Lewis rats were used to assess the effect of selective liver lobe
perfusion. The experiment was performed in four groups (n = 3 rats per group). Using different
perfusion periods of 20 minutes, 2 hours, 3 hours, and 4 hours, following the steps described
above, we successfully achieved in vivo single lobe perfusion.

In Vivo Perfusion of the Left Lateral Lobe:

The accurate anatomical identification of the left portal vein and the left lateral hepatic vein and
the successful left portal vein and left lateral hepatic vein cannulation can be confirmed after
perfusion with heparinized saline. The first indicator of a successful identification and cannulation
was the observation that blood mixed with perfusate was flowing out of the left lateral lobe via
the fluid outlet (Figure 4A). The successful surgical perfusion model was further confirmed by
observing the change of the left lateral lobe’s color after the perfusion with heparinized saline.
The color of the left lateral lobe changed from bright red to faint yellow, indicating the removal
of blood from the left lateral lobe. To confirm the maintenance of the physiological perfusion of
the remaining lobes, the color of the remaining liver lobes was constantly observed during the
perfusion of the left lateral lobe. The correct perfusion of the left lateral lobe resulted in the lobe
turning faint yellow while the remaining liver lobes maintained their bright red color throughout
the whole process (Figure 4B).

Physiological Reperfusion of the Left Lateral Lobe:

To assess the patency of the cannulated vessels after closing the incisions of the vessels and
reopening the vessels, the color change of the left lateral lobe was observed. A few red spots
appeared on the surface of the perfused faint yellow left lateral lobe after reopening the left
lateral hepatic vein, indicating initial retrograde perfusion in the left lateral lobe (Figure 5A). The
surface of the targeted lobe later showed even more red spots after releasing the micro clamps
of the left hepatic artery, left bile duct, and left median portal vein, implying further physiological
perfusion of the left lateral lobe via the reopened vessels (Figure 5B). The surface of the targeted
liver lobe turned dark red after reopening the left portal vein, confirming that the targeted liver
lobe regained its full physiological perfusion via the left portal vein (Figure 5C).
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Histology of the Perfused Left Lateral Lobe:

After finishing heparinized saline or saline perfusion, the selectively perfused left lateral lobe (as
experimental) and the normal inferior caudate lobe (as control) were resected and fixed with
formaldehyde and then subjected to a histological examination (H&E staining). In the left lateral
lobe, there are no obvious blood cells visible in the branch of the portal vein, sinusoids, and
central vein. As expected, red cells were visible in the branch of the hepatic artery (Figures 6A
and 6C). In the normal inferior caudate lobe (as control), blood cells were significantly observed
in the branch of the portal vein, the sinusoids, and the central vein (Figures 6B and 6D).

Survival Rate:

Twelve out of twelve experimental rats resulted in a 1-week survival rate of 100%. However, 3
experimental rats which underwent 4 hours of perfusion suffered temporarily from diarrhea and
bloody discharge from the eyes on the second or third day postoperatively.

FIGURE AND TABLE LEGENDS:

Figure 1: Scheme of the surgical in vivo single liver lobe perfusion model. (A) This is a schematic
drawing of the rat liver anatomy. (B) This panel shows the blockage of the left portal vein, the
left hepatic artery, the left bile duct, the left median portal vein, and the left lateral hepatic vein.
(C) This panel shows the cannulation of the left portal vein and the left lateral hepatic vein with
catheters for fluid inlet and outlet. (D) This panel shows the perfusion of the left lateral lobe with
heparinized saline by a perfusion pump. (E) This panel shows the physiological reperfusion of the
left lateral lobe after reopening the blocked vessels to the lobe.

Figure 2: Intraoperative images showing the blockage of the vessels supplying and draining the
left lateral lobe. (A) This panel shows the ligation of the left portal vein. (B) This panel shows the
blockage of the left hepatic artery, the left bile duct, and the left median portal vein/hepatic
artery/bile duct with micro clamps. (C) This panel shows the blockage of the left lateral hepatic
vein with micro clamps (white arrow). The scale bars are 1 mm.

