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(57) ABSTRACT 

A method and apparatus for training for cardiac Surgery 
using endoscopic techniques are provided. The apparatus 
comprises a model thorax having an internal cavity and a 
plurality of ribs, intercostal Spaces between the ribs through 
which an endoscopic instrument can be inserted during use 
of the model, and a heart located in the internal cavity and 
removably connected to the model, the heart having a 
coronary artery on which Surgical training can be performed 
during use of the model. The apparatus also comprises a 
Sternum located on the anterior aspect of the thorax, and at 
least one internal mammary artery located on a posterior 
Surface of the Sternum. The apparatus can also include a fluid 
System in communication with the heart and providing 
preSSurized fluid to the coronary artery, Such that cutting the 
artery Simulates bleeding as the pressurized fluid effuses 
from the artery. 
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METHOD OF ENDOSCOPC CARDIAC SURGERY 
TRAINING 

RELATED APPLICATIONS 

0001. This application is a divisional application of U.S. 
patent application Ser. No. 09/517,413, which claims prior 
ity under 35 U.S.C. S 119(e) from U.S. Provisional Patent 
Application No. 60/122,543, filed Mar. 2, 1999. 

FIELD OF THE INVENTION 

0002 This invention relates to thoracic models specially 
designed for use in training for endoscopic cardiac Surgery. 

BACKGROUND OF THE INVENTION 

0003) Traditionally, coronary artery bypass graft (CABG) 
Surgery has been performed through a median Sternotomy, 
which is a hole in the middle of the chest. This involves 
Sawing the Sternum, or breast bone, in half longitudinally, 
thereby opening the chest. A Standard 30-cm median Ster 
notomy incision has been referred to as a "manhole' inci 
Sion. Beginning around 1996, cardiac Surgeons began per 
forming minimally invasive CABG. Minimally invasive 
techniques use an approximately 8-cm incision "keyhole” in 
the fourth intercostal Space, the Space between the fourth and 
fifth ribs. 

0004. There are two primary types of minimally invasive 
cardiac Surgery: (1) minimally invasive direct coronary 
artery bypass (MIDCAB), which is performed while the 
heart is still beating, and (2) the port-acceSS operation, 
performed on an arrested heart with the use of cardiopul 
monary bypass and pharmacologic cardioplegia (i.e., using 
potassium chloride to temporarily Stop the heart from beat 
ing). 
0005. When cardiac Surgery is performed on an arrested 
heart, blood is pumped through the body and oxygenated by 
an external machine, the cardiopulmonary bypass pump. 
This machine takes deoxygenated blood from the Systemic 
venous System, oxygenates the blood through a Semiperme 
able membrane, and returns this oxygenated blood to the 
Systemic arterial circulation. This mechanism effectively 
bypasses the lungs, which are the normal means for oxy 
genating blood. In the Standard CABG procedure, access to 
the Systemic venous circulation is made through a cannula (a 
thin, hollow tube) inserted into the right atrium or closely 
related Structure, Such as the Superior vena cava (the large 
vein returning blood to the heart from the head and arms). 
Access to the Systemic arterial circulation is made through 
a cannula inserted into the aorta (the largest artery in the 
body), which carries blood away from the heart and to the 
body. The Surgeon also croSS clamps the aorta around the 
level of the aortic arch (near the heart). 
0006 By contrast, in minimally invasive CABG proce 
dures, a physician accesses the Systemic venous circulation 
through a cannula inserted into the femoral vein at the level 
of the groin, and the physician accesses the Systemic arterial 
circulation through a cannula inserted into the femoral 
artery. The latter cannula is guided through the femoral 
artery Superiorly, up to the aortic arch. At the tip of this aortic 
cannula, an endo-aortic balloon is inflated to occlude the 
aorta from within. This balloon inflation serves the same 
purpose as the aortic croSS-clamping performed in Standard 
CABG procedures. 
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0007. In methods of CABG that are entirely endoscopic, 
the Surgeon makes two or three Small (e.g., 2-cm) incisions 
in the chest for placement of an endoscope and Surgical 
instruments. 

0008 To become proficient with any of these surgical 
techniques, especially the endoscopic techniques, requires 
practice. Cadavers can Sometimes be used to practice Sur 
gery, but they are in Short Supply and expensive. Also, 
because cadavers do not bleed, it is hard to tell if Surgical 
anastomoses have been performed Successfully. There is 
thus a need for alternative ways to become proficient in 
endoscopic cardiac Surgery. 

SUMMARY OF THE INVENTION 

0009. There is thus provided a Surgical model for use 
with training for cardiac Surgery using endoscopic tech 
niques. The model includes a thorax having anatomically 
correct representations of a plurality of ribs, at Such that 
endoscopic instruments can be inserted between the ribs 
(i.e., in the intercostal spaces) during use of the model. An 
anatomically correct representation of a heart is located in an 
anatomically correct position in the thorax and is removably 
connected to the model. The heart has at least one major 
coronary artery on which Surgical training can be performed 
during use of the model. Asternum is removably fastened to 
the anterior aspect of the thorax of the model, the Sternum 
having a representation of at least one internal mammary 
artery on a posterior Surface of the Sternum. 

