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ABSTRACT
With rising focus on interventional treatment of the 
tricuspid valve (TV), the need for good echocardiographic 
imaging increases. Aim of this study was to develop a 
scoring system describing how accurate three dimensional 
(3D) echocardiographic imaging of TV and its anatomical 
structures is.
Methods and results In this retrospective exploratory 
cohort study, we analysed data from consecutive patients 
undergoing transoesophageal echocardiography (TOE) and 
transthoracic echocardiography (TTE). 3D sequences were 
stored using eight different views. In each view, scoring 
focused on visualisation of five (in TOE 6) anatomical 
structures with a maximum of three points per structure 
for excellent imaging quality. We compared the scores of 
patients with and without relevant tricuspid regurgitation 
(TR) (cut- off effective regurgitant orifice 0.4 cm² measured 
in two- dimensional (2D) TTE using velocity time integral 
and proximal isovolumetric velocity area). 108 consecutive 
patients were examined, 40.7% presented with relevant 
TR. With the exception of coaptation, a higher score was 
achieved for all structures in TOE than in TTE. TV ring (TVR) 
was easiest to visualise with TOE in four- chamber view 
(4 CV) (2.42±0.67 points) presenting the highest score 
independent of anatomical structure and view. Posterior 
leaflet had best imaging scores in TOE in 4 CV (2.0±0.86) 
compared with TTE in 4 CV (1.64±0.80), p=0.001. Patients 
with relevant TR had significantly better 3D imaging scores 
in 4 CV compared with patients without relevant TR (TTE 
p<0.013, TOE p<0.002).
Conclusion 4 CV delivers the most detailed information 
in TTE, whereas multiple views deliver good scores in TOE. 
As TVR is easiest to visualise, most of the patients would 
be suitable for a ring- based echocardiography- guided 
intervention. The score enables a standardised comparison 
of image quality.

INTRODUCTION
Severe tricuspid regurgitation (TR) is known 
to be associated with increased morbidity, 
reduced functional capacity and is also 
considered an independent risk factor for 
mortality.1–3

The prevalence of severe TR in hospitalised 
patients is approximately 10.3% and up to 
30% in case of relevant mitral regurgitation.4 5

For inoperable patients, various interven-
tional therapeutic concepts have been devel-
oped in recent years to treat the tricuspid 
valve (TV). These require optimal echo-
cardiographic visualisation of the TV and 
its individual anatomical structures.6 When 
planning a percutaneous echoguided inter-
vention, it must be decided whether image 
quality is sufficient.

In contrast to two- dimensional (2D) 
echocardiography, three- dimensional (3D) 
imaging offers advantages in visualisation of 
the TV, especially when evaluating leaflets, 
TV ring (TVR) and Koch triangle.7 8 Visual-
isation of Koch triangle is crucial to avoid its 
puncture during an intervention.

Currently, there is no definition or 
score assessment whether visualisation is 
accurate enough for an interventional 
procedure. Therefore, we assessed which 

Key questions

What is already known about this subject?
 ► Up to now, there is no possibility to measure the 
echo quality especially in relation to the tricuspid 
valve and three- dimensional (3D) quality in echo-
cardiographic imaging. However, the need for good 
3D imaging is enormous regarding the increasing 
catheter- based and echoguided interventions on the 
tricuspid valve.

What does this study add?
 ► This study presents a score that could be a tool to 
solve this problem. It identifies the anatomical struc-
tures that are most easily displayed in 3D echocar-
diography and which views provide the best 3D 
images. It brings objectivity to the subjective domain 
of echocardiography.

How might this impact on clinical practice?
 ► The consistent application of the score enables a 
structural screening of patients with tricuspid valve 
insufficiency in preparation for a catheter- based in-
tervention. It also makes echo quality measurable 
and comparable.
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echocardiographic view offers the best imaging quality 
for single anatomical structures, which leaflet may easiest 
be visualised and whether 3D transthoracic echocardi-
ography (TTE) may be superior to 3D transoesophageal 
echocardiography (TOE).

Aim of this study was to create a score for assessing the 
3D echocardiographic imaging quality of the TV and its 
anatomical structures helping to decide whether inter-
ventional echoguided treatment is possible.

METHODS
In this retroprospective exploratory cohort study, we 
analysed data from 108 consecutive patients undergoing 
TOE and TTE as enrolement criteria.