Figure 3: Intraoperative images showing the bypass circulation through the left lateral lobe. (A)
This panel shows the incision in the left portal vein (white arrow) by puncturing it with a 24-G
needle-dwelling catheter. (B) This panel shows the cannulation of the left portal vein for a fluid
inlet with a 24-G needle-free catheter (white arrow). (C) This panel shows the incision in the left
lateral hepatic vein (white arrow) by puncturing it with a 22-G needle-dwelling catheter. (D) This
panel shows the cannulation of the left lateral hepatic vein for a fluid outlet with a 22-G needle-
free catheter (white arrow). The scale bars are 1 mm.

Figure 4: Intraoperative images showing perfusion of the left lateral lobe. (A) This panel shows
perfusate flowing into the left lateral lobe via the inlet (yellow catheter) and flowing out of the
left lateral lobe via the outlet (blue catheter). The left lateral lobe was, indeed, selectively
perfused, as shown by the color changing of the lobe (white arrow). (B) Note the color change of
the left lateral lobe to faint yellow after the perfusion with heparinized saline, while the
remaining liver lobes remain bright red (white arrows). The scale bars are 1 mm.
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Figure 5: Physiological reperfusion of the left lateral lobe. (A) This panel shows the retrograde
perfusion of the left lateral lobe after reopening the left lateral hepatic vein (white arrow). (B)
This panel shows the physiological reperfusion of the left lateral lobe (white arrow) after
releasing the micro clamps on the left median portal vein and the left hepatic artery. (C) This
panel shows the complete reperfusion of the left lateral lobe (red arrow) after reopening the left
portal vein and the ischemia of the left median lobe (blue arrow). The scale bars are 1 mm.

Figure 6: Histological assessments (H&E staining). (A and C) These panels show a histological
assessment of the heparin-saline-perfused left lateral lobe (experimental lobe) demonstrating
the absence of blood cells in (A) the portal vein and sinusoids, and (C) the central vein. (A)
However, red cells are visible in the hepatic artery (black arrow) as expected. (B and D) These
panels show a histological assessment of the normal inferior caudate lobe (control) revealing the
presence of blood cells in all vascular structures: (B) portal vein, hepatic artery, and sinusoids
(black arrows), and (D) central vein (black arrow). The scale bars are 250 um.

Table 1. Comparison between different models of in vivo liver engineering. This table
demonstrates critical differences in the two model establishments between Pan et al.1> and our
research group.

DISCUSSION:

By blocking and cannulating the left portal vein with a catheter as a fluid inlet and the left lateral
hepatic vein with another catheter as a fluid outlet, we successfully generated an in vivo fluid
bypass within the left lateral lobe, indicating that although the technique is highly challenging
due to the small size of the vessels for cannulation and a high risk of causing bleeding, it is
feasible. Even the rats undergoing a long perfusion period of 4 hours survived at least 1 week,
showing that the rats could tolerate this surgical procedure.

In the following section, we describe the three technically most difficult and critical steps and
how to successfully master them. Firstly, in the process of separation and ligation of the left
portal vein, due to the close spatial relationship of the targeted portal vein with the surrounding
liver parenchyma, isolation of the vessel has a high risk of causing bleeding. We recommend using
micro forceps rather than scissors to separate the left portal vein, by carefully tearing apart the
connected avascular tissue surrounding the left portal vein. Secondly, in terms of the incision on
the front wall of the left portal vein, an oversize incision on the front wall of the left portal vein
may increase the difficulty of incision repair and the chance of causing stenosis after vascular
anastomosis. We recommend using a needle-dwelling catheter instead of scissors for making a
properly sized incision. Thirdly, regarding the blockage of the left lateral hepatic vein, if the
exposed region of the left lateral hepatic vein is blocked improperly, there will not be sufficiently
exposed space on the left lateral hepatic vein for later cannulation. We suggest the clamping
should be performed close to the left median lobe rather than in the middle of the exposed
region of the left lateral hepatic vein.
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We compare the two models of selective in vivo liver perfusion between Pan et al.'> and ours
(Table 1). Firstly, the selection of the targeted liver lobe is considered a most critical step for the
model establishment. We selected a rather isolated lobe, the left lateral lobe, as the targeted
lobe for in vivo surgical perfusion model establishment. In contrast, the research group of Pan
selected the right inferior lobe for the model**. Shortcomings of selecting the right inferior lobe
are as followings: firstly, they had to compromise by completely blocking and cannulating the
vena cava for a fluid outlet, which may negatively impact the blood circulation of the animal.
Secondly, they had to block and cannulate the main portal vein for an inlet, which caused
ischemia of the remaining liver lobes, and portal hypertension. As compared to the lobe targeted
here, the left lateral lobe, we blocked and cannulated left lateral hepatic vein instead of the vena
cava for a fluid outlet. We generated a fluid inlet by selecting the left portal vein, which has a
rather large diameter, facilitating dissection, blockage, and cannulation. Therefore, directly
blocking the blood flow to the vena cava and the main portal vein is avoided in the model
presented here, which is critical to the survival of the rat.

