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Morpho-functional characterization of the heart of
Gallus gallus domesticus with special reference to the
right muscular atrioventricular valve
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Institute of Physiology of the Komi Scientific Center, The Russian Academy of Sciences, Syktyvkar, Russia

Abstract

In this work, we studied the structure and function of the adult chicken heart with a focus on the right
muscular atrioventricular valve using anatomic and echocardiographic methods. We demonstrated that the free
wall thickness of the right and left ventricles changes from the apex to the base of the heart. The right
muscular atrioventricular valve (RAVV) is joined directly to both the parietal right ventricle free wall (one
attachment) and the interventricular septum (two attachments: ventral and dorsal). This valve does not have
chordae tendineae or papillary muscles. The quantitative morphological and functional characterization of the
RAVV is given. In color Doppler echo, no regurgitation of blood flow in the RAVV was observed in any of the
studied birds. The blood flow velocity in the RAVV is 56.2 + 9.6 cm s'. A contractile function of the RAVV is
shown. Based on the findings obtained, we conclude that the RAVV has a sufficient barrier function. In
addition, as this valve is an integral part of the right ventricle free wall, it contributes to the right ventricle
pump function. An agreed nomenclature of the parts of the RAVV is required.
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hemodynamics.

Introduction

The vertebrate heart has undergone many adaptations dur-
ing its evolution, from a two-chambered heart made up of
one atrium and one ventricle in cyclostomes and fish, to a
three-chambered heart made up of two atria and one ven-
tricle in amphibians and reptiles. Subsequently, crocodiles
(the only ectothermic vertebrates with a full ventricular sep-
tum), birds and mammals evolved a four-chambered muscu-
lar pump (made up of two atria and two ventricles)
devoted to loading and unloading a large amount of blood
around a closed-valve circulatory system (Stephenson et al.
2017; Jensen et al. 2018). The most prevalent opinion
appears to be that the vertebrate taxa that independently
gave rise to mammals and birds, are represented by extant
reptiles (Chiappe & Dyke, 2006; Clarke & Middleton, 2008;
Jensen et al. 2018). Birds and mammals independently
evolved endothermy, and both birds and mammals inde-
pendently evolved hearts with full ventricular septation and
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a thick left ventricular wall that allowed for a considerable
rise in systemic blood pressure (Jensen et al. 2013b; Burgg-
ren et al. 2014). The avian and mammalian hearts circulate
blood like rhythmically contracting pumps. These hearts
maintain high rates of contraction that in concert with high
systemic blood pressures accommodate their high rates of
oxygen consumption due to their endothermic state (Jensen
et al. 2012). The avian heart enables Arctic terns annually to
fly from the Arctic to the Antarctic (the longest animal
migration) (Egevang et al. 2010) and bar-headed geese to
fly at high altitude during migration (up to 9 km, where
the partial pressure of oxygen is 30% that at sea level
(Swan, 1961). Such a heart deserves a comprehensive study.

Literature on the morphometry of the avian heart is lim-
ited (Prosheva & Rapota, 1989; Straub et al. 2002; Pees et al.
2006; Kroneman et al. 2019). There is a deficiency in
echocardiographic studies of the cardiac structure and func-
tion in birds (Martinez-Lemus et al. 1998; Pees et al. 2004;
Gyenai et al. 2012; Prosheva et al. 2015; Masoudifard et al.
2016). There are methodical limitations to the study of
avian heart function using echocardiography, e.g. specific
features of the heart anatomy and the high heart rate. The
right ventricle has a crescent shape and the muscular valve
in the atrioventricular (AV) orifice adds complexity to the
quantification of its size and function. In general, the avian
heart anatomy is very like that of the mamma,| but it has
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some peculiarities. The most obvious macroscopic difference
is the muscular right AV valve (RAVV) in the low pressure
circuit to the lungs, the significance of which has never been
explained. In the adult avian heart, the RAVV is not a
fibrous, cusped valve as in the adult mammalian heart (ex-
cept in monotremes), but is rather a single, crescent-shaped
muscular flap guarding a long, slit-like AV orifice (Pettigrew,
1864; Davies, 1930; Prosheva & Rapota, 1989; Pees et al.
2006; Alsafy et al. 2009; Figueiredo et al. 2013; Prosheva
et al. 2015; Kroneman et al. 2019). Shaner (1923) made
macroscopic observations of the muscular architectonics of
the fowl heart ventricles and showed that the fibers of the
RAVV partially embrace the base of the left ventricle and
merge with the other muscle bundles on the ventral and
dorsal surfaces of the heart base. Based on this finding, that
author hypothesized that the more vigorous the general
cardiac contraction, the more firmly the right AV orifice is
shut. Lincoln et al. (2004) proved that, in chicken embryos,
the RAVV is almost completely composed of muscle.