Patients with very bad 2D imaging in TTE, with 
atrial fibrillation and a heart rate above 120/min, were 
excluded (online supplementary figure). We stored four 
3D live views, each from a transthoracic and transoesoph-
ageal approach. The study was conducted in accordance 
with the provisions of the Helsinki Declaration. All 
data relevant to the study are included in the article or 
uploaded as online supplementary figure.

Score description
Transthoracic score for 3D imaging
By using a three point system, following anatomical 
structures were scored: TVR, septal leaflet (SL), poste-
rior leaflet (PL) and anterior leaflet (AL), coaptation of 
the leaflets. The following criteria were used for scoring 
(figures 1A and 2A):

 ► Three points: excellent imaging, leaflet edges are 
clearly defined.

 ► Two points: sufficient imaging, leaflet edges are diffi-
cult to see, but commissures are clearly defined.

 ► One point: poor imaging, leaflets edges and commis-
sures cannot be clearly defined.

Adding all points (additive score), a maximum score 
of 15 points represents best visibility of all detailed struc-
tures, 5 points the worst. For analysis, we classified a score 
of 12–15 as excellent image quality, score of 8–11 as suffi-
cient image quality and less than 8 points as poor image 
quality. The score was applied on four different views: 
parasternal long axis, parasternal short axis, apical four- 
chamber view (4 CV) and subcostal view. We stored 3D 
live imaging loops in each view.

Transoesophageal score for 3D imaging
During TOE, following single views were scored: (4 CV, 
0° midoesophageal), right ventricular in and outflow 
(RVIO, 30° midoesophageal), long modified axis (LMA, 
150° midoesophageal) and transgastral (30°). The 
scoring refers to the imaging of each single structure: 
TVR, each leaflet, imaging of the coaptation and of the 
Koch triangle (figure 1B).

In TOE imaging criteria such es clearly defined leaflet 
edges and commissures were used for the scoring of 
each single anatomical structures in a three- point system 
(figure 2B), similar to TTE.

By adding the score for each anatomical structure, the 
maximum possible score was 18 points. Accordingly, the 
minimum score was six points (one point for each struc-
ture). For analysis, we defined a score of 15–18 as excel-
lent image quality, 10–15 as sufficient image quality and 
less than 10 as poor image quality.

Patients were examined with a Vivid E95 echocardi-
ography system (GE Healthcare, 100 results way, Marl-
borough, Massachusetts, USA). To ensure comparable 
image quality, all patients were examined using the same 
platform. Due to the planned TOE with application of 
midazolam, examinations were performed in bed in left 
lateral decubitus. Examinations and all score calculations 
were performed by two experienced clinical specialists in 
echocardiography.

Statistical analysis was performed using IBM SPSS (V.20.0, 
USA) and GraphPad Prism (GraphPad Software V.6.0, USA). 
Continuous data are presented as mean±SD. To calculate 
significances, the Wilcoxon rank sum test was performed. p 
values <0.05 were considered as statistically significant.

After calculating the score, we compared patients with and 
without relevant TR. As a cut- off for significant TR, we used 
an effective regurgitant orifice (velocity time integral and 
proximal isovolumetric velocity area) of ≥0,4 cm² measured 
in 2D TTE.

Patients or the public were not involved in the design, 
or conduct, or reporting or dissemination plans of our 
research.

RESULTS
We included 108 patients with a mean age of 70±12 years. 
The majority was men. 40.7% of patients presented with 
relevant TR. Patients with TR were significantly older. 
Detailed characteristics are found in table 1.

Figure 1 Score description in (A) TTE and (B) TOEE. 
4 CV, four chamber view; 3D, three dimension; MLA, 
modified long axis; PLAX, parasternal long axis; PSAX, 
parasternal short axis; RVIO, right ventricular inflow and 
outflow; SCV, subcostal view; TG, transgastric view; TOE, 
transoesophageal echocardiography; TTE, transthoracic 
echocardiography.
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Scoring results of all patients
Single anatomical structures: highest scores
Table 2 shows the average scores for each anatomical 
structure. Highest scores were found for TVR, with TOE 
showing higher scores compared with TTE. The highest 
score for TVR was achieved in TOE in 4 CV (2.42±0.67) 
compared with TTE (2.09±0.66), p=0.003. Highest leaflet 
scores were found for PL in TOE in 4 CV (2.0±0.86). As 
shown in figure 3, PL was easier to visualise compared 
with SL and AL, regardless of the view.

