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A b s t r a c t

Background: There is no in vivo method of coronary sinus visualisation from the right atrium perspective. 

Aim: The objective of the study was to create a cardiac computed tomography (CT) angiography-based method of visualising 
the coronary sinus ostium and the Thebesian valve from the inside right atrium perspective.

Methods: In 78 consecutive patients, a cardiac CT angiography (Aquilion 64, Toshiba) with retrospective gating (slice 0.5 mm) 
was performed. Raw data were reconstructed on Vitrea 2 workstations (Vital Images). In order to create the three-dimensional 
(3D) coronary sinus visualisation from the “inside view” perspective, patented “Fly Through” algorithms were used, and the 
anatomical positions on the multiplanar reconstruction images were marked. A dedicated, Likert-based five-point scale was 
developed and used to evaluate the quality of the visualisations.

Results: The average quality of the visualisations of the coronary sinus ostium in two-dimensional multiplanar reconstruction 
images was good (4.17 ± 0.85 points) and was clinically interpretable in all cases. The image quality of the “inside view” 
3D images was 3.61 ± 1.12 points. In 57.7% of cases we obtained high scores (4 and 5 points). The main diameter was 
10.72 ± 2.48 mm, and the entrance angle of the coronary sinus into the right atrium was 103.76 ± 10.71°. 

Conclusions: Cardiac CT angiography is a useful method that permits the coronary sinus ostium and Thebesian valve to be 
visualised in vivo from the inside of the right atrium in a comparable manner.
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INTRODUCTION
Cannulation of the coronary sinus (CS) is a standard feature 
in selected electrophysiology procedures, including during 
the implantation of cardiac resynchronisation therapy de-
vices. Sometimes, anatomical relationships cause cannulation 
to be more difficult or even impossible [1, 2]. Many methods 
have been tested to visualise the coronary venous system, 
including cardiac computed tomography (CT) angiography, 
cardiac magnetic resonance, echocardiography, or even 
electroanatomical mapping [3–5]. Each of those techniques 
has both advantages and disadvantages due to their techni-
cal specifications. Comparisons of the technical possibilities 
show that the most advanced technical image specification 

can be found in multi-slice CT scanners. They also offer the 
possibility to create the three-dimensional (3D)-like images. 

However, in the literature, there is a lack of anatomical 3D 
anatomic-like images of the CS ostium from the right atrium 
perspective, which can be valuable for the electrophysiology 
procedures mentioned earlier. 

The objective of the study was to create a CT-based 
method for visualising the CS ostium and the Thebesian valve 
from the inside right atrium perspective.

METHODS 
Seventy-eight consecutive patients (average age 70.3 ±  
± 13.94 years; 41 women) who had been qualified for cardiac  
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CT angiography were included into this  study. Cardiac CT 
angiography was originally performed due to a suspicion of 
coronary artery disease (typical indications). Computed tomo-
graphy was performed using a 64-slice scanner (Aquilion 64,  
Toshiba Medical, Japan). Exclusion criteria were as follows: 
atrial fibrillation or other heart rhythm disorders, renal insuf-
ficiency (serum creatinine > 1.2 mg/dL), hyperthyroidism, 
a known allergy to non-ionic contrast agents, or a previously 
implanted pacemaker with unipolar leads. 

A local Bioethical Committee approved this study. All of 
the participants gave their signed informed consent. The study 
protocol conformed to the version of the Helsinki Convention 
that was valid at the time the study was designed.

Computed tomography protocol
Scanning with retrospective electrocardiography (ECG)-gating 
was performed during a breath hold using 64 slices with a col-
limated slice thickness of 0.5 mm using the standard protocol 
for coronary arteries. 