In the process of human heart embryogenesis the right
and left AV valves are developed in different ways. In the
very early stages of the human embryonic heart develop-
ment, the right AV valve resembles the muscular AV valve
of the avian heart. As a result of secondary differentiation,
it then acquires the appearance of a membranous valve
(Lamers et al. 1995). Persisting muscularity of the right AV
valve may lead to the congenital malformation of Ebstein’s
anomaly (Lamers & Moorman, 2002).

Here, we present anatomical and echocardiographic mea-
surements of parameters of the right ventricle (RV), right
muscular AV valve and left ventricle (LV) in the adult
chicken heart. We also analyze the connection of the
chicken RAVV to the RV free wall and to the interventricu-
lar septum. Additionally, we report aspects of intracardiac
hemodynamics of Gallus gallus domesticus.

Materials and methods

Animals

Twenty-nine adult female chickens Gallus gallus domesticus (age
12-16 months; body mass 1.3-2.0 kg) were purchased from a poul-
try farm. For the anatomical study, the hearts of six chickens were
examined. A morphometric investigation of the right muscular AV
valve was carried out in the hearts of 15 animals. Eight hens under-
went echocardiographic and postmortem examinations. To reduce
stress and movement, the chickens were anesthetized by a combi-
nation of tiletamine-zolazepam (40 mg kg~', i.m., Zoletil 100; Vir-
bac, Carros, France) and xylazine 2mg kg~' im., Xyla;
Interchemie, Castenray, The Netherlands). The anesthetized birds
breathed spontaneously. The chickens were euthanized by cervical
dislocation. The investigation conforms to the Guide for the Care
and Use of Laboratory Animals published by the U.S. National Insti-
tutes of Health (NIH Publication No. 85-23, revised 1996). The Ani-
mal Care and Use Committee of the Institute of Physiology of the
Komi Science Center of the Russian Academy of Sciences approved
the experimental protocol (approval number: 46).
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Gross anatomy and morphometry

The body cavity was opened after euthanasia. The hearts were
quickly removed, and immersed and washed in normal saline. The
heart was then dried with blotting paper and dissected under stan-
dardized conditions (Pees et al. 2006). In six chickens the thick-
nesses of the RV free wall, LV free wall and interventricular septum
were measured in three parts of the heart (Fig. 10). Schematic illus-
tration of the measured sites of the RAVV (n = 15) is shown in
Fig. 2B. A vernier caliper and an ocular micrometer of a stereo-
scopic microscope (MBS-9, Russia) were used to obtain measure-
ments.

