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Surgical anatomy of the tricuspid valve
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SUMMARY

The aim of this study was to describe danger
zones between the tricuspid annulus and the
coronary sinus and the right coronary artery to
be considered during tricuspid interventions.
Methods: 36 heartsfromhumanadultcorpseswere
dissected. We measured the distance between
the middle third of the anterosuperior (anterior)
leaflet to the right coronary artery (distance 1),
between the anteroinferior (anteroposterior)
commissure to right coronary artery (distance 2),
between the middle third of inferior (posterior)
leaflet to the right coronary artery (distance 3)
and between the middle third of the septal leaflet
to the ostium of the coronary sinus (distance 4).
Distances were compared between right and left
coronary dominance. The average distance 1
was 5,32 mm (1-11 mm), the average distance 2
was 3,07 mm (0.5-7 mm), the average distance
3 was 2,53 mm (0.5-12 mm) and the average
distance 4 was 8,55 mm (2.5-18 mm). 31 hearts
had right dominance, 4 left dominance and 1 co-
dominance. We found no statistically significant
differences between hearts with right and left
coronary dominance at either D1 (5.26+2.55 mm
vs 6.62+1.80 mm, p=0.213) or D4 (8.55+3.91
mm vs 11.62+0.95 mm, p=0.064). The highest
risk area of injuring the right coronary artery
corresponds to the posterior annulus (distance 3).
In hearts with left dominance, tricuspid annulus

has a safer distance to the right coronary artery
and coronary sinus and therefore may present a
lower risk of right coronary artery involvement in
surgical and endovascular procedures.
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INTRODUCTION

Tricuspid valve (TV) disease can manifest
itself in three different ways: stenosis, primary
regurgitation, and secondary regurgitation.
Secondary tricuspid regurgitation (TR) is the
most common tricuspid valve pathology and
responds to right ventricular (RV) dysfunction due
to pressure or volume overload in the presence
of structurally normal leaflets. Most patients who
undergo tricuspid valve interventions do so during
concomitant mitral or aortic valve intervention
or myocardial revascularization (Vassileva et al.,
2012).

Although surgery is still the gold standard
for tricuspid treatment,
interventional procedures are currently under
way for high-risk patients (Campelo et al,
2017). In order to avoid the inherent risks in
these procedures, it is essential to achieve a
comprehensive knowledge of the anatomy of the
valve and its main relationships, mainly with the

valve corrective
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atrioventricular node (NAV), right coronary artery
(RCA) and the ostium of the coronary sinus (CS).

Our aim was to describe zones of proximity (and
danger) between the tricuspid annulus and the CS
and the RCA in order to consider during tricuspid
interventions.

MATERIALS AND METHODS

Anatomical approach

The material used to carry out this work
was donated under a written consent to the
Department of Anatomy.

An observational descriptive anatomical study
was performed using 36 hearts from human adult
corpses previously fixed in formaldehyde solution.
The age of the corpses was in the range from sixty-
five to seventy-five. The donors were patients
without cardiac pathology. We excluded from the
sample any donors with cardiac pathologies.

The chest was approached through a bilateral

para-median lateral thoracotomy, and the
cardiopulmonary block was subsequently
removed. An inverted “T” pericardiotomy

was performed. The heart was released after
sectioning of the intrapericardial pulmonary
veins, vena cava, and supra-aortic vessels. Once
the heart was released, the right atrium was
approached through a right cava-cava atriotomy,
and the incision was extended parallel to the
tricuspid ring. Location and branches of the RCA
were identified.

Measurements were taken from the atrial side of
the middle third of the anterosuperior (anterior)
leaflet, the (anteroposterior)
commissure, the middle third of the inferior
(posterior) leaflet and the middle third of the
septal valve (Fig. 1).

anteroinferior

The following distances were recorded: 1)
Distance 1 (D1) — shortest distance from the

Fig. 1.- Schematic representation of the tricuspid valve (atrial view) in relation with the right coronary artery, and the coronary sinus. SL: Septal
Leaflet. AL: Anterosuperior Leaflet. IL: Inferior Leaflet. CS: Coronary Sinus. RCA: Right Coronary Artery. 1: distance 1. 2: distance 2. 3: distance 3. 4:

distance 4.



middle third of the anterosuperior leaflet to
the RCA; 2) Distance 2 (D2) — shortest distance
from the anteroinferior commissure to the RCA;
3) Distance 3 (D3) — shortest distance from the
middle third of the inferior leaflet to the RCA;
4) Distance 4 (D4) — shortest distance from the
middle third of the septal leaflet to the ostium of
the coronary sinus (Figs. 1, 2 and 3).

