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Background: In cardiac resynchronisation therapy (CRT), the coronary venous
system is used for left ventricular pacing electrode placement. Despite the well-
-known anatomy of the coronary sinus and its tributaries, heart failure patients’
remodelled and enlarged left ventricles may impede the successful lead placement

because of acquired anatomical obstacles.

Materials and methods: Fifty-five patients qualified for CRT treatment were
divided into ischaemic and non-ischaemic cardiomyopathy. Forty-four control
groups without heart failure underwent dual-source computed tomography (CT).
Rendered reconstructions of cardiac coronary systems were compared.

Results: The presence of main tributaries was comparable in all groups. The
left marginal vein, small cardiac vein, and oblique vein of the left atrium were
present in 63%, 60%, and 51% of the hearts in all the groups. CRT referred CTs
had significantly longer distances between posterior and lateral cardiac veins over
the left ventricle (p < 0.05), wider angles of tributaries (p = 0.03), and smaller
lumen of coronary sinus (p = 0.03). In the non-ischaemic group, the posterior
interventricular and great cardiac veins are more extensive than in the control
group. Age-related analysis of vessel size shows a moderate correlation between
age and diminishing mean vessel size in all the groups studied.

Conclusions: The general structure of the coronary heart system is consistent
in patients with and without heart failure. The variance of the general structure,
or the presence of adequate veins, is an individual variation. The use of CT and
analysis of the coronary veins allow better planning of the CRT-D implantation
procedure and may reduce the risk of ineffective left ventricular electrode implan-

tation. (Folia Morphol 2023; 82, 2: 282-290)
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INTRODUCTION

The coronary venous system consisting of the
coronary sinus (CS) and its tributaries contributes to
most venous drainage from the heart muscle. The
great cardiac vein (GCV), middle cardiac vein (MCV)/
/posterior interventricular vein (PIV), and small cardiac
vein (SCV), in addition to the left marginal vein (LMV),
the posterior vein of the left ventricle (PVLV), and
oblique vein of the left atrium (OVLA), also known as
the vein of Marshall (VoM), constitute the most con-
stant tributaries of the CS [8, 13, 18, 20, 21, 24, 27].

The coronary system is often used during invasive
transcatheter procedures, such as radiofrequency
ablation, biventricular pacing, retrograde cardiople-
gia administration, or mitral annuloplasty. Further-
more, the CS and GCV are relevant in almost every
electrophysiology procedure and are often used as
landmarks for safe transseptal punctures [11]. In
addition, consideration is given to the use of the
MCV for the placement of left ventricular leads and
ablation of posterior epicardial accessory pathways
or the treatment of epicardial ventricular arrhythmias.
Meanwhile, the PVLV or LMV, both of which drain
the lateral wall of the left ventricle (LV), are often
the target for left ventricular or biventricular pacing
[6, 10, 19].

Cardiac resynchronisation therapy (CRT) is
a well-established treatment for patients with dilation
and systolic dysfunction of the LV, and electrocar-
diographic evidence of intraventricular conduction
delay. The reason for left ventricular dilation may be
advanced ischaemic heart disease or there may be
non-ischaemic reasons. Resynchronisation therapy
requires the insertion of right and left ventricular
leads to resynchronise ventricular contraction. For
the successful pacing of the LV and the success of
epicardial pacing, the use of one of the posterolat-
eral tributaries of the CS is imperative [1, 4, 8, 21].
Unfortunately, 30-40% of patients do not respond
adequately to CRT [17]. Trespassing through the The-
besian and Vieussens valve is one of the determinants
of this response [14, 32].

The successful left ventricular pacing depends
on the coronary system constitution and the highly
variable anatomy of the CS and its tributaries. The
important fact is that CRT is required for selected
patients obtaining physical and imaging requirements
for heart failure (HF) improvements without aetiology
differentiation. We believe that blood flow reduction
in ischaemic aetiology reduces the volume of coronary
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veins, impeding successful electrode placement. In
contrast, non-ischaemic aetiology will change only
the architecture of the coronary system.

