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AHHOTALUNA

Bsedenue. Cuntonua cTpykTyp nesoro npeacepaua (J1M) oTHOCMTCA K HaMMeHee M3Y4YeHHbIM acrneKkTaM HOpManbHOW
aHatomMuu cepfua. MopgdomeTpuueckue OaHHbe 0 MOMOMEHWM YCTbEB NEroYHbIX BeH B cTeHKax JIM no oTHoweHwio
K 6nin3neralumm cTpyKTypaM cepaLa 1 npucepaeyHbIX COCY0B BarHbI Kak pedepeHCHbIe BENMYMHBI B KapavoMopdonorum,
a TaKe BocTpeboBaHbl NpU 3HAOBACKYNIAPHOM NeYeHnn GUbpUNNALMIA npeacepaunn.

Llens. MeTofoM MopdOMETpUM aHAaTOMMUYECKMX MPenapaToB YCNOBHO-HOPMANbHOrO cepAua B3pOCioro YesioBeKa
YCTaHOBUTb 06LLUME 3aKOHOMEPHOCTM W Torocneuuduyeckne O0COBEHHOCTM JIOKanM3aLumMM YCTbeB MNETOYHbIX BEH
M0 OTHOLUEHWIO K 0BaIbHOM AMKE U YCTbAM MOJIbIX BEH.

Mamepuaner u Memodel. ViccneqoBanu 54 BnaxHbIX aHaTOMWMYECKWX NpenapaTta cepiua 6e3 MaKpOCKOMUYecKMx
MPM3HAKOB reMOAMHAMUYECKM 3HA4YMMOW CepaeyHor natonoruu. Mpenapatbl 6bIM NofyyeHbl OT nauueHToB 35-89 ner,
yMepLumMx 0T 3aboneBaHWi, He CBA3aHHbIX ¢ bonesHAMM ceppua. Ouactony JIN MogenmpoBanyu NyTEM 3anoiHEHUA €ro
MoNoCTU CUMKOHOM, MOC/Ee 3aTBEpPAEBAHWA KOTOPOr0 LUTAHTEHLMPKYNEM M3MEPANM PacCTOAHWUA OT OBaJIbHOM AMKMU
W YCTbEB MOJbIX BEH 0 YCTHEB JIEFOYHbIX BEH.

Pesynemamel. B cTaTbe npefcTaBieHbl MOKasaTeNu BapuauuK, MeduaHbl M KpaviHWe 3HaYeHWA PacCTOAHMIA
0T 0Ba/IbHOM AMKM U YCTbeB MOMbIX BEH [0 YCTbEB IEr0YHbIX BeH B MecTe Mx BnaaeHus B J11. OLueHeHa 3HaUMMOCTb pasnnymnii
MOp(QOMETPUYECKUX MapaMeTpoB Tomorpaduu, BbIMOSHEH WX KOPPENALMOHHBIM U OOHOPAKTOPHBIA PErpecCUOHHBIN
aHanus. YcTaHoBNEHO, YTO Haubonee CUNbHaA PerpeccMoHHan 3aBUCUMOCTb XapaKTepHa A 3HaueHui wupunbl JI (X)
W PacCTOAHMWA OT YCTbA BEPXHEH MO0 10 YCTbA NEBOM HMMHei NérouHoi Benbl (Y) (2 = 0,45; X = 19,94 + 0,545Y). Pasmepbl
cepaua n gnvxa J1l He ABAANAMCH 3HAUMMBIMU NPEAUKTOPaMM 1A U3Y4aeMblX NMapaMeTpoB.

3aknoyeHue. lpaBble NEroyHble BEHbI MO CPABHEHMIO C NIEBbIMM 3aKOHOMEPHO HaXOAMAMCH BIMMKE K YCTbAM MOSbIX
BEH, a TaKe K 0BasnbHOW AMKe. CaMbIM Y3KMM 6bI0 NPOCTPAHCTBO MeXK.dy BNaAeHUAMM BEPXHEN NOJION M NPaBo BEPXHEN
NEroyHon BeHbl. Hambonee OaneKko OT yCTbeB 06eMX MOMbIX BEH HAXOAMNOCh YCTbe JIeBOM HUMKHEW NEFOYHOM BeHb.
Haunbonee cunbHble KOppenALMOHHbIE B3aMMOCBA3MN XapaKTepHbl A1A PacCTOAHUM OT YCTbeB 06emx Mombix BEH A0 YCTbEB
roMosatepabHbIX IEFOYHbIX BEH, YTO NPeAnaraeM CYUTaTb OSHUM U3 KPUTEPUEB FAPMOHUYHOCTM CTPOEHWA NPeaCcepaHOro
KoMr/eKca.
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ABSTRACT