The helical pitch was 12.8 (best mode) and the rotation 
time was 0.4 s. The tube voltage was strictly dependent on 
the patient’s body mass index (BMI): for BMI < 23.9 kg/m2 it 
was 120 kV at 330 mA, for BMI 24.0–29.9 kg/m2 it was 
135 kV at 380 mA, and for BMI > 30.0 kg/m2 it was 135 kV 
at 430 mA. We used a pre-selected region of interest (ROI) 
in the descending aorta. Triggering started at 180 Hounsfield 
units. About 80–100 mL of non-ionic contrast agent (iopro-
mide 768.86 mg/mL, Ultravist 370, Bayer Schering, Germany) 
was given to each patient. Sometimes, when the heart rhythm 
was higher than 65 bpm, metoprolol succinate (5–10 mg) was 
administrated intravenously unless contraindicated. If the 
expected heart rhythm (65 bpm) slowing did not occur, the 
patient was excluded from the study. Sublingual application 
of nitroglycerine was not used in this study. 

Post-processing 
Reconstructions of the data were performed on Vitrea 2 work-
stations (Vital Images, USA). To reconstruct the 3D CS and 
the great cardiac vein from the inside view, a coronary artery 
algorithm was used. In the gallery window, a pre-set called 
“Fly Through” was used. The zoom function and rotating 
3D images were used simultaneously through the centre of 
the view. To confirm the anatomical positions, multiplanar 
two-dimensional (2D) reconstructions (MPR) were used and 
in some cases 2D/3D markers (arrows) were added as well. 

The aims for the visualisations of the coronary venous 
system were as follows:

 — visualisation of the CS ostium from the right atrium per-
spective;

 — visualisation of the Thebesian valve (always confirmed on 
the MPR) from the right atrium perspective.
Images were graded by two experts trained in multi-slice 

CT and experienced in the visualisation of the coronary venous 

system. A dedicated Likert-based scale was created and used 
to evaluate the quality of the visualisations. In the five-point 
scale, one point indicates a highly schematic visualisation of 
the CS ostium and five indicates the best quality with a com-
plete clinical input. 

Statistical analysis 
All the calculations were performed using the Polish version 
of Statistica (Stat Soft, Tulsa, Oklahoma, US). Continuous data 
were presented as mean ± standard deviation. The Student’s 
t-test was used to compare the quantitative data with a normal 
distribution, and the c2 test was used for the nonparametric 
data. In order to assess whether the analysed parameters were 
predictors of the dependent variables, multiple regression 
analysis using the stepwise method was used. Results were 
recognised as statistically significant at p < 0.05.

Reproducibility of the phase determination was evalu-
ated using the Bland-Altman method. The calculation of the 
inter-rater agreement coefficient kappa was performed by 
using MedCalc (Ostend, Belgium) statistical software.

RESULTS
The characteristics of the included patients are presented in 
Table 1. Arterial hypertension (84.6%), hypercholesterolaemia 
(70.5%), and family history of cardiovascular diseases (53.8%) 
were the most prevalent risk factors. Diabetes (33.3%) and 
smoking (28.2%) were also observed in the included patients. 

The CS ostium was measured using 2D MPR images 
in all of the patients — average quality of the visualisations 
was quite good (4.17 ± 0.85) and in 100% was useful for 
clinical analysis (Fig. 1, left panel). The main diameter (di-
ameter between the farthest points put in the opposite walls 
of the vessel) was evaluated as 10.72 ± 2.48 mm in the 
entire population. It was  significantly greater (p = 0.0113) 
in the men (11.46 ± 2.66 mm) compared to the women 
(10.05 ± 2.13 mm). The angle of entry into the CS into the 
right atrium was 103.76 ± 10.71o; for the women it was 
104.78 ± 9.99o and for the men 102.63 ± 11.49o, although 
in this case the differences were not statistically significant. 

Table 1. Characteristics of the patients 

Mean ± SD

Ejection fraction [%] 065.49 ± 12.46

End-diastolic volume [mL] 131.47 ± 52.18

End-systolic volume [mL] 049.79 ± 37.19

Stroke volume [mL] 086.45 ± 28.14

Cardiac output [L/min] 05.06 ± 1.49

Myocardial mass [g] 169.83 ± 55.28

Myocardial volume [mL] 159.72 ± 53.46

Data are shown as mean ± standard deviation (SD).
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3D visualisation  
from the inside view 

The different types of CS ostium visualisation in cardiac CT 
angiography are presented in Figure 1, including a 2D MPR, 
a 3D volume rendering, and the newly created 3D “inside 
view”. In 94.8% of images, a complete convergence between 
the different techniques was observed. We were able to visu-
alise the Thebesian valve as a guard of the CS in 41.02% of 
the patients using our 3D “inside view” technique.

