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Evolution of
the Ventricles
We studied the evolution of ventricles by macroscopic examination of the hearts of
marine cartilaginous and bony fish, and by angiocardiography and gross examination of
the hearts of air-breathing freshwater fish, frogs, turtles, snakes, and crocodiles.
A right-sided, thin-walled ventricular lumen is seen in the fish, frog, turtle, and snake.
In fish, there is external symmetry of the ventricle, internal asymmetry, and a thickwalled left ventricle with a small inlet chamber. In animals such as frogs, turtles, and
snakes, the left ventricle exists as a small-cavitied contractile sponge. The high pressure
generated by this spongy left ventricle, the direction of the jet, the ventriculoarterial orientation, and the bulbar spiral valve in the frog help to separate the systemic and pulmonary circulations. In the crocodile, the right aorta is connected to the left ventricle,
and there is a complete interventricular septum and an improved left ventricular lumen
when compared with turtles and snakes.
The heart is housed in a rigid pericardial cavity in the shark, possibly to protect it from
changing underwater pressure. The pericardial cavity in various species permits movements of the heart-which vary depending on the ventriculoarterial orientation and need
for the ventricle to generate torque or spin on the ejected blood- that favor run-off into
the appropriate arteries and their branches. In the lower species, it is not clear whether
the spongy myocardium contributes to myocardial oxygenation. In human beings,
spongy myocardium constitutes a rare form of congenital heart disease. (Tex Heart Inst
J 1999;26:168-75)

describe our macroscopic and angiocardiographic findings related to
the evolution of the cardiac ventricles in fish, frogs, snakes, turtles, and
crocodiles. In addition, we discuss ways in which the ventricular development in these animals relates to that in human beings.
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Materials and Methods
The anatomical terms are applied herein as they are in human anatomy and can be
envisioned by imagining the animal held head-up with the belly facing the observer.
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Fish. The hearts of 24 marine cartilaginous fish (12 hammerhead sharks, 6 dog
sharks, and 6 tiger sharks) and 6 marine bony fish (Scomberemorus commersonii)
were studied by laying each fish on its back and opening the pericardial cavity by
means of a vertical midline incision. The truncus was divided longitudinally and
the incision was continued caudally into the right-sided lumen of the ventricle.
Transverse and coronal sections of the ventricles were examined macroscopically.
The heart was studied similarly in 6 air-breathing freshwater fish, Channa striata,
which can survive outside water due to an accessory nongill respiratory apparatus. Each of these freshwater fish was anesthetized with ketamine, after which oxygen was insufflated into the oral cavity. Angiocardiography was performed using a
digital computerized imaging system, with contrast medium injected through the
duct of Cuvier. Later, the heart was dissected in the same manner as were those of
the marine fish.
Frogs. Twelve frogs were anesthetized with the use of ether, and anesthesia was
maintained with oxygen and ether. The frogs were intubated and were manually
ventilated by digital closing and opening of a hole in the inlet tube. Each frog was
laid on its back, and its heart was explored through a ventral midline incision in
the chest wall and pericardium. Angiocardiography was performed by injecting
contrast medium into the ventral abdominal vein, hepatocardiac channel, sinus
venosus, pulmocutaneous branch, and left atrium. Later, the truncus and bulbus
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were incised longitudinally, and the incision was
continued along the inferior border of the heart into
the lumen of the ventricle. Coronal and transverse
sections of the heart were examined macroscopically.
Turtles and Snakes. Six pond turtles and 4 rat
snakes were anesthetized with the use of ether inhalation, followed by intubation and ventilation as
was done in the frogs. The heart was exposed by
removing the ventral plate of each turtle and by a
ventral midline incision in each snake. The pericardium was then opened. Angiocardiography was
performed with the contrast medium injected manually into the right or left atrium, and images were
obtained by digital computerized imaging. The pulmonary artery was incised longitudinally, and the
incision was extended into the right ventricle. A
coronal section of the ventricle was then obtained
through the ventricular septal defect. Anterior and
posterior flaps of the ventricle, thus created, facilitated macroscopic inspection of the ventricular lumen and wall, related arteries, and valves.
Crocodiles. Two crocodiles were anesthetized with
ketamine, followed by intubation and manual ventilation. Each heart was exposed through a ventral
midline incision. Angiocardiography was performed
by manual injection of contrast material into the
right or left atrium with the use of digital computerized imaging. Later, the right ventricle was examined
through a longitudinal incision, which was begun in
the pulmonary artery and extended into the lumen
of the right ventricle. The left ventricle was exposed
through a long-axis incision close and parallel to the
anterior descending coronary artery; the left ventricular wall and the mitral and aortic valves were examined macroscopically.