0010. In a further embodiment, the model has a remov 
able skin enclosing or Surrounding the model. Further, the 
skin advantageously comprises landmarks, including at least 
one of a nipple or an umbilicus. Moreover, a further embodi 
ment comprises a fluid System in fluid communication with 
the heart and providing pressurized fluid to the coronary 
arteries So that cutting the arteries simulates bleeding when 
the pressurized fluid effuses from the coronary artery. The 
fluid system is preferably also in fluid communication with 
the internal mammary arteries and provides preSSurized fluid 
to the internal mammary arteries So that cutting the internal 
mammary arteries Simulates bleeding when the pressurized 
fluid effuses from the internal mammary artery. Additionally, 
in certain embodiments there are representations of a pair of 
lungs, collapsed lungs in Some embodiments, on opposing 
Sides of the heart. Moreover, at least one of the arteries can 
taper in diameter, reducing in Size toward its distal end. 
0011. The arteries are also preferably formed of a 
Selected size, and formed of a Selected material, Selected to 
Simulate the physical characteristics Sensed by a Surgeon 
performing endoscopic bypass Surgery on a live perSon. 
Advantageously, there is a Space between the posterior 
Surface of the Sternum and the anterior Surface of the heart 
of up to about 3 inches when the heart is empty of blood. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1 is a frontal cut-away view of the thoracic 
model. 

0013 FIG. 2 is a schematic frontal view of one embodi 
ment of the model heart. 

0014 FIG. 3 is a schematic side view of one embodiment 
of the model heart and an IV bag assembly. 
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0.015 FIG. 4 is a schematic drawing of one embodiment 
of the internal mammary artery assembly. 
0016 FIG. 5 is a frontal exploded view of the thoracic 
model, with Sternum and endoscopic instruments. 
0017 FIG. 6 is a close-up, cross-sectional side view of 
one embodiment of the model coronary artery and heart 
wall. 

0018 FIG. 7 is a cross-sectional side view of one 
embodiment of the thoracic model and fluid assembly. 
0.019 FIG. 8 is an axial cross-sectional view of one 
embodiment of the thoracic model. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0020. In describing the thoracic model, the terms “heart, 
'artery,”“skin, and the like are used in many instances 
herein to mean nonbiological representations, or models, of 
the counterpart human anatomical Structures. Referring to 
FIG.1, the thoracic model 10 is approximately the same size 
and shape as a human thorax, and is thus portable. While 
Simulations of the arms could be provided, advantageously 
they are not included in the model. Thus, the model is 
truncated at or near the shoulders 12. 

