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Review

Evolutionary anticipation of the human heart

Solomon Victor, Vijaya M Nayak
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We have studied the comparative anatomy of hearts from fish, frog, turtle, snake,
crocodile, birds (duck, chicken, quail), mammals (elephant, dolphin, sheep, goat, ox,

baboon, wallaby, mouse, rabbit, possum, echidna) and man. The findings were analysed
with respect to the mechanism of evolution of the heart.
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r7he origin of life is disputed.' Primordial soup - con-

sisting of basic chemicals such as oxygen, hydrogen,
carbon, and methane - has been suggested as the pre-

cursor of self-replicating protein, the basic unit of life.'
In the Vedic period, life was attributed to the Divine

Will.2 According to the Bible, creation was completed in
six days. It is of interest that in the Vedic period, one

Divine day was considered equivalent to 4320 million
years of human reckoning, based on astronomical
calculation.3 It is, therefore, likely that a day alluded to
in the Bible does not refer to one modem calendar day.
The Holy Qur'an, states that creation was achieved in
six periods.

Based on the study of fossils and natural history,
Charles Darwin4 concluded that 'life was originally
breathed by the Creator into a few forms or into one ... and
that ... from so simple a beginning endless forms most
beautiful and most wonderful have been and are being
evolved'.
We have studied the comparative anatomy of hearts in

fish, frog, turtle, snake, crocodile, birds (duck, chicken,
quail), mammals (elephant, dolphin, sheep, goat, ox,

baboon, wallaby, mouse, rabbit, possum, echidna) and
man.-10 The findings were analysed to discover any dues
relating to the mechanism of evolution. The terms used
are as in human anatomy, imagining the animal held
head up with its belly facing the observer.

Cartilaginous fish

In the cartilaginous fish such as the shark, the heart is
lodged in a pericardial cavity resting on a septum
transversum with a central tendinous and peripheral
muscular components. Anteriorly the parietal peri-
cardium is adherent to the ventral cartilaginous chest
wall. There is potential space for lungs on either side.

Externally there is a triangular sinus venosus. It
receives a duct of Cuvier and a hepatic vein on either
side. A large capacitance chamber is interposed bet-
ween each lobe of the liver and the hepatic vein, beneath
the septum transversum. There is a common atrium
with bilateral isomeric atrial appendages (Fig. 1). The
ventricular mass is symmetrical with right, left and
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Figure 1 The heart of the dog shark exposed in situ after
dividing the ventral chest wall. Observe the coronaries coursing
over the bulbus and the ventride. RV, right ventricle; LV, left
ventricle

inferior surfaces, the latter resting on septum
transversum. The ventricles lead to a tubular outflow
chamber and truncus, which has lateral and terminal
branches.

Coronary arteries are seen descending caudally
through the pericardial reflection over the truncus,
onto the bulbus and ventricle (Fig. 1). The left coronary
artery is seen descending over the ridge between the
right and left ventricular surfaces, The right coronary
artery is seen between the right atrium and right
ventricle. In the inner wall of the truncus there are two
pits resembling coronary ostia (Fig. 2). One is related to
the left anterior truncal valve and the other to the right
anterior truncal valve at the level of the sinotubular
junction. The pits are blind and not connected to the
coronaries. When the truncal incision is extended
caudally onto the right surface of the ventride, a large
right-sided lumeni is seen (Fig. 3). Inside the bulbus,
there are three longitudinal ridges (Fig. 3). Cranially,
these ridges are hollow and carry the truncal cusps.
The nodules of Arantii are muscular. The inner wall of
the ventricular lumen exhibits a curvilinear band with
trabeculations (Fig. 3). This band morphologically
resembles the human trabecula septomarginalis. The
configuration and the direction of this band varies in
different species of sharks. It bounds a large ventricular
septal defect that leads to a left-sided inlet chamber
and a common atrioventricular orifice (Fig. 3). This
orifice is guarded by two bridging and two lateral
leaflets. Coronal section of the left ventricle reveals that
the left wall of the inlet chamber is thick and spongy. If