Single anatomical structures: lowest scores
Coaptation had the lowest scores and was the only 
anatomical structure with better values in TTE compared 

with TOE (1.52±0.069), p=0.186. Highest scores for coap-
tation were found in TTE in 4 CV (1.66±0.84). Regarding 
the leaflets, SL had the lowest scores and therefore 
appeared to be the hardest to visualise.

Highest additive score for all anatomical structures
The highest scores for imaging of the TV, adding all 
points for each anatomical structure, were seen in TTE 
in 4 CV. In TOE, the highest average scores were found 
in 4 CV, RVIO and LMA. 3D TOE imaging was superior 
to TTE in almost all views (figure 3A,B). Further results 
are seen in table 2.

Figure 2A,B provides the examples for excellent, suffi-
cient and poor image quality.

Figure 2 (A) Transthoracic score for three- dimensional (3D) imaging and (B) transoesophageal score for 3D imaging.
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Comparison: relevant versus non-relevant TR
Forty- four patients presented with relevant TR. Indices 
for right ventricular function and right heart dilatation 
differed significantly between patients with and without 
relevant TR (table 1).

Single anatomical structures with highest scores
Table 3 shows the scoring results for each anatomical 
structure in patients with and without relevant TR. As 
for the complete cohort, TVR and PL had best results, 
regardless of TR severity. However, imaging of Koch 

Table 1 Patient characteristics in patients with relevant TR compared with those without relevant TR

Descriptive data
All patients
(N=108)

Patient with relevant TR
(N=44)

Patients without relevant TR
(N=64) P value

Male (%) 65 (60%) 21 (48%) 44 (69%)

Age (years) 70±12.12 75±8.56 67±12.94 <0.001

BMI (kg/m²) 27.1±4.41 26.7±3.53 27.2±10.6 0.559

Weight (kg) 78.9±15.81 77.5±18.49 79.8±14.49 0.50

LVEF biplane (%) 48.7±15.4 47.1±14.6 49.7±15.9 0.42

Lead (%) 19 (17.6%) 11 (25%) 8 (12,5%)

LVDd/ LVDs 50.9/41.4 51.1/40.3 50.8/42.1 0.876

LVEDV biplane (mL) 113.7±35.35 103.4±35.5 120.18±6.36 0.164

LVESV biplane (mL) 62.7±39.59 59.5±21.21 64.4±28.84 0.597

SV (mL) 49.1±19.09 43.36±16.97 52.5±24.48 0.048

TR: PISA (mm) 2D 3.9±3.5 6.8±0.5 1.8±2.5 <0.001

TR: VC (mm) 4.5±4.5 8.4±4.21 1.8±1.91 <0.001

TR: RV diameter (enddiastolic) (mm) 43.4±9.4 48.4±10.15 40.1±7.21 <0.001

TR:ERO(cm²) 2D TTE 0.46±0.56 0.9±0.61 0.1±0.12 <0.001

TASV cm/s 10.3±3.30 8.86±2.63 11.3±3.41 0.005

TAPSE (mm) 17.3±5.05 15.45±4.11 18.5±5.25 0.001

Indication for TOE cardioversion 32 (29.6%) 4 (9,1%) 28 (43.7%)

Valve evaluation (MV, TV, AV) 65 (60.2 %) 40 (91%) 25 (39%)

PFO/ASD 11 (10.1%) 11 (17.2%)

ASD, defect of atrial septum ; BMI, body mass index; ERO, effective regurgitant orifice; LVDd/LVDs, left ventricular diameter diastolic/
left ventricular diameter systolic; LVeDV, left ventriclar end diastolic volume; LVEF, left ventricular ejection fraction; LVeSV, left ventricular 
endsystolic volume; MV, mitral valve; PFO, persistent foramen ovale; PISA, proximal isovolumetric velocity area; RV, right ventricular; 
SV, Stroke volume; TAPSE, tricuspid annular plane systolic excursion; TASV, tricuspid annular systolic velocity; TOE, transoesophageal 
echocardiography; TR, tricuspid regurgitation; TTE, transthoracic echocardiography; TV, tricuspid valve; VC, vena contracta.