INTRODUCTION: The syntopy of the left atrial (LA) structures is the least studied aspect of the normal heart anatomy. The
morphometric data on the position of orifices of the pulmonary veins in the LA walls relative to the adjacent heart structures
and heart vessels are important as reference parameters of heart morphology and are needed in the endovascular treatment
of atrial fibrillations.

AIM: To establish the general patterns and topospecific peculiarities of the location of the pulmonary vein orifices relative
to the oval fossa and orifices of the venae cavae using morphometric methods of anatomical preparations of conventionally
normal adult human heart.

MATERIALS AND METHODS: Fifty—four wet anatomical preparations of the heart without macroscopic signs of
hemodynamically significant cardiac pathology were studied. The preparations were obtained from patients aged 35-89 years
who died from diseases not related to heart pathology. LA diastole was modeled by filling its cavity with silicone; after it
hardened, the distances from the oval fossa and orifices of the venae cavae to the orifices of the pulmonary veins were
measured using sliding calipers.

RESULTS: The article presents variation, medians, and extreme values of distances from the oval fossa and orifices of
the venae cavae to the orifices of the pulmonary veins at the site of their opening to LA. The significance of differences of
morphometric parameters of the topography was evaluated, and their correlation and one—way regression analyses were
implemented. The strongest regression dependence was found for LA width and distance from the orifice of the superior vena
cava to the orifice of the left inferior pulmonary vein (Y) r2 = 0.45; X = 19.94 + 0.545Y). The heart dimensions and LA length
were not significant predictors for the studied parameters.

CONCLUSION: The right pulmonary veins were located expectedly closer to the orifices of the venae cavae and the oval
fossa than the left pulmonary veins. The narrowest was the space between the orifices of the superior vena cava and the
right superior pulmonary vein. The farthest from the orifices of both venae cavae was the orifice of the left inferior pulmonary
artery. The strongest correlation relationships were characteristic of the distances from the orifices of both venae cavae to
the orifices of the homolateral pulmonary veins, which we propose to consider as one of the criteria of the harmoniousness
of the structure of the atrial complex.
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LIST OF ABBREVIATIONS

SVC — superior vena cava
PV — pulmonary vein
LSPV — left superior pulmonary vein

INTRODUCTION

The structure and topography of the left atrium
(LA) are considered as the least studied aspects of the
normal heart anatomy. In the fundamental guidelines
on cardiomorphology, the normal anatomy of the LA is
rarely described [1, 2]. Although some publications have
described the elements of the extracardiac LA topography,
such as the relationship of the LA with mediastinal vessels,
esophagus, left vagus, and phrenic nerves [3-6], the local
(intracardiac) topography is examined insufficiently.

After atypical cardiac myocytes have been described
to act as a morphological substrate of supraventricular
arrhythmias in the myocardial “sleeves” of the pulmonary
veins (PV) under certain conditions, the interest of
researchers in the anatomy of LA increased. However,
studies have gone in two directions: the study of the
microstructural organization of the left atrial wall and
the study of the LA using radiation diagnostics methods
performed for clinical indications in patients with heart
diseases. However, publications reporting the macroscopic
anatomy of the LA obtained on cadaveric materials of
patients without a burdened “cardiac” history are rare
[4, 6]. According to the results of information search and
analysis of original articles indexed in Scopus, PubMed,
and Web of Science Core Collection for 50 years (1970-
2020), the local topography of the LA was the subject of 10
anatomical studies, and the normal anatomy of the orifices
of the PVs was presented in 14 publications.