Clinical experience, manual skills, and knowledge
of the coronary venous system anatomy are neces-
sary for successful CS cannulation and reaching the
desirable vein. Although CS anatomy is well-known,
hearts with LV enlargement and cardiomyopathy an-
atomically differ from general anatomy. Remodelling
the LV myocardial scar may change the size of the CS
tributaries, angulations, constrict or close the existing
vessels, and impede the invasive procedure, making
it more challenging or even impossible to perform
[25]. Therefore, this study aims to evaluate the CS
tributaries anatomy in ischaemic and non-ischaemic
cardiomyopathy vs. non-HF venous anatomy.

MATERIALS AND METHODS
This study was approved by the local ethics com-
mittee [NB.060.1.26.2021]. The study protocol con-
formed to the ethical guidelines of the 1975 Declara-
tion of Helsinki. The methods were executed per the
approved guidelines.

Study populations

This study included 55 consecutive patients (mean
age 65 = 12 [35-82] years, 11 women [20%]) with
HF, considered to CRT treatment, who underwent
dual-source computed tomography (CT).

The designation of patients from the HF group,
according to aetiology, was 29 (52%) to ischaemic
cardiomyopathy (ischaemic HF) and 26 (48%) to
non-ischaemic cardiomyopathy (non-ischaemic-HF).
From the non-ischaemic HF group, 22 were idiopathic
dilated cardiomyopathy, 1 hypertrophic, 1 post-infec-
tious, 2 tachy-cardiomyopathy. Five patients from the
HF group had implantable cardioverter-defibrillator
and 2 had pacemakers.

For more accurate anatomical comparison we
included 44 non-HF patients from the control group
(mean age 61.9 + 13.7 years [20-91] 24 women
[54.5%]), who underwent CT evaluation of coronary
artery disease (n = 20) and pulmonary veins before
cryoballoon ablation (n = 24).

Descriptions of further clinical details of patients
from each group are shown in Table 1.

CT-protocol

Before each cardiac CT examination, every patient
had a pulse check. If a patient’s heart rate was over
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Table 1. Characteristics of the study population

Ischaemic-HF (n = 29)

Non-ischaemic-HF (n = 26)

Non-HF (n = 44)

Sex: female
Age (= SD) [year]

3(10.3%)
66.23 + 10.72 (35-82)

Ejection fraction [%] 24.55 + 6.47 (35-10)
NYHA (8]

QRS duration [ms] 140 + 23 (120-160)
Hypertension 25 (86.2%)
Diabetes type 2 12 (41.4%)
Hypercholesterolaemia 28 (96.5%)
Chest pain 18 (62.1%)
Dyspnoea 24 (82.8%)
Atrial fibrillation 10 (34.5%)
Atrio-ventricular block 3(10.3%)

9 (34.6%)
62.2 +12.97 (31-81)
24.88 + 7.14 (35-15)
(2]

24 (54.5%)
61.9 + 13.7(20-91)
54.2 + 9.1 (44-72)

|

146 + 36 (124-174) 91 +15(80-110)
18 (69.2%) 36 (81%)

6 (23.1%) 12 (27%)

13 (50%) 26 (59%)
10(38.5%) 30 (68%)
19(73.1%) 30 (68%)
7(26.9%) 24 (54.5%)

4 (15.4%) 0(0%)