Table 2 Average scores of each anatomical structure and final additive score for each view

Anatomical structure

TTE TOE

PLAX PSAX 4 CV SC 4 CV RVIO LMA TG

Tricuspid ring 1.37±0.56 1.33±0.56 2.09±0.66 1.43±0.66 2.42±0.67 2.36±0.72 2.32±0.69 1.38±0.69

Anterior leaflet 1.46±0.70 1.45±0.74 1.72±0.84 1.17±0.43 1.82±0.78 1.79±0.76 1.72±0.75 1.22±0.52

Posterior leaflet 1.31±0.62 1.39±0.73 1.64±0.80 1.14±0.39 2.0±0.86 1.98±0.83 1.87±0.84 1.21±0.49

Septal leaflet 1.27±0.57 1.36±0.66 1.86±0.84 1.11±0.37 1.65±0.71 1.70±0.76 1.69±0.71 1.20±0.50

Coaptation 1.28±0.61 1.35±0.66 1.66±0.84 1.14±0.39 1.52±0.69 1.56±0.74 1.58±0.71 1.23±0.55

Koch triangle 1.78±0.80 1.84±0.81 1.88±0.82 1.04±0.19

Additive score (including 
Koch)

6.72±2.55 6.99±3.07 9.01±3.49 6.0±0.78 11.2±3.52 11.24±3.64 11.07±3.64 7.58±2.77

Additive score (excluding 
Koch)

6.72±2.55 6.99±3.07 9.01±3.49 6.0±0.78 9.43±3.13 9.39±3.17 9.19±3.06 6.25±2.49

4 CV, four chamber view; LMA, long modified axis; PLAX, parasternal long axis; PSAX, parasternal shirt axis; RVIO, right ventricular inflow 
and outflow; SC, subcostal view; TG, transgastric view; TOE, transoesophageal echocardiography; TTE, transthoracic echocardiography.
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triangle had significantly higher scores in 4 CV in TOE 
in patients with relevant TR (p<0.001). Especially in 4 CV 
in TOE all anatomical structures could be better visual-
ised in patients with relevant TR. These results cannot be 
confirmed for other views.

Highest additive scores
Table 4 shows the average additive scores for each view in 
comparison between patients with and without relevant 
TR. The additive score in 4 CV in TOE showed signifi-
cantly better results in patients with relevant TR (12.52 
vs 10.3/p=0.002). Also, average additive scores for TTE 
were non- significantly higher in patients with relevant TR 
compared with those without TR.

Image quality: score distribution in patients with relevant TR
Most patients with relevant TR had at least one view with 
excellent (65%) or sufficient imaging quality (26%). 
Only four patients (9%) had no sufficient score in any 
view.

Only 6 out of 44 patients showed an overall good score 
in all TOE views.

TTE versus TOE
Table 5 shows the results of 4 CV in TTE versus TOE. 
Especially the scores of TVR and PL leaflet were signifi-
cantly higher in TOE than in TTE. Imaging of the SL was 
non- significantly higher in TTE compared with TOE.

DISCUSSION
We aimed to create a score for 3D imaging quality of 
the TV. The score enabled us to compare patients with 
and without relevant TR. 3D TTE and TOE imaging, 
both basic preprocedural examinations are recommend 
by various studies.2 9 10 Patients with insufficient visualis-
ation are not suitable for an interventional procedure. 
Currently, sufficient literature on preferred views for 
certain anatomical structures of the TV is missing.

Imaging of TV compared with mitral valve is much more 
difficult due to less tissue thickness,11 which might lead to 
artefacts in the area of the leaflets. TV interventions can 
be divided into two groups: ‘anulus- based’ and ‘leaflet- 
based’ systems. Anulus- based systems such as Edwards 
cardioband tricuspid systems (Edwards Lifesciences, 
Irvine, California, USA)12 require sufficient visualisation 
of the TV ring. Via transvenous catheter technique, a 
band is attached to the ring from the RA side of the valve, 
aiming to reduce the ring circumference and ensure a 
better coaptation of the leaflets. While the TVR visuali-
sation is crucial, visualisation of leaflets is not necessarily 
needed. Our data show that TVR is easiest to visualise, 
especially in 3D, probably due to thicker tissue and its 
location on the border of the valve with less movement. 
49 of 108 (45%) examined patients had maximum scores 
of three points for single anatomic structures. Regarding 
patients with relevant TR, even more had best scores 
(25/44 in TOE 4 CV). Therefore, most of our patients 
were found suitable for an anulus- based intervention. 
Considering that moderate overall imaging is enough for 
an ‘anulus- based’ intervention, even 91% would be suit-
able. (40/44 in 4 CV in TOE).

