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ABSTRACT

BACKGROUND The oblique vein of the left atrium is of interest for electrophysiologists working in the field

of both basic science and clinical practice.

AIMS  We aimed to examine the topographic anatomy of the oblique vein and to assess the vein's location
and relationships with surrounding cardiac structures.
METHODS A total of 200 autopsied adult human hearts were examined.

RESULTS The oblique vein was observed in 71% of the hearts. Its mean (SD) total length was 30.8 (13.6) mm.
In hearts with the oblique vein, a larger distance was observed between the left inferior pulmonary vein
(LIPV) and great cardiac vein (mean [SD], 18.6 [5.1] mm vs 16.3 [4.8] mm; P = 0.004), between the left
atrial appendage (LAA) and LIPV (mean [SD], 17.8 [6.8] mm vs 15.1 [5.2] mm; P = 0.007), and between
the LAA and left superior pulmonary vein (LSPV; mean [SD], 28.5 [7.2] mm vs 21.3 [6.4] mm; P <0.001).
Hearts with a classic pattern of left-sided pulmonary veins were categorized into 4 types based on
the length of oblique vein extension. In type I, the vein extended below the level of the LIPV (21.9%); in
type 1, to the level of the LIPV (47.7%); in type L1, to the level of the interpulmonary area (17.2%); and in
type IV, to the level of the LSPV (13.3%). In each type, the distance between the oblique vein and LIPV
was shorter than that between the oblique vein and LAA.

CONCLUSIONS The oblique vein had a variable course and differing lengths of extension. The presence
of the oblique vein was connected with a greater distance between the left-sided pulmonary veins

and LAA.

INTRODUCTION Initially described in 1850 by
John Marshall, the oblique vein of the left atrium
(LA) is an embryological remnant of the left com-
mon cardinal vein.' It drains blood from the pos-
terolateral wall of the LA and joins the cardi-
ac venous system at the point where the great
cardiac vein becomes the coronary sinus.>* Al-
though there is lack of agreement on its occur-
rence, studies report that the vein is present in
30% to 98% of the hearts; in the remaining cases,
it is obliterated and forms the ligament of Mar-
shall.>”7 Although the oblique vein is small in di-
ameter and does not play a significant role in car-
diac vascularization, it is of particular interest
for electrophysiologists working in the field of
both basic science and clinical practice.?
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The oblique vein of the LA is rich in myocardi-
al sleeves that are continuous with the muscu-
lature of the coronary sinus.’ Moreover, besides
being densely innervated by sympathetic nerve
fibers, it also has multiple myocardial tract in-
sertions into the LA wall, left-sided pulmonary
veins, and coronary sinus.? Due to these elec-
trophysiological characteristics, the vein or lig-
ament of Marshall can contribute to the forma-
tion of a substrate of reentry or it can be a source
of ectopic focal electrical activity."” Therefore,
the oblique vein of the LA has become the tar-
get of ablation procedures, which include radio-
frequency and chemical ablation."

Investigators have been studying the mor-
phology of the oblique vein for the past several



WHAT'S NEW?

This study examined the topographic anatomy of the oblique vein of the left
atrium (vein of Marshall), with a focus on assessing the vein’s location and
relationships with surrounding cardiac structures. The oblique vein had
avariable course and differing lengths of extension, which were classified into
4 distinct types. The presence of an oblique vein was associated with a larger
distance between left-sided pulmonary veins and the left atrial appendage.
The findings from this study may prove useful for clinicians planning procedures
at or near the oblique vein of the left atrium.

decades. Most studies focused on investigating
the vein’s prevalence, dimensions, histologi-
cal characteristics, and the location of its osti-
um.>6712 Despite the vast literature on the sub-
ject, some morphometric features of the left
oblique vein have not been sufficiently doc-
umented. For instance, little is known about
the relationship between the oblique vein and
the left-sided pulmonary veins or the LA ap-
pendage (LAA). Therefore, the aim of this study
was to fill that knowledge gap and to evaluate
the topographic anatomy of the oblique vein.
We focused on assessing the vein’s location as
well as the interconnections with surrounding
cardiac structures.

METHODS This study was conducted at the De-
partment of Anatomy of Jagiellonian Univer-
sity Medical College (Krakéw, Poland). It was
approved by the Bioethical Committee of Jagi-
ellonian University (No. 1072.6120.120.2018).
The study protocol conformed to the ethical
guidelines of the 1975 Declaration of Helsin-
ki. The methods were carried out in accordance
with the approved guidelines.