Echocardiography

Ultrasound measurements were performed using a SonoAce 8000
Ex (Medison, South Korea) echocardiographic system. The animals
were positioned in dorsal recumbency. Water-soluble, sterile,
warmed ultrasound gel was applied to the skin to provide clear
visualization of the heart. A 7.5-MHz transducer placed in a sub-
costal position was used to generate the images. All measurements
were carried out according to the guidelines set out by Pees et al.
(2006). Measurements of the LV free wall, interventricular septum,
RV free wall and RAVV thicknesses were made at the time of
echocardiographic examination. Thicknesses were measured
between the AV valves and the papillary muscles for LV (this was
accomplished when echocardiographic images included portions of
the tips from the left AV leaflets) and at the dorsal septal insertion
of RAVV for RV at both end-systole and end-diastole. End-diastole
and end-systole were identified as the largest and smallest distance
between the endocardial surfaces of the ventricles during the car-
diac cycle that corresponded to the S peak and the end of the T
wave on the ECG, respectively. Additional functional parameters
measured included velocity of blood flow and pressure gradient in
RAVV and aortic valve. These measurements were assessed from a
pulsed wave Doppler tracings obtained at the aortic root and at the
location of RAVV. The pattern of blood flow in RAVV was evalu-
ated in color Doppler technique. All echocardiographic investiga-
tions were performed by the same operator. Following the
echocardiographic study, birds underwent postmortem examina-
tion. The RV and the RAVV thicknesses were measured in the region
where the valve connects with the dorsal side of the interventricular
septum, that is, at points similar to the site of measurement in the
echocardiographic examination.

Statistical analysis

The results are presented as mean + SD. The statistic software pack-
age SPSS Statistics 17.0 was used for statistical analysis. The t-test
was applied for comparative analysis. A P-value < 0.05 was consid-
ered statistically significant.

Results

Gross anatomy and morphometry of the chicken
heart

The anatomical measurements showed that the length and
width (measured at the basal region) of the chicken heart
are 41.4 + 3.1 and 22.2 + 2.6 mm, respectively. The right
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Fig. 1 Photographs of an adult chicken heart. The adipose tissue in the coronary sulcus is removed. (A) Ventral surface. (B) Dorsal surface. (C)
lllustration of the measuring points for the postmortem evaluation of the myocardial thickness. (a—c) Left ventricular free wall: (a) basal, (b) middle,
(c) apical. (d-f) Interventricular septum: (d) basal, (e) middle, (f) apical. (g —i) Right ventricular free wall: (g) basal, (h) middle, (i) apical. A, apex of
the heart, A’, apex of the right ventricle; Ao, aorta; IVS, interventricular septum; LA, left atrium; LAVV, left atrioventricular valve; LBA, left brachio-
cephalic artery; LV, left ventricle; LVFW, left ventricular free wall; PA, pulmonary artery; PM, papillary muscle; RA, right atrium; RBA, right brachio-

cephalic artery; RV, right ventricle, RVFW, right ventricular free wall.

atrium wall (including the trabecula) is thinner than the left
atrium wall (1.2 £ 0.2 vs. 1.7 £ 0.3 mm, P < 0.05). As in var-
ious other avian species, the right ventricle of the chicken
heart has a crescent-shaped cavity that does not reach the
apex (see Fig. 1). It surrounds the LV. The large LV, with
thicker walls, is cone-shaped and extends to the cardiac
apex. The results of measurements of the thickness of the
myocardium at three areas of the left and the RV free wall
as well as the interventricular septum are presented in
Table 1. The LV wall at basal and middle areas is three times
thicker than the RV wall (44 + 0.7 vs. 1.3 4+ 0.2 mm
and 5.2 + 0.5 vs. 1.7 & 0.5 mm, respectively, P < 0.05). The
thickness of the apical myocardium of the LV is
2.2 + 0.2 mm. It is significantly thinner (P < 0.05) than the
other areas of the LV free wall. The greatest thickness of
the LV free wall is observed in the middle level, compared
with the basal and apical levels. No significant difference
could be demonstrated between the apical and the basal
areas of the interventricular septum in terms of the thick-
ness of the myocardium (Table 1). The apical part of the RV
free wall is thinner than the middle part (P < 0.05; Table 1).
Thus, the wall thickness of the left and right ventricles
decreases from the middle area to the apex of the heart.