The MitraClip XT System (Abbott, Abbott Park, Illinois, 
USA) is the most common ‘leaflet- based’ system.12 13 Via 
transvenous access, a clip that connects two leaflets is applied 
from the right atrial side of TV (edge to edge repair). 
Therefore, imaging of the leaflet edges is crucial. Successful 
grasping of leaflets requires optimal positioning perpen-
dicular to the leaflet edges with enough tissue material in 
the clip, otherwise severe tissue damaging is being risked. 
Imaging of the leaflet edges is much more challenging, due 
to their thickness and permanent movement. It depends on 
the individuals’ imaging quality and can be assessed by our 
score. As all anatomical structures need to be perfectly visual-
ised, only the minority of patients with a high additive score 
appear to be suitable for a ‘leaflet- based’ procedure. Our 
data show that 65% of patients with relevant TR have excel-
lent imaging scores in at least one view. Under the assump-
tion that a single view is not enough, excellent quality in all 
views should be assumed, which we could observe only very 
rarely. Only 6 out of 44 patients showed high scores in each 

Figure 3 Imaging scores for each single anatomical 
structure (maximum of three points) for TTE versus TOEE. 
4 CV, four chamber view; LMA, long modified axis; PLAX, 
parasternal long axis; PSAX, parasternal shirt axis; RVIO, 
right ventricular in and outflow; SC, subcostal view; TG, 
transgastric view; TOE, transoesophageal echocardiography; 
TTE, transthoracic echocardiography.
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view of TOE. The rare overall good imaging quality under-
lines the need for a structured individual screening process 
in preparation for echoguided intervention.

According to our data, the best views for 3D imaging 
of TV were 4 CV in TTE and 4 CV, RVIO and LMA in 
TOE. When scoring each anatomical structure individu-
ally, TVR appears to be the simplest structure to visualise. 
When assessing the leaflets, the PL had best scores in 
TOE, the SL was easier to visualise in TTE. As transgastric 

and SCs have lowest scores, the data indicate that these 
views are not suitable for 3D imaging. This does not imply 
that 2D data sets are not helpful for intervention steering.

Interestingly, we could identify that the 4 CV in TTE 
delivers scores comparable to the ones in TOE. All other 
views are inferior to 4 CV. To evaluate coaptation of leaf-
lets and define relevant gaps, TTE 4 CV appeared even 
superior to TOE. TOE, however, was superior for the eval-
uation of the single leaflets, ring and Koch’s triangle.

Table 3 Comparison of anatomical single structure scores between patients with relevant TR and without relevant TR in TOE 
views

Anatomical structure

TOE views

4 CV RVIO LMA TG

Tricuspid ring

  Without relevant TR 2.29±0.67 2.28±0.74 2.25±0.68 1.40±0.65

  With relevant TR 2.61±0.61 2.47±0.65 2.43±0.69 1.34±0.73

  P value 0.01 0.15 0.18 0.64

Anterior leaflet

  Without relevant TR 1.67±0.75 1.70±0.74 1.57±0.68 1.20±0.47

  With relevant TR 2.04±0.76 1.91±0.76 1.93±0.78 1.25±.57

  P value 0.01 0.17 0.02 0.65

Posterior leaflet

  Without relevant TR 1.80±0.88 1.92±0.85 1.79±0.83 1.20±0.47

  With relevant TR 2.20±0.76 2.07±0.78 1.97±0.84 1.22±0.51

  P value 0.02 0.36 0.27 0.81

Septal leaflet

  Without relevant TR 1.57±0.72 1.70±0.76 1.65±0.69 1.18±0.49

  With relevant TR 1.77±0.67 1.70±0.75 1.75±0.74 1.22±0.51

  P value 0.15 0.99 0.51 0.69

Coaptation

  Without relevant TR 1.40±0.65 1.53±0.75 1.50±0.68 1.21±0.54

  With relevant TR 1.70±0.69 1.61±0.71 1.70±0.72 1.25±0.57

  P value 0.02 0.56 0.15 0.78

Koch triangle

  Without relevant TR 1.5 ±0.72 1.82±0.80 1.77±0.79 1.01±0.12

  With relevant TR 2.16±0.76 1.86±0.81 2.09±0.82 1.07±0.24

  P value 0.001 0.82 0.03 0.31

4 CV, four chamber view; LMA, long modified axis; RVIO, right ventricular inflow and outflow; TG, transgastric view; TOE, transoesophageal 
echocardiography; TR, tricuspid regurgitation.