Study population The study was performed

on 200 adult human hearts collected during rou-
tine forensic medical autopsies. Demograph-
ic data were available for all studied subjects.
Our sample size represented both sexes (female,
22%), and the age of the donors ranged from 18

to 93 years (mean [SD] age, 48.7 [15.6] years).
The mean (SD) body mass index of the donors

was 26.6 (4.3) kg/m? We excluded subjects who

died of heart failure or had any heart trauma, se-
vere cardiac anatomical defects, evident severe

macroscopic pathologies of the heart, or heart

grafts. We also excluded samples that displayed

signs of cadaver decomposition.

Dissection and measurements The hearts
and their adjoining great vessels were dissected
in a routine manner. All specimens were thor-
oughly washed to remove excess blood. Subse-
quently, the hearts were weighed and placed in
a10% paraformaldehyde buffered solution.
First, the coronary sinus was opened longitu-
dinally at the ostium of the coronary sinus all

the way down to the great cardiac vein. This al-
lowed the visualization of the ostium of the left
oblique vein. The anterior wall of the LA was
also dissected to expose the posterolateral re-
gion. After the ostium of the oblique vein was
identified, the vein was bluntly dissected from
the surrounding tissue by following its epicar-
dial trajectory. The spatial configuration be-
tween the oblique vein of the LA and left-sided
pulmonary veins and the LAA was assessed.
Any variation in the left-sided pulmonary ve-
nous drainage was also documented. The fol-
lowing distances were recorded for each speci-
men: 1) the length of the course of the oblique
vein (measured from its ostium until the most
prominent extension of the main trunk of
the vessel was no longer visible); 2) a distance
between the inferior margin of the ostium of
the left inferior pulmonary vein (LIPV) and
the great cardiac vein (measured from the epi-
cardial side of the LA); 3) the transverse (paral-
lel to the mitral annulus) and superoinferior di-
ameters of the left-sided pulmonary vein ostia;
4) the interpulmonary venous distance (mea-
sured from the epicardial side as the distance
between the ostium of the left superior pulmo-
nary vein [LSPV] and the LIPV); 5) the trans-
verse diameter of the LAA orifice (parallel
to the mitral valve annulus); 6) the shortest
distance between the LAA and the LIPV and
LSPV (measured from the epicardial side of
the LA); and 7) the shortest distance between
the oblique vein of the LA and the left margin
of the LIPV and LSPV and between the right
margin of the LAA (measured at the central
level of these structures).

All measurements were collected with
the heart held in the attitudinally correct ana-
tomical position. Linear dimensions were record-
ed with a 0.03-mm precision electronic caliper
(YT-7201; YATO, Wroctaw, Poland) by 2 different
investigators. If a recorded result varied by more
than 10%, both investigators were asked to re-
measure the specimen and the mean of the 2 new
values was reported as the final value.

Statistical analysis All collected data were re-
ported as mean values with the corresponding
standard deviations or determined percentages.
The Shapiro-Wilk test was used to determine if
there was a normal distribution of quantitative

data. The Levene test was performed to verify
the relative homogeneity of variance. The t test
and Mann-Whitney test were used for statis-
tical comparisons. Qualitative variables were

compared using the x? test of proportions with

the Bonferroni correction to account for multi-
ple comparisons. A P value lower than 0.05 was

considered significant. Statistical analyses were

performed using the STATISTICA 13.1 software

for Windows (StatSoft Inc., Tulsa, Oklahoma,
United States).
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TABLE1 Morphometric characteristics of the heart specimens according to the presence or absence

of the oblique vein of the left atrium (n = 200)

Parameter

Present (n = 142)

Pvalue

Oblique vein of the left atrium

Absent (n =58)

LIPVa-to-GCV distance, mm 18.6 (5.1) 16.3 (4.8) 0.005
LIPV transverse diameter, mm 14.2 (3.4) 14.5(3.2) 0.57
LIPV superoinferior diameter, mm 10.4(2.7) 10.1(2.9) 0.49
LSPV transverse diameter, mm 14.4 (3) 15.1(3.2) 0.14
LSPV superoinferior diameter, mm 11.7(2.6) 11.8(3) 0.81
Interpulmonary distance®, mm 3.9(2.3) 41(2.2) 0.58
LAA diameter, mm 12.7 (4.4) 12.9 (4.6) 0.77
LIPVa-to-LAA distance, mm 17.8(6.8) 15.1(5.2) 0.007
LSPV-to-LAA distance, mm 28.5(7.2) 21.3(6.4) <0.001

Data are presented as mean (SD).

a Orthe left common pulmonary vein ostium

b Values only for hearts with a classic pattern of the left-sided pulmonary vein drainage