The visualisation of CS ostium including the Thebesian 
valve using 2D MPR and the newly created 3D inside view 
is presented in Figure 2. Examples of the newly created 3D 
“inside view” of the CS and coronary veins are presented in 
Figure 3. 

3D visualisation  
from the inside view — the quality

The quality of the visualisation of the 3D images was evalu-
ated as 3.61 ± 1.12. In 57.7% of cases, we obtained high 
scores (4 and 5 points). Images were clinically interpretable in 
all cases. We also performed gender-dependent analysis: in 
women, the average quality was 3.71 ± 1.10 and was not sig-
nificantly better than in the men — 3.51 ± 1.14 (p = 0.804). 

Regression models
A multiple regression model in which the predictors were the 
average CS diameter, the angle of the entry of the CS into the 
right atrium, and the CS ostium diameter, and the dependent 
variable was the quality 3D “inside view” images, was statisti-

Figure 1. Different types of visualisations of the coronary sinus ostium: two-dimensional multi-planar reconstruction, three-
-dimensional (3D) volume rendering and the newly created 3D inside view. Yellow 3D arrow is used to mark the position of the 
posterolateral vein on each reconstruction

Figure 2. Visualisation of the Thebesian valve using two-dimensional multi-planar reconstruction and the newly created three-
-dimensional “inside view”
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cally significant and explained 8.6% of the observed variance 
in the dependent variable (p = 0.0096; R2 = 0.0861). The 
analysis showed that the average CS diameter (p = 0.0096) 
is an important predictor of the dependent variable.

A multiple regression model in which the predictors were 
stoke volume, cardiac output, ejection fraction, and end sys-
tolic volume, and the dependent variable was the quality of 
the 3D “inside view” images, was statistically significant and 
explained 12.7% of the observed variance in the dependent 
variable (p = 0.0008; R2 = 0.1273). The analysis showed 
that stroke volume (p = 0.0008) is an important predictor of 
the dependent variable. 

Agreement between observers 
There was a very good agreement between observers in the 
evaluation of the quality CS “inside view evaluation” (95% 
confidence interval [CI] 0.841–0.979, inter-rater agreement 
kappa 0.910). There were similar results in the repeated 
evaluation of the score by the same observer (95% CI 0.955–
–1.0000; kappa 0.985).

DISCUSSION
The valve of the CS, which is sometimes called the Thebesian 
valve, is a semi-circular fold of the lining membrane of the right 
atrium, at the orifice of the CS [1]. It is situated at the base of the 

inferior vena cava. The valve may vary in size or be completely 
absent. Hołda et al. [1], after exact evaluation of 273 autopsied 
human heart valves, differentiated according to their shape, 
found five types of valve: remnant, semilunar, fold, cord, and 
mesh and fenestrated. Another qualification of Thebesian valve 
based on 2D CT imaging was proposed by Mlynarski et al. [6]

Visualisation of the coronary venous system was under-
estimated for years mostly due to its lack of clinical useful-
ness. However, because of some electrophysiology procedures 
like cardiac resynchronisation therapy, percutaneous mitral 
annuloplasty, or ablation, its visualisation has become very 
important due to the necessity of CS cannulation [7–9]. While 
20 years ago most of the papers about the visualisation of the 
coronary veins reported post mortem examinations, today 
electrophysiologists require in vivo imaging [10]. 

The rapid development of in vivo imaging techniques 
has been accompanied by true advances. Visualisation of 
the coronary venous system began in 2001 when Gerber et 
al. [11] confirmed the possibility of visualising the coronary 
veins using electron beam CT. 

During subsequent years, papers from different centres 
described the anatomy of the coronary venous system, pre-
cisely defined the different anatomical variants, and showed 
the clinical usefulness of the 3D images in multi-layer cardiac 
CT [12–16]. 

