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Abstract 
Objective- The purpose of present study was to obtain a complete understanding about 

anatomical features and echocardiography of beluga (Huso huso) species in order to provide 

standard approaches for performing echocardiography on this sturgeon species. 

Design- Experimental study. 

Animals- 10 immature (2.5 years old) beluga (Huso huso). 

Procedures- To perform echocardiography, Sonosite-MicroMaxx ultrasonography machine 

and linear probe with a frequency of 6-12 MHz of ventral approach between two pectoral 

fins were used. 

Results- Four main parts of the heart were identified in investigations and the way of 

locating and connections of these parts were examined. Sinus venosus had a thin wall and 

leaned toward left. The atrium wall was characterized by connective tissue and muscle. 

There was a valve structure between sinus venosus and atrium. The ventricle had a thick 

muscular wall with a two-layer appearance. Conus arteriosus leaned toward right. This part 

had three rows of valves including one distal row and two proximal rows with a certain 

distance between the distal row and the two proximal rows. 

Conclusion and Clinical Relevance- Since there has not yet been a complete study on the 

heart of beluga species in the terms of ultrasonography and anatomy, the present study can 

be utilized as a basis for investigating other sturgeon species. In the present study, a standard 

approach has been provided to perform echocardiography on beluga species. 
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1. Introduction 

The structural and functional differences of circulatory 

system in vertebrates are closely related to their life style. 

A number of these differences are related to the ability of 

circulatory system to exchange gases under different 

atmospheric pressures.9,10 One of the most important 

differences between aquatic and terrestrial organisms is the 

difference between their heart and vessels.4,5,13 Fishes are 

one of the vertebrate species. The many diverse 

physiological needs of fishes have led to a variety of life 

styles due to their very diverse environmental conditions.7 

As an example, the circulatory system of Scombroidei 

group has important taxonomic characteristics. Similarly, 

the branching pattern of arteries in Elasmobranch group is 

very important and their investigation can lead to achieve 

phylogenic hypotheses.13 Sturgeon species is one of the 

most important aquatic species in Iran.16 Better 

understanding about anatomical features of circulatory 

system in these fishes can be significantly helpful in 

conducting various further researches and consequently, 

preserving these endangered species. 

Echocardiography as one of the best methods for 

investigating the heart of living creatures can be also used 

to more detailed investigation of this sturgeon species’ 

heart.2 Understanding the anatomy of circulatory system 

and how to perform echocardiography and its features in 

sturgeon species means to utilize from anatomy knowledge 

to conduct various studies on the circulatory system. 

Echocardiography has ever been performed on some fish 

such as Zebrafish and several species of sharks.14 Chin Lai 

et al (2004) utilized from echocardiography to comprise 

cardiac ventricular function in five species of shark.11 

Gregory et al (2004) performed echocardiography on 

Acipenser transmontanus species to investigate the 

relationship of pericardium and pericardioperitoneal canal 

(PPC) with cardiac function.3 The anatomical structure and 

developmental stages of this structure in some sturgeon 

species have been also studied by other scientists. Icardo et 

al (2009) investigated the developmental stages of the 

heart structure in Acipenser naccarii species.6 Icardo et al 

(2002) considered the histology of conus arteriosus in 

Acipenser naccarii species.4,5 Also, the researchers used 

ultrasonography to determine the sex of sturgeon species.12 

Zehtabvar et al (2018) conducted a study on tissue 

structure and echocardiography presentation of various 

parts of the heart in beluga (Huso huso).16 

Since one of the most important species of sturgeon in Iran 

and in the world is beluga (Huso huso),16 this species was 

selected to conduct present study. The purpose of present 

study was to obtain a complete understanding about 

anatomical features and echocardiography of beluga (Huso 

huso) species in order to provide standard approaches for 

performing echocardiography on this sturgeon species. 