Abbreviations: GCV, great cardiac vein; LAA, left atrial appendage; LIPV, left inferior pulmonary vein; LSPV, left superior pulmonary vein

RESULTS The oblique vein of the LA was ob-
served in 142 of the 200 hearts (71%) and had
a mean (SD) total length of 30.8 (13.6) mm.
Vein occurrence did not correlate with the sex
of the donor (P = 0.47). The morphometric char-
acteristics of the studied region according to
the presence or absence of the oblique vein are
presented in m8LE1. Hearts with the oblique vein
of the LA showed a significantly larger distance
between the LIPV and the great cardiac vein,

FIGURE1 Cadaveric heart specimen showing type I of the oblique vein of the left atrium
(arrow), extending below the level of the left inferior pulmonary vein
Abbreviations: see TABLE 1
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between the LAA and the LIPV, and between
the LAA and the LSPV (1A8LE1).

The classic pattern of the left-sided pulmonary
venous drainage (ie, with one superior and one
inferior pulmonary vein ostium) was observed
in 184 hearts (92%). The remaining 16 speci-
mens (8%) had a single common left pulmonary
vein ostium. The prevalence of the oblique vein
was similar in hearts with a single left pulmo-
nary vein ostium and those with a classic pat-
tern of the pulmonary venous return (87.5%
[14 of the 16 hearts] and 69.6% [128 of the 184
hearts], respectively; P = 0.13). The total length
of the oblique vein was lower in hearts with
a classic pattern of the pulmonary venous drain-
age (mean [SD], 27.6 [10.4] vs 48.3 [5.6] mm;
P <0.001).

The oblique vein was usually found in the area
extending below the left inferior (or left com-
mon) pulmonary vein or, alternatively, between
the left-sided pulmonary veins and the LAA.
Its course never followed the right margin of
the left-sided pulmonary veins.

Cases with the classic pattern of the left-

-sided pulmonary venous drainage were further
subdivided into 4 distinct categories, which
were grouped based on the length of the ve-
nous extension: 1) type I, vein extending be-
low the level of the LIPV (ricure 1); 2) type II,
vein extending to the level of the LIPV; 3) type
ITI, vein extending to the level of the inter-
pulmonary area; and 4) type IV, vein extend-
ing to the level of the left superior pulmonary
vein (FIGURE2). The measurements correspond-
ing to each type are presented in 1sLE2. The to-
tallength of the vein differed between groups,
with the lowest value observed for type I and



FIGURE 2  Cadaveric heart specimen showing type IV of the oblique vein of the left atrium
(arrows), extending to the level of the left superior pulmonary vein (LSPV)

Abbreviations: see TABLE 1

TABLE2 Prevalence and morphometric characteristics of the oblique vein of
the left atrium depending on the type of the vein (n = 128)

Parameter Type of the vein

Type Il Type III Type IV
Prevalence, n (%) 28(21.9) 61(47.7) 22(17.2) 17(13.3)
Total vein length, mm 201(6.2)  34.2(43) 37.9(2.7)  48.9(9.8)
Vein-to-LIPV distance, mm - 8.6(2.3) 6.5(3.1) 5.8(2.7)
Vein-to-LAA distance, mm - 16.1(4.2) 17.5(4.8) 25.8 (4.1)
Vein-to-LSPV distance, mm - - - 3.2(1.3)

Data are presented as mean (SD) unless otherwise indicated.

Abbreviations: see TABLE 1

the highest, for type IV. The distance between
the oblique vein and the left margin of the LIPV
was shorter than that between the vein and
the right margin of the LAA in all types (1aBLE2;
all P <0.001). The sex of the donor had no in-
fluence on any of the measured parameters
(all P >0.05).

DISCUSSION There are several reasons why
the location of the oblique vein of the LA is clini-
cally relevant, the most important being the high
potential of the vein for electrical activity and
its frequent involvement in the development
and maintenance of various arrythmias.!"3"
As demonstrated in our study, the oblique vein
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is always found in the area extending between
the left-sided pulmonary veins and the LAA.
This region also corresponds to the location of
the left common cardinal vein during prenatal
development and to the site of a persistent left
superior vena cava (if the left-sided cardinal
veins are fully patent).” The epicardial location
of the oblique vein aligns with the LA ridge—
the most prominent endocardial fold in the LA
structure.'® The oblique vein is also adjacent to
3 important entities from the perspective of
electrophysiology: the pulmonary veins, LAA,
and mitral isthmus. These neighboring struc-
tures, along with the muscular sleeves with-
in the oblique vein and the surrounding dense
neural network, can hinder procedures such as
pulmonary vein isolation or mitral isthmus ab-
lation."” The presence of the vein has also been
linked to the formation of epicardial conductive
bridges over lesions that may show proarrhyth-
mogenic activity.’