0021. The model 10 has several components that are 
removable and replaceable: (1) the skin 14; (2) the assembly 
16 of the heart 18, coronary arteries 20, and great vessels 22 
(pulmonary arteries and aorta); and (3) the internal mam 
mary or internal thoracic arteries 24. In the model 10, these 
Simulated body parts are incised and manipulated by the 
Surgeon during training, and are disposed of after the pro 
cedure. They are thus preferably disposable and replaced 
after each training Session, although they may be reusable 
for at least a few practice Sessions, depending on the amount 
of damage inflicted during training. The remaining compo 
nents of the training model 10, including the thoracic shell 
26, ribs 28, lungs 30, and trachea 32, are all preferably 
reusable from one procedure to the next. 
0022. The size, shape, and configuration of the heart 
model 16, and the anatomy of the blood vessels and their 
interrelationship with adjacent Structures, Such as the trachea 
32, are all accurate representations of anatomical reality. In 
Some embodiments, the arteries are formed of a Selected 
size, and formed of a Selected material, Selected to Simulate 
at least one physical characteristic Sensed by a Surgeon 
performing endoscopic bypass Surgery on a live perSon. 
Thus, an elastomeric material is Selected to Simulate the 
Strength and elasticity of the arteries Such as aorta 20 and 
heart 18. This allows more realistic training when cutting or 
Suturing. A relatively thick-walled material is preferred for 
the heart 18 to Simulate the appropriate resistance for 
manipulation and definition during Surgery, but the wall 
should also be Soft enough So that the heart wall is pen 
etrable by Suturing needles, yet is reasonably movable or 
rotatable by manipulation with a retractor. 
0023 Referring to FIGS. 2 and 3, the heart model 18 
thus advantageously includes an aorta 20 with ascending and 
descending portions. It is advantageous in one embodiment 
to have only an ascending aorta 20 with a distal end Sealed 
off to form a closed cavity inside the heart model 18. The 
heart 18 also includes a right coronary artery (RCA) 40, a 
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left coronary artery (LCA) 42, a brachiocephalic (innomi 
nate) artery 45, a right Subclavian artery 44, a right coronary 
artery (RCA) 46, a posterior descending artery (PDA) 48, a 
left anterior descending artery (LDA) 50, a left circumflex 
artery (LCX) 52, a left coronary artery (LCA) 54, pulmonary 
trunk 56, right pulmonary artery 58, left pulmonary artery 
60, and left Subclavian artery 62. The branches of the 
coronary arteries may be few in number, and advantageously 
extend only a short distance before terminating. Alterna 
tively, the branches of the coronary arteries may be elimi 
nated for training purposes. 
0024. Referring to FIG. 3, various arteries extend around 
the Surface of the heart model 18 open into an interior of the 
heart So that fluid Simulating blood can circulate through the 
heart and arteries. An outflow valve 66 is provided to drain 
the fluid used to simulate blood. An IV bag 70 connected by 
an IV line 72 to the aorta 20 can Supply fluid to the heart 
model 18. A pressure cuff 73 can be placed around the IV 
bag 70 with a manometer 74 and balloon inflator 76 used to 
vary the pressure of the fluid used to simulate blood. 
0025 Because the Surgeon is working within a small 
operative field, through an 8-cm incision or through tiny 
endoscopic ports, it is advantageous that the reflection and 
transmission of light within the chest cavity of the model 10 
reproduce that found in the live human chest. This enables 
the Surgeon to place a light Source in the proper location for 
Surgical illumination. It further allows the Surgeon to view 
the operative site (through a loupe worn on the eyeglasses, 
or through an endoscope) in a realistic manner. Thus, parts 
of the model 10 are selected to simulate realistic levels of 
illumination in the chest cavity of the model 10. This 
particularly includes the skin 14 and the walls of the various 
blood vessels. It is especially advantageous for the arteries 
to Simulate realistic transmission of light if possible, espe 
cially in those areas where the endoscope will pass or where 
cutting is desired. 
0026 Standard CABG procedures provide for cross 
clamping of the aorta. Although minimally invasive CABG 
procedures call for occlusion of the aorta Via an endo-aortic 
balloon inserted through the femoral artery, Some proce 
dures by allow the aorta 20 and pulmonary trunk to be 
croSS-clamped together. In order to Simulate this coinciden 
tal croSS-clamping of the aorta 20 and the pulmonary trunk 
56, the model 10 advantageously has a connection between 
the aorta 20 and at least one of the pulmonary arteries 58, 60, 
which accurately simulates the aortopulmonary ligament 
found in humans. 

0027) If the model 10 is sufficiently accurate, existing 
Surgical instruments may be used in the model, and there is 
no need for Special instrumentation unique to the training 
model. Furthermore, Surgeons may possibly also be able to 
practice performing a MIDCAB operation (i.e., that per 
formed on a beating heart) on the training model. Certain 
embodiments, however, can utilize the model for practicing 
the port-acceSS procedure, which uses an arrested heart. 
0028 Referring to FIGS. 2-3, the model 10 advanta 
geously uses a single-chamber heart 18, which incorporates 
the right and left atria and the right and left Ventricle into a 
single chamber 80. Blood-colored fluid 82 (“blood”) will 
flow from this chamber 30 into the three main coronary 
arteries, which are the left anterior descending (LAD) artery 
50, the right coronary artery (RCA) 40, and the left circum 
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flex (LCX) artery 52. Blood will drain through the coronary 
arteries, from proximal to distal, back into the heart chamber 
80. The entire heart apparatus is disposable in certain 
embodiments. 