Findings
Marine Cartilaginous Fish. The heart of the marine
cartilaginous fish (hammerhead shark, dog shark,
and tiger shark) is housed in a pericardial cavity with
a ventral wall that also serves as a cartilaginous chest
wall. The heart is symmetrical, with 2 ducts of
Cuvier. There is a large venous sinus under the septum transversum between each lobe of the liver and
the corresponding hepatic vein. The sinus venosus is
triangular, and its caudal wall is adherent to the
transverse septum. There is a common atrium that
bears isomeric appendages on either side. Externally,
the ventricle has right and left faces separated by an
anterior ridge, along which runs a coronary artery
that resembles morphologically the left anterior descending coronary artery in a human being.
A conical bulbar chamber leads craniad to a truncus arteriosus. We use the term bulbus to refer to this
chamber, which is visibly demarcated from the main
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ventricle and is caudal to the row of craniad semilunar valves. Downward extension of the longitudinal
arteriotomy opens the bulbus, which has 3 longitudinal ridges. Caudal to the bulbus, there is a ventricular lumen in the right side of the externally
symmetrical heart. This lumen is the morphologic
equivalent of the human right ventricle. Its inner
wall has a curvilinear band with anterior trabeculations, resembling the trabecula septomarginalis seen
in the right ventricular surface of the mammalian
and human interventricular septum. This band borders a ventricular septal defect that leads through an
oblique passage, craniad to the leftwardly situated
common atrioventricular orifice. The left side of the
ventricle consists of spongy myocardium with no
lumen except for a small chamber beneath the common atrioventricular orifice. This chamber communicates with the right ventricular lumen through the
ventricular septal defect. The common atrioventricular orifice has 2 bridging leaflets connected to
primitive papillary muscles on either side, with intervening chordae tendineae.
Marine Bony Fish. In the marine bony fish
(Scomberemorus commersonii), the heart is median
and symmetrical. The pericardial sac is fibrous all
around and is detached from the chest wall. The
hepatic veins drain directly from the liver into the
sinus venosus without an interposed venous sac.
Craniad to the ventricular chamber is an onionbulb-shaped chamber that is the conus, separated
from the ventricle by a tricuspid semilunar valve. We
use the term conus to denote a chamber that is craniad to the semilunar truncal valve and has no intrinsic contractility. Caudal to the semilunar valve is a
pitted bulbar septum. There is no trabecula septomarginalis. The common atrioventricular orifice
with 2 bridging leaflets is nearly flush with the inner
wall of the ventricular lumen, which is right sided.
The left wall of this chamber and the apex of the
ventricle are thick walled and without a lumen,
except for a tiny inlet chamber that communicates
with the right ventricular lumen. The conus continues as a truncus, which is devoid of the lateral
branches evident in the marine cartilaginous fish,
except near its termination.
Air-Breathing Freshwater Fish. The heart of the airbreathing freshwater fish is externally symmetrical.
A median dorsal ridge develops inside the sinus
venosus at the junction of the 2 ducts of Cuvier. The
sinus venosus is less dominant than that seen in
marine fish. A common atrium with 2 appendages
opens through a left-sided common atrioventricular
orifice into the right-sided lumen in the ventricle.
The left wall of this ventricular lumen is thick and
spongy. There is a left-sided inlet chamber that is
small and smooth (Fig. lA). During angiocardiograEvolution of the Ventricles
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phy, not only the right-sided lumen but also the
spongy left wall of the ventricle fills with contrast
medium (Fig. 1 B). The contrast from the lumen and
the spongy wall is ejected into the truncus, which
has an elastic dilated conus shaped like an onion

