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ABSTRACT:

Introduction: The coronary arterial system has been the subject of greater investigation
than its venous system due to the importance of human coronary artery disease. With
the advent of new percutaneous treatments, the anatomy of the coronary venous
system has increasing relevancy. We compared the organization of the coronary venous
circulation in three species commonly used in research and compared these to normal

humans using both macroscopic anatomic and angiographic studies.

Animals: The anatomy of five explanted hearts from healthy dogs, pigs, and sheep were

Methods: Animal hearts were injected with latex and dissected macroscopically. The
coronary venous system of humans was evaluated from clinical angiographic studies. In
the animal hearts a retrograde angiographic study was performed via a Foley catheter in

the coronary sinus.

Results: The general organization of the coronary venous circulation was similar among
humans, dogs, sheep and pigs. Despite overall similarities to humans, animal hearts
demonstrated absence of the OV and differences in position and organization of venous
valves; venous diameters; number of tributary veins; and presence of an anastomosis
between the left and right (human anterior and posterior) venous tree. The left azygos of

the pig and sheep joined the coronary sinus [1, 2].
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Conclusions: Anatomical differences must be considered when planning biomedical and
veterinary studies incorporating cardiac veins. This study provides baseline data

regarding structure and organization of the cardiac venous system.

Key words: Heart, Veins, Translational, Animal Model

Abbreviations table:

AlV Anterior interventricular vein

CS Coronary sinus

GCV Great cardiac vein

IMMR Institut Mutualiste Montsouris
Recherche

LMV Left marginal vein

LPV Left posterior vein

MB Myocardial bridge

oV Oblique vein of the left atrium (Marshall)

PIV Posterior interventricular vein

INTRODUCTION

Studies of cardiac vascularization have focused largely on the arterial system as
coronary artery pathology is responsible for the majority of cardiovascular related
mortality and morbidity in humans, especially in developed countries [3-6]. However,

with the advent of new treatment options for various cardiovascular diseases, such as
3
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biventricular pacing, ablation procedures, and implantation of medical devices (as with
percutaneous mitral annuloplasty), the €oronary sinus (€S) is increasingly used 0
access the coronary venous system [5, 7-13]. Knowledge of coronary venous anatomy
has therefore become important, and pre-clinical research focusing on the CS has
increased dramatically [5, 14-22]. Choosing the appropriate animal model in
translational, pre-clinical studies is essential to the success of subsequent human
studies [23, 24]. Additionally, laboratory animal experience might provide a baseline for
therapies in veterinary medicine. A few studies published studies have presented
anatomical details of mammalian coronary veins [25], though most describe the systems

of the mouse and guinea pig [26-29].

The cardiac veins can be grouped into three categories according to the regions
drained: the CS and its tributaries, the anterior cardiac veins, and the Thebesian veins.
The normal organization of the CS and its tributaries has been described in humans
both anatomically and through imaging studies. The CS ostium is located in the right
atrium and constitutes the terminal portion of the coronary venous system. The CS is
typically connected to the great cardiac vein (GCV), then to the anterior interventricular
vein (AlV), followed by the posterior interventricular vein (P1V) which begins close to the

apex of the heart and goes into the posterior interventricular groove and enters the CS

close to the CS ostium [30]. [Fhénormal cardiacvenous drainage has been described in
the literature for pigs [31-33] and dogs [34-36], and to a lesser extent in the sheep[37].
These references seem to describe a similar general organization similar to that found in
humans but detailed comparative descriptions are lacking.
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The present study investigated the structure of the coronary venous system of three
species commonly used in cardiovascular research (ovine, porcine and canine) and
compared the findings to human subjects using angiographic and dissection studies.
Our hypothesis was that the general anatomy of the coronary venous system was
similar among these four species, but with some crucial differences that might influence

animal model choice as well as interventional approaches.

