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Microsurgery

Abstract

Background: The survival of engineered cardiac muscle ‘grafts’ to the epicardium is
limited by vascularization post-transplantation in rat models. In this paper we describe
the 'methodology of a novel rat model that allows for the transplantation of an
engineered cardiac muscle flap (ECMF) onto the epicardium.

Materials and Methods: A total of 40 rats were used. 24 neonatal rats were used to
harvest cardiomyocytes. At week 1, ECMF were generated by seeding
cardiomyocytes into the arteriovenous loop (AVL) tissue engineering chamber
implanted into the right groin of adult rats (n=8). At week 6, the ECMF were
harvested based on a pedicle along the femoral-iliac-abdominal vessel and
anastomosed to the neck vessels of the recipient syngeneic adult rats (n=8). The flaps
were delivered into the thoracic cavity and onto the epicardium. The transplanted
flaps were harvested at week 10. Survival of the flaps was assessed by the patency of
anastomoses and viability of the cardiomyocytes through histological analysis
(hematoxylin and eosin, desmin, vVWF immunostaining).

Results: 6 out of 8 rats survived the transplantation procedure. These remaining 6
recipient rats survived until harvest time point at four weeks post-transplantation. The
mean area of the flap was 46.7mm> 6 out of 6 flaps harvested at week 10 showed
viable cardiomyocytes using desmin immunostaining and vascular channels were seen
at the interface between flap and epicardium.

Conclusion: This is a technically feasible model that will be useful for future
assessment of different cardiac stem cell implants and their functional significance in
rat heart models.

Keywords: Cardiac, Tissue Engineering, Rat Model, Transplantation, Microsurgery
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1. INTRODUCTION

Various techniques for cardiac tissue ‘graft’ engineering in vitro were described in the
literature’. Several groups have reported the successful implantation of these
avascular cardiac grafts onto the epicardium in animal studies®®. Zimmermann et al’
reported significant improvement in cardiac function after the transplantation of tissue
engineered cardiac grafts onto diseased myocardium post-myocardial infarction.
However, the report of cardiomyocyte survival post-grafting has been poor’. The
survival of these grafts relies on the process of imbibition, inosculation and
subsequently angiogenesis. Unlike skin or cartilage, these functional cardiac grafts
have high metabolic demands, and are more prone to ischemic injury whilst the
process of ‘graft take’ occurs. Furthermore, laying grafts onto ischemic myocardium

seems counterintuitive to traditional surgical teaching.

A different approach for tissue engineering was proposed by Mian et al using in vivo
vascularization technique in an arteriovenous loop (AVL) tissue engineering
chamber®. This technique allows the implantation process to take place in a well
vascularized tissue bed prior to assembly into a metabolic demanding contractile
tissue. Morritt et al. adapted this technique in cardiac tissue engineering’ and
successfully reported the assembly of neonatal cardiomyocytes into a potentially
transplantable flap in nude rats’. It was the thickest cardiac tissue generated to date.
While the potential of the engineered cardiac muscle flap (ECMF) was reported by its
transplantation to the contralateral groin, a model that delivers the ECMF to the native
environment of the heart for further functional study was lacking as there were no

existing model that allow such transplantation.

In our previous study, we demonstrated there was no muscle volume loss after
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transplantation of the ECMF to an ectopic site as well as the feasibility of
transplanting the ECMF onto the epicardium'’. However, the technical aspects of the

transplantation model was not described.

This article describes the technical details and feasibility of the novel microsurgical
rodent model for transplanting an ECMF to the epicardium of syngeneic rats. This
model will provide a platform for assessing cell survival and the potential of the

cardiac muscle flap as a bioventricular assisting device.
2. MATERIALS AND METHODS

All'procedures were performed with the approval of the St Vincent’s Hospital Animal
Ethics Committee and conformed to National Health and Medical Research Council
(Australia) guidelines for animal welfare. A total of 40 Sprague Dawley rats were

used in the experiment (including 24 neonatal rats and 16 adult rats).
2.1 Preparation of neonatal cardiomyocytes