HF — heart failure; NYHA — New York Heart Association; SD — standard deviation

70 bpm, 10 mg or 40 mg of propranolol or 40 mg
verapamil was administered, according to medical
indications. A dual-source CT scanner (Somatom
Definition, Siemens, Erlangen, Germany) and the
contrast-enhanced electrocardiogram (ECG)-retro-
spectively gated image acquisitions were performed
during an inspiratory breath-hold. The imaging pa-
rameters for the dual-source CT were a tube voltage
of 100-120 kV and an effective tube current of 350-
-400 mA. The collimation and temporal resolution
revealed 2 X 32 x 0.6 mm and 165 ms. Determination
of the arrival time of the contrast agent to the ascend-
ing aorta at the level of the carina employed the use
of the test bolus method (volume of 15 mL contrast
agent, followed by 20 mL saline). The procedure
works by injecting the contrast agent at the dose of
1.0 mL/kg and a rate of 5.5 mL/s followed by a 40 mL
saline chaser at the same rate range. The acquisi-
tion delay was the time of maximum density of the
ascending aorta in the test bolus with an additional
6 s of delay. Image reconstruction using B26f and
B46f kernel and an image matrix of 512 x 512 pixels
allowed for an assessment of the best quality image
reconstructions after the multiphase reconstruction
(from 10% to 100%). Uses of a dedicated worksta-
tion (Aquarius, TeraRecon, San Mateo, United States)
by an experienced radiologist allowed for the per-
formance of post-processing and study evaluation.
Multiplanar (MPR) and volume-rendered technique
(VRT) reconstructions allowed identification of CS
ostium in Ludinghausen modifications, number, and
variety of veins over LV, distances, and angles between
branches of CS.
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Anatomic observation

The anatomy of the CS and its tributaries was stud-
ied and identified on the volume-rendered reconstruc-
tions, and the course of the veins was evaluated in
three orthogonal planes using multiplanar reformat-
ting [7]. The categorization of each heart used one of
the three types proposed by Von Ludinghausen [26].

First, the ostium of the sinus was identified from
the right atrium, using multiplanar reformatting for
measurements in two directions [28]. The subsequent
examination considered the presence of each CS tribu-
tary (SCV, MCV, PVLV, LMV, VoM, and AlIV). In addition
to the assessments of the 5.1 F (1.7 mm) and LV-elec-
trode cannulation of each tributary, the verification of
the presence of the Vieussens valve and the distance
between the ventricular tributaries was measured on
volume-rendered reconstructions (Fig. 1).

Statistical analysis

The presentation of data is as follows: (1) mean
values with the corresponding standard deviations
and ranges; and/or (2) determining percentages. To
verify a relative homogeneity of variance, we per-
formed Levene's tests. The Student’s t-tests and
the Mann-Whitney U tests were used for statistical
comparisons. Additionally, qualitative variables were
compared using x? tests of proportions for categorical
variables. Statistical analyses using StatSoft STATISTI-
CA 13.1 software for Windows (StatSoft Inc., Tulsa,
OK, USA) enable the detection of a moderate correla-
tion (r = 0.4), for 80% power with a 5% significance
level (two-tailed; oo = 0.05; B = 0.2). The statistical
significance was set at a p-value lower than 0.05.
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23.76mm

Figure 1. Coronary veins anatomy (A) and quantitative analysis of distance from coronary sinus (CS) ostium (B), diameter (C), angle (D) of
insertion using multiplanar and volume rendered technique reconstructions; PVLV — posterior vein of the left ventricle; PIV — posterior

interventricular vein.

RESULTS
Study population

The imaging studies to visualise the cardiac ve-
nous system were performed in all patients in all
groups. The CS, PIV, PVLV, and AIV were present in
all patients. There is an observation of the LMV, in
ischaemic-HF/nonischaemic-HF/control group in the
21, 15 and 26 (72.4%, 57.7%, 59.1%) hearts, OVLA
in the 10, 11 and 30 (34.5%, 42.3%, 68.2%) hearts,
and SCVinthe 15, 19 and 25 (51.7%, 73.1%, 56.8%)
hearts, respectively.

Anatomical variants (proposed by Von Lud-
inghausen) vary between the groups. In ischae-
mic-HF most common variant was with SCV con-
tinuity into CS (variant 1) (58.6% p < 0.05). In
non-ischaemic-HF and non-HF with separate SCV
presented with PIV connected to the crus-cordis
(variant 2). The third variant with PIV disconnected
to the CS was the rarest, with a presence from 6.9%
in ischaemic-HF to 11.4%, 11.5% in non-HF, and
non-ischaemic-HF.