"Truncus
Ventricle
Fig. 1 A) The conus and lumen of the "right" ventricle of a
freshwater fish (Channa striata) is opened longitudinally,
revealing the spongy left wall and a small inlet chamber of
the "left" ventricle (LV) beneath the common atrioventricular
(AV) orifice. B) Angiocardiogram of a freshwater fish reveals
contrast material filling the entire spongy "left" ventricle and
the lumen of the right ventricle.
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bulb. The conus is distended during ventricular systole and is emptied during ventricular diastole.
Frog. The frog heart is asymmetrical, due to a Dloop. The bulbus is situated on the right side and has
a spiral valve inside. The spiral valve is situated
between the 2 rows of semilunar valves at the caudal
and craniad limits of the bulbus. The ventricle has a
thin-walled lumen on the right side and a left wall
that is spongy with no cavity. Contrast medium empties from the right atrium into the lumen of the
ventricle and is ejected through the bulbus into the
pulmocutaneous branch, guided by the spiral valve.
Contrast material from the left atrium is absorbed
by the spongy left wall of the ventricle during diastole (Figs. 2A and 2B). During systole, the sponge
squeezes its contents through the bulbus (Fig. 2C)
into the carotid and systemic arteries. Figure 3A
shows that during diastole the spongy "left" ventricle
is pink with oxygenated blood and the cavitied "right"
ventricle is dark with deoxygenated blood. During
systole, both ventricles become pale (Fig. 3B).
Turtle. In the turtle, the entire heart lies to the
right of midline to accommodate the retractile neck.
Two atria are separated by a complete interatrial septum. In addition, there are 2 ventricles, each with a
smooth inlet chamber and a spongy wall. No conus
or bulbus is seen. The 2 inlet chambers conjoin
across a ventricular septal defect. The spongy wall of
the right ventricle is thin, whereas that of the left
ventricle is thick. From the lower edge of the interatrial septum, 2 leaflets are suspended, resembling a
St. Jude bileaflet mitral valve. Rudimentary papillary muscles are also present.
During diastole, the 2 leaflets hang down, block
the ventricular septal defect, and separate the inlet
chambers. Contrast medium flows from each atrium into the corresponding ventricle, filling the
respective inlet chambers and soaking their spongy
walls. Two aortae and 1 pulmonary artery are
anatomically connected to the right ventricle.
During systole, the right and left leaflets ofthe atrioventricular valve close the corresponding atrioventricular orifices. The left ventricular sponge squeezes
its contents across the ventricular septal defect and
through the right ventricular inlet chamber into the
2 aortae. A bulbotrabecular septum helps the venous
blood make a U-turn from the inlet of the right ventricle into the outflow tract and the pulmonary artery.
Snake. The snake heart lies largely to the left of
midline and has an asymmetrical ventricular mass
with no bulbus or conus. Three intertwined vessels
emanate from the base of the heart. Two atria are
completely separated by the interatrial septum,
which suspends a bileaflet valve similar to that in the
turtle. The right ventricle has a large lumen and a
Volume 26, Number 3, 1999
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Fig. 2 Angiocardiogram of a frog shows contrast medium from the left side of the atrium (LA) coursing through radial passages in
the spongy "left" ventricle during early ventricular diastole (A). The left ventricular (LV) sponge is fully soaked during ventricular end
diastole (B), and ejects during systole (C) through the bulbus (arrow) and the 2 divisions of the truncus (arrowheads) into the
systemic circulation.