Neonatal rat cardiomyocytes were isolated from syngenic neonatal Sprague Dawley
rats (n=24, 1-3 days old; Experimental Medicine and Surgery Unit, St. Vincent’s
Hospital Melbourne, Australia). 3 neonatal rats were required to isolate 6 x 10°
cardiomyocytes sufficient for a single chamber implantation (thus, 8 chambers
required 24 neonates). Cardiomyocytes required for the initial implantation were
1solated enzymatically from the ventricles removed from the neonates, beginning
from the night before implantation, as previously described'®. 6 x 10° rat viable
cardiomyocytes counted in a hemocytometer were suspended in 50ul of
cardiomyocyte medium (DMEM/F12 with HEPES, 5% horse serum, 1%

antibiotic/antimycotic solution supplemented by 3mM pyruvic acid, 2g/L. bovine
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serum albumin, 100mg/mL ampicillin, 4mg/mL transferrin, 0.7ng/mL sodium
selenite, Smg/mL linoleic acid, and 100mM ascorbic acid) mixed in 200uL. hydrogel

(Matrigel™, BD Biosciences Pharmingen) and kept on ice until implantation.

The transplantation model involved using a donor rat for the in vivo engineering of
ECMF (described in section 2.2) and transplantation based on a long pedicle that
includes the femoral, iliac and abdominal vessels (described in section 2.3). The
pedicle was anastomosed to the left cervical vessels and delivered to a recipient rat’s

heart as depicted in Figure 1.
2.2 Engineering of Cardiac Muscle Flap

An AVL tissue engineering chamber was constructed in the right groin of syngeneic
adult Sprague Dawley rats (n=8, weight 250-350 grams) intended as donors as
previously described”'". In brief, the femoral artery and vein in the right groin were
isolated, separated and ligated distally. A contralateral femoral vein graft was
harvested from the contralateral groin and interposed between the previously isolated
femoral artery and vein. The microanastomoses were performed using 10-0 nylon to
form the AVL. The AVL was placed within a polycarbonate chamber (0.5 mL
internal volume, 1.3 cm internal diameter, and 0.5 cm height; Department of
Chemical Engineering, The University of Melbourne, Melbourne, Australia). The
chamber was then secured to the inguinal ligament and surrounding soft tissues with
5-0 polypropylene sutures through perforations on the base of the chamber. The
cardiomyocyte suspension was then pipetted onto the AVL and the gel solidified as it
reached 37°C. Finally, the lid of the chamber was applied and the skin wound was
closed. No immunosuppressant was required for the syngeneic rats, thus avoiding

undesirable effects of the immunosuppressant.
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2.3 Engineered Cardiac Muscle Flap Transplantation

At 6 weeks post-implantation of the cardiomyocytes, AVL chambers were explored in
the donor rats. This time point was selected based on a previous study °, in which a 4
week ECMF was the earliest time point the flap was observed to spontaneously
contract. A slightly later time point of six weeks was used to allow for maturation of

the flap and more reliable contractility for transplantation.

The polycarbonate chamber was removed to reveal the contractile ECMF. The pedicle
of the ECMF was exposed by careful dissection to remove encapsulating fibrous

tissue.

Without dissecting the pedicle further, a midline laparotomy incision was then made
and the incision was extended to the groin wound. The small intestine was carefully
externalized and wrapped in moist gauze. A moist cotton bud was then used to tease
away intraperitoneal tissues until the abdominal aorta (AA) and inferior vena cava

(IVC) and their bifurcation into left and right common iliac vessels were visualized.

Further dissections were performed until the common iliac vessels were seen entering
the groin. The abdominal wall that separates the iliac vessels and the pedicle of the
flap (the superficial femoral vessels) was carefully divided to free the pedicle. This
step was the most technically challenging step of the procedure as there were many
emanating branches from the femoral vessels and would best be done under an
operating microscope. The final step would be the ligation of the deep femoral

branch.

After freeing the ECMF pedicle from the groin, sacral and deep spinal branches of the

posterior abdominal wall were carefully ligated from caudal to cranial. The dissection
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was stopped at the level of the hepatic branches (Figure 2), cranial to the renal
branches (Figure 1). The renal vessels were not ligated at this point to maintain the
clearance of metabolic waste from the flap. Once the pedicle of the ECMF was
completely freed, except from the renal and hepatic branches, the peritoneal cavity

was packed with warm saline gauze and attention turned to the recipient rat.

The recipient rats (n=6, weight 407-510 grams) were anaesthetized with inhalational
anaesthesia (1-2% Halothane, AstraZeneca Pty Ltd, NSW, Australia) in a gas
chamber, followed by intubation with a 14-gauge cannula. Mechanical ventilation of
the animal was kept at the settings of 1.5-2% of halothane and ventilation rate of 90
stroke per min utilizing a small animal ventilator (Model 683 Small Animal
Ventilator, Harvard Apparatus). The recipient animal was kept on the mechanical

ventilator until the closure of the chest wound.