ANIMALS & SUBJECTS, MATERIALS AND METHODS:

Anatomical and angiographic studies were performed on each species. This study was

approved by the ethics committee of Institut Mutualiste Montsouris Research (IMMR).

=
0]

porcine and ovine hearts were obtained from two slaughterhouses (Etablissements Guy
Harang, 78550 Houdan, France and Etablissement SAROVI, Jossigny, France
respectively). Canine hearts were obtained from animals used in other non-
cardiovascular studies at IMMR at the end of their protocol and also from a breeding
center where dogs were scheduled to be euthanized (Centre d’Elevage des Souches
89130, Mezilles, France). All hearts were explanted within their pericardial sac and with
their main vessels, in order to preserve the coronary vasculature. The human hearts

were obtained through the Centre du Don des Corps, Université Paris Descartes,
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France. After explantation, all hearts were kept in a -20° C freezer until studied. All

hearts were studied within 1-2 months of being frozen.

Terminology used for this study (figure 1)

The CS opens directly into the right atrium and courses along the posterior wall of the
left atrioventricular groove. The proximal portion of the CS was delineated by the valve
of Vieussens in human hearts (Figure IIl available in Supplementary Material online). In
the animal species, where the valve of Vieussens was absent, the proximal limit was
determined as the area of abrupt and distinct tapering of the CS as it joined with the
GCV (figure I'available'in' Supplemental Material online). The GCV is the continuation of
the AIV and joins the CS at the level of the atrioventricular sulcus. The proximal limit is
where there is an abrupt 90° change in direction of the vessel into the AlV. This vessel
runs parallel to the left circumflex coronary artery. The AIV courses anteriorly between
the left and right ventricle, parallel to the anterior interventricular artery. It begins either
at the apical level of the distal third or distal half of the anterior interventricular sulcus
and ends where it forms an abrupt angle entering the GCV [7]. The PIV, also known as

inferior interventricular vein or middle cardiac vein, courses between the left and right
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ventricles on the posterior/inferior aspect of the human heart, parallel to the posterior
descending coronary artery, within the caudal/posterior interventricular sulcus [3]. The
distal limit is at the confluence into the CS. The left marginal vein (LMV) or left lateral
vein, arises from and courses over the free wall of the left ventricle, adjacent to the

obtuse marginal artery.

The posterior vein of the left ventricle (LPV) is an inconsistent branch which arises from
the proximal third of the left ventricle wall and ends either in the great cardiac vein or the
CS. The oblique vein of the left atrium, or Vein of Marshall (OV) [38] is present in
humans, and this small vessel descends obliquely from the left atrium and ending in the
CS, continuous with the ligament of the left vena cava. It is a remnant of the embryonic

left superior cardinal vein.

Anatomical study:

The CS of five explanted hearts from each species was injected with latex ® until the
latex had filled all vessels and was filing the PIV [39]. The injected heart was
refrigerated for 24-48 hours before dissection. Myocardial bridges (MBs) over the
studied vessels, were noted. These are defined as macroscopically visible bridges of
myocardial tissue overlying arteries and veins. Figure |l (data available in Supplemental
Material online) illustrates MBs. The length and diameter of each vessel was recorded
as described below. The diameter of the orifice of each vessel was measured at the
most proximal point of each vessel i.e. furthest from the CS side. The diameter of the
latex cast of each vessel was also evaluated and as they were comparable to the
measurements taken on the formalin fixed hearts, then these measurements were

recorded. Five freshly explanted hearts of each species were kept in 4% formalin for a

7
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minimum of one week and dissected. The presence of valves and their structure was

also recorded.
Angiographic studies:

In vivo coronary venous angiographic examinations of 7 male and 3 female human
subjects (certified to be normal by a cardiologist — FA) were obtained from the Faculté

de Médecine de Rouen, CHU CH Nicolle, Rouen.