thin spongy wall. There is a bulbotrabecular septum.
The venous blood flows ventral to this septum into
,
_,;,:
pulmonary
artery. The left ventricle is a thick
Uthe
;
dense sponge except for a tiny smooth inlet chamber (Fig. 4). The left ventricle fills with blood during ventricular diastole (Fig. 5). During systole, the
sponge then ejects its contents across the ventricular
septal defect and the inlet of the right ventricle into
the 2 aortae, which are anatomically connected to
the right ventricle (Fig. 6).
Crocodile. The heart of the crocodile lies largely to
the left of midline and is asymmetrical. The septation of the atria and ventricles is complete. The right
B
t
v
aortic arch is connected to the left ventricle, and the
_left aortic arch and the pulmonary artery are con;-~~
nected to the right ventricle. The 2 aortae and the
6,;
artery are intertwined.
_pulmonary
Under experimental conditions, contrast medium
ejected from the right ventricle flows only into the
_
pulmonary
artery and does not enter the left aortic
arch, which is anatomically connected to the right
ventricle. Contrast material ejected by the left ventricle opacifies both aortae; the right aortic arch fills
_
left aortic arch through the foramen of Panizza,
.....the
which connects the 2 aortae close to their origin.
The left ventricle has a good-sized lumen with a relatively thick wall, partly spongy and partly compact
(Fig. 7). The papillary support for the mitral valve is
devoid of chordae tendineae and is close to the
leaflets in the upper third of the ventricle. The right
i_
L
ventricle also has a good-sized lumen, but with a
thin wall. There is a
type of infundibular
valvular mechanism cogwheel
reported earlier that shuts off
fig. 3 A) During diastole, the spongy "left" ventricle (LV) is
pink with oxygenated blood and the nrght" ventnicle (RV) Is
the pulmonary circulation when the crocodile is
darker with deoxygenated blood. B) Both the "right " and the
under water, to enable the right ventricle to eject its
"left" ventricles of the frog become pale during systole.
contents into the left aortic arch. I

_
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the venous circulation adapt to changes in pressure.2
Conversely, marine bony fish and freshwater fish,
which do not dive to great depths, have a fibrous
pericardium, and the capacitance sacs are absent from
the hepatic venous system. Instead, the venous sacs
are situated at the confluence of the cardinal veins,
on either side.
The role of variable intrapericardial pressure levels
during the cardiac cycle has received scant attention in
research. Negative intrapericardial pressure during
ventricular systole may possibly aid venous return
through an "aspiration" effect.3 4The pericardial cavity
also allows complex movement of the cardiac chambers-that is, it permits rotary movement of the left
ventricle-which provides varying torque or spin to
the ejected blood. This spin creates appropriate flow
patterns for the blood to smoothly negotiate the curve
of the aorta and its branches.5 The flow pattern varies
from species to species. In fish with a straight truncus,
the twist is not apparent. In human beings, the twisting of the left ventricle is obvious and is responsible
for the complex pattern of blood flow in the aorta and
its branches.5 The right ventricular mechanism is
adapted to lower pressure and to the simpler arrangement of the pulmonary arteries. The carina-like forking of the pulmonary artery clearly aids smooth flow
into its right and left branches.
Fig. 4 Coronal section of a snake heart, showing the spongy
left ventricle (LV), with a very small inlet chamber beneath the
left atrioventricular (AV) orifice.

Fig. 5 Contrast flows from the left atrium (LA) into the left
ventricular sponge of the snake through radial channels during
early ventricular diastole (A). The left ventricle (LV) is fully
soaked during late diastole (B).