A.midline incision in the neck was made with the incision extending to the left
caudally to expose the left sided chest wall of the rat. The jugular vein which lies right
under the skin was identified and dissected free of surrounding tissue at this point.
The vein was dissected as distal from its draining vein as possible. Whenever a
branching point was seen, the vein was ligated at the branching point to allow for a

larger lumen for anastomosis.

Midline muscles were retracted using sutures and with gentle dissection using the
cotton bud, the left common carotid artery was exposed. A ligating clip was placed as
cranial as possible to obtain maximum length of the artery for subsequent
anastomosis. Both the artery and vein were placed in position with vessel clamped

and prepared for anastomosis.

Returning to the donor rat, ligation of the AA and IVC was performed. Immediately
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after ligation, a 16 gauge cannula was used to flush 4°C heparinised saline through
the AA until clear fluids were seen coming out of IVC. The ECMF was wrapped with
gauze soaked in the cold heparinized saline and deliver over to the operating table of

the recipient rat.

End-to-end anastomoses of the AA to carotid artery and IVC to jugular vein were
performed respectively under operating microscope magnification. The flap was kept
moist wrapped in gauze at 4°C throughout the procedure. After the anastomoses were
sutured, the vessel clamps were released and ECMF immediately perfused. The
ECMF would then slowly resume contraction (all ECMF resumed contraction before

progressing to thoracotomy).

Following this, standard anterior thoracotomy was then performed (Figure 3A). The
location of the heart is at the 5™ and 6™ intercostal space, or it can be identified by
palpation. An artery forceps was used to bluntly dissect through the chest wall into the
thoracic cavity. The pericardial sac and fat on the surface of the epicardium were

gently removed with a moist cotton bud to expose the epicardium.

Finally, the capsular surface of the flap that faced the epicardial surface of the flap
was excised. Following this, the flap was delivered into the chest to lay on the
epicardium (Figure 3B). Once the position of the flap was decided, three interrupted
7-0 Prolene sutures were used to anchor the remaining fibrous edges to the
epicardium to allow myocardium to epicardium contact. This step was most
conveniently performed under 2.5x loupe magnification. A segment of rib was
removed to prevent a kink of the pedicle as required. The chest was then closed in

layers, including loosely closing the split musculature (Figure 3C).

2.4 Assessments
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4 weeks post-transplantation the tissues were harvested en bloc with the heart. The
anatomoses at the neck were first exposed to check for patency before the harvest of
the heart tissue. Recipient animals were sacrificed at this time point. Success of the
procedure was defined by the survival of the animal after successful transplantation
up to the 4-week time point, and upon exploration maintained a patent anastomosis
with survival of the cardiomyocytes contained within the flap. Success rate was, thus,
the number of success with the transplantation procedure over the total number of rats
used. Flap survival was defined by the presence of cardiomyocytes within the flap

post-transplantation.

Sum thick paraffin sections were made and stained with hematoxylin and eosin
(H&E) for general histology. Survival of cardiomyocytes were detected using desmin
immunostaining (1:100, Dako). Blood vessels running between the heart and flap

were assessed using Von Willebrand Factor (vWF, 1:200, Millipore) immunostaining.
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3. RESULTS

6 out of 8 animals had successful procedures (success rate 75%). The approximate
cold ischemic time of the flap was 40 minutes. 2 animals died during the
transplantation procedure so were considered technical failures. The first animal had
uncontrolled intraoperative bleed from a ruptured superficial cardiac vein. The second
animal had an intraoperative thrombosis at the anastomosis site that was not

salvageable.

AllL animals (n=6) that had successful transplantation survived through four weeks
post-surgery, with no signs of irritability. All 6 animals had patent anastomoses four
weeks post-surgery, demonstrated by positive patency tests at the arterial and venous
anastomoses. All ECMF were found attached to the epicardium at the time of harvest
(Figure 4). The mean area of the flap was 46.7mm?(range 37.5-60, mm?), which

occupied approximately two thirds of the anterior surface of the heart.