0029 Preferably, the coronary arteries taper from 
approximately 3.5 mm at their Ostia (proximal origin) to 
approximately 2.5 mm at their distal end, where they insert 
into the heart wall. This taper mimics the physiological taper 
and provides resistance, in order to distend the arteries as 
blood flows through them. Desirably, at least one, advanta 
geously Several, and preferably all of the arteries on the heart 
18 that will be cut during Surgical training, are recessed into 
the tissue of the heart 18. As seen in FIG. 6, an artery, for 
example LAD 50, is at least partially surrounded by the 
tissue of the heart 18, with vascular fatty tissue 106 on 
exterior sides of the artery 50. Normally, the exterior of the 
artery 50 is flush with the exterior surface of the heart 18, 
and that construction is preferred for the heart 18. 
0.030. In training, the surgeon often must dissect the 
internal mammary artery from the anterior wall of the chest, 
and anastomose (hook-up) at least one of the internal 
mammary arteries (90 or 92) to the “diseased” left anterior 
descending (LAD) artery 50, which runs along the anterior 
of the heart 18. Minimally invasive CABG procedures are 
most easily performed on the arteries that run along the 
anterior Surface of the heart, i.e., the left anterior descending 
artery 50 and, sometimes, the right coronary artery 40. On 
the arrested heart, however, it is possible to perform bypass 
grafting on other arteries, using endoscopic techniques. The 
model 10 will allow the Surgeon to practice grafting all of the 
major arteries of the heart. This includes the left anterior 
descending (LAD) artery 50, the right coronary artery 
(RCA) 40 and the left circumflex (LCX) artery 52. 
0031. The main pulmonary artery trunk 56 arises from 
the right Ventricle and divides into the right and left main 
pulmonary arteries 58, 60. No flow of blood-colored solu 
tion through the pulmonary trunk or pulmonary arteries is 
required in the training model, although Such flow may be 
added to readily indicate if the pulmonary arteries are 
damaged during training. 
0032) Advantageously, all three main branches of the 
ascending aorta 20 and aortic arch are included in the 
training model 10. These include the brachiocephalic artery 
(also called the innominate artery) 45, which divides into the 
right Subclavian and right carotid arteries 44, 40. Also 
included are the left carotid artery 42, and the left subclavian 
artery 44. 
0033. The space between the main pulmonary trunk 56 
and the ascending aorta 20 is the transverse sinus 102. The 
model of the heart 18 advantageously has this space 102 
well-defined, to facilitate placement of the aortic croSS 
clamp. 
0034 Preferably, an infusion pump 104 will control the 
flow of blood 82 through the heart chamber 80 and through 
the three main coronary arteries. This pump can be manually 
or electronically controllable, using techniques known to 
those of skill in the art. One fluid flow mechanism is 
illustrated simplistically in FIG. 3, as the IV bag 10, cuff 73 
and associated equipment. Other, more Sophisticated pumps 
can be used as will be apparent to one skilled in the art given 
the present disclosure. Thus, the use of powered fluid pumps 
is also contemplated, in addition to the gravity and pressure 
fed pump illustrated. 
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0035. As mentioned, blood-colored fluid 82 can flow in 
the lumens in order to Simulate bleeding during training. 
This is preferably accomplished with a fluid system in fluid 
communication with the heart and providing pressurized 
fluid to the coronary artery, Such that cutting the artery 
Simulates bleeding as the pressurized fluid effuses from the 
artery. Advantageously the fluid 82 flows in a circuit in the 
following manner: Blood 82 flows from the infusion pump 
104 (or, e.g., IV bag 70) into the aorta 20, preferably through 
the brachiocephalic (innominate) artery 45, although other 
locations can be used for the blood inlet. The blood 82 is in 
fluid communication with, and preferably circulates through 
the aortic root and right and left main coronary arteries 46, 
54. The blood 82 is in fluid communication with and 
preferably circulates from there, through the coronary Ostia 
which comprise openings for arterial branches. Next, blood 
82 is in fluid communication with, and preferably flows 
through the right coronary artery 40 and the two main 
branches of the left coronary artery (the LAD 50 and the 
LCX 52), from proximal to distal. At the distal end of the 
coronary arteries, blood 82 enters the solitary heart chamber 
80. The blood 82 is in further fluid communication with, and 
preferably flows from single heart chamber 80 through an 
outlet 66 which is in fluid communication, preferably 
through the bottom of the model 10, with a fluid reservoir 
(not shown) or with the pump 104. 
0036). If a pump is used instead of a gravity-fed IV bag, 
the blood 82 can be continuously circulated at a predeter 
mined pressure Selected to Simulate realistic bleeding con 
ditions during Surgery. If the blood 82 does not circulate, 
then there is advantageously provided a pressurized System 
with a fluid source selected to provide blood 82 in sufficient 
quantity and pressure to simulate bleeding as the blood 
containing lumens are cut during Surgical training. In Some 
embodiments, the blood 82 is circulated from the heart 18 to 
the internal mammary artery System 24, in which case the 
outlet 66 is in fluid communication with the internal mam 
mary artery System 24, preferably through the Single leg of 
the Y-shaped inlet 96 (FIG. 4, 5, 7), and with the single leg 
of the Y-shaped outlet 94 (FIG. 4, 5, 6) being in fluid 
communication with the pump 104, or alternative IV bag 70 
and vent 108. 

0037 Preferably, the aortic valve 56 (FIG. 3), which lies 
between the aorta 20 and the heart 18, is sealed off So as to 
prevent flow from the heart chamber 80 into the ascending 
aorta. This simplifies the model, without impeding training. 
Further, the main pulmonary artery trunk 56 may alterna 
tively be filled with blood-colored solution 82 for each 
procedure, and sealed off from the blood 82 in the single 
chamber 80. Thus, while no blood 82 flows through the 
pulmonary arterial System in this alternative version, blood 
82 may be kept in the pulmonary trunk 56 as a reservoir, so 
as to "bleed” if the Surgeon accidentally nicks the pulmonary 
trunk during training. 

0038. While the components of the model 10 are advan 
tageously sized to correspond to the realistic sizes of the 
actual body parts, in a preferred embodiment the heart 18 is 
Slightly larger than anatomical, preferably about 10% larger, 
to facilitate Surgical training. 