The CS of ten explanted animal hearts per species and one human heart were injected
with a mixture of injectable® and oral® contrast material. The mixture was injected in the
coronary venous system through a Foley catheter snared by a purse string suture at the
exit of the CS in the right atrium until all veins were filled and slightly bulging. The
mixture consisted of approximately 70% of the oral solution and 30% of the injectable
solution to optimize ease of filling of the small vessels with backflow into the ventricles.
The injection was stopped when the contrast had reached the PIV and started to
overflow through the purse-string. In the human heart, due to the difficulty of obtaining
completely fresh samples, the contrast medium leaked out of the vessels. Hence clinical
angiographic data was used instead for comparison during this study instead of the data

from injected human hearts.

The right ventricle of each heart was then filled with moistened 5x5 cm gauze squares to
obtain the closest natural anatomical shape. In most hearts, the left ventricle was left
empty as the myocardium maintained the original shape adequately. The hearts were
then placed in an consistent anatomical position for imaging, with the left side of the

heart depicted on the left of the image screen in all species (Figure 2). One lateral view,
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one dorsoventral view and one 3D-rotational view were obtained for each heart. Image
optimization was performed with adequate zooming and field of view choices tailored
individually. The images were obtained with a fluoroscopy system® at 30 images per
second for the lateral and dorsoventral views, and in a single 8 second rotation at 30
images per second for the 3D views. The images were then reconstructed using the

Allura’s 3D-CA 3D reconstruction system which minimizes foreshortening.
Sample analysis:

For each heart, the overall distribution and tributaries of each vessel were studied on the
angiographic images. Their course, location and relationship to each other and the
number of afferent vessels to each of the main veins was recorded. The angiographic
studies allowed 3D visualization of small vessels coursing within the deeper
myocardium. Visualization of Thebesian veins and their patterns were noted. Accurate
calibration on explanted heart angiographic studies was difficult to obtain as the
explanted heart was not fixed in its anatomical and physiological state. For this reason,

the measurements were performed on the formalin fixed hearts.

The presence/absence of valves and number of leaflets was noted after dissection of
the vessels. Systematic macroscopic measurements of the CS and tributaries were
performed using a flexible stainless ruler® graduated in mm and a dial caliper’ graduated
every 0.02 mm. For each vein, the length, diameter, presence or absence of MBs,
location, course and relationship to other vessels, were recorded. The number of
afferent tributary veins was recorded, as well. However, the angiographic studies offered
better visualization of the afferent veins, especially the smaller ones, so the results of

these studies were recorded.
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RESULTS

Ten animals of each species were used. The pigs were of Normande breed, weighed a
mean (SD) of 95 + 6.2 kg at the time of slaughter and were a mixture of males and
females. The dogs were male beagles with a mean weight of 20 +3.4 kg, and a mean
age of 4.3 years. The sheep were females of Lacone breed weighing a mean of 68 £5.3
kg. For the human specimens, there was one male and four female subjects, with a

mean weight of 70 kg and mean age of 93 years.

The results found in these anatomical and angiographic studies are presented below
vessel by vessel. Published human data are also presented as a comparison when

available.

Coronary sinus:

The CS is located in the caudal portion of the coronary sulcus. It is a continuum of the
GCV and empties into the right atrium directly. It is seen as an orifice adjacent to the
opening of the caudal vena cava on the caudo-medial aspect of the right atrium. It is the
largest cardiac venous structure and drains most of the venous territory corresponding
to that of the left coronary system, including veins from the left atrium and left ventricle.
The right side of the heart is primarily drained by the anterior cardiac veins, which empty

In the right atrium, although some drainage of the right side also occurs via the CS [40].

The average CS length in humans varies from 45 to 63 mm [8, 30], and the diameter of
the ostium varies from 4 mm to 9 mm [14, 30, 41]. The results of our anatomical study

are presented in Table 1.