Desmin immunostaining confirmed the survival of the cardiomyocytes after
transplantation. The cardiomyocytes tended to locate closer to the vascular lumen of
the AVL-based flap (Figure 5). In two specimens, the cardiac muscles were observed
to lie in proximity to the interface between the flap and heart. However, there was no
visible integration of the transplanted cardiac muscle and host myocardium, the
muscle cells were instead separated by a layer of connective tissue where the ECMF
capsule and epicardium merged (Figure 6). There were vessels running through the
epicardial connective tissue of the host heart and also in the connective tissue of the
flap (Figure 7). There was no demonstrable immune response to the flap as
demonstrated by H&E histology with generally clear connective tissue with no

significant lymphocytic or macrophage cellular infiltrate which would manifest as
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eosinophilia (Figure 6).

"

Author Manuscrip

John Wiley & Sons
This article is protected by copyright. All rights reserved.



Microsurgery

4. DISCUSSION

We have shown previously, using an ectopic transplant model to the neck vessels, the
transplant process do not affect the volume of cardiac tissue transplanted'®. In this
article, we described, in detail, the methodology for a proof-of-concept model for the
free transfer of engineered vascularized cardiac muscle to the epicardium in a
syngeneic rat model. We demonstrated the feasibility of this novel small animal

model by a microsurgeon.

Despite progress made in two decades of cardiac tissue engineering, a robust
vascularized cardiac tissue that is ready for transplantation is still lacking. There were
many techniques utilized that managed to successfully create contractile cardiac tissue
orafts'. These techniques, however, shared a common strategy of seeding isolated
neonatal rat cardiomyocytes into some form of scaffold™'*"*. One of the landmark
studies by Zimmermann et al’ demonstrated the transplantation of avascular
engineered heart tissue (EHT) grafts onto the epicardium of diseased hearts in
syngeneic rats. Using sophisticated assessment tools, they were able to show EHT
integrated electrophysiologically with the heart and improved cardiac function after
induced myocardial infarction. While several research groups have demonstrated in
vitro generated cardiac muscle grafts transplanted to failing heart in rodent models to
improve heart function, there seems to be significant loss of cardiomyocytes post-
transplantation’. There appears to be an underestimation of the importance of

vascularization of these grafts.

The importance of vascularization of the engineered cardiac grafts was gradually
recognized to improve its survival. Studies by Suzuki et al'* and Dvir et al"® showed

independently, that cardiac grafts generated in vitro followed by prevascularisation by
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the.omentum (cardiac only grafts placed in the omentum to allow penetration of
vessels and hence formation of vascular network within the construct) prior to or at
transplantation demonstrate greater improvement of cardiac function in the recipient
rats suffering from myocardial infarction. It appears that contractile engineered grafts,
seemed to have an effect on improving injured hearts and prevascularisation of the in
vitro generated constructs seemed to improve the functions of these grafts. It was
speculated that this observation was related to the improved survival of
cardiomyocytes within the grafts. However, as clinicians, it is clear that this

improvement is not adequate to allow clinical translation of its use.

The expectation of cardiac muscle grafts to ‘take’ like skin grafts on a hostile
environment of infarcted myocardium (suboptimal wound bed) seemed
counterintuitive clinically. Taking a different approach, Morritt et al’ successfully
engineered contractile cardiac muscle flaps using the AVL tissue engineering
chamber. Unlike previous techniques utilizing in vitro assembly of cardiomyocytes
onto a scaffold with subsequent transplantation, the AVL tissue engineering chamber
utilizes an in vivo tissue engineering technique. This technique allows cardiomyocyte
assembly to occur in vivo around a microsurgically created vascular system, with
arterial in flow and venous outflow. The cardiomyocyte lies within a highly
angiogenic environment'® prior to its assembly (low metabolic state) and subsequent

formation into a flap with a transplantable pedicle.

While in principle, the ECMF can then be delivered to the heart and immediately be
revascularised, the functional effect of the ECMF on the heart needs further
elucidation. Furthermore, to investigate the effect of the cardiac muscle flap on

injured or failing heart, a model that delivers the flap to the epicardium is required.

John Wiley & Sons
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Ideally, an autologous transplantation from the chamber in the groin to the epicardium

would be preferred.

In the process of developing the model, we explored the deep inferior epigastric
vessels on the contralateral side to the chamber and the thoracodorsal vessels in an
attempt to design a true autologous transplant model. However, mismatch of these
vessels to the femoral vessels was too great. While the neck vessels are a better size
match, tunneling the flap through the thoracic inlet in rats was proved not feasible
during our dissection. After failed attempts in generating an autologous transfer
model, we shift our focus to utilizing the convenience of having a syngeneic rat

model.