0039) Referring to FIG. 4, the model 10 advantageously 
includes a replaceable unit containing the internal mammary 
or internal thoracic arteries 24. There are thus advanta 
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geously provided left and right internal mammary arteries 
90, 92, respectively. In the body, these arteries are used to 
revascularize the patient's diseased, native coronary arteries. 
The right and left internal mammary arteries 90, 92 run 
along the underside of the anterior or front wall of the chest, 
on either side of the sternum 93. 

0040 Advantageously there are both a left internal mam 
mary artery (LIMA) 90 and a right internal mammary artery 
(RIMA) 92. These arteries, like the other arteries in the 
model 10 that may be cut or sutured in the model 10, are 
advantageously made of material which Simulates the elas 
ticity, compliance, and resilience of human arteries of Simi 
lar caliber, and they should be of representative diameter. 
The texture of the cardiac arteries should be similar to the 
LIMA 90 and RIMA 92 in order to facilitate good sealing 
integrity following Suturing anastomosis. Preferably, they 
are of Similar thickness and material to facilitate Sealing by 
Suturing. 
0041. The material used in the arteries preferably can be 
Sutured, and provides a drag Similar to the drag incurred 
during Suturing a real artery with endoscopic techniques. For 
general reference, the drag experienced by manual Suturing 
is typically magnified 2-3 times when using endoscopic 
techniques. Further, Some arteries, like the aorta 20, may 
have holes punched in them for aortic anastomosis, and the 
material preferably simulates the correct resistance when 
punching the hole without betting caught by, or binding, the 
punching blade. Further, the material used for the arteries 
should not allow the arteries to collapse. The arteries them 
selves preferably originate from the heart 18 in the anatomi 
cally correct location and extend from or along the heart 18 
in the anatomically correct direction, Spacing and location. 
0042. The cardiac arteries to be used in a bypass proce 
dure, Such as the LCX, LAD, PDA and RCA, advanta 
geously taper in diameter. Thus for example, the LCX may 
have a diameter of about 3.5 mm, tapering through diam 
eters of 3.25 mm, 3.0 mm, and 2.5 mm. The preferred 
diameter for a bypass is a little under 3.0 mm, and the 
variable diameter arteries helps train the Surgeon where to 
locate the bypass. 
0043. While not preferable, an ordinary IV line can 
provide a marginally acceptable approximation for compa 
rably sized arteries. The relative stiffness of the arteries 90, 
92 is also important, because they bend as they are attached 
to form a graft, and if bent too much and the StiffneSS is 
incorrect, the arteries 90, 92 may kink and block blood flow. 
The coronary arteries, e.g., RCA 46, should be Similar in 
texture and structure to the internal mammary arteries 
(LIMA and RIMA) 90, 92, in order to facilitate good 
coaptation and Sealing integrity following the anastomosis 
of the internal mammary artery to the coronary artery. 
0044) The Surgeon uses the right internal mammary 
artery (RIMA) 92 or, more commonly, the left internal 
mammary artery (LIMA) 90, for the bypass graft. The 
training model 10 thus preferably uses a realistic RIMA and 
LIMA, which are disposable. This allows harvesting of these 
veins for endoscopic grafting. Alternatively, the model 10 
could be used to connect a model of a Saphenous vein graft 
proximally to the ascending aorta, and distally to the coro 
nary artery. 

0045. The RIMA92 and LIMA 90 are linked together at 
their distal ends, near the Xiphoid angle, at the lower end) of 
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the Sternum. This linkage may allow for a closed circuit fluid 
flow, permitting the continuous flow of blood 82 through the 
internal mammary artery apparatus 24. The flow of blood 82 
can be provided by connecting the internal mammary artery 
apparatus 24 to the blood 82 in the heart 18, or by providing 
a separate fluid Supply like that used for the heart 18, with 
a pump to circulate the blood. While blood 82 advanta 
geously circulates through the internal mammary artery 
apparatus 24, it could alternatively comprise a pressurized 
system that flows only when cut, with a fluid supply and flow 
control Sufficient to provide bleeding Sufficient to Simulate 
realistic Surgical conditions. 

0046 Advantageously the arteries 90,92 are joined at an 
upper end 94 and a lower end 96 to form a circular loop 
through which simulated blood 82 can circulate. An IV line 
98 can be connected to one end, preferably upper end 94, to 
provide a source for the fluid used to simulate blood 82, in 
one embodiment. AS mentioned, a circulating System with a 
circulating pump could also be used. Optionally, a valve 99 
can be provided at the lower end 96 to allow filling and 
draining of the fluid, with the IV line 98 providing a fluid 
Source to simulate bleeding when the arteries 92, 94 are cut. 
0047 The internal mammary artery apparatus 24 is pref 
erably made of a material that can tolerate electrocautery, if 
electrocautery will be used for dissection. The LIMA 90 and 
RIMA 92 are preferably accurately positioned along their 
anatomic course. They should each have approximately 8 to 
10 side branches 95 that are capable of “bleeding.” So as to 
recreate normal physiologic conditions. The Side branches 
95 extend for a predetermined distance, Say about one inch, 
before terminating. The branches 95 are preferably variable 
in diameter, varying from larger toward the head end of the 
thorax, and Smaller toward the lower portion of the thorax. 
Further, the internal mammary artery System 24 preferably 
varies in diameter, with a diameter of about 2.5-3 mm at the 
distal end near the Xiphoid angle, a diameter of about 3-3.2 
mm at the middle, and a diameter of about 3.25-3.5 mm at 
the proximal end. 