Morphology of the right muscular atrioventricular
valve

The right AV valve guards the long, slit-like AV orifice (see
Fig. 3). The long and the short diameters of the right AV

orifice are 10.2 + 2.3 and 1.9 + 0.4 mm, respectively. The
long diameter of the left AV orifice is 7.5 + 1.4 mm and
the short diameter 5.4 + 1.2 mm. Figure 2 shows the right
muscular AV valve in the chicken heart. The base of this
thick muscular flap (Fig. 2AC,c) is connected with the atrial
and ventricular walls. Its sharp free edge (Fig. 2AC,e) pro-
jects into the RV cavity. Part of the RAVV free edge is
attached to the RV parietal free wall. It represents a trape-
zoidal muscle (Fig. 2A,a). This valve has neither chordae
tendineae nor papillary muscles. There is a straight con-
nection between the right muscular AV valve and the
parietal free wall of the RV (Fig. 2ACa). It should be
noted that the connections of the valve to the interven-
tricular septum are also straight (Fig. 2AC,b and AC,d).
The RAVV has a ventral and dorsal attachment to the
interventricular septum (Fig. 3). The results of the morpho-
logical measurements of the RAVV are presented in
Table 2. The valve width is different along its whole
length, being largest in the region of the valve junction
with the dorsal side of the interventricular septum. The
thickness of the RAVV in its various parts is also different.
The RAVV base and the region of the RAVV junction with
the dorsal side of the interventricular septum and parts
adjacent to them have the maximal thickness. The sharp
RAVV free edge and the region of the RAVV junction with
the ventral side of the interventricular septum have a mini-
mal thickness. It should be noted that the width and the
thickness of the dorsal attachment to the interventricular
septum are more than twice as large as those of the ventral

© 2019 Anatomical Society
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Fig. 2 External view of the right muscular atrioventricular valve in the
adult chicken heart. (A) Scheme explaining measurement of morpho-
logical parameters of the valve: A, valve length; B, valve width in the
area d; C, thickness in the area d; D, thickness of the free edge of the
valve; E, length of the a area; F, width of the large basis of the a area;
G, width of the small basis of the a area; H, thickness of the a area.
(B) Photograph of the endocardial surface of an adult chicken heart (a
view of the base of the heart after some parts of the atria and the
ventricles were removed). The black asterisk shows the place of the
ventral septal attachment of the right muscular atrioventricular valve.
Adapted and modified from Prosheva & Kaseva (2016). (C) Pho-
tograph of the ventricular surface of the right muscular atrioventricular
valve; Ao, aorta; af, annulus fibrosus; cs, coronary sinus; ivs, interven-
tricular septum; la, left atrium; ravv, right muscular atrioventricular
valve; ra, right atrium; rv, right ventricle; a, part of the free edge of
the valve, attached to the right ventricle free wall; b, area of the valve
junction with the ventral side of the interventricular septum; ¢, base
of the valve; d, area of the valve junction with the dorsal side of the
interventricular septum; e, free edge of the valve.

attachment to the interventricular septum (see Table 2). The
thickness of the RAVV dorsal attachment to the interventric-
ular septum has the least variability. Therefore, in this ultra-
sound and postmortem study the RAVV thickness was
measured in the region where the valve joins the dorsal side
of the interventricular septum. The thickness of the part of

© 2019 Anatomical Society

Table 1 Thickness of the ventricular myocardium in the chicken heart

Myocardium Basal Middle Apical
Left ventricle 44 + 0.7* 5.2 + 0.5* 2.2 +0.2
free wall (mm)

Interventricular 51+ 1.1 54 + 0.9 54+ 1.4
septum (mm)

Right ventricle 1.3+0.2 1.7 £ 0.5 1.2 + 0.04

free wall (mm)

All data values are mean + SD. P < 0.05 indicates a statistically
significant difference.

*Between the thickness of the left ventricle free wall in the base
and in the middle as compared with that in the apex.

fBetween the thickness of right ventricle free wall in the middle
as compared with that in the apex.

the free edge of the valve attached to the RV free wall bears
a close resemblance to that of the RAVV dorsal attachment
to the interventricular septum (see Table 2).