Our initial idea was to adopt the abdominal heterotopic rat transplant model from
immunology transplant studies'’. However, no matter how caudally we performed the
anastomosis to place the transplanted heart closer to the groin, the ECMF will not
reach the transplanted heart without devascularizing the hind limb. Thus, the new idea
of using the donor rat to harvest a flap with a long pedicle that extends into the
abdominal vessels was conceived. While there were initial concerns of size mismatch
when using of abdominal vessel for anastomosis to the neck vessels, end-to-end
anastomosis appears to give the best outcomes. Attempts to perform end-to-side
anastomosis or utilizing the more size matching renal vessels had been shown to be
more likely to kink and twist resulting in thrombosis of the ECMF pedicle. This
model described allowed a generous pedicle and less insult to the recipient animal. It
also allowed a more physiological heart compared to an abdominal heterotopic rat

heart model'”.

Technically, the dissection of the pedicle through the abdominal wall into the groin
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was, most challenging, with many branching vessels caudal to the common iliac
vessels arising within the abdominal wall musculature. A viable animal is required
prior-to the transplant, therefore, uncontrolled blood loss during any part of the
dissection is highly undesirable. Another technical challenge would be the inset of the
ECMF onto the epicardium. A shallow bite using the suture needle on the surface of
the heart can tear through rupturing the cardiac veins, while a relatively deep bite
when incorrectly placed can induce an infarct by ligating the descending (LAD)
coronary artery. Reviewing histological cross section of the rat heart (noting the
thickness), understanding the anatomy of the LAD artery and practicing suturing fat
pad on the epicardium in practice animals will help greatly. The two failures came
during the initial four animal surgeries. The final four animal surgeries were
uncomplicated. This suggests a learning curve that can be easily overcome with

experience. Despite this, we achieved an overall success rate of 75%

All the cardiac flaps remained attached at the time of exploration. While no direct
contact of the host myocardium and flap’s cardiac muscle was observed, higher
density of vessels were observed at the border of contact on both the cardiac and flap
side. Some of these vessels seemed to be running from the heart substance into the
connective tissue layer of the flap suggesting there might be communication between
the two circulations. Further perfusion studies would have to be conducted to

investigate this observation.

A cardiac muscle flap is a functional flap rather than a filler flap, its ultimate goal is
to function like the myocardium. A historical procedure dynamic latissimus dorsi
cardiomyoplasty'®, aims to improve failing heart function by acting as a

bioventricular assisting device. However, despite preconditioning the latissimus dorsi
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flap before applying to the heart, the outcome of the procedure remained dismal.
Using the ECMF, a flap composed of cardiac muscle, it should theoreticallly be more
suitable for pacing. Our model will allow cardiac progenitor/stem cells that can
assemble within the AVL chamber to be transplanted to the heart for functional
assessment. In fact, our group has investigated adipose-derived stem cells"” and
induced pluripotent stem (iPS) cells® as cell sources for cardiac tissue engineering.
Furthermore, in the well-established rat myocardial infarction model?!, the anterior
wall infarct generated by LAD ligation is precisely where the flap can conveniently be
placed. Functional assessment of the heart is also possible using echocardiography or
using intracardiac catheter’. The 4-week time point, which we chose to harvest the
transplanted cardiac flap, was selected in anticipation of future study when ligation of
the left anterior descending coronary artery to induce myocardial infarction would be
included in the model. A 4-week time point was thought to allow more significant
dilated cardiomyopathy to be detected by echocardiography. Assessment during the
four weeks for the patency of the pedicle was deemed not necessary as we do not
believe that the cardiomyocytes would be able to survive should the pedicle be
obstructed. Cardiomyocytes are highly metabolically demanding cells. If the pedicle
were to thrombosed during the four weeks after transplantation and recanalized
subsequently before harvest, the cardiomycytes would have no chance of survival.
Particularly, when considering the cardiomyocytes are closer to the AVL (Figure 5)
rather than the epicardium preventing diffusion of nutrients from the surface of the

heart.

Whilst the surgery is labor intensive, this microsurgical syngeneic rat model is a

necessary platform for the future assessment of engineered cardiac muscle flaps.
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6. CONCLUSIONS

The paper demonstrated a rat model that has significant implications for the
advancement of cardiac tissue engineering using the AVL tissue engineering

chamber.
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Figure Legends

Figure 1 Schematic diagram showed the strategy of isograft orthotopic
transplantation of the engineered cardiac muscle flap by dissecting the pedicle of the
flap along the femoral-iliac-abdominal vessel axis and connect it to the neck vessels

of the recipient rat.