Figure 3. Examples of the newly created three-dimensional inside view of the coronary sinus and coronary veins
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In terms of clinical usefulness, some schemes for using 
visualisation to support cardiac resynchronisation were also 
developed — one that was proposed by our team in which we 
created a scheme for visualisation in CT that was comparable 
to fluoroscopy imaging was published in 2009 [17]. 

Nevertheless, most of those papers described the 
anatomy of the venous system using 3D visualisation from 
the outside perspective, and none of them visualised the 
anatomy from the inside view of the right atrium. Although 
algorithms to virtually “enter” the blood vessel have existed 
for years, they have not been used to visualise the coronary 
venous system. Hence, the objective of this research was to 
create an “inside view” of the CS and the proximal part of the 
coronary venous system using “Fly Through” algorithms. We 
documented that in more than 50% of patients, the quality 
of these images was at least good and was fully acceptable 
for clinical evaluation. Using our “inside view” method, 
we were also able to visualise the Thebesian valve, which 
is an anatomical guard of the coronary sinus from the right 
atrium [18]. In some individuals, the valve is degenerated 
or does not exist, and very rarely is it so big or porous that 
it can influence coronary circulation and be a real problem 
during CS cannulation [19, 20]. However, if we compare 
the average occurrence of this valve with other researchers, 
our instances of its occurrence are slightly lower [21]. We 
believe that this may be caused by a lack of the visualisation 
of very small Thebesian valves. We think that the resolution 
of the proposed method may be too low in such cases. This 
reinforces the necessity to always confirm clinical anatomi-
cal discoveries. In our paper we also try to find factors that 
can influence the quality of 3D “inside view” images. The 
analysis showed that the average coronary sinus diameter 
(p = 0.0239) and stroke volume are important predictors of 
the quality of 3D images.

To our knowledge, there have been no reports similar 
to  this research on cardiac CT. However, there is one de-
scription of using 3D echocardiography to cannulate the CS. 
Mahmoud et al. [22] presented a case of a 78-year-old patient 
in whom a CARILLON, which is a device for percutaneous 
mitral annuloplasty, was implanted. The use of fluoroscopy 
and 3D transoesophageal echocardiography for CS cannula-
tion was unsuccessful. The authors created an anatomically 
oriented enface view of the interatrial septum from the right 
atrial perspective, identified the CS ostium, and cannulated 
it successfully. The authors concluded that real-time 3D 
transoesophageal echocardiography can be used to guide 
CS cannulation because it provides an anatomically oriented 
and informative enface view of the CS ostium. The paper 
presented the practical use of 3D techniques. However, 
the authors used echocardiography, whose image quality 
including resolution is worse than in cardiac CT, although 
echocardiographic images are available in real time. 

It is worth mentioning that another valve that sometimes 
causes problems with target coronary vein cannulation is the 
Vieussens valve — this is a valve between the CS and the 
great cardiac vein. It is clinically important because it can 
cause obstruction for electrophysiology catheters in as many 
as 20% of cases [23–25]. In the presented CT-based study the 
Vieussens valve was not observed.

We believe that the continuous development in the 3D 
techniques that permit the CS to be visualised from the right 
atrium perspective along with CT and echocardiography can 
support CS cannulation in selected cases. 

Limitations of the study
The aim of the study was to create methods to visualise the 
CS and the Thebesian valve from the right atrium perspective 
— it is mostly a descriptive anatomical study. The presented 
study analysed only the presence of the valve itself without 
distinguishing different types. Currently, the clinical usefulness 
of the proposed techniques is limited to very rare cases in 
which a previous problem with the CS ostium occurred. The 
authors believe that this can change in the near future due to 
the rapid development of modern CT techniques. 

CONCLUSIONS
Cardiac CT angiography appears to be a useful method that 
permits the CS ostium and the Thebesian valve to be visualised 
in vivo from the inside of the right atrium in a comparable 
manner. The average CS diameter and stroke volume are 
predictors of high-quality 3D “inside view” images.
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