The review article by Whiteman et al., which described
the orifices of the PVs, emphasized their number and the
presence of myocardial “sleeves” in the PV walls [6]. Ho
et al. highlighted the myoarchitecture of the LA and the
structural-topographic relations of this heart chamber
with the neighboring structures [5, 7]; however, the local
syntopy of the LA is characterized descriptively without the
use of morphometry. No quantitative data on the distances
between the orifices of venae cavae and PVs and the
distances from the oval fossa to the orifices of the PVs in
the normal anatomy have been found. Thus, it is unknown
which dimension of the heart or the LA can be used to
predict the above distances with the greatest reliability.
Meanwhile, precise morphometric data on the distances
between the oval fossa, orifices of the venae cavae, and
PVs and knowledge of the relationship between these
distances and dimensions of the heart and LA are necessary
for planning and performing interventions, particularly
transatrial electrocryodestruction and radiofrequency
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LIPV — left inferior pulmonary vein

LA — left atrium

IVC — inferior vena cava

RSPV — right superior pulmonary vein
RIPV — right inferior pulmonary vein

ablation of ectopic pacemakers [3, 4]. These morphometric
data may help improve the mathematical models of the
LA to “educate” neuronal networks in the differential
assessment of the normal and pathological patterns of the
LA [8]. As for the relevance of such studies for fundamental
biomedical science, information about the existence and
type of correlation and regression relationships between
parameters will help understand the patterns of heart
structures, particularly of the LA. Morphometric data
and their correlations can be used as the basis for the
development of the anatomical standards of the left atrial
structure, which corresponds to the tasks in the field of
human anatomy.

This study aimed to establish general patterns
and topospecific peculiarities of the location of the
orifices of the PVs relative to the oval fossa and
to the orifices of the venae cavae by morphometry
of the anatomical preparations of a conventional normal
heart of an adult human.

MATERIALS AND METHODS

Heart preparations (n = 54) were obtained
from human cadavers that were not demanded for burial;
there was no possibility of obtaining informed consent.
The work with section material was performed by taking
into account the requirements of Article 5 of Federal
Law No. 8 “Concerning Burial and Funeral Business”
of January 12, 1996 (as amended, in the current version).
The study protocol was approved by the Local Ethics
Committee of Ural State Medical University (Protocol
No. 8 of November 20, 2020).

Inclusion criteria: (1) death from diseases other
than heart diseases, (2) aged 35-89 years, (3) typical
left-sided position of the heart, (4) externally normally
formed heart, (5) concordant relations of the heart
chambers and heart vessels, and (6) heart mass
250 g-400 g.

Non-inclusion criteria: (1) macroscopic
signs of complications of coronary heart diseases,
cardiomyopathy, diseases of the atrioventricular valves,
and heart surgeries identified at autopsy of the heart
ventricles; (2) damage or deformation of the upper wall
of the LA; and 3) atypical number of the PV orifices in
the left atrial wall.

Morphometry was performed on wet preparations,
on which the diastole phase of the LA was modeled
by filling the LA with liquid silicone. For this, after
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evisceration, the preparations were thoroughly washed
from clots, placed in 1% formalin solution for several
hours to 5 days, and then completely washed from
formalin. Thereafter, the left ventricle and right atrium
were packed with cotton tampons, and the LA was filled
with liquid silicone with a hardener, through the orifice of
the right superior PV (RSPV). During the hardening period
of the silicone, preparations were suspended so that the
diaphragmatic surface of the heart was elevated over
the horizontal surface by 10°-15° — the orientation was
close to the natural orientation of the heart in a human in
the orthograde position. After hardening of the silicone,
left atrial walls were prepared for better visualization
of the orifices of the PVs. The number of orifices of the
PVs was determined in places of opening into the LA, and
the length, width, and anteroposterior dimensions of the
heart and LA, the shortest distance from each PV orifice
to the oval fossa and to the orifices of the superior and
inferior venae cavae (SVC and IVC, respectively) were
measured. Morphometry was performed using ShCC-1-
125 0.01 caliper (CHIZ, Chelyabinsk, Russian Federation)
with accuracy of 0.03 mm.

The distribution of values was evaluated in Statistica
10.0 program (Stat Soft Inc., USA) using the Shapiro—
Wilk W-test. If the distribution deviated from the normal,
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the results were presented as medians, 25" and 75"
percentiles (p25 and p75, respectively), and extreme
values. For the analysis of variance, the Kruskal-Wallis
H-test was used. In the pairwise comparison, which was
performed in the “post hoc” tab, two tests with different
sensitivities were used: Fisher’s least significant difference
test (LSD test) and the Bonferroni test. The differences
were considered significant if a did not exceed 0.05 for
both tests. For the correlation analysis, the Spearman test
(Rs) was used. To assess the influence of the heart and
left atrial dimensions on the values of the morphometric
parameters of the PV orifices, regression analysis was
performed, the determination coefficient r2 was found,
and the influence of the predictor variable on the response
variable was considered significant at p < 0.01.