Table 4 Comparison of additive scores of patients with relevant TR and without relevant TR

View

TTE TOE

PLAX PSAX 4 CV SC 4 CV RVIO LMA TG

Patients with relevant TR 7.45±3.53 7.89±3.45 10.00±2.83 6.06±1.94 12.52±3.33 11.53±3.37 11.89±3.46 7.39±2.87

Patients without relevant TR 6.43±0.70 6.37±2.63 8.28±1.41 6.01±1.94 10.33±3.39 11.03±3.84 10.55±3.76 7.21±2.36

P value 0.021 0.014 0.013 0.698 0.002 0.485 0.073 0.769

4 CV, four chamber view; LMA, long modified axis; PLAX, parasternal long axis; PSAX, parasternal shirt axis; RVIO, right ventricular inflow 
and outflow; SC, subcostal view; TG, transgastric view; TOE, transoesophageal echocardiography; TR, tricuspid regurgitation; TTE, 
transthoracic echocardiography.
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Since there was a correlation between the extent of TR 
and imaging quality, we hypothesised that enlarged right 
ventricles and right atriums, the state of decompensation 
and fluid overload might enable a better view onto the 
TV. Hahn 7 postulated that due to the anterior position 
of the right heart, 3D TTE might be equal or even better 
than 3D TEE.9 Our findings confirm similar scores for 
the 4 CV in TTE. Furthermore, SL and coaptation may be 
easier to visualise in TTE. For all other anatomical struc-
tures, there is a clear advantage for TOE imaging.

Our study is a first approach in order to standardise 
imaging quality and enable comparability. The proposed 
score enables to measure image quality, an important 
prerequisite for carrying out an interventional treatment. 
We identified TVR and PL as easiest to visualise.

In summary, the score may help decide whether a 
patient is suitable for an echocardiography- guided inter-
vention. Moreover, the score may help identify which 
procedures appear feasible in which patient. Using the 
score offers a standardised approach to examine the 
tricuspid valve and its anatomical structures.

Limitations
The average additive scores reflecting overall visibility of 3D 
TTE imaging were, except of the ones for 4 CV, very low. 
As all patients were planned for TOE with application of 
sedative, TTE was performed in a bedside setting. Usually, 
TTE is performed on special examination tables, which is 
crucial for excellent imaging. 3D acquisition depends on an 
excellent 2D image, which might be more difficult to obtain 
in this setting. Furthermore, tricuspid interventions are 
performed in general anaesthesia on the back which might 
change imaging quality again. Despite standardised exami-
nations interobserver variability cannot be excluded. Repro-
ducibility of the score by different examiners still needs to 
be investigated. The results need to be confirmed in a larger 
patient cohort and should be evaluated for interobserver 
and intraobserver variability.

CONCLUSION
TVR and PL achieve the highest scores and are therefore 
statistically easiest visualised in 3D TV imaging. This means 
that a ring- based intervention is suitable for more patients 
with relevant TR from an echo point of view. In order to 
screen patients for interventional treatment, a structured 
examination of the TV is necessary, which is achieved by 
applying the score. The score makes the subjective field of 
echocardiography more objective and comparable.
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Table 5 Comparison of mean scores of each anatomical structure in 4 CV in TTE and TOE in all patients

Anatomical structure Ring Septal leaflet Anterior leaflet Posterior leaflet Coaptation

Mean score TTE 2.09+0.66 1.86+0.84 1.72+0.84 1.64+0.80 1.66+0.84

Mean score TOE 2.42+0.67 1.65+0.71 1.82+0.78 2.0+0.86 1.52+0.69

P value 0.0003 0.05 0.564 0.001 0.186

4 CV, four chamber view; TOE, transoesophageal echocardiography; TTE, transthoracic echocardiography.
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