0048. Further, the internal mammary artery system 24 
preferably, but not necessarily, has a thin layer, about 1-2 
mm thick, of material covering the arteries 90, 92 and 
Surrounding area, to represent the muscular, fatty tissue 
normally Surrounding these internal mammary arteries. Pref 
erably, the material is yellow colored. This layer is prefer 
ably made of a material that can tolerate electrocautery, if 
electrocautery will be used for dissection. 
0049 Advantageously the internal mammary artery 
apparatus 24 comprises a unitary part that is formed on, or 
alternatively, removably connected to, the interior Side of a 
Sternum 93. Because the Sternum is not split or opened, it is 
preferably removable to allow easy access to the replaceable 
internal mammary artery apparatus 24. The sternum 93 
preferably comprises a representation of the Sternum from 
the manubrium to the Xiphoid, and extending about two 
inches laterally to the parasternal border on each side. While 
the sternum 93 is preferably represented as above, in a less 
preferred, alternative embodiment it may be omitted as long 
as there is a Suitable representation of the Sternum 24 to 
correctly position the internal mammary artery apparatus 24. 
Various mechanisms may be used to removably fasten the 
sternum 93 to the frame forming model 10. Preferably the 
sternum 93 is fastened to the ribs 23 by any of various 
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removable fasteners, including, but not limited to, hook and 
loop fasteners, Snaps, buttons, twist-lock Screws, or other 
CS. 

0050 Referring to FIG. 5, preferably, the internal mam 
mary artery apparatus 24 is mounted to a Support, preferably 
a the sternum 93 or a representation of the sternum 93, and 
placed into a cavity 97 in the anterior of the model 10 that 
is configured to receive and hold the internal mammary 
artery apparatus 24 in position. Preferably it is inserted from 
the exterior of the model 10, and then covered with the skin 
14. The internal mammary artery apparatus 24 is removably 
mounted so that it may be discarded after use. The fixed 
location of cavity 94 in the model 10, and the fixed position 
of the internal mammary arteries 90, 92 on the apparatus 24, 
provide an easy way to repeatably position the internal 
mammary arteries 90, 92. This makes it possible to dispose 
the internal mammary artery apparatus 24 after each use, and 
quickly insert new ones. Thus, there is advantageously 
provided a Sternum assembly comprising a Sternum 93 
removably insertable into the model 10, with an internal 
mammary arterial System 24 fastened to the interior of the 
sternum 93. It is possible to removably fasten the internal 
mammary arterial system 24 to the removable sternum 93. 
The internal mammary arterial System 24 is configured to be 
connected to the fluid supply to simulate the flow of blood 
82, and is preferably configured to be removably connected 
to that fluid supply by detachable fluid couplings. Preferably 
the fluid couplings are made internal to the model 10 by 
reaching through the neck opening or through the bottom 
opening of the model 10. 
0051. The internal mammary artery system 24 is prefer 
ably actual size, although it may be made slightly larger, 
e.g., five percent or So, for training. Further, it is preferable 
that a larger than normal Space be formed between the 
anterior Surface of the heart 18 and the posterior Surface of 
the sternum 93 to which the internal mammary artery system 
24 is mounted. A space of about 3 to 3.5 inches is believed 
Suitable. Because of the instrument manipulation that occurs 
in this space anterior of the heart 18, the added Space is 
useful for training. In some models 10, it may be desirable 
to have a closer Space So that as experience is gained in the 
Surgical techniques, the Spacing anterior of the heart 18 more 
closely simulates the actual anatomical configuration. 
0.052 The pericardium 19, also called the pericardial sac, 
is the outer covering layer of the heart 18. This pericardium 
19 should be made of a disposable material, as it will be 
incised with each operation, in order to gain Surgical acceSS 
to the coronary arteries. The pericardium is made of a 
material, preferably an elastomer, Selected to Simulate the 
elasticity, compliance, resilience and transparency of peri 
cardium. 

0.053 Advantageously the heart 18 is removably con 
nected to the posterior median of the model 10 by a 
connector 85 having sufficient connection rigidity to allow 
reasonable movement and rotation by manipulation with a 
retractor as may accompany cardiac Surgery, without caus 
ing the heart 18 to move out of position. Various removable 
fasteners can be used, including hook and loop fasteners, or 
mating male and female connectors that hold the heart 18 in 
position. The heart 18 should be positioned anatomically 
correct in relation to the central or mid line of the body, and 
the heart 18 should be shaped anatomically correct. The 
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heart 18 may advantageously be removed and inserted into 
the model 10 through one of the openings opening at the 
neck or at the bottom of the thorax. 