10
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The CS appears in all species as a fairly wide tubular structure which courses in the
coronary sulcus just ventral to the left atrium and forms a patrtial circle around the heart,

between the left atrium and the left ventricle

The imaging study demonstrated that in pigs and sheep, the left azygos vein joins the
CS at the distal third of its length from the ostium in the right atrium. In humans and in
dogs, the right azygos vein drains into the superior (cranial) vena cava and no left
azygos vein is seen. This was also seen on our anatomical studies. Aside from the
major veins presented in this study (GCV and LMV), no smaller vessels were seen to

enter directly into the CS in any of the specimens.

Anterior interventricular vein

The AlV is the largest and most constant of all cardiac veins [7]. It travels in the anterior
interventricular sulcus, more or less parallel to the left anterior interventricular
descending artery or paraconal coronary artery in animals), being confluent with the
GCV. In humans, a certain degree of variability between the AIV and the left anterior
interventricular descending artery has been described. It originates either at the apical
level of the distal third or distal half of the anterior interventricular sulcus and ends where

it forms an abrupt angle as it enters the GCV.

The results of the anatomical study are presented in Table 2.

On the anatomical specimens, MBs were found to be coursing over the AIV in 3/5 pigs,
1/5 dogs, 0/5 sheep and 1/5 human subjects. Myocardial bridges coursed over both
coronary veins and arteries and were not compressing the underlying vessels. In
animals, these were found to be coursing over the tributaries of the AlV of 2/5 dogs, and

11
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none in the other species. In humans, MB have been reported to be seen over the
tributaries of the AIV of 5% of people[14]. Only one person out of 21 had MBs over the

AlV in that study.

The angiographic studies showed that all human, pig and sheep hearts had one AlV,
whereas in 6/10 canine hearts, multiple AlVs were found (2 in 5 dogs and 3 in one dog).
The number of afferent veins entering the AIV varied depending on the species. Human
hearts had an average of 3.9 +/-1.6 afferent veins (min 2, max 6), sheep had an average
of 8.8 +/- 2.9 (min 5, max 14), pigs had an average of 4.5 +/-1.35 (min 3, max 7), and
dogs had an average of 4.7 +/- 1.5 (min 3, max 7). In dogs, the afferents ran parallel to
the main vein, whereas in other species, the afferents were joining the main vein more

at a 60-90° angle.

Great cardiac vein

The GCV is the continuation of the AIV. It runs along the left atrioventricular groove
parallel to the left circumflex artery in all species, although variation of the relationship of
the GCV and the left circumflex artery has been observed in human patients[42]. The
GCV is confluent with the CS. In humans, the OV marks the end of the GCV externally,
and the valve of Vieussens plays that role internally. The OV was absent in all of the

animal species studied in this study.

In humans, the mean diameter of the GCV has been reported to be 3.55 +/- 1.24
mm[18] and 3.9 +/- 1.1 mm[14]. The length of the cardiac vein was not reported in
human literature. It was possible to measure the length and diameter in only three

human hearts in this study due to poor preservation of two samples. Mean length was

12
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38 +/- 9 mm, mean diameter 3.2 +/- 1.53 mm. Table 3 presents the results of the

anatomical study.

On angiography, the number of afferent veins entering the GCV was species dependent.
In humans an average (SD) of 0.6 + 1.07 (range 0 - 3) afferent veins were seen; in
sheep the average was 2.5 £ 0.97 (range 1 - 4); pigs had an average of 1.6 £ 1.17

(range O - 3); and dogs had an average of 1.9 £ 1.52 (range O - 5).

Oblique vein of the left atrium

The OV courses along the left-posterior aspect of the human left atrium. It is located
within a vestigial fold: the ligament of Marshall. This is a remnant of the left superior
vena cava that progressively involutes during embryogenesis. The OV was observed in
all human specimens but was not observed in any of the animal hearts. This may

indicate a difference in embryogenesis between humans and other mammalian species.