The OVLA (vein of Marshall) was distinguishable in
12/44 (27.3%) in the non-HF (p = 0.18) group com-
pared to 4/29 (13.8%) and 6/26 (19.2%) in both HF
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groups. A rare appearance of the Vieusens valve ap-
pears in approximately 20% of all the groups. Table 2
summarizes detailed information of anatomical ob-
servations.

Quantitative data

The distances between the main tributaries
draining venous blood from LV, angels, and diam-
eters of specific branches demonstrate observable
differentials. While most values are not statisti-
cally significant between the groups in general
summaries, some measurements conduct impor-
tant differences. PVLV-LMV interspace and angle
of PIV in both HF vs. non-HF groups (p < 0.005)
reveal essential discrepancies between the distanc-
es. The mean distance in the non-HF group was
35.67 = 13.53 mm, while in non-ischaemic-HF,
46.56 = 17.15 to 47.54 = 10.98 mm (p = 0.002)
in the ischaemic-HF group. The angle of PIV en-
tering CS in HF hearts was significantly bigger —
110.74 = 22.42° (p = 0.03) in ischaemic-HF and
116.1 = 21.38° (p = 0.03) in non-ischaemic-HF
vs. non-HF group 98.4 = 22.94°. Figure 2 presents
a summary of vessel displacement.
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Table 2. Anatomic observations. Quantitative analysis of coronary sinus anatomy and its tributaries

Ischaemic-HF (n = 29)

Non-ischaemic-HF (n = 26) Non-HF (n = 44)

Coronary sinus:

Type 1% 17 (58.6%) 4 (15.4%) 12 (27.3%)

Type 2* 10 (34.5%) 19(73.1%) 27(61.4%)

Type 3* 2 (6.9%) 3(11.5%) 5(11.4%)
Small cardiac vein 15 (51.7%) 19(73.1%) 25 (56.8%)
Posterior interventricular vein:

Posterior vein of left ventricle S:4(14%) S:3(12%) S:8(18%)

M: 25 (86%) M: 23 (88%) M: 36 (82%)

Left marginal vein 21(72.4%) 15 (57.7%) 26 (59.1%)
Vein of Marshall 4(13.8%) 5(19.2%) 12 (27.3%)
Vieussens valve 6(20.1%) 4 (15.4%) 8(18.2%)
Anterior interventricular vein 29 (100%) 26 (100%) 44 (100%)

*Types refer to von Ludinghausen classification; HF — heart failure; S — single; M — multiple

PVLV-1

Figure 2. Schematic picture of differences between non-HF (blue) group (A) and ischaemic-HF (red) group (B) and non-ischaemic-HF (C);
Panel A represents three types of von in Ludinghausen modifications I, Il and lll; AIV — anterior interventricular vein; AV — aortic valve;
CS — coronary sinus; HF — heart failure; LMV — left marginal vein; LoM — ligament of Marshall; PIV — posterior interventricular vein;
PVLV — posterior vein of left ventricle; SCV — small cardiac vein; TV — tricuspid valve; VoM — vein of Marshall; VV — Vieussens valve.

Then, the separate consideration of differences
for each group. In ischaemic-HF vs. non-HF (con-
trol group), vessel diameters are generally smaller
with statistical significance in AIV diameter (2.64 vs.
3.18 mm, p = 0.01). Also, the CS diameter (6.82 vs.
7.84mm, p = 0.03) and CS ostium (p = 0.03) are smaller.
Such significances do not appear in non-ischaemic-HF
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vs. non-HF groups. In non-ischaemic-HF, the differences
are opposite. PVl diameter (5.43 vs. 3.9 mm, p = 0.01)
was significantly larger than non-HF groups, while the
CS diameter was bigger, approximately 5 mm. How-
ever, this is without statistical significance (p = 0.8).
Comparing HF groups, PIV diameter is significantly
broader in nonischaemic-HF vs. ischaemic (5.43 vs.
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Figure 3. Rendered reconstructions of coronary sinus (CS) with tributaries; A, B. In ischaemic heart failure; G, D. In non-ischaemic heart fail-
ure; GCV — great cardiac vein; LA — left atrium; LMV — left marginal vein; PIV — posterior interventricular vein; PVLV — posterior vein of

left ventricle; SCV — small cardiac vein.