2. Materials and Methods 

Samples 

A number of 10 immature beluga (Huso huso) with a mean 

weight of 3.5±0.5 kg and an approximate age of 2.5 years 

were purchased from a private culturing center located in 

Mohammad Shahr of Karaj and lively transferred to faculty 

of veterinary medicine, University of Tehran using plastic 

barrels. It should be noted that the species were examined 

through ultrasonography based on the standard method 

provided in references15 before purchasing and all male 

samples were selected. After transferring samples to 

faculty of veterinary medicine, they were kept in special 

plastic cylindrical containers at the aquarium for 24 hours 

to return to their natural physiological conditions. 

Echocardiographic study 

Sonosite-MicroMaxx ultrasonography machine and linear 

probe with a frequency of 6-12 MHz were used to perform 

echocardiography. In a rectangular plastic tub filled with 

water, each sample was held with hand so that its ventral 

surface was upward. Since the topographic area of the 

heart in sturgeons is between Pectoral Fins, the probe was 

placed in this area (ventral approach) to perform 

echocardiography. 

In longitudinal state, the probe was moved toward left and 

right sides through Sliding movement for more detailed 

investigations. For further investigation of anterior parts, 

the probe was also moved toward anterior direction in both 

longitudinal and transverse states. In addition, Doppler 

system was used to investigate blood flow. To examine 

different parts of the heart and corresponding parts, the 

probe was moved toward posterior, anterior, right and left 

in above mentioned positions through sliding and fanning 

movements. It should be noted that anesthesia was not used 

for samples due to the lack of their resistance in 

echocardiography stage. 

In present study, a hypothetical triangle was considered to 

explain the location of placing probe for echocardiography 

so that this hypothetical triangle was created in ventral 

surface between the pectoral fins and two hard cartilage 

structures, which represented the topographic position of 

pericardial cavity (Figure 1). 
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Figure 1. A: a ventral view for pericardial cavity location of 

immature beluga and its structures; the range of image A has been 

shown in the left schematic illustration; B: more zoom-in of 

posterior part of the heart, pericardium and liver, the connections 

between ventricle and pericardium have been shown with a star. 

Anatomical study 

After echocardiography and data recording, the samples 

were removed from water and anatomical examinations 

were carried out immediately after samples’ death. The 

skin and wall of the body between pectoral fins were 

removed through three incisions in this part and the 

pericardial cavity became available to conduct 

investigations. Images were provided using Olympus 

SZX12 Loop equipped with ASP-CellPad E digital camera. 

3. Results 

Echocardiography study 

All structures of the heart including sinus venosus, atrium, 

ventricle, conus arteriosus and pericardium were visible 

through longitudinally placing the probe between pectoral 

fins (Figures 2,4). As it can be seen from echocardiograms, 

sinus venosus and atrium were placed higher compared 

with two other structures. Atrium was more anterior 

compared with sinus venosus. Ventricle and conus 

arteriosus were placed lower compared with two other 

structures. Conus arteriosus was more anterior compared 

with ventricle (Figure 2). During taking transverse 

echocardiograms, ventricle and sinus venosus were 

observable in echocardiogram; when the probe was located 

in the most posterior area of hypothetical triangle (near the 

base of triangle). Atrium, ventricle and conus arteriosus 

were observed in central areas of hypothetical triangle, 

when the probe was moved to toward anterior position 

(towards the vertex of triangle). Conus arteriosus and 

atrium were observed in more anterior areas close to vertex 

of hypothetical triangle, the conus arteriosus was only 

observed (Figure 3). In transverse echocardiograms, sinus 

venosus was the most posterior structure of the heart and 

slightly tilted toward left. The sinus venosus was evacuated 

to atrium on the midline of the body and atrium was also 

evacuated to ventricle from left side. Ventricle and atrium 

placed on the midline of the body. Ventricle was evacuated 

to conus arteriosus from right side. The conus arteriosus 

was initially slightly tilled toward right side but in 

continue, placed on the midline of body. When imaging 

was made in the form of Right Parasagittal, all four cardiac 

cavities as well as the connection between ventricle and 

conus arteriosus were observable (Figure 6). When 

echocardiogram was prepared median, some parts of all 

four cardiac cavities were again observable; but the 

connection between ventricle and conus arteriosus was not 

observable (Figure 4). 