Discussion
Pericardial Cavity
Marine cartilaginous fish have a rigid cartilaginous
pericardial cavity, possibly to protect the heart against
the variations in pressure that occur under water at
different depths. Large venous sacs in the hepatic
venous system act as capacitance reservoirs and help
172
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Two Ventricles

Fish,6 frogs,7 turtles, and snakes8,9 are generally considered to have single ventricles.6,10-13 This erroneous
impression has arisen because only the visible single
lumen inside the ventricle has been taken into account and not the presence of a contractile, spongy
left ventricle.
The inner wall of the "single" lumen in the heart of
the fish clearly bears a trabecula septomarginalis and,
hence, constitutes the right ventricular surface of the
interventricular septum. There is no lumen on the
left side of the septum. Instead, the left side of the
ventricular wall is thick and spongy and represents
the noncavitied left ventricle. There is a chamber
between the common atrioventricular canal on the
left and the ventricular septal defect bounded by the
trabecula septomarginalis. This is a small, left ventricular inlet chamber that communicates with the
right ventricular lumen through the ventricular septal defect.
During ontogeny, the human heart bears similarities to that of the fish, including a small-cavitied left
ventricle. It is of interest that angiocardiography in
the live fish reveals a spongy "left" ventricle that also
fills with contrast material. Although we have not
been able to study the heart of lungfish,6,13 it is likely,
in light of our angiocardiographic findings in frogs,
turtles, and snakes, that the spongy left ventricle in
Volume 26, Number 3, 1999
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Fig. 6 The spongy left ventricle (LV) of the snake, seen in the lateral view during early (A), mid (B), and late systole (C). The contrast
flows from the left ventricle through the ventricular septal defect into the 2 aortae seen overlapping each other (arrow) connected
to the right ventricle.
LA = left atrium

Fig. 7 Thick spongy wall of a crocodile' left ventricle (LVW with
a good-sized lumen.

the lungfish would facilitate ejection of arterial blood
into the cranial circulation, aided by septation in the
outflow tract.
Features of the frog heart are similar to those of the
fish, with a single ventricular lumen, an inner trabeculated surface, and a thick-walled spongy left ventricle with no lumen (as shown by angiocardiography).
The D-loop displaces the bulbus to the right side,
between the right and left atrial appendages. Foxon
and Walls7 have speculated about how the "single"
ventricular lumen handles both venous and arterial
blood. Our angiocardiographic study reveals a clear
separation of systemic and pulmonary circulations in
the anesthetized, ventilated frog.
The turtle and the snake also appear to have a single ventricular lumen.6,8,9,12 This lumen consists of a
"cavum venosum" (right ventricular inlet) beneath
the venous atrioventricular orifice, a "cavum arterioTexa-s Heart Institutejournal