RESULTS

Significant differences were found in the multiple
comparisons of the eight parameters of distances from
the orifices of the venae cavae to the orifices of the PVs
(H=309.8; p=10.0) (Table 1). In the pairwise comparison
using statistical tests with different levels of sensitivity,
the distances from the orifice of the SVC to the orifices
of the PVs were different (p < 0.0003).

Table 1. Distances between the orifices of the venae cavae and pulmonary veins

Distance Statistical Parameters
From the orifice of To the orifice of M, mm Me, mm p25-p75, mm min-max, mm VC W; p
RSPV 6.8 6.3 4.0-9.4 1.75-16.0 51 0.956; 0.077
RIPV 25.6 25.0 21.0-28.3 9.0-46.3 27 0.968; 0.244
Superior vena cava
LSPV 42.0 418 36.5-48.0 19.8-63.0 21 0.995; 0.999
LIPV 51.6 50.4 45.2-59.2 29.0-73.9 18 0.986; 0.860
RSPV 26.9 26.0 22.2-32.8 13.0-42.5 28 0.979; 0.562
RIPV 19.3 18.9 16.2-22.3 8.0-31.7 28 0.975; 0.421
Inferior vena cava
LSPV 56.4 54.5 50.5-62.3 26.9-78.0 18 0.976; 0.496
LIPV 51.5 51.0 45.3-56.4 35.6-71.7 15 0.986; 0.849

Note: RSPV, right superior pulmonary vein; RIPV, right inferior pulmonary vein; LSPV, left superior pulmonary vein; LIPV, left inferior pulmonary vein;
M, mean; Me, median; p25-p75, percentiles; min—-max, extreme values; VC, variation coefficient; p, probability for acceptance of the hypothesis of the
correspondence of the values to the normal distribution based on the Shapiro—-Wilk (W) test

The RSPV was closest to the orifice of the SVC (Figure
1). The values of this distance were characterized by the
greatest variation, and their distribution shifted toward
smaller values; thus, the distribution deviated from the
normal one. The orifice of the left inferior PV (LIPV) was
the farthest from the SVC. This parameter was 1.2 times
the distance from the SVC to the left superior PV (LSPV)
and 1.7 times the distance from the SVC to the orifice of
the right inferior PV (RIPV). No differences were found
between the distances from the SVC to the RIPV and from
the IVC to the RSPV (p = 0.42, LSD test). The orifice of the
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LSPV was the farthest from the orifice of the IVC. This
distance was 2.1 times the distance from the IVC to the
RSPV and three times the distance from the IVC to the
RIPV (p < 0.0008). The medians of the distances from the
IVC to the left PVs differed only by 5%; in the assessment
of the significance of these differences, the probability for
type 1 error varied from 0.002 by the LSD test to 0.052 by
the Bonferroni test. Of the four PVs, the orifice of the LIPV
was the only one that was located at the same distance
from the orifices of both venae cavae (p = 0.94, LSD test).

The correlation analysis revealed strong relationships
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between parameters, such as the distance from the orifice
of the IVC to the orifices of the right PVs (Rs = 0.75), from
the orifice of the IVC to the orifices of the left PVs (Rs
= 0.79), and from the orifice of the SVC to the orifices
of the left PVs (Rs = 0.73). Only two pairs of distances
from the SVC to the orifices of the right PVs had moderate
correlations (Rs = 0.41). In relation to the oval fossa,
the orifices of the left PVs were located farther than the
orifices of the right PVs (p < 0.0008, Table 2). The values

of the distances from the oval fossa to the orifices of the
right PVs closely correlated with each other (Rs = 0.77),
and their differences were on the border of significance
(p = 0.069, Bonferroni test). The distances from the oval
fossa to the LSPV and to the LIPV were similar (p = 0.125,
Bonferroni test), and their values also formed a correlation
pair (Rs = 0.66). The correlation relationships between
other distances from the oval fossa to the orifices of the
PVs were less strong (Rs < 0.52).

Fig. 1. Upper (a) and posterior (b) walls of the left atrium of the human heart with a typical number of orifices of the pulmonary veins.
Orifices of the left superior (1), left inferior (2), right superior (3), and right inferior (4) pulmonary veins. Orifices of the superior (5)

and inferior (6) venae cavae. Preparation No. 129.