Left marginal vein and left posterior vein

The LMV courses along the lateral aspect of the left ventricle and drains into the GCV or
directly into the CS. The posterior vein of the left ventricle either consisted of one vessel
or multiple small vessels draining into the CS or GCV. The imaging examinations
identified the LMV in all human and animal hearts. The LPV was present in 1/10 human,
2/10 sheep, 3/10 pigs and 6/10 dogs hearts. In all hearts where a single prominent LPV
was not present, two to five, with a mean of 3, small afferents to the GCV drained the

right ventricle in all species.

Venous Anastomoses

13
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The existence of intra-myocardial anastomoses between the AIV and PIV has been
described. Habib et al. [7] report an incidence of around 30% of human hearts in which
the apical branch of the AlV is thought to be continuous with the PIV. Similarly, Ortale et
al. [14] described the existence of anastomoses between the anterior and posterior

cardiac venous system.

In the present study, the average length (SD) of the anastomosis between the AlV and
PIV on macroscopic examination was 32.8 = 8.8 mm in pigs; 29.1 £ 5.4 mm in dogs;
36.2 £ 7.7 mm in sheep; and 2.56 + 3.2 mm in humans. This length was measured from
the point where the AlV started coursing deeper in the myocardium to the point where it
resurfaced at the level of the PIV. This anastomosis occurred near the apex, in the

apical third of the left ventricle.

The imaging studies showed an anastomosis between the AlV and the PIV in all hearts.
Angiographic examination of human hearts identified the anastomosis as consisting of
two veins in 4/10 hearts, and of a single vein in 6/10 hearts. In sheep, only 1/10
specimens had two veins, the rest had one. In pigs, 2/10 had two veins and 8/10 had
one. Finally, in dogs, 3/10 had two veins and 7/10 had only had one. Another
anastomosis between the AIV and the LMV was found on angiography in 7/10 sheep,

3/10 pigs, and in one dog. These were not found in the human angiographic studies.

Posterior interventricular vein (inferior interventricular vein)

The PIV courses in the posterior (subsinuosal) interventricular sulcus, parallel to the
posterior interventricular descending (subsinuosal) artery; It drains just proximal to the

termination of the CS through a distinct entry into the right atrium.

14
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Anatomically, MBs were found over the PIV in 3/5 pigs and 4/5 dogs but were absent in
sheep. Data on human hearts concerning the MB over the PIV has not been found in the

literature. Measurements of the PIV are presented in table 4.

On imaging the number of PIVs varied depending on the species. Most had only one
PIV, but 1/10 human, 0/10 sheep, 2/10 pigs and 4/10 dog hearts had two PIVs, and one
dog had 3 PIVs. The afferent veins of the PIVs in the dog appeared longer than in the
other species, and often joined the PIV distally and followed the path of the main PIV in
a parallel fashion. This often gave the impression that multiple main veins were seen
instead of one main vein surrounded by multiple parallel affluent veins. On angiography,
the average number (SD) of afferent veins in humans was 2.6 £ 2 (range 0 - 6), in sheep
2.4 +1.83 (range 0 - 5), in pigs 2 £ 0.94 (range 1 - 4), and in dogs the average number

of afferents was 2.1 £1.45 (range O - 4).

Thebesian veins

The Thebesian veins are a number of small veins draining the subendocardium. These
are composed of endothelial cells and are continuous with the endothelial lining of the
cardiac chambers [30]. These veins are of much smaller diameter, they are present in
large numbers but are only visible on angiography and individual veins can be difficult to
identify. Their course is highly variable, and most of them then divide into smaller

vessels.

In all species studied, the AIV drained the largest number of Thebesian veins. The
Thebesian veins were graded as having a marked, moderate, mild or no identified

pattern in our study, by using a subjective visual scale based on their number and the
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resulting level of opacification seen on the post contrast study (Figure 3). In the one
explanted "human angiographic study performed, both AIV and PIV drained a

conspicuous number of Thebesian veins.

Pig hearts were noted to have the most marked Thebesian vein pattern. Table 5

indicates the results.