sum" (left ventricular inlet) beneath the arterial atrioventricular orifice, and a "cavum pulmonale" (right
ventricular outlet) beneath the pulmonary valve.
Amid speculation8 9 about the way in which the arterial and venous blood are separated in a single ventricular chamber, White8 postulated that a muscular
ridge of an incomplete interventricular septum
opposed the ventral wall and helped to divide the
cavum pulmonale from the cavum venosum. Thus,
purely venous blood was thought to enter the pulmonary circulation. It was assumed that the right
aortic arch received the arterial blood and the left
arch received mixed venous blood. However, oxygensaturation studies3 have shown that both aortae carry
oxygenated blood. Our angiocardiographic findings
confirm that the pulmonary and systemic circulations are separate in anesthetized, ventilated animals.
Angiocardiography also shows that the cavum arteriosum beneath the arterial atrioventricular orifice
accommodates only a fraction of the left atrial blood,
which is largely absorbed by the spongy left ventricle.
The ventricle ejects this blood into the 2 aortae, using
the cavum arteriosum and the cavum venosum as its
outflow tract.
The hearts of the turtle and the snake, then, have a
right ventricle with a large lumen and a thin free wall.
The "left" ventricle is largely spongy with a small
inlet chamber. The right ventricular surface of the
spongy left ventricle is the right surface of the bulbar
and trabecular components of the interventricular
septum with an anterior cavum pulmonale. The sinus
and membranous components of the interventricular
septum are absent, resulting in a ventricular septal
defect. This defect connects the cavum arteriosum
and the cavum venosum, which serve during systole
Evolution of the Ventricles
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as the outflow tract for the spongy left ventricle.
During diastole, the atrioventricular valve leaflets
hang down and functionally separate the cavum
arteriosum from the cavum pulmonale, diverting
the venous and arterial blood to the appropriate ventricles. The thick spongy wall of the left ventricle
absorbs the left atrial blood.
Role of the Sponge
A question arises with regard to the sponge that constitutes the left ventricle in these species: is it
designed to pump, to facilitate myocardial oxygenation, or both? Angiocardiography confirms the
pumping action. These species have coronary arteries. In fact, fish have a morphologic equivalent of
the human left anterior descending and right coronary arteries that can be identified easily. The
oxygenating function (if any) of the spongy myocardium needs to be studied and correlated with the
oxygenation of the endocardial surface ofthe human
heart. The existence of sinusoids in the human
myocardium is disputed.'4 More information is necessary in order to establish whether the sinusoids, if
present, are related to the spaces in the spongy
myocardium in the process of evolution. Transmyocardial revascularization through mechanical
channels, created with needles or lasers, has been
compared to the natural myocardial perfusion in
snakes.'5 Although we are certain of the ejection
function of the sponge, we do not know whether the
spongy structure oxygenates the myocardium.
Moreover, crude channels cannot be equated with
complex sinusoids. It should also be noted that in
the frog, snake, and turtle, the thick left ventricular
sponge fills with oxygenated blood and the thin
spongy layer of the right ventricular wall fills with
deoxygenated blood (Fig. 3A). If the sponge contributes to oxygenation, the right ventricle would
need to extract oxygen from the deoxygenated
venous blood. Perhaps the thin wall of the right ventricle is perfused only by the coronary arteries. In
other species, such as the turtle and the crocodile,
the ventral mesocardium persists as the gubernaculum cordis and supplies blood to the myocardium.
Human Spongy Ventncle
Spongy ventricle is a rare congenital heart disease in
human beingsl6 and may present in adults. It is possibly due to the persistence of the spongy myocardium seen in phylogeny and ontogeny. Genes related
to the formation of the ventricles have been identi-

fied.'7 These genes control the regression of the
spongy myocardium, resulting in cavitation of the
ventricle. Of note, the resorption process leaves
behind competent chordopapillary support for the
atrioventricular valves and exhibits an evolutionary
174
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pattern that is evident in the valve design of various
species.18-20
Evolutionary Design and Anticipation

We conclude that there is a design in the evolution
of the venous connections of the heart,2' pectinate
muscles,22 atrioventricular valves,'8 left ventricular
tendons,23 outflow tracts,24 and great arteries.25
One neglected aspect in the study of evolution is
that of anticipation.26'27 Fish atria and ventricles
appear to have a built-in provision for becoming
updated to the human 4-chambered structure. This
transformation is achieved in stages: the truncus
yields the great arteries, appropriate shifting takes
place in the great arteries, the left ventricle decreases
in sponginess and increases in the size of its lumen,
the chordopapillary apparatus becomes more sophisticated, the coronary circulation undergoes changes,
and the ventricular septal defect closes. This evolutionary progression points to a master design and
plan for countless millennia.
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Editorial Commentary
Comparative Anatomy and Physiology:
Evolution Revisited