In echocardiography, the blood flow was from sinus 

venosus to atrium, from there to ventricle and then to 

conus arteriosus. An interesting point observed in the 

circulatory system was that particles forming the blood 

were characterized as particles of echoic foci. 

In continue the structure of heart’s components has been 

investigated in echocardiography viewpoint. Pericardium 

was crocheted around the structures of the heart with a 

homogenous echogenicity. It was thicker on the posterior 

side i.e. near the ventricle and sinus venosus. The sinus 

venosus had a very thin wall with a non-muscular structure 
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and accordingly, had no contraction and expansion. This 

wall had a completely echogenic structure. A common 

structure formed by joining of two vessels that cross the 

liver was evacuated on midline inside the sinus venosus. 

The sinus venosus and ventricle as two parts of the heart 

were connected to posterior area of pericardium that 

formed the thick structure. A valve was observed at the 

point of sinus venosus evacuation to atrium, which opened 

and closed in a coordinated manner with the contraction 

and expansion of the atrium. The atrium had a completely 

muscular wall with contraction and expansion movement 

and had a greater size compared to sinus venosus. A valve 

was observed at the point of atrium evacuation to ventricle 

(Figure 2). The ventricle had a muscular wall. The wall had 

an external compact layer and an inner spongy layer. 

During investigating this structure with Doppler system, it 

was found that the blood is spread within spongy layer of 

ventricle when blood flow enters into ventricle (Figure 5). 

Conus arteriosus had a distinct muscular wall. Conus 

arteriosus had a tubular structure located between ventricle 

and ventral aorta. There were three rows of valves inside 

the conus arteriosus. Among them, two rows were close to 

each other and at the beginning of the cone and one rowof 

valves placed at the end of the cone. There was a 

significant distance between the first two rows and the 

third row. In fact, the two first rows were posterior and the 

third row was anterior (Figure 2). 

Anatomical study 

Pericardial cavity was approximately isolated from 

peritoneal cavity and was cranioventral relative to it. 

Different parts of the heart were located in triangular 

pericardial cavity. The vertex of this triangle was on 

anterior side and its base was on posterior side. This cavity 

was surrounded by pericardium. In the posterior part (base 

of hypothetical triangle) the pericardium was thicker than 

the other parts and created a diaphragm like structure that 

separated the cavity from peritoneal cavity. The 

pericardium and pericardial cavity continued from anterior 

to the beginning of Ventral aorta (vertex of triangle). The 

two vessels that connected to heart formed a common 

structure which crossed within the posterior part of 

pericardium to reach the venous sinus. Some connections 

were observed between posterior part of ventricle and 

pericardium (Figure 1). 

Atrium and sinus venosus were situated in a dorsal position 

and conus arteriosus was located in a ventral position. 

Sinus venosus and ventricle were situated in a more caudal 

position compared with two other structures. Atrium and 

conus arteriosus were also located in a more cranial 

position compared with the two other structures (Figure 7). 

The atrium extends slightly from anterior part to the conus 

arteriosus and adjoins it (Figure 1). The sinus venosus 

entered to atrium on the midline of the body, the atrium 

entered to ventricle from left side, and ventricle entered to 

conus arteriosus from right side. 

The sinus venosus had a very thin wall and can be 

investigated as long as the heart being active. But after 

stopping the heart and pulling out, it cannot be 

investigated. A valve was observed between the sinus 

venosus and the atrium. The atrium had a muscular wall, 

which seemed one-layer in a macroscopically appearance. 

There was a valve between atrium and ventricle. The 

ventricle had a thick muscular wall, which seemed two-

layer in a macroscopically appearance. Its external layer 

was dense and connected to pericardium and its internal 

layer was spongy and had connection with the blood 

entered to ventricle. Conus arteriosus had a tubular 

appearance, which its beginning part had a larger diameter 

and its end part had a smaller diameter. Conus arteriosus 

had a wall with distinct muscle. At the beginning of cone, 

there were two rows of valves, which placed close to each 

other and there was also a row of valves at its end part. The 

ventral aorta was expanded after this structure. 