The Thebesian veins were not visible on the clinical angiographic examinations of
human hearts provided for our study. However, this could be due to the difference in
injection pressure between cadaver studies and clinical studies as revealed in the

angiographic explanted human heart study performed.
Valvules of the cardiac veins

According to human literature, the CS ostium is guarded by the Thebesian valve in 63 to
84 % of cases [5, 8, 41]. The morphology of this valve is variable, ranging from a totally
absent valve to a valve which occludes the CS ostium completely. The average
dimensions of the ostium in hearts containing Thebesian valves is smaller than their
counterparts[5]. The presence of valves or an unusual morphology of these valves (e.g.
Chiari network[43]) can lead to a challenging or impossible catheterization of the CS in
some patients. These valves were absent in all animal species in this study, but were
present in 4/5 human patients with 1 leaflet in 3 out of 4 patients and two leaflets in 1 out

of 4 patients.

In humans, the valve of Vieussens is present between the CS and the GCV and was
present as a uni- or bi-leafleted valves in all human hearts examined in this study. This
valve was present in 3/5 pigs, 2/5 sheep and 5/5 dogs in our study and appeared as a

16
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uni-leaflet structure in all animal species. Beside these commonly described valves, 3/5
pigs had one or two valves in the basal AlV. These valves were uni-leaflet and appeared

to be non-return valves (preventing backflow).
Left atrial veins

In our angiographic studies, it was noted that the left atrium was drained by either none,
one or multiple very fine veins which, when single, entered the larger coronary venous
system at the level of the most proximal afferent of the AIV. These veins have not been
described in the veterinary literature previously but have been reported in one human
study [44]. In humans from our study one such vein was seen in 7/10 hearts. In'the
remaining 8/10 hearts, no vein was seen. Four sheep had one vein, two sheep 2 veins,
three sheep 6 veins and one sheep had 7 veins. In pigs 7 animals had a single vein, to
had two veins and one had 3 veins. Finally, 8/10 dogs showed one left atrial vein and

the other two animals had multiple fine veins.
DISCUSSION

This study has shown that organization of the CS and its tributaries, which has been
extensively described in humans, can also be applied generally to sheep, pigs and dogs.
This opens the possibility of the transfer of human therapeutics to veterinary patients

and makes these animals potentially good models for research involving the cardiac

venous system depending on the size of the devices and diseases treated. However,
the present study also identified key a number of differences between the animal

17
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Some of the main obstacles to successful catheterization of human venous structures
include the presence and distribution of valves; the diameter, length, territory of
drainage; the presence of varicosities or venous aneurysms; and the tortuosity of the
vessels; and angle of confluence with the CS. [45, 46] The length of the CS approaches

that of the human in all species studied, with the pig being the species in which the

length was the closest to humans. [ThelWeights of the animals differed between the

Dogs are also used for research but weigh less than adult humans, and all specimens in

this study were adult hearts. The relative thickness of the right versus left ventricular

walls is similar in dogs and humans, with a 3:1 ratio. The diameter at the €S ostium was

diameterin the dog! For all the other segments, the mean vessel diameter was usually

smaller in the dogs than in the other two species, and sheep had the longest general

mean length of vessels. Afimal Species also had alarge number of afferent veins, which
was'higher than the human patients in‘all SEgments. Contrary to results found in other

studies, no small vessels were seen entering directly into the CS of any of the subjects
in this study. Certainly, the difference in sizes of the animals might account for some
discrepancies between species. The porcine and ovine hearts had the closest size and
weight when compared to the human hearts in our study. Myocardial bridges appeared
to be more common in the animal species, although located in similar areas as in the

humans.
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Some valves were found in the pig in the AlV, but not in any other species studied. The
pig was the species with the most valves. Compared to human hearts, there was no
valve guarding the entrance of the CS in the animal species, along with no OV. This
represents one less obstacle to successful catheterization in animals compared to
humans. However, catheterization can sometimes be technically difficult in animals,
particularly in pigs, owing to the presence of other valves as identified in our study. A
valve which could be described as the valve of Vieussens was found in all dogs, but was
not consistently seen in the other species. Therefore, in a study focusing developing
catheters based on the ease of passage of a device through the vessels, dogs would

seem to be a better model as an additional obstacle would be anatomically present.