Ultrasound observations

The heart rate was 232 + 12 beats per minute (n = 8).
Figure 4 shows the B-mode image of the chicken heart
at the end of the systole. The heart has a wedge-shaped
RV and an ellipsoid-shaped LV. The results of the ultra-
sound measurements are presented in Tables 3 and 4.
During the systole, the thickness of the RV free wall, LV
free wall and interventricular septum increased by 50, 45
and 36%, respectively. Interestingly, at the end of the
systole, the thickness of the RV free wall and RAWV
were similar (3.0 £ 0.47 vs. 3.0 £ 0.52 mm; see Table 3).
During the diastolic filling of the RV, the RAVV shifts
towards the ventricular apex under the pressure of
blood flow from the right atrium and is finally pressed
towards the free wall (Fig. 5A). The boundary of RAVV
in this location is very difficult to recognize and its
thickness could not be measured. To solve this problem
we performed the postmortem measurements to charac-
terize indirectly the RAVV thickness at the end of the
diastole. Previously, it was shown that in chickens there
was a correlation between diastolic ultrasound measure-
ments and postmortem ones (Martinez-Lemus et al. 1998).
We have found out that the RAVV thickness at the RV
end-systole is higher than that measured in the post-
mortem examination (3.0 +0.5 vs. 1.7+ 0.5 mm,
P < 0.05). This finding implies a contractile function of the
RAVV. In two-dimensional images of the long axis view,
motion of the right muscular AV valve is clearly visible. The
high mobility of the RAVV should be noted. The RAVV
excursion is greater than that of a posterior leaflet of the
left membranous AV valve (10.5 + 0.7 vs. 6.8 + 0.8 mm,
P < 0.05; n = 8). Figure 5 shows a gallery of the RV B-mode
echocardiographic images obtained during a cardiac cycle.
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Fig. 3 Transverse diagram showing the connections of the chicken
right muscular atrioventricular valve to the right ventricle free wall and
to the interventricular septum (schematic section at the level of the
atrioventricular junction). Adapted and modified from Prosheva &
Kaseva (2016). Aov, aortic valve; ivs, interventricular septum; lavy, left
atrioventricular valve; lv, left ventricle; ravv, right muscular atrioventric-
ular valve; pav, pulmonary artery valve; rv, right ventricle; a, part of
the free edge of the valve, attached to the right ventricle free wall; b,
region of the valve junction with the ventral side of the interventricu-
lar septum; ¢, basis of the valve; d, region of the valve junction with
the dorsal side of the interventricular septum; e, free edge of the
valve.

While the RV is emptying, RAVV covers the lumen
between the right heart chambers (Fig. 5E), performing a
barrier function. Figure 6 shows pulsed-wave Doppler
echocardiographic image of a chicken heart. The pulsed
Doppler sample volume is placed at the location of the
RAVV. In color Doppler echo, no regurgitation of blood
flow in the RAVV was observed in any of the eight animals
studied. The measured parameter values in pulsed wave
echo are presented in Tables 3 and 4. The blood flow
velocity and the pressure gradient in the right AV valve
are lower than those in the aortic valve.

Discussion

The present morphometric study revealed that the wall
thickness of the left and right ventricles decreases from the
middle region to the apical one in the adult chicken heart.
This is consistent with previous findings on the structure of
the ventricular myocardium obtained in wild bird species
(budgerigars, Alisterus parrots and common buzzards)
(Straub et al. 2002). Thus, our anatomical findings support
the notion that the existence of areas of different thick-
nesses in the avian heart ventricles is a physiological norm
(Straub et al. 2002). This raises the question: why do these
differences in thicknesses exist? We suppose that these dif-
ferences in the thickness of the ventricles are to a certain
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Table 2 Morphological parameters of the chicken right muscular atri-
oventricular valve

v
Subject Parameters Mean SD (%)
Valve Length 19.5 1.5 8
Width
In the region of the valve 7.4 1.0 14
junction with the dorsal
side of the interventricular
septum
In the region of the valve 29 05 17
junction with the ventral
side of the interventricular
septum
Thickness
In the region of the valve 1.7 0.1 6
junction with the dorsal
side of the interventricular
septum
In the region of the valve 0.5 0.2 40
junction with the ventral
side of the interventricular
septum
In the region of the free 0.6 0.1 17
edge of the valve
Part of the Length 3.2 0.6 19
free edge Width
of the valve, Of the large basis 3.9 06 15
attached Of the small basis 3.1 04 13
to the Thickness 1.2 0.2 17
right ventricle
free wall