0054. In this connection, the lungs 30 provide lateral 
positioning and Support for the model of the heart 18, and 
mark the intra-thoracic anatomy. Preferably the lungs 30 are 
not inflated, but are in a collapsed or Semicollapsed State. 
With the lungs 30 in this collapsed state, the anterior surface 
of heart 18 extends about half-way above the anterior 
surface of the lungs 30. The lungs 30 will not interfere with 
the insertion or positioning of the endoscopic instruments 
110a-c (FIG. 5). The lungs may advantageously, but not 
necessarily, be made of an foam-type elastomer. It is not 
preferred to have rigid lungS 30, or lungs that cannot be 
moved to allow access to the heart 18. 

0055. The skin 14 advantageously extends over the entire 
surface of the model 10 as would normal skin. It essentially 
forms a removable jacket that may be releasably fastened 
from the back or posterior aspect of the model, as by a 
Zipper, buttons, hook and latch fasteners, or other fastening 
means. The jacket of skin 14 is preferably discarded after 
each use of the model 10. The skin 14 advantageously 
includes a thickness representative of, and preferably accu 
rately simulates, the muscle and tissue underlying the skin at 
the various portions of the thorax. Advantageously the 
anatomical Simulation is Sufficient to permit palpating for 
the correct intercostal Space to place Surgical instruments. 
Preferably, the skin 14 has nipples that correspond well with 
the fourth intercostal Space. 
0056. The skin 14 is advantageously made so it repre 
Sents a thinner than normal layer of Skin and underlying 
tissue, because that makes it easier to define the intercoStal 
Spaces. The correct identification of the location for the 
portholes through which instruments are inserted is impor 
tant. A thinner Skin also makes the model 10 lighter, and 
reduces cost. 

0057 The material selected for the skin 14 is preferably 
an elastomer or fabric that has a resiliency Similar to flesh So 
that a Surgeon can define the intercostal Spaces to place 
Surgical instruments, and So that the insertion of endoscopic 
instruments presents a realistic simulation. The model 10 
thus allows training with only endoscopic techniques and 
instruments, without making an 8-cm "keyhole' incision. 
The skin 14 is advantageously formed with a connector, Such 
as a Zipper, extending along the length of the model 10 and 
skin 14, to help easy installation and removal of the skin 14. 
An elastomer is preferred to be used for the skin 14 So it may 
be stretched slightly when installed on the model 10. 
0058. The Surgeon may thus use the model 10 to acquire 
the Skill of locating the proper Site for making a thorac 
otomy, the hole in the chest. The model 10 thus uses a 
Synthetic skin that covers the thorax. The Surgeon must 
locate the space between the fourth and fifth ribs 28 in the 
midclavicular line in order to insert the endoscopic instru 
ments. The midclavicular line is the line that runs along the 
longitudinal axis of the body and intersects the clavicle 
(collar bone) in the midpoint, between the Sternum (breast 
bone) and shoulder. 
0059. The ribs 28 advantageously have anatomically cor 
rect spacing to define the correct spacings for location by the 
surgeon using the model 10. While the ribs 28 preferably 
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have the Same resilience as anatomical ribs, that is not 
necessary. Further, while the shape of the ribs 28 preferably 
replicates anatomical ribs, all that is necessary is that the ribs 
28 be correctly sized and spaced to allow definition of the 
correct locations for the desired incisions. Thus, while not 
preferable, ribs made of plastic having a generally rectan 
gular cross-section can be used. Further, a plastic Shell can 
be cast and the spaces between the ribs 28 can be cut out to 
form at least the anterior and side portions of the model 10, 
and even the back-with a Solid longitudinal Strip represent 
ing the Spine. While this is correct from an anatomical 
position, the precise configurations are not anatomically 
accurate and thus not preferred. Further, a receSS can be 
formed into which the sternum 93 can be removably placed 
with the internal mammary arterial System 24. 

0060 Referring to FIG. 7, a cross-section of the model 
10 shows a foam stand 112 used to position the heart 18 
against the internal mammary artery assembly 24 and Ster 
num 93 during shipping. Also shown is a light 114 in 
electrical communication with a power Source (not shown), 
which is located inside the model 10. The light 114 is shown 
conceptually, but it could be placed to illuminate the interior 
of the model 10 and make it easier to define the ribs 28 by 
the shadow the light 114 causes the ribs 28 to cast onto the 
interior of the skin 14. The light 114 also can make it easier 
to see the heart 18 and various arteries for training purposes. 