Figure 2 Two blind coronary pits are seen inside the truncus of
the shark. Black arrow points to the pit suggestive of 'left
coronary orifice'. The right pit (white arrow) suggests the 'right
coronary' orifice

Figure 3 The lumen of the 'right ventricle' in the dog shark is
shown, connected to the 'left ventricular' inlet through a
'ventricular septal defect'. The common atrioventricular valve is
not visible. Observe the three ridges in the bulbus, bearing the
truncal valves cranially

the atrium is detached off the ventricle at the atrio-
ventricular groove, the sinoatrial valve is visualised
with right and left venous valves united at superior
and inferior commissures (Fig. 4). Musculi pectinati
radiate from the venous valves to the atrioventricular
annulus. It is of interest that these musculi pectinati
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Figure 4 View through the atrioventricular orifice reveals the
right and left venous valves joined at commnissures with fan-like Figure 5 Interior of the right ventricular lumen of a bony marine
musculi pectinati inside the interior of the common atrium in fish, the sea chicken, is seen. The common atrioventricular orifice
dog shark is easily visible below the bulbar septum, guarded by bridging

leaflets

form fan-shaped arrangements seen in the human
atria."1

Bony marine fish

In the bony marine fish, the Scomberemorus commersonii
(sea chicken), the pericardium is detached from the
ventral chest wall and is fibrous with flimsy adhesions
between visceral and parietal pericardium. A distinct
conical chamber is seen between the ventricle proper
and the truncus. Longitudinal section reveals that this
chamber is devoid of longitudinal ridges and is caudal
to the truncal valve (Fig. 5). Its inner surface resembles
the human right ventricular outflow septum. The
common atrioventricular orifice is displaced caudally
and to the right. At the root of the truncus there is an
onion-shaped dilatation. The hepatic veins drain the
liver directly into the sinus venosus. The capacitance
venous sinuses have been shifted to the confluence of
the cardinal veins on either side.6

Air-breathing fish

The heart can be examined in live and anaesthetised
air-breathing fish, Channa striata, which has accessory
respiratory apparatus in addition to the gills that
enables them to survive outside water. The heart

exhibits sequential contractions of the systemic veins,
sinus venosus, atrium and ventricle. There is systolic
expansion and diastolic recoil of the onion-shaped
bulge of the root of the truncus. The ventricular ejection
is symmetrical. Angiocardiogram reveals that contrast
enters the thick spongy wall of the left ventricle during
diastole and is squeezed out during systole.

Frog

In the frog, the sinus venosus is lateralised to the right
and receives two precaval veins derived from the ducts
of Cuvier. An additional postcaval vein appears derived
from the hepatocardiac channel. The hepatic veins drain
into this vein. The sinus venosus empties into the right
atrium. Sinoatrial valve persists. A common pulmonary
vein drains into the left atrium. The interatrial septum is
incomplete. The atrioventricular orifice is common and
is provided with two bridging and two lateral leaflets.10
It leads to a left-sided inlet chamber connected to a
right-sided ventricular lumen. The left wall is thick and
spongy. The right sided bulbus is provided with a spiral
valve. The lumenised right ventricle ejects venous blood
into the pulmonary circulation. The spongy left vent-
ricle absorbs the left atrial blood during diastole, and
ejects it, during systole, into the systemic circulation.5
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Turtle

There is sequential contraction of the systemic and
pulmonary veins, sinus venosus atrium and ventricles.
There is a complete interatrial septum. The atrio-
ventricular orifices are D-shaped with a common
straight segment.9'10 Each orifice is provided with a
tilting-disc type of valve hanging from the interatrial
septum.9'10 The curved segment of each annulus
contracts during systole. There is no curved leaflet.
Anatomically, the triple outlet right ventricle has a
bulbo trabecular septum with a pulmonary artery
ventrally, and two aortae facing a ventricular septal
defect. The left ventricle, which is largely spongy, ejects
through the ventricular septal defect into the two
aortae connected to the right ventricle. The right
ventricle ejects into the pulmonary circulation.5

Snake

The atrioventricular valves and circulation are similar
to the turtles.5 The left ventricle is largely spongy with
a small inlet chamber. It ejects through a ventricular
septal defect into the two aortae, anatomically con-
nected to the right ventricle.