Data are presented in millimeters. SD, standard deviation; CV,
coefficient of variation.

extent due to the sequence of the excitation of the ventri-
cles in the bird heart. According to electrophysiological
studies, there are no interspecific differences in the
sequence of the excitation of the ventricles in the heart of
domestic and wild birds (Shmakov et al. 1979; Kharin et al.
2006). Avian hearts have a ventricular conduction system
enabling rapid activation of both ventricles in the myocar-
dium from apex to base. The sequence of the excitation of
the ventricles in the chicken heart is as follows: apical areas
of the right free wall, areas of the apex and the middle of
the left free wall, central areas of the free walls, the bases
of the free walls (Kharin et al. 2006).

A study of the morphology and functioning of the right
muscular AV valve in the avian heart is clearly important to
understand the evolution of AV valves in amniotes. It is sur-
prising that a right muscular AV valve is not easily recog-
nized in the reptile heart. Only mature crocodiles have a
right muscular AV valve and they are grouped as archo-
saurs, together with dinosaurs and birds. Birds and mono-
treme mammals have a muscular valve at the right AV

© 2019 Anatomical Society
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Fig. 4 The B-mode echocardiographic image of a chicken heart
obtained at the end of the systole. The marker on the limb lead I
ECG shows the moment when the image was obtained. VS, interven-
tricular septum; LV, left ventricle; LVFW, left ventricular free wall;
RAVV, right muscular atrioventricular valve; RV, right ventricle; RVFW,
right ventricular free wall.

orifice. Adult marsupial and eutherian mammals do not
have a right muscular AV valve (Jensen et al. 2013a). Our
results have shown that the architecture of the RAVV in the
chicken heart is very similar to that described in other avian
species (Pees et al. 2006; Alsafy et al. 2009; Jaiswal et al.
2017; Kroneman et al. 2019): a large, thick muscular flap
without papillary muscles. Thus, birds have a constant RAVV
architecture. Light microscopy shows that the RAVV in the
avian heart is a two-layered structure formed by an outer
layer of inverted ventricular muscle and an inner layer of
downwardly projecting atrial muscle (Vassall-Adams, 1982).
According to electrophysiological studies, the chicken
RAVV, on the atrial side, is made up mainly of working
myocardium myocytes as well as conducting and pacemaker
cells, and on the ventricular side only of a working myocar-
dium and conducting cells (Prosheva & Kaseva, 2016).

To our knowledge, this is the first study to analyze the
connection of the right muscular AV valve to the right ven-
tricle free wall and to the interventricular septum; it is also
the first study to perform morphometry of this valve in the
avian heart. In the present study we observed one

© 2019 Anatomical Society

Table 3 Measured parameter values of the right ventricle and right
muscular atrioventricular valve in eight adult chickens

Parameters Mean SEM SD Min Max
RVFWTd (mm) 2.0% 0.15 0.34 1.7 2.4
RVFWTs (mm) 3.0% 0.21 0.47 2.6 3.7
RVFWTpm (mm) 1.8 0.08 0.21 1.5 2.2
RAVVTs (mm) 3.0 0.18 0.52 2.2 3.6
RAVVTpm (mm) 1.5 0.12 0.34 1.2 2.2
V mean in muscular 56.2 3.40 9.61 40.1 67.9

valve (cm s™")
PG mean in muscular 1.27 0.15 0.42 0.6 1.8
valve (mmHg)

Max, maximum; Min, minimum; PG mean in muscular valve, the
mean pressure gradient in right atrioventricular valve;
RAVVTpm, right atrioventricular valve thickness postmortem;
RAVVTs, right atrioventricular valve thickness at end-systole;
RVFWTd, right ventricular free wall thickness at end-diastole;
RVFWTpm, right ventricular free wall thickness postmortem;
RVFWTs, right ventricular free wall thickness at end-systole; SD,
standard deviation; SEM, the standard error of the mean; V
mean in muscular valve, the mean blood flow velocity in right
atrioventricular valve.