Table 2. Distances from the oval fossa to the orifices of the pulmonary veins

Statistical parameters
Distance from the oval fossa to the
M, mm Me, mm p25-p75, mm min-max, mm vC W;p
RSPV 19.6 19.2 15.0-22.5 10.0-30.8 27 0.974; 0.396
RIPV 14.8 14.0 11.8-18.2 8.6-30.4 32 0.910; 0.002
LSPV 48.2 45.8 43.0-50.0 28.8-62.5 15 0.968; 0.232
LIPV 44.0 43.8 41.1-47.3 26.0-57.7 14 0.961; 0.122

Note: RSPV, right superior pulmonary vein; RIPV, right inferior pulmonary vein; LSPV, left superior pulmonary vein; LIPV, left inferior pulmonary vein;
M, mean; Me, median; p25-p75, percentiles; min—-max, extreme values; VC, variation coefficient; p, probability for acceptance of the hypothesis of the
correspondence of the values to the normal distribution based on the Shapiro—-Wilk (W) test

According to the results of the one-factor linear
regression analysis, the length of the LA and overall
dimensions of the heart did not have any significant
effect on the parameters of the morphometric topography
of the PV orifices. The parameter that can be predicted
with the highest reliability by the overall dimensions of
the LA was the distance between the orifices of SVC and
LIPV. This distance (Y) depended on the width of the LA
(r? = 0.45; X1 = 19.94 + 0.545Y, where X1 is the width of
the LA) and to a lesser extent on the sagittal dimension

DOl https://doiorg/ 1017816/ PAVLOVJ76057

of the LA [(X2) at r? = 0.36, X, = 20.65 + 0.44Y]. The left
atrial width demonstrated weak influence on the distance
from the orifice of the SVC to the RIPV (r2=0.22) and LSPV
(r? = 0.19) and from the orifice of the IVC to the RSPV
(r? = 0.19), LSPV (r2 = 0.29), and LIPV (2 = 0.18). The
contribution of the sagittal dimension of the LA to the
values of the distances from the orifice of the SVC to the
RIPV and to the LSPV and from the orifice of the IVC to the
RSPV did not exceed 19% (r? = 0.19). For the remaining
distances from the venae cavae to the PVs, the width and
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sagittal dimension of the LA were not significant predictors..
All three LA dimensions made a certain contribution
to the change in the distances from the oval fossa to the

superior PVs; however, no significant dependence was
found between the LA length, its sagittal dimension, and
distances from the oval fossa to the inferior PVs (Table 3).

Table 3. Determination coefficient and slope of the regression line characterizing the influence of the dimensions of the left atrium on the
distance from the oval fossa to the orifices of the pulmonary veins

Distance from the oval fossa (response variable) to the
Dimension of the left atrium (predictor variable)
RSPV LIPV LSPV LIPV
Length 0.19 (0.66) 0.03 (0.27) 0.26 (0.54) 0.09 (0.38)
Width 0.35 (0.91) 0.19 (0.68) 0.34 (0.64) 0.24 (0.63)
Sagittal dimension 0.27 (0.69) 0.09 (0.41) 0.16 (0.38) 0.06 (0.28)

Note: LA, left atrium. RSPV, right superior pulmonary vein; RIPV, right inferior pulmonary vein; LSPV, left superior pulmonary vein; LIPV, left inferior
pulmonary vein. The slope of the regression line is indicated in brackets. In bold italics, the values are given at which at o = 0.01 the hypothesis of the

existence of linear dependence between the respective predictor variable, and the response variable can be accepted

For distances from the oval fossa to the PVs, the most
significant predictor was the width of the LA. As shown in
the comparison of the correlations of the determination
coefficients, the influence of the left atrial width on the
change in distances from this fossa to the superior PVs
is 1.4-1.8 times greater than the contribution of this
parameter to the change in distances to the inferior PVs.
For the regression line, the largest regression slope (0.91)
was noted in the pair of variables ‘LA width—distance
from the oval fossa to the orifice of the RSPV”. This shows
that with an increase in the left atrial width by 1 cm, the
distance from the oval fossa to the RSPV will increase by
approximately 9 mm, whereas that to the other PV orifices
by 6.3mm-6.8 mm (p < 0.01).