4.33 mm, p = 0.04), as is the CS diameter (8.3 vs.
6.82 mm, p = 0.03). The presentation of differentials
for each HF group is on the volume-rendered recon-
structions (Fig. 3).

Results demonstrate moderate correlations be-
tween the patient’s age and AlV diameter in ischae-
mic-HF (r = 0.56, p = 0.21) and PIV angle in non-is-
chaemic-HF (r = 0.40, p = 0.6). Furthermore, corre-
lations with left ventricular ejection fraction (LVEF)
only present in ischaemic-HF between SCV diameter
(r=0.55,p =0.8)and LMV angle (r = 0.43, p = 0.5).
None from correlations because sample size reached
statistical significance.

Finally, the attainable vessels were counted for
possible LV lead placement. For accessible vessels for
the CRT, the size of 5.1 F (1.7 mm) and angle is less
than 60° [2] are considered. The size over 1.7 mm
was found in 23/26 PVLV and 10/15 LMV in nonis-
chaemic-HF and 28/29 and 16/21 in ischaemic-HF.
The tributaries’ ostium angles less than 60° advanc-
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ing canulation were found in 13/26 PVLV and 10/15
LMV in nonischaemic-HF and 14/29 and 11/21 in
ischaemic-HF. The only correlation in the 2 test was
found in PVLV diameter for ischaemic-HF favouring
implantation p = 0.02.

Table 3 summarizes the quantitative data.

DISCUSSION

Cardiac resynchronisation therapy provides HF
improvement and an effective increase in LVEF only
in 70% of the patients. For years, the statement that
nearly one-third of CRT patients do not respond to
resynchronization therapy has become general knowl-
edge. It is discussed and partially accepted without
questioning the reasons [2]. Besides optimal program-
ming of the CRT device, the anatomical structure of
the coronary system plays the crucial role. Remodelled
heart muscle with venous drainage may differ from
a healthy one, and the aim of that study emphasizes
such discrepancies.
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Table 3. Anatomic observations. Qualitative analysis of diameters, distances and angles of coronary sinus and its tributaries

Ischaemic-HF (n = 29)

Non-ischaemic-HF (n = 26)

Non-HF (n = 44)

Ostium CS antero-posterior diameter
Ostium CS superior-inferior diameter
SCV diameter [mm]

PIV diameter [mm]

PVLV diameter [mm]

LMV diameter [mm]

GCV diameter [mm]

AV diameter [mm]

CS ostium PIV distance [mm]
PIV-PVLV distance [mm]
PVLV-LMV distance [mm]

9.26 + 4.02

14.94 + 5.6 (p = 0.03)
1.37 = 0.65

4.33 = 1.88 (p = 0.04)**
335+ 1.17
23+1.04

6.82 = 1.46 (p = 0.03)*

2,64 +£0.83 (p = 0.02)**
421 =268

24.33 1043
47.54 = 10.98 (p = 0.002)*

PIV angle [] 110.74 + 22.42 (p = 0.03)*
PVLV angle [] 54.56 + 22.87
LMV angle [] 62 + 33.54

9.8 +4.25 11x43
1624 =6 18.36 = 7.74
21913 15+0.75
543 = 2.03 (p = 0.01)* 39178
315117 3.1+146
262 +1.04 272121
8.3 =3.14 (p = 0.03)** 7.84 +2.49
2.86 + 1.45 317098
312 £ 246 325332
214 £15.75 2832 = 15.31
46.56 = 17.15 (p = 0.005) 35.67 £ 13.53
116.1 = 21.38 (p = 0.03)* 98.4 + 22.94
61.46 = 26.04 (p = 0.04)* 50.82 + 26.94
50.25 + 20.14 55.39 + 37.92