0061. In a further embodiment of this invention, one or 
more of the heart 18, the arteries on the heart 18, the internal 
mammary artery assembly 24, the internal mammary arter 
ies 90, 92, can be made smaller or larger than normal to 
make it easier or more difficult to perform the Surgical 
techniques for training purposes. Similarly, the amount the 
arteries are recessed into the heart 18 or Sternum can be 
varied to make it more difficult, or easier, to perform the 
desired Surgical techniques. 

0.062. In the present invention, the Surgeon is taught the 
skill of locating the proper site for making the thoracotomy, 
the hole in the chest. The model thus uses a synthetic skin 
14 that covers the thorax. The surgeon often locates the 
space between the fourth and fifth ribs in the midclavicular 
line in order to insert the endoscopic instruments 110a-c. 
The midclavicular line is the line that runs along the longi 
tudinal axis of the body and intersects the clavicle (collar 
bone) in the midpoint, between the sternum 93 (breast bone) 
and shoulder. 

0.063. There is thus advantageously provided a model 10 
that has a heart 18 with at least the three major arteries 
represented for Surgical use. The heart 18 is removably 
mounted, preferably from the bottom or top of the model 10, 
although a removable portion of the back or posterior of the 
model 10 could be provided to allow access to and replace 
ment of the heart 10. The heart 18 is provided with a fluid 
Source to Simulate bleeding, and is preferably provided with 
a pressurized fluid Source to Simulate bleeding of arteries. 
The fluid is preferably under a pressure of greater than one 
atmosphere. This preSSure can be provided by gravity, Such 
as through the use of a fluid-containing IV bag which is 
elevated above the model. An internal mammary artery 
System 24 is provided in correct, or slightly larger spaced 
relation to the heart 18. The internal mammary artery system 
24 is removably mounted, preferably from the anterior of the 
model 10. The internal mammary artery system 24 is pro 
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Vided with a fluid Source to Simulate bleeding, and is 
preferably provided with a pressurized fluid Source to Simu 
late bleeding of arteries. A skin jacket 14 is preferably, but 
not necessarily provided to Simulate access difficulties, and 
to present accurate illumination conditions for endoscopic 
Surgery. The model is covered by a removable, and prefer 
ably a disposable, jacket that Simulates the Skin and tissue 
enclosing the skeletal portion of the thorax. 

0064. The thoracic model can be used to interpose endo 
Scopically a model vein graft between the coronary artery 
and a model aorta that is attached to the heart. The model 
vein graft can be Sutured to the coronary artery and the 
model aorta. Alternatively, the Surgeon trainee can endo 
Scopically anastomose the coronary artery to the internal 
mammary artery. 

0065. The fluid system that simulates blood flow is 
optional, but provides Several advantages. Because the heart 
18 and internal mammary artery assembly 18 are fluidtight, 
an unintentional nick of an artery can cause blood 82 to flow. 
That sort of mistake is best learned on a model rather than 
a live patient. Further, if the arteries are simulated Suffi 
ciently realistically, then the formation of a fluid tight 
anastomosis can be immediately Seen and checked. 

0.066 Moreover, the model 10 provides body parts with 
a realistic shape and performance, at least as to those parts 
that would be impacted by Surgery. This provides realistic 
training on accessing, dissecting, cutting and Suturing, all 
using endoscopic techniques. The use of a model with 
replaceable parts provides the ability to provide controlled 
and repeatable training conditions, and the ability to vary the 
level of difficulty appropriate to the level of experience of 
the perSon being trained. 

0067. The above advantages and features of the model 
are each Suitable for use alone, or in various combinations 
with other features of this invention. The above description 
is given by way of illustration, not limitation. This invention 
is to be given the full Scope of protection accorded by law, 
including equivalents of any features of this invention. 

What is claimed is: 

1. A method of training to perform endoscopic cardiac 
Surgery, comprising: 

providing a model human thorax having an anterior aspect 
and a posterior aspect, the model thorax comprising an 
internal cavity, at least one artery, a first rib, and a 
Second rib, 

providing a model heart located in the internal cavity and 
removably connected to the model thorax, 

providing a fluid System in fluid communication with the 
model heart and providing pressurized fluid to the at 
least one artery; 

inserting an endoscopic cutting instrument through a 
space between the first rib and the second rib; and 

cutting the at least one artery with the instrument, Such 
that Simulated bleeding occurs when the pressurized 
fluid effuses from the at least one artery. 
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2. The method of claim 1, wherein the at least one artery 
comprises a model coronary artery connected to the heart. 

3. The method of claim 2, further comprising endoscopi 
cally interposing a model vein graft between the model 
coronary artery and a model aorta that is connected to the 
heart. 

4. The method of claim 1, wherein the model thorax 
further comprises a model Sternum on the anterior aspect of 
the model thorax, and wherein the at least one artery 
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comprises a model internal mammary artery adjacent to a 
posterior Surface of the model Sternum. 

5. The method of claim 4, wherein the at least one artery 
further comprises a model coronary artery, and wherein the 
method further comprises endoscopically anastomosing the 
model coronary artery to the model internal mammary 
artery. 