4. Discussion 

According to the observations of the present study it can be 

said that the pericardial cavity in beluga is a triangular 

cavity surrounded by pericardium, which the structures of 

the heart are located inside it. This cavity is located in a 

cranioventral position in relation to coelomic cavity. The 

pericardial cavity in its ventral part is situated adjacent to 

the ventral wall of body. It is also adjacent to esophagus 

from dorsal part and adjacent to the structures of pectoral 

fins from lateral part. The pericardium is thicker on the 

posterior side adjacent to ventricular cavity, which creates 

diaphragm like structure. In available references, such a 

structure has been also mentioned for sturgeon and shark 

species and the posterior part of pericardium is called 

transverse septum.7,8,16 The thick structure of this part 

creates a more elastic state of heart contraction, which 

provides a good opportunity to fill the blood of veins.8 In 

bony fishes, the pericardial cavity is a part of coelomic 

cavity that is isolated from other parts by pericardium. In 

contrast, this structure is isolated from ventricular cavity in 

sturgeon species.7,15 Gregory has referred to the presence 

of a canal between pericardial cavity and ventricular cavity 

in Acipenser transmontanus, which is important for 

regulating pressure of the pericardial cavity. This canal is 

called the pericardioperitoneal canal (PPC).3 In this study,
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Figure 2. Longitudinal (long axis) echocardiograms from different structures of immature beluga’s heart (A, B, C, and D); the 

echocardiogram section has been displayed in schematic illustration; the valve between atrium and ventricle has been shown in image A 

using arrow; the valve between Atrium and Sinus venosus has been shown in image B using arrow; the end valve of conus arteriosus has 

been shown in image C using arrow; the first two rows of valves conus arteriosus have been shown in image D using arrow, which are 

located close to each other. (CA: conus arteriosus, V: ventricle). 

 
Figure 3. Transverse (short axis) echocardiograms from different structures of immature beluga’s heart (A, B and C): the echocardiogram 

section has been displayed in schematic illustration. (CA: conus arteriosus, AT: atrium). 

some connections were observed between posterior part of 

ventricle and pericardium, which can be related to PPC 

structure. 

The heart of beluga consists of 4 main parts including sinus 

venosus, atrium, ventricle and conus arteriosus, which are 

placed inside the pericardial cavity. The blood enters 

atrium after entering the venosus sinus, then moves toward 

ventricle and then enters the conus arteriosus. Conus 

arteriosus is the last part of heart and enters the blood to 

abdominal aorta which moves toward gills. The positioning 
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of these parts is so that they are located on sinus venosus in 

a caudodorsal form from posterior to anterior and then are 

located on the median line of the body from transverse 

septum. Zehtabvar et al (2018) in their study on tissue 

structure of sinus venosus have stated that this structure 

often consists of connective tissue and a small amount of 

muscle fibers.16 In the present study, sinus venosus was 

also mentioned as a thin wall without contraction and 

echogen. 

Figure 4. Median echocardiogram (long axis) from different 

structures of immature beluga’s heart; the echocardiogram section 

has been displayed in schematic illustration. 

 
Figure 5. Color Doppler longitudinal (long axis) echocardiogram 

from Atrium and ventricle of immature beluga; entrance of blood 

from atrium to ventricle and within spongy muscles of the wall 

can be observed. 

 
Figure 6. Right parasagittal echocardiogram of immature beluga; 

all four cavities of the heart are observable in this 

echocardiogram; the place of locating probe for preparation of 

right parasagittal echocardiogram has been shown in schematic 

illustration with a hollow rectangle. (CA: conus arteriosus, V: 

ventricle, A: atrium, SV: sinus venosus) 

The entrance of sinus venosus to atrium was located in the 

mid line of the body and there was a valve between these 

two structures, which clearly characterized in 

echocardiography. This valve can be called sinoatrial 

valve. After the sinus venosus, atrium was located in a 

cranial form, which had dorsal position relative to the 

ventricle and conus arteriosus. The atrium had a very large 

volume when it was full of blood. Zehtabvar et al (2018) in 

their study on tissue structure of atrium have stated that 

atrium has a thicker wall than venous sinus and its muscle 

fibers are scattered in all directions.16 In the present study, 

atrium was also mentioned as a completely muscular wall 

with contraction and expansion. 