DISCUSSION

This study found that in most cases there were four
orifices of the PVs in the left atrial wall. This number of PV
orifices was found in 70.8% (92 of 130) [9] and 73.2% (41 of
56) of the cases [10]. Gupta et al. (2019) found this variant
in 87% (26 of 30) of cases [11], which is consistent with
our results. The RSPV naturally passed behind the SVC,
between it and the right atrium. The right inferior PV passed
behind the “intercaval region” [6]. The orifices of both right
PVs were always located near the interatrial septum and
the posterior interatrial sulcus (Watterson sulcus). The
local topography of this sulcus, which is a fold between the
right PVs and venous sinus of the right atrium, is important
for access to the LA [1]. In this study, the proximity of
the PV orifices to the Watterson sulcus revealed enables
consideration of the areas of the sulcus directly adjacent
to the PVs as places of the greatest operational risk in
accessing the LA. This risk is enhanced by two factors: the
probability of passage here of the sinoatrial node artery
arising from the left circumflex coronary artery [1] and
the presence of thin, sometimes muscle-free, zones in the
medial walls of the right PVs.

D0l https://doi.org/10

In four preparations that were initially included into
the total sample, but later were excluded because of the
atypical quantity of the orifices of the PVs, the left PVs
entered the LA through a common opening, whereas the
right PVs always entered separately. lkiz et al. found the
common opening of the PVs in 14.3% of cases on the left
and 3.6% of cases on the right [10]. Meanwhile, variations
of the opening are more inherent to the right PVs than to
the left ones [12, 13]. Thus, Prasanna et al. observed the
common orifice of the right PVs in 28% and of the left only
in 6% of the cases [12]. These contradictions may reflect
ethnic, ecological, and individual variabilities; however,
they may be determined by methodology, for example,
by differences in stud design and criteria of formation of
selective totalities.

In the literature, there are indications that with a typical
number of orifices, the left PVs enter the LA on a higher
level than the right [7]. These morphometric differences are
reflected in the degree of remoteness of the orifices of the
PVs from the left atrioventricular opening, particularly on
the length of the “mitral isthmus” [14] and on the width of
the “left lateral (left atrial) ridge”— a muscle embankment
within this isthmus [15]. The length of the “mitral isthmus”
did not depend on the variants of the opening of the left PVs
[14]. Muscle bundles are described, which, passing from
the anterior atrial (Bachman) bundle through this ridge to
the adjacent left atrial walls and the myocardial “sleeve” of
the coronary sinus, can become an anatomical substrate
for the conduction of impulse by re-entry mechanisms [5,
71. Conditional lines from the orifices of the left PVs to the
attachment of the posterior (mural) cusp of the mitral valve
can be considered potential ablation lines [16]. Considering
the methods of access to these orifices, it is important to
know their remoteness not only from the mitral valve but
also from the orifices of the venae cavae and the oval fossa,
which is the focus of this study.

Sanchez-Quintana et al. revealed the proximity of the
esophagus to the orifices of the left PVs, and the posterior
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wall of the LA is thinning in the upward direction [17]. Gupta
et al. investigated the projection of the esophagus onto
potential ablation lines connecting the orifices of superior
and inferior PVs. According to the authors, the esophagus
crossed the upper line near the orifice of the LSPV and the
lower one approximately on the border of the middle and
left third between the orifices. The same authors presented
data on the distances between the orifices of the PVs, but
no morphometric data were found with which the results
obtained could be compared [11]. This study showed that
the orifice of the LIPV is the farthest from the orifices of
both venae cavae. The distance between the orifices of the
SVC and LIPV can be predicted by the width and sagittal
dimension of the LA. Taking into account the fact that the
myocardial “sleeves” are better developed in the terminal
sections of the left PVs than that of the right PVs, and
the left PVs have a greater tendency to the generation of
ectopic impulses [6]. These conclusions acquire clinical
significance in planning atrial interventions.

CONCLUSION

On the preparations of the heart with the typical
(four-orifice) variant of the opening of the PVs into the left
atrium, the orifices of the PVs were at different distances
from the orifices of the venae cavae: the right PVs were
naturally located closer to the orifices of the venae cavae
and to the oval fossa than the left veins. The narrowest
space was between the orifices of the SVC and RSPV (in
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the upper Watterson sulcus. The orifice of the LIPV was
the farthest from the orifices of both venae cavae. The
strongest correlation was characteristic of the distances
from the orifices of both venae cavae to the orifices of the
homolateral PVs, which can be considered one of the criteria
of the harmoniousness of the structure of the atrial complex.
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