Although the oblique vein of the LA is locat-
ed close to the pulmonary vein ostia, the struc-
tures are separated by a few millimeters of tis-
sue. As a result, both circumferential radiofre-
quency ablation of the pulmonary vein ostia and
cryoballoon ablation may damage the oblique
vein. Circumferential radiofrequency is always
performed near but not at the vein ostia. As
such, it may also coincide with the territory of
the oblique vein."®" On the other hand, due to
the epicardial location of the oblique vein and
the abundant adipose tissue that surrounds it,
the effect of either technique may be negligible
and an epicardial approach may be required.?
Furthermore, because the oblique vein often
crosses the region of the mitral isthmus (locat-
ed between the LIPV and the mitral annulus), it
may partly explain poor long-term outcomes in
linear mitral isthmus ablation procedures."?"??
Thus, to interrupt any hidden electrical activity
arising from the oblique vein, it has been pro-
posed to use the targeted retrograde intrave-
nous ethanol infusion approach (chemical ab-
lation) to reliably achieve a conduction block."

Another key aspect in the anatomy of the
oblique vein is its ostium, which conventionally
marks the border between the great cardiac vein
and the coronary sinus. The oblique vein can-
nulation is not only required for its retrograde
ethanol ablation but also to record electrical po-
tentials from the oblique vein, or even the vein
may be considered as an alternative site for epi-
cardial LA pacing.!"? Furthermore, in 46.9% of
the hearts, the ostium of the oblique vein was
accompanied by the Vieussens valve. An over-
whelming majority of hearts with this valve and
the oblique vein (90%) had their oblique vein’s os-
tium located closer to the coronary sinus ostium
than to the Vieussens valve. Moreover, the os-
tium is often covered by the leaflet of the valve.
In such a specific arrangement, the Vieussens
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valve could serve as an anatomic landmark for
the identification of the oblique vein or as a ful-
crum during vein catheterization.?

To achieve the best outcome and to minimize
the risk of complications, it is still recommended
to try to visualize the coronary venous system
prior to invasive interventions.”” Coronary ve-
nous system anatomy is relevant not only dur-
ing cardiac resynchronization therapy implan-
tations but also during electrophysiology stud-
ies as well as ablation inside the venous sys-
tem. Operators must always keep in mind that
the oblique vein may be a site for inadvertent
cannulation by guidewires, diagnostic electro-
physiology catheters, and left ventricular pac-
ing electrodes, posing a risk of coronary venous
system perforation and pericardial effusion or
tamponade.?® The availability of electrocardio-
graphically gated contrast-enhanced comput-
ed tomography angiography and of contrast-
-enhanced cardiac magnetic resonance angiog-
raphy allows for noninvasive imaging of the car-
diac vasculature.”’?® Unfortunately, evidence
suggests that with cardiac computed tomogra-
phy the oblique vein was detected in only 20%
of patients, despite using high-resolution equip-
ment and appropriate scanning and reconstruc-
tion protocols.”’ However, intraprocedural rota-
tional venography, a technique that allows a mul-
tiangle and dynamic imaging of the venous tree,
offered a much more promising outcome, with
the oblique vein visualized in 84% of patients.?®

The current study has several limitations.
First, all measurements were performed on heart
specimens that underwent paraformaldehyde
fixation. This might have affected the size and
shape of the specimens, although a previous
study demonstrated that the use of 10% form-
aldehyde solution for preservation of cardiac tis-
sue samples did not significantly influence atri-
al tissue dimensions.’’3! Second, the measure-
ments were performed on autopsied material;
therefore, it may not be a direct representation
of the morphology of tissues in vivo. Moreover,
the results of the current study do not provide
data on the dimensional changes within the car-
diac cycle. Nonetheless, in our opinion, these
limitations do not significantly affect our mor-
phological analyses, especially those regard-
ing the course and extent of the oblique vein of
the LA and the mutual relationships between
surrounding structures.

In conclusion, this study presented detailed
topographic descriptions of the oblique vein of
the LA. The vein was found in 71% of the hearts
in the area located below the LIPV or, alterna-
tively, between the left-sided pulmonary veins
and the LAA. The oblique vein had varying ex-
tension lengths, classified into 4 distinct types.
In about 70% of cases, the oblique vein did not
exceed the level of the LIPV. The presence of
the oblique vein was associated with a greater
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distance between the left-sided pulmonary veins
and the LAA. Our findings may prove useful
for clinicians planning procedures at or near
the oblique vein of the LA.
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