*Values of RVFWTd and RVFWTs are calculated for five animals.

Table 4 Echocardiographic measurements of parameters of the left
ventricle in eight chicken hearts (longitudinal section)

Parameters Mean SEM SD Min  Max
LVFWTd (mm) 2.9 0.17 0.48 1.9 3.4
LVFWTs (mm) 4.2 0.29 0.83 2.7 5.7
IVSTd (mm) 3.1 0.14 0.38 2.6 3.7
IVSTs (mm) 4.2 0.22 0.62 3.3 4.9
AOD (mm) 5.2 0.22 0.63 4.7 6.7
Vmean in aortic valve (cm/s) 84.7 3.10 8.76 741 95.2
PGmean in aortic 2.9 0.18 0.50 2.2 3.6

valve (mmHg)

AOD, aortic diameter at the root in systole; IVSTd, interventricu-
lar septum thickness at end-diastole; IVSTs, interventricular sep-
tum thickness at end-systole; LVFWTd, left ventricular free wall
thickness at end-diastole; LVFWTs, left ventricular free wall
thickness at end-systole; Max, maximum; Min, minimum; PG
mean in aortic valve, the mean pressure gradient at the root of
aortic valve; SD, standard deviation; SEM, the standard error of
the mean; V mean in aortic valve, the mean blood flow velocity
at the root of aortic valve.

attachment of the RAVV to the RV free wall and two
attachments of this valve (ventral and dorsal) to the inter-
ventricular septum in the chicken heart. Our results show
that the RAVV is connected directly to the parietal free wall
of the RV and to the interventricular septum. There are no
chordae tendineae in the RV (see Fig. 2AC). Skwarek et al.
(2006) studied the different modes of connection between
the right AV valve and the papillary muscles in the adult
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Fig. 5 Sequential B-mode echocardiographic images of the chicken right muscular atrioventricular valve excursion obtained in the course of the
cardiac cycle. Arrows indicate the right muscular atrioventricular valve. The right muscular atrioventricular valve contour was outlined by hand and
is shown by the red line. ED, end-diastole; ES, end-systole; IVS, interventricular septum; RAVV, right muscular atrioventricular valve; RV, right ven-

tricle; RVFW, right ventricle free wall.
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Fig. 6 Pulsed-wave Doppler echocardiographic image of a chicken heart. The pulsed Doppler sample volume is placed at the location of the right

muscular atrioventricular valve.

human heart. The following three types were found: type 1
— a straight connection (typical for birds), type 2 — a mem-
branous connection (typical for primates) and type 3 — a
connection by means of tendinous chords. The prevalent
view appears to be that the types of connection between
the right AV valve and the papillary muscles have changed
during phylogenesis from straight to membranous connec-
tions and then to tendinous chords, as reflected in the
ontogenesis. Tendinous chords are the perfected form of
the connection (Anderson et al. 2003; Skwarek et al. 2006).
Interestingly, in spite of the avian hearts being endowed
with a ‘primitive’ muscular AV valve in the right heart, they
outperform the hearts of mammals. Birds have higher heart
rates and a greater increase in heart rate when transition-
ing from rest to physical load compared with mammals
(Butler & Woakes, 1980; Seymour & Blaylock, 2000). Birds
have a larger heart rate range and an extremely effective
pump function of the heart in various environmental condi-
tions (e.g. such as temperature, altitude or turbulence dur-
ing a flight in the upper troposphere). It is an interesting
open question whether the avian right heart is a well-de-
signed pump.