In sheep and pigs, the left azygos vein enters the CS at a similar level to where the OV
has been described to enter in humans. In dogs, the azygos vein enters the venous
circulation at the level of cranial vena cava, which is closer to the anatomy found in
humans. The azygos vein in pigs and sheep can make catheterization of the CS
challenging. Indeed, as the ostium of this vessel is wider than that of the GCV, guide-

wires tend to enter the azygos vein more easily than the GCV.

The dog was often found to have two afferent veins leading to the main vessels,
whereas other species had one. These non-tortuous afferent veins ran parallel to the
main vein, sometimes giving the impression on angiographic studies that multiple main
veins were present. This characteristic can be used for multiple catheterizations or can
be a seen as a hindrance in some pre-clinical studies by making catheterization more
challenging, although it depends on the caliber of the veins, the tortuosity, the angle of

entrance in the main channel, and other factors.
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The Thebesian were the most marked in the pig, but were identified in all animal
species. In studies focusing on Thebesian veins and ischemia of the ventricular
myocardium, the pig could represent a better model than the other two species. This
study also showed the existence of anastomoses between the anterior and posterior
segments of the heart. These anastomoses had already been alluded to in the literature
[18, 30, 34]. This is a very important feature as this may represent a new access route to

the posterior segment of the heart in both humans and animals.

This study also has some limitations. Anatomical measurements were performed on
non-injected, cadaveric, formalin-fixed heart specimens. This might affect
measurements by underestimating the size due to venous collapse. Furthermore,
dimensions can change based on the phase of the cardiac cycle and pressures in the
beating heart [42]. However, all data was compared to similar cadaveric formalin studies
done with the same technique in human models. The same measurements had been
performed on fresh latex injected hearts and similar measurements were obtained from
the formalin study. Another limitation is that angiographic studies from clinical patients
were taken as the human reference, as human cadaveric specimens are difficult to
obtain. This might induce a potential bias in some obtained results as retrograde
injections on cadaveric specimens might highlight vessels that vivo angiographic studies
cannot reach due to reduced injection pressure. This was likely relevant for the
Thebesian veins. However, the angiographic studies were performed in a similar way as
our cadaveric study by retrograde injection with balloon occlusion. Some of the human

measurements used as references were mean values obtained from the literature.
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However these measurements were taken from large scale published human studies
which have been widely cited. Finally, the small number of cases included in this study
may constitute a limitation to this work and contribute to wider standard deviations in the

estimates.

CONCLUSIONS

This study is the first to highlight the comparative anatomy of the coronary venous
system in humans, pigs, sheep and dogs, including both macroscopic dissection and
angiographic finding. The general organization of the CS and its venous tributaries are
similar across the species; however, the studied animals do not contain a vein of
Marshall, pigs and sheep have an azygos vein that enters the CS, and the number and
position of venous valves was different in animals and humans. The veins were the most
often paired in dogs. In all species, two types of anastomoses between the anterior
(cranioventral) and posterior (dorsocaudal) sides of the heart were found which
potentially opens new gateways for catheterization. This study provides baseline data

for the study of the coronary venous system of dog, pig, and sheep.
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All institutional and national guidelines for the care and use of laboratory animals were

followed and approved by the appropriate institutional committees.

Footnotes:

Line 130: ®Latex pré-vulcanisé, Esprit Composite, 75014, Paris

Line 147 : ° Visipaque® 320 mg/ml iodine injectable solution, GE healthcare
Line 147:° Micropaque® 100 mg/ml barium sulfate oral solution, Guerbet
Line 164: ¢ Philips AlluraXper FD20

Line 179:® Covidien, Devon Industries, 6” x 12"
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Tables:

procedures.