Despite the great potential for in vivo liver lobe perfusion, this technique has some limitations.
Firstly, ischemia of the left medial lobe is inevitable, due to the blockage of the left median portal
vein during the process. Secondly, based on the temporary blockage at the base of the left lateral
lobe using micro clamps, this may lead to damage of the liver parenchyma surrounding the lobar
base and inevitably cause a slight leakage during the perfusion with heparinized saline. Three
experimental rats which were subjected to a perfusion period of 4 hours suffered temporarily
from diarrhea and bloody ocular discharge, suggesting that 4 hours might be the maximum
perfusion period for a rat without suffering more complications. To our knowledge, at least 3
hours is required for the decellularization of a whole rat liver ex vivo'®. Therefore, the 4 hours of
perfusion time we intended to achieve would be sufficient for further liver lobe decellularization,
which is a prerequisite for liver engineering by cell repopulation of a liver scaffold.

In the future, this novel technique for an in vivo perfusion model may potentially be used in
experimental research for partial organ treatment by infusion with drugs, in in vivo partial organ
decellularization as chemical resection, as an “in vivo cell culture system”, and, possibly most
importantly, for in vivo partial organ engineering.
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Parameters Result
Research group Pan et al 2016 [15]
In-vivo Yes

Right inferior lobe

Target liver lobe

Blockage of vena cava and

. . Yes
main portal vein

Ischemia of the remaining
lobes

Cannulation of vena cava Yes
Cannulation of main portal
vein

Portal hypertension Yes

1 week survival rate Sacrificed intraoperatively

Yes

Yes
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Own group

Yes

Left lateral lobe

No

Only left median lobe

No

No

No

100%
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Name of Material/ Equipment Company Catalog Number  Comments/Description
Perfusion Pump
Perfusor VI B. Braun, Melsungen
Catheter
Versatus-W Catheter Terumo SR+DU2419PX 24G, 0.74x19mm
Versatus-W Catheter Terumo SR+DU2225PX 22G, 0.9x25mm

micro surgical instrument

micro scissors F-S-L No. 14058-09
micro serrefine F-S-L No0.18055-05
Micro clamps applicator F-S-L No. 18057-14
Straight micro forceps F-S-L No. 00632-11
Curved micro forceps F-S-L No. 00649-11
micro needle-holder F-S-L No. 12061-01

general surgical instruments

standard sissors F-S-L
mosquito clamp F-S-L
serrated forcep F-S-L
teethed forcep F-S-L
needle-holder F-S-L
suture

4-0 prolene ethicon
4-0 ETHICON*II ethicon
6-0 silk ethicon

11-0 polyamide ethicon
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Item 1 (check one box): The Author elects to have the Materials be made available (as described at

i
| Open Access

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

Item 2 (check one box):

h

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 MyJove 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.
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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.
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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 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
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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 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 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
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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
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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.
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Click here to download Rebuttal Letter Reply to
Comments.docx

Comments:

Please see the attached word doc. In-text comments have been made;
these require your attention. Please address the comments by editing
your manuscript/figures. Please maintain the current format and track
all your edits.

Revision: Done in the manuscript

Please rotate each figure by 90 degrees clockwise.

Revision: Done (all figures for the manuscript)

Please also update figures 4,5,6 to match those shown in the video.

Revision: Done (the figures 4,5,6 for the manuscript )

Please also remove the labels Fig 1,2,3,4 from the video because they
do not correspond to the fig numbering in the manuscript.

Revision: Done in the video

Audio issues in the video: We recommend lowering the music volume
by 3-6 dB. In particular, the piano melodies compete with the human
voice and is somewhat distracting.

Revision: Done in the video (The music volume is lowered by 6 dB)

I+


http://www.editorialmanager.com/jove/download.aspx?id=854776&guid=fe34b6de-e0f9-4137-bb2f-0326af389887&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=854776&guid=fe34b6de-e0f9-4137-bb2f-0326af389887&scheme=1