Crocodile

In the crocodile, interventricular and interatrial sept-
ation is complete. The sinus venosus remains con-
nected to the right atrium with persistence of the
sinoatrial valve. The right aorta is connected to the left
ventricle with consequent increase in the lumen of the
left ventricle.10 However, the stratum spongiosum of
the left ventricle is thick. This right aorta displaces the
straight leaflet of the left atrioventricular valve from
the septal location to an aortic position.10 The valve
acquires a curved mural leaflet in relation to the mural
wall of the left ventricle. Anterolateral and postero-
medial muscles are seen inside the left ventricle
directly attached to the corresponding leaflets with no
intervening chordae.10 The venous atrioventricular
valve has a straight septal and a curved mural leaflet.
There is an anterior papillary muscle inside the right
ventricle.10

Interestingly, during angiocardiography the right
ventricle ejects only into the pulmonary circulation.
The left aorta connected to the right ventricle receives
blood from the right. aorta through an aorto-aortic
foramen.5 If the pulmonary artery is occluded, there is
no distention of the right ventricle. A cog-wheel type of

muscular infundibular valve below the pulmonary
valve shuts off the pulmonary circulation when the
crocodile is under water.5 The right ventricle then ejects
into the left aorta.5

Birds

In the birds, the sinus venosus is amalgamated with the
right atrium. The right venous valve is seen as a ridge
inside the right atrium.12 There is a similar ridge inside
the left atrium. Both of these ridges are connected by a
transatrial band. Both ridges yield musculi pectinati
leading to the atrioventricular annulus.7 Curiously, the
right atrioventricular valve has only a curved mural
leaflet in relation to mural wall of the right ventricle.9'10
The septal leaflet is rudimentary or absent. The entire
aorta is connected to the left ventricle with two
coronaries. The base of the aortic leaflets are muscular.
The muscle in the aortic cusps and intercusp area form
an annular band of musculature. A segment of this
band is interposed between the left and non-coronary
cusps of the aortic valve and the aortic leaflet of the
mitral valve, and causes aorto-mitral discontinuity. The
left atrioventricular valve has an aortic leaflet, a
biscalloped mural leaflet, anterolateral and postero-
medial chordopapillary support.9'10 The two scallops of
the mural leaflet have an additional chordopapillary
support.9'10

Egg-laying mammal

It is interesting that the atrioventricular valves of
echidna, an Australian egg-laying mammal, share
features seen in the reptiles and birds.10 The mural
leaflet of the left atrioventricular valve is biscalloped as
in birds.10 However, the papillary muscles are directly
attached to the leaflets as in the crocodile.10 In the right
atrioventricular valve, the leaflet has become
membranous.10 Additional posterior papillary muscles
develop.10 The septal leaflet re-appears inferiorly.
Superiorly, there is a gap between the septal leaflet and
the mural leaflet.10

Other mammals

The hearts of mouse, elephant, wallaby, possum,
panther, pig, horse, cow, sheep, baboon and dolphin
exhibit common features.10 The hearts are four
chambered. The right atrioventricular valve exhibits
elaborate chordopapillary support and varying scallops
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of the mural leaflet. However, all of them essentially
consist of a straight leaflet and a curved mural leaflet.9
The dominant scallop of the mural leaflet is equivalent
to the anterior leaflet of the human tricuspid valve
with conus papillary support superiorly and anterior
papillary support inferiorly. The chordopapillary
support of the right or venous atrioventricular valve
can be separated into superior and inferior groups by a
line bisecting the anterior and septal leaflets.13'14 The
left atrioventricular valve is also similar to human
morphology15 with a straight aortic leaflet, curved
mural leaflet with varying scallops, anterolateral and
posteromedial papillary muscle groups.

Mechanism of evolution

Comparative anatomy of the heart reveals the heart of
the fish has all the ingredients necessary for the human
heart. In particular there are two atria, two ventricles,
and two coronaries. Blind coronary ostial pits are also
seen.