*Statistical significance to control group (non-HF), **statical significance between ischemic to non-ischaemic HF; AIV — anterior interventricular vein; CS — coronary sinus; GCV — great
cardiac vein; HF — heart failure; LMV — left marginal vein; PIV — posterior interventricular vein; PVLV — posterior vein of the left ventricle; SCV — short cardiac vein

The general structure of the coronary heart sys-
tem is consistent in patients with and without HF
[9, 12, 30]. The variance of the general structure,
or the presence of particular veins, is an individual
variation [3, 13, 20, 22, 23]. It refers mainly to the
prevalence of LMV (from 72.4-57.7%) in all groups.
As in VoM, where the occurrence variability is high,
and the detection ability is low [15, 33]. When VoM
is not visible the structure which is present is the
ligament of Marshall (LoM) (Fig. 2Q).

Besides the individual arrangement of veins, ven-
tricular remodelling affects the coronary system in
HF patients. When analysing individual subgroups,
the most significant difference between the coronary
system in HF and the control group (non-HF) is the
substantial change in the distance between PVLV and
LMV (Fig. 2B, C). The average elongation of these
distances ranges 12 mm. Apart from the PVLV outlet
is variable and often multi-vessel (Fig. 3D). Vein dis-
placement also changes the outlet angles. PIV shifts
from the CS outlet further affect the outlet angles.
While the distance appears to be statistically insignif-
icant, the change in vessel angle from 98.4°to 110.7°
(p = 0.03) indicates a shift in the vessel's outlet rel-
ative to the mitral ring. An interesting observation is
a change in the diameters of individual vessels —
ischaemic-HF heart coronary sinuses demonstrate
a reduction in vein diameter (GCV, AlV, CS outlets) when
compared with non-HF (p = 0.01). Inversely, these ves-
sels in the nonischaemic-HF group are more extensive
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than in the study group, mainly PIV and GCV (p = 0.01).
Performing an age-related correlation analysis of ves-
sel size — we found a moderate correlation between
the age and mean vessel size in all the groups studied.
The Mazur et al. [13] study demonstrates similar ob-
servations. Finally, the CS outlet also differs between
groups. Assuming application of the S-l (superior—
—inferior) and A-P (anterior—posterior) dimensions to
the ellipse area, it turns out that the CS opening in
the ischaemic-HF is significantly smaller than in the
control group. It relates to the ischaemic-HF group,
in which there was a less frequent observation of the
presence of the Thebesian valve [31]. Nevertheless, the
coronary venous system is fragmentary stenosed in pa-
tients with ischaemic-HF, while significantly widened
in individual segments in nonischaemic-HF concerning
the control group — non-HF.

The observed qualitative differences result from
changes in the architecture of the heart muscle it-
self, which cause vessel displacement and changes in
ostium angles [5]. Left ventricle dilation determines
the displacement change in HF patients. Analysing
the possibility of LV electrode placement in PVLV or
LMV veins with a 5.1 F LV electrode is likely to be
highly successful. According to the lumen size, the
possible cannulation ranges from 66-96%; however,
the anatomy of the coronary system is not the only
determinant of the final location of the electrode. It
also depends on the resynchronization response of
the LV assessed by the ECG and echocardiography



B. Gach-Kuniewicz et al., Coronary sinus tributaries changes in heart failure

[16, 20, 29]. Access to the vessels due to the angular
departure makes 50% of the vessels easily accessible.
Additionally, the change of vessel angles in HF vs. non-
-HF facilitates cannulation by reducing the departure
angles (p = 0.02). The use of CT and analysis of the
coronary veins allow better planning of the CRT-D
implantation procedure and may reduce the risk of
ineffective left ventricular electrode implantation.

CONCLUSIONS

The general structure of the coronary heart system
is consistent in patients with and without HF.

The substantial change between HF vs. non-HF
hearts is the distance elongation between outlets of
veins draining the LV.

In ischaemic-HF hearts the volume of the CS is
generally smaller, while in non-ischaemic-HF broader
to control group.

The change of vessel angles in HF vs. non-HF facil-
itates cannulation by reducing the departure angles.

Conflict of interest: None declared
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