On the left side of mid line, atrium is evacuated to the 

ventricle. Therefore, it was necessary to move the probe 

toward left side in order to observe this part in 

echocardiography. There is a valve between atrium and 

ventricle. The valve was observable in echocardiography at 

the evacuation point of atrium to ventricle, when the probe 

was moved toward left side. This valve can be called 

atrioventricular. In references, it has been noted that atrium 

causes flow and increase blood velocity by its contraction 

and expansion.16 The ventricle is located in ventral side of 

sinus venosus and atrium. At the time of blood flow to 

ventricle, the blood enters within the space of spongy 
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muscle layer, which can be seen in imaging using Doppler 

system and even by B mode ultrasonography. Zehtabvar et 

al (2018) in their study on the histology of beluga heart 

have stated that ventricle wall has a thick muscular 

structure.16 These muscles are completely distinguishable 

in two layers. One layer is compact and another in the 

internal part has a spongy form. Additionally, there are 

many erythrocytes that can be seen in the muscle fibers of 

spongy layer. In the present study, two muscular parts of 

ventricle wall and the entrance of blood within spongy 

layer were observable. 

The entrance of ventricle to conus arteriosus is tilted 

toward right side of the mid line and it is necessary to 

 

 

 
Figure 7. (A): a lateral view from heart sample of immature 

beluga; (B), a schematic illustration from internal structure of the 

heart, in this image, the path of blood flow has been displayed 

with arrows, (C): a schematic illustration from pericardial cavity 

and peritoneal cavity of immature beluga. 

move the probe toward right side in order to observe this 

part in echocardiography. It has been noted that ventricle 

also increases the velocity of blood flow through its own 

pulse.8 The conus arteriosus is initially tilted toward right 

side and gradually lies on the mid line of the body (in 

anterior motion). Zehtabvar et al (2018) have mentioned 

that at least two muscular layers are observable in the 

arterial wall and the epicardium layer of conus arteriosus is 

merged with the pericardium.16 In the present study, the 

muscle structure of conus arteriosus was also observed. 

Conus arteriosus is located in the anterior ventricle and 

continues along forehead. The atrium is also adjacent to 

conus arteriosus from above. Therefore, in transverse 

echocardiography, adjoining points of these two structures 

are observable. When the probe is moved toward posterior, 

a part of the ventricle that leaning toward left is added to 

this set and when the probe is moved toward anterior, the 

atrium gradually cannot be observed and one would find 

somewhere in the pericardial cavity that is located only in 

conus arteriosus. In their study, Icardo et al (2009) have 

stated that conus arteriosus has no effect on the blood 

velocity; rather it is a flexible cavity that reduces blood 

pressure fluctuations and turns the alternating flow of 

blood from the ventricle into a non-fluctuating and 

continuous flow.5,6 In addition, the conus arteriosus of 

beluga (Huso huso) has an oval shape. The structure has 

been also referred for Acipenser naccarii.4,5 There are three 

rows of valves inside the conus arteriosus. The first two 

rows are located close to each other and the third row is 

located far from these two before abdominal aorta. These 

structures are well characterized in echocardiography. 

According to the studies of Icardo et al (2002) these 

structures exist in a same way for Acipenser naccarii 

species. The first two rows of valves can be called 

“proximal conus valves” and the end row can be called the 

“distal conus valves”. First row between ventricle and 

conus arteriosus can be called “caudal proximal conus” or 

“Semilunar valves” and the second row is located later that 

can be called “cranial proximal conus valves”.4,5 About 

histological structure of the heart’s inner valves, Zehtabvar 

et al (2018) have stated that these valves are located on a 

border between structures in the form of connective tissue 

and covered by endocardial layer.16 

According to the observations of the present study, it can 

be said that the probe should be placed longitudinally and 

transversely in the hypothetical triangle in order to provide 

images from different parts of the heart and the probe 

should be also moved toward left and right sides for further 

investigations. The places of locating probe and related 

movements for investigating different parts of beluga’s 

heart have been represented in Table 1. 
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Table 1. The places of locating probe and related movements for investigating different parts of the heart in echocardiography of beluga. 