Figure 2 Cardiac muscle flap dissected through the groin to the level of the
hepatic branch of the abdominal vessels in the donor rat (right). After end-to-end
anastomosis of the abdominal aorta (AA) to the carotid artery and the inferior venae

cavae (IVC) to the jugular vein (left) in the recipient rat.

Figure 3 (A) Cardiac muscle flap (dashed arrow) shown to lie over the chest
wall with a thoracotomy window that exposed the anterior surface of the recipient’s
heart, (B) sutured to the heart through a thoracotomy window (note: a segment of the
rib was resected to allow the entrance of the pedicle) and (C) The pedicle (solid
arrow) ran from the neck vessels, through the split pectoral muscles into the

thoracotomy window. ‘Cranial’ was marked to show orientation. I[C=intercostal.

Figure 4 (A) Diaphragmatic approach to harvest the flap (*) & heart to avoid
damage to the pedicle (arrows) prior to the harvest (B) Macroscopic appearance of

flap attached to the anterior surface of the ventricle.

Figure 5 Macroscopic section of harvested specimen (left) showed cross section

of transplanted flap on heart surface, with the two lumens being the artery (smaller)
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Microsurgery

and vein (larger) of the arteriovenous loop. Micrograph sections (right) showed 10x
magnification desmin immunostained cardiomyocytes assembled close to the lumen

of the flap that remained viable after transplantation. (scale bar=200um)

Figure 6 Representative micrographs from consecutive sections at the region of
contact between the cardiac muscle flap and the rat heart (left) showed cardiac muscle
tissue in the patch (dotted line) separated from the host myocardium by integrated
connective tissue of the epicardium and the flap capsule. Picture (right) showed vWF
immunostained vessel (arrow) coursed in the epicardium and into the connective
tissue between the flap and the heart’s surface. vVWF=von Willebrand factor. (scale

bar=200pum)

Figure 7 Representative micrographs of H&E staining showed no demonstrable
immune response at (A) the flap-heart interface and (B) within the flap. (scale

bar=200um)
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Figure 1 Schematic diagram showed the strategy of isograft orthotopic transplantation of the engineered
cardiac muscle flap by dissecting the pedicle of the flap along the femoral-iliac-abdominal vessel axis and
connect it to the neck vessels of the recipient rat.
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Figure 2 Cardiac muscle flap dissected through the groin to the level of the hepatic branch of the abdominal
vessels in the donor rat (right). After end-to-end anastomosis of the abdominal aorta (AA) to the carotid
artery and the inferior venae cavae (IVC) to the jugular vein (left) in the recipient rat.
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Microsurgery

Figure 3 (A) Cardiac muscle flap (dashed arrow) shown to lie over the chest wall with a thoracotomy window
that exposed the anterior surface of the recipient’s heart, (B) sutured to the heart through a thoracotomy
window (note: a segment of the rib was resected to allow the entrance of the pedicle) and (C) The pedicle
(solid arrow) ran from the neck vessels, through the split pectoral muscles into the thoracotomy window.

‘Cranial’ was marked to show orientation. IC=intercostal.
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Figure 4 (A) Diaphragmatic approach to harvest the flap (*) & heart to avoid damage to the pedicle (arrows)
prior to the harvest (B) Macroscopic appearance of flap attached to the anterior surface of the ventricle.
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Figure 5 Macroscopic section of harvested specimen (left) showed cross section of transplanted flap on heart
surface, with the two lumens being the artery (smaller) and vein (larger) of the arteriovenous loop.
Micrograph sections (right) showed 10x magnification desmin immunostained cardiomyocytes assembled
close to the lumen of the flap that remained viable after transplantation. (scale bar=200um)
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Figure 6 Representative micrographs from consecutive sections at the region of contact between the cardiac
muscle flap and the rat heart (left) showed cardiac muscle tissue in the patch (dotted line) separated from
the host myocardium by integrated connective tissue of the epicardium and the flap capsule. Picture (right)
showed vWF immunostained vessel (arrow) coursed in the epicardium and into the connective tissue
between the flap and the heart’s surface. vVWF=von Willebrand factor. (scale bar=200um)
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Figure 7 Representative micrographs of H&E staining showed no demonstrable immune response at (A) the
flap-heart interface and (B) within the flap. (scale bar=200um)
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