Even though comparative anatomy of the cardiovas-

cular system has been studied extensively for several
communication between experts of various disciplines has still been quite limited. Such imperfect
conditions nearly guarantee recurrent frustrations
and disparate conclusions, mainly due to the lack of
methodological and semantic consistency and the
limited opportunities for interdisciplinary communication and coordinated programs of investigation.
The accompanying article about the phylogenetic
evolution of the ventriclesi illustrates this impasse.
Victor and colleagues' present a fascinating and
admirable collection of individual observations.
Their studies cross the treacherous borders between
basic biology (including the theory of evolution),
comparative anatomy (applying both macroscopic
and angiographic examination), comparative physiology (gathering information about oxygen saturations, hemodynamic pressures, coronary physiology,
myocardial metabolism, and adaptive changes in the
marine environment), and comparative embryology
(taking into account even recent concepts in molecular biology and genetic control). While congratulating Victor's group for their generous contribution, I
would like to send out a call to interested investigators concerning the need to abide by specific requirements implicit in each discipline-both to overcome
the pitfalls of a Leonardo da Vinci-style instinctive
approach to the study of nature, and to encourage an
interdisciplinary approach to the task of assimilating
the progress of related disciplines.
years,
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Clearly, the theory of evolution cannot be revisited
today without considering the fundamental contributions of molecular developmental biology, as elegantly manifested in a recently published book on the
subject.2 The realization that genetic control of cellular differentiation and morphogenesis transcends the
specificity of species presents a new opportunity to
clarify the evolutionary theory of the cardiovascular
system. Still, it seems appropriate to recognize that
such novel experiments as targeted gene ablation and
random mutagenic screens can proceed safely and
productively only if the results of more traditional
morphologic studies in anatomy and embryology are
taken into full account.3 At the same time, modern
imaging techniques (including scanning electron microscopy, angiography, echocardiography, nuclear
magnetic resonance, and computerized tomography)
should be adapted to the study of comparative anatomy, and morphologic descriptions should be precise
with regard to 3-dimensional relationships and the
relative sizes of cardiac cavities. Moreover, those who
provide such descriptions should be respectful of generally agreed-upon current concepts, especially in
terms of nomenclature and the definition of anatomic structures.
The use of the term conus provides a classic example of nebulous terminology, as illustrated by Victor's
article.' Unlike Victor and associates, most modern
authors tend to use the term conus to mean an
embryologic structure, rather than an anatomic
structure in the fully developed heart. Conversely,
infundibulum is a term commonly used to identify
the outflow tract of fully developed ventricles, not to
describe an embryologic structure.4
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The integration of related disciplines to produce an
update on such complex issues would seem to be
imperative, as exemplified by a recent book concerning coronary artery anomalies, wherein phylogenetic and embryologic premises are proposed as
the logical foundation for the anatomical and clinical
sections.5 Therefore, I strongly encourage research
scientists and clinicians in the fields of comparative
biology, embryology, human anatomy, pathologic
anatomy, cardiology, and cardiac surgery to enhance
progress in the study of fundamental issues by joining together to establish interdisciplinary teams and
methods of research and communication.

References
1.

2.

3.
4.

5.

Victor S, Nayak VM, Raveen R. Evolution of the ventricles.
Tex Heart InstJ 1999;26:168-75.
Harvey RP, Rosenthal N, editors. Heart development. San
Diego: Academic Press, 1999:1-488.
de la Cruz MV, Markwald R, editors. Living morphogenesis
of the heart. Boston: Birkhauser, 1999:1-229.
de la Cruz MV, Moreno-Rodriguez R, Angelini P. Phylogeny of the coronary arteries. In: Angelini P, editor.
Coronary artery anomalies: a comprehensive approach.
Philadelphia: Lippincott Williams & Wilkins, 1999:1-9.
Roberts WC. Foreword. In: Angelini P, editor. Coronary
artery anomalies: a comprehensive approach. Philadelphia:
Lippincott Williams & Wilkins, 1999:vii.

Paolo Angelini, MD,
Associate Professor ofInternal Medicine,
Baylor College ofMedicine;
Staff Cardiologist,
St. Luke's Episcopal Hospital and
Texas Heart Institute;
Houston

176

Evolution of the Ventricles

Volume 26, Number 3, 1999