'Nothing is superfluous in nature' said Leonardo da
Vinci. We need to speculate on why the heart of the
fish that needs to circulate only venous blood has been
provided with two atria and two ventricles. Obviously,
there is a master plan for the heart. The eventual need
for the four-chambered heart was foreseen, and the
necessary basic framework established in the heart of
the fish itself about 500 million years before Homo-
sapiens sapiens appeared.

Step-by-step logical update of this basic design is
obvious in comparative biology. The ducts of Cuvier
eventually become the coronary sinus and right
superior vena cava. The hepatic veins drain through a
hepatocardiac channel, which becomes the inferior
vena cava. The sinus venosus lateralises to the right
initially and later amalgamates with the right atrium.
The right venous valve becomes the crista terminalis,
Eustachian and Thebesian valves. The superior com-
missure becomes the septum spurium, and the inferior
commissure the tendon of Todaro.

The fate of left venous valve is disputed.7 We have
observed that even though macroscopically there are
no ridges in the body of the human left atrium,
transillumination reveals a pattern of musculi pectinati
in the left atrium, identical with that of the right
atrium.11 This observation along with the observation
of the left atrial bands in birds and mammals7 suggests
that there is a left atrial crista terminalis in the human
heart possibly derived from the left venous valve.

The common atrioventricular orifice in fish and
frogs gets divided into two symmetrical D-shaped

orifices in the turtle and snake.9'10 This symmetry is lost
when the septal leaflet moves to aortic position in the
crocodile. Later, the entire aorta is shifted to the left
ventricle. The oval contractile orifice is replaced with
two D-shaped orifices. The 'C' component of each of
these orifices is related to the atrioventricular mus-
culature and subject to deformation during systole. The
related curved leaflet adjusts to this by developing
scallops.

In phylogeny, the left ventricle has initially a small
inlet chamber and thick spongy wall. Later it gets
progressively cavitated.5 The left bundle of His seen
prominently in mammals is replaced by left ventricular
tendons in man.16

In man, we have observed contractions of the
superior and inferior vena cava and the adjacent sinus
venareal part of the right atrium. This is in consonance
with the sequential contractions of the systemic veins,
right atrium and right ventricle in the pre-human
species. We have also observed the terminal vena cava
fibrillating along with the atrium in a patient with
atrial fibrillation. The contraction of the terminal
pulmonary veins precedes the atrium in snake, turtle
and crocodile. We have observed, in a patient with
long intrapericardial course of all the pulmonary
veins, that the contractions of the pulmonary veins
precede those of the left atrium.

Thus, comparative anatomy reveals a master plan,
with logical step-by-step upgradation in various
species. It is also amazing that all the ingredients
necessary for the human heart have been provided in
the heart of the shark. The question arises as to
whether this master plan and anticipation of the
design characteristics of the human heart, aeons of
time before Homosapiens sapiens appeared,17'18 is the
result of mere struggle for existence and survival of the
fittest or whether there is a Designer behind the
design?

While we give credit to the human intellect for
human inventions, we are often hesitant to acknow-
ledge an intellect behind nature's creation.17'18 We take
refuge behind terms like 'nature' or assume that life
can evolve given a long period of time.

With all the human intellect, man is unable to
design a lung, valve, or blood vessel anywhere close to
that which occurs in nature. Do the species like fish,
frog and reptiles know how to change their genome to
redesign their cardiovascular and other systems,
resulting in formation of a new species? Also,
obviously, many species remain as they were, in
countless varieties for millions of years. Which variety
of fish led to which variety of frog? Did the variety
which was converted to a frog become obsolete or did
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only some rebels in a particular species opt for a
change. Even if a change occurred, the change has to be
incorporated by microprocessor technology into the
germ cells for sustaining the changes in the offspring.
Do various forms of life have access to this technology?
There is no scientific proof that one form of life can or
has transformed itself into another form.

Comparative anatomy points to a design and a
Designer. Surgeons, anatomists and anyone studying
the human form and function have an unsurpassed
opportunity to ponder over the wonders of creation
and contemplate the basic questions: where did we
come from? why are we here? and where are we going?
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