J Interv Card Electrophysiol. 2005

Coronary sinus ostium

diameter (mm)

Coronary sinus length (mm)

Species (weight) Mean SD Mean SD
Sheep (68 kg) 7.4 1 35.1 6.3
Pig (95 kg) 9.7 2.5 42 6.9
Dog (20kg) 5.5 1.3 32.1 5.7
Human (70 kg) 7.9 1.0 57.5 21.9

Table 1. Macroscopic anatomical measurements for the coronary sinus. (mean and SD:

standard deviation)

AlV diameter (mm)

AlV length (mm)

Species (weights) Mean SD Mean SD
Sheep (68 kg) 2.65 0.7 105.8 9.3
Pig (95 kg) 2.3 0.5 88.6 7.7
Dog (20 kg) 15 0.9 69.8 0.7
Human (70 kg) 1.8 0.4 103.9 17

Table 2.Macroscopic anatomical measurements for the anterior interventricular vein.

(mean and SD: standard deviation)
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GCV diameter (mm) GCV length (mm)
Species (animal weights) Mean SD Mean SD
Sheep (68 kg) 3.75 0.9 47.3 7.3
Pig (95kg) 3.4 0.6 56.5 10.7
Dog (20 kg) 2.39 1.2 30.7 10.8

596 Table 3: Macroscopic anatomical measurements for the great cardiac vein. (mean and

597 SD: standard deviation)

PIV diameter (mm) PIV length (mm)
Species (animal weight) Mean SD Mean SD
Sheep (68 kg) 2 1.1 70.3 8.7
Pig (95 kg) 1.2 0.4 57.7 22.6
Dog (20 kg) 1.09 0.7 53.8 6.6
Human (70 kg) 3.1 1.1 87.3 23

598 Table 4. Macroscopic anatomical measurements for the posterior interventricular vein

599 (mean and SD: standard deviation)

600

Anterior Not Mild Moderate Marked
interventricular | identified
vein
Dog 2 (20 %) 5 (50%) 2 (20 %) 1 (10 %)
Sheep 2 (20%) 6 (60 %) 2 (20%) 0 (0%)
Pig 0 (0%) 5 (50%) 4 (40%) 1 (10%)
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601

602

603

604

605

606

607

608

609

610

611

612

613

614

615

Posterior Not Mild Moderate Marked

interventricular identified

vein

Dog 7 (70%) 3 (30%) 0 (0 %) 0 (0 %)
Sheep 6 (60 %) 4 (40 %) 0 (0 %) 0 (0 %)

Pig 6 (60%) 4 (40%) 0 (0%) 0 (0%)

Table 5.Number of afferent veins visualized on angiographic studies.

Figure captions:

Figure 1. General arrangement of the venous system. Left: viewed dorsally from the
base of the canine heart. Right: ventrodorsal (anterior-posterior) view. Legends for both:
CS: Coronary sinus, AlV: anterior interventricular vein, PIV: posterior interventricular
vein, GCV: great cardiac vein, LMV: left marginal vein, C: catheter. Anterior posterior
view shows PIV not seen confluent with the CS because the catheter balloon is

obstructing the entrance of the CS.

Figure 2. Positioning for angiographic studies. Porcine heart.

Figure 3: Thebesian vein patterns of the AIV (porcine). Latero-medial views of the heart.
From left to right: mild, moderate, marked subjective visual scale. Legend: CS: coronary
sinus, AlV: anterior interventricular vein, PIV: posterior interventricular vein, GCV: great

cardiac vein, C: catheter.

Supplementary Figure captions:

Figure I: Abrupt tapering between the Coronary sinus and Great Cardiac Vein (Porcine).
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616  Figure II: Myocardial bridge on a porcine heart.

617  Figure llI: Vieussens valve (porcine heart).
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