The pattern of RAVV blood flow has been evaluated using
the color Doppler technique. In the current study, no color

interference representing the regurgitation was observed.
Our results are consistent with the data obtained in pigeons
(Masoudifard et al. 2016). This suggests a sufficient barrier
function of the RAVV in the avian heart. The hemodynamic
parameters in the right AV valve and in the aortic valve of
the chicken heart has not been previously measured. We dis-
covered that the velocity of blood flow and pressure gradi-
ent in the chicken RAVV and aortic valve were both in the
same range as those in the pigeon heart (Masoudifard et al.
2016). The blood flow velocity in the chicken RAVV
was ~ 56 cm s (Table 3), comparable to that in the human
right AV valve (~ 51-64 cm s7) (Lang et al. 2015; Wilken-
shoff & Kruck, 2017; Dernovoj & Prosheva, 2018).

In the present study, we confirmed our previous finding
that the RAVV becomes significantly thicker towards the
end of the systole (Prosheva et al. 2015). This implies a con-
tractile function of the RAVV. Generally, contractility is
taken as the ability to generate mechanical tension and the
ability to shorten. At a given load, the myocyte is shorten-
ing but, because cell volume is constant, the shortening is
accompanied by myocyte thickening. On the one hand,
being a fragment of the RV free wall, the RAVV becomes
thicker due to its own contractile function at the RV systole
and may contribute to the RV pump-function. The
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argument in favor of this opinion is the presence of con-
ducting myocytes (Purkinje fibers) in the RAVV (Prosheva,
1986; Lu et al. 1993; Parto et al. 2013; Prosheva & Kaseva,
2016). As known, conducting myocytes are mainly responsi-
ble for the excitation pattern in the heart ventricles of
endothermic animals. We suppose that conducting myo-
cytes in the RAVV provide the organization of its excitation
as the integral part of the RV free wall to synchronize their
contractile performance. In our previous study it was proved
that the electrical activation of the RAVV in the chicken
heart occurs during excitation of the main bulk of the RV
free wall (Prosheva & Shmakov, 1987). Indirect further sup-
port for this opinion is the fact that the hypertrophy of the
RV wall results in thickening of the RAVV and leads to
valvular insufficiency (Pees et al. 2001). On the other hand,
contraction of the RAVV results in an increase of its stiff-
ness. One might assume, therefore, that the RAVV takes an
active part in separating blood flow between the right
heart chambers. In the final part of the systole, a barrier
function of the RAVV resembles the function of the sphinc-
ter muscles. Thus, the RAVV fulfills two major physiological
roles that influence RV filling and performance in the avian
heart: (1) acting as the barrier that determines the blood
flow separation between the right heart chambers and (2)
contracting to support the RV pump function. The contrac-
tion assists in the emptying of the RV during the systole.

At present there is no agreed nomenclature for the RAVV
parts. The terminology used by authors is extremely confus-
ing. We distinguish the main parts of the RAVV: the base
(Fig. 2AC,0), the free edge (Fig. 2AC,e), the dorsal (Fig. 2AC,
d) and ventral (Fig. 2AC,b) attachment to the interventricu-
lar septum, the part of the valve free edge, attached to the
parietal free wall of RV (Fig. 2AC,a). The part of the free
edge of the valve, attached to the parietal free wall of the
RV, is variously called the ‘anterolateral papillary muscle’
(Cayre et al. 1993), the ‘small papillary muscle’ (Aydinlioglu
et al. 1998), the "trabecular muscle’ (Alsafy et al. 2009) and
a "thick muscular stalk’ (Tadjalli et al. 2009). In our opinion,
the above-mentioned terms are inconsistent because the
RAVV does not have the papillary muscles.

In conclusion, it is important to emphasize that when
using chicken heart as a biological model for the study of
normal and pathological development of the human heart,
the differences that exist with respect to the structure and
functioning of the right heart in both species should be
taken into account.
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