The place of locating probe in 

hypothetical triangle 
Imaging direction Observable structures Descriptions 

The most posterior area (near the base 

of triangle) 
Transverse Ventricle, sinus venosus - 

Central areas Transverse Atrium, ventricle, conus arteriosus 

By moving the probe toward 

anterior area relative to the 

previous stage 

The more anterior parts of center Transverse Atrium, conus arteriosus 

By moving the probe toward 

anterior area relative to the 

previous stage 

Anterior areas (near the vertex of 

triangle) 
Transverse Conus arteriosus 

By moving the probe toward 

anterior area relative to the 

previous stage 

Central areas Right parasagittal 

Atrium, ventricle, conus arteriosus, 

sinus venosus and connection 

between ventricle and conus 

arteriosus 

- 

Central areas Median 

Atrium, ventricle, conus arteriosus, 

sinus venosus and connection 

between atrium and sinus venosus 

- 

Central areas Left parasagittal 

Sinus venosus, atrium, ventricle 

and connection between atrium 

and ventricle 

- 
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 نشریه جراحی دامپزشکی ایران 

 01(، شماره پیاپی 0)شماره  01، جلد 9102سال 

 

 چکیده

 های استاندارد( نابالغ با هدف ارائه رهیافتHuso husoماهی )مطالعه اکوکاردیوگرافی و آناتومی قلب فیل

 
 9پوریداودسمیه  ،9، مجید مسعودی فرد0، زهرا طوطیان9، علیرضا وجهی0ورزهتابامید 

 
 ایران تهران، بخش آناتومی گروه علوم پایه دانشکده دامپزشکی دانشگاه تهران، 1

 ایرانتهران، گروه جراحی و رادیولوژی دانشکده دامپزشکی دانشگاه تهران،  2

 
ای ها و ارائاه رهیا ات   یمااه لیا  آنااتومی و اکوکااردیوگرا ی بلا      یهایژگیواین مطالعه جهت به دست آوردن شناختی کامل از  هدف:

 استاندارد برای انجام اکوکاردیوگرا ی در این ماهی انجام شد.

 مطالعه تجربی طرح مطالعه:

 ساله 5/2نابالغ  یماهلی عدد  11 حیوانات:

مگااهرتز از رهیا ات ساط      12 – 6خطی، با  رکاان    پرآبو  Sonosite – MicroMaxxبرای انجام اکوکاردیوگرا ی از دستگاه  روش کار:

 طولی و عرضی استفاده شد. صورتبهای ن دو باله سینهزیرین بدن بی

ماورد بررسای بارار گر ات.      هاا بخاش چهار بخش اصلی بل  مشخص شد، شیوه برارگیری و ارتباا  ایان    شدهانجام یهایبررسدر  نتایج:

نازک بود و متمایل به سمت چپ برار داشت. دیواره دهلیز با با ت همبندی و عضله مشخص باود. باین    یاوارهیدسینوس سیاهرگی دارای 

داشات. مخارو     یاهیدوالدارای دیواره عضالنی ضخیمی بود که ظاهری  بطنمشخص بود.  یاچهیدرسینوس سیاهرگی و دهلیز ساختاری 

سه ردیف دریچه بود، یک ردیف دیستال و دو ردیف پروگزیمال که بین این ردیاف  سرخرگی متمایل به راست برار داشت، این بخش دارای 

 پروگزیمال  اصله مشخصی بود. یهافیرددیستال و 

انجاام   یمااه لیا  آنااتومی روی بلا     ازنظار سونوگرا ی و چه  ازنظربررسی کاملی چه  حالتابه کهییازآنجا و کاربرد بالینی: یریگجهینت

برای سایر ماهیاان خاویااری ماورد اساتفاده بارار گیارد. در ایان مطالعاه رو           یاهیپا یامطالعه عنوانبه تواندیم نشده است، این بررسی

 ارائه شد. یماهلی استانداردی برای انجام اکوکاردیوگرا ی در 

 نابالغ، بل ، آناتومی، اکوکاردیوگرا ی یماهلی  کلیدی: یهاواژه

. 
 

 