Coronary dominance was defined as the
coronary artery which gave rise to the posterior
descending artery (Knaapen et al., 2013). In hearts
with left dominance, it was not possible to take
the measurement in relation to the anteroinferior

commissure and inferior leaflet (Distance 2 and
Distance 3).

Distances were compared in specimens with
left and right coronary dominance using Mann-
Whitney U test.

All measurements were made with a numerical
millimeter caliper and by the same observer.
Continuous variables were expressed as mean,
range (minimum-maximum) and standard
deviation (SD). Categorical variables as absolute
numbers and %. P-value < 0.05 was considered
significant.

Fig. 2.- Atrial view of the tricuspid valve. SL: Septal Leaflet. AL: Anterosuperior Leaflet. IL: Inferior Leaflet. Arrows indicate the points of measure be-

tween the annulus to the right coronary artery.
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Fig. 3.- Atrial view of the tricuspid valve in cadaveric piece. Pattern of Left dominance. SL: Septal Leaflet. AL: Anterosuperior Leaflet. IL: Inferior
Leaflet. CS: Coronary Sinus. RCA: Right Coronary Artery. Arrows indicate the points of measure between the annulus to the Coronary Sinus, and the

annulus to Right Coronary Artery.

RESULTS

Of the 36 hearts, 31 presented right dominance
(86.1%), 4 left dominance (11.1%) and 1
codominance (2.8%).

Mean D1 was 5.32 mm (1-11 mm), D2 was 3.07
mm (0.5-7 mm), D3 was 2.53 mm (0.5-12 mm)
and D4 was 8.81 mm (2.5-18 mm) (Table 1).

In hearts with right coronary dominance,
mean D1 was 5.26 mm (1-11 mm) and standard
deviation (SD) was 2.55, D2 was 3.06 mm (0.5-7
mm) and SD was 1.66, D3 was 2.53 mm (0.5-12
mm) and SD was 2.26, D4 was 8.55 mm (2.5-18
mm) and SD was 3.9 (Fig. 4).

In hearts with left coronary dominance, mean
D1was 6.62mm (4-8 mm) and SDwas 1.80,D2 and
D3 was not possible to obtain in this dominance
pattern. Mean D4 was 11.62 mm (11-13 mm) and
SD was 0.95 (Fig. 4).

In the only case of codominance, mean D1 was 2
mm, D2 was 3.5 mm, D3 was not possible to obtain
in this dominance pattern. Mean D4 was 5.5 mm.

We found no statistically significant differences
between hearts with right and left coronary
dominance at either D1 (5.26+2.55 mm Vs
6.62+1.80 mm, p=0.213) or D4 (8.55+3.91 mm vs
11.62+0.95 mm, p=0.064) (Table 2).

DISCUSSION

Tricuspid regurgitation (TR) is one of the most
common manifestations of valvular heart disease
(VHD) and may affect 65-85% of the population.

Primary TR implies pathology of the tricuspid
valve (TV) complex and may be of rheumatic,
degenerative, congenital, infectious, traumatic,
or iatrogenic (usually secondary to pace- maker
leads) origin. Secondary (or functional) TR is
the most prevalent tricuspid pathology and
related to right ventricular (RV) dilatation and/



or dysfunction, annular dilatation, and leaflet
tethering, which are, in turn, usually secondary
to left-sided VHD (especially affecting the
mitral valve), atrial fibrillation or pulmonary
hypertension (Antunes et al., 2017).

The TV annulus is part of the fibrous skeleton
of the heart and has important anatomical
relationships with the atrioventricular node, the
RCA and with the ostium of the CS. A profound and
extensive knowledge of its relations is imperative
for anyone intervening on the TV in order to avoid
serious complications. Our investigation has
shown that the area of greatest risk for injury to
the RCA is at the anterior-inferior commissure as
well as the middle of the inferior leaflet. Using a

clockwise system, with O corresponding to half
of the anterior annulus, the area of greatest risk
for injuring the RCA is the zone between 4 and 6
o’clock (Figs. 5 and 6). This risk might be higher
for patients with right coronary dominance.

The relationship of the RCA with the annulus
acquires importance for the
interventional approach of the TV. The RCA runs
through the right atrioventricular sulcus and gives
rise to the posterior descending artery in 85-90%
of cases (Knaapen et al., 2013) (right dominance).
It has been described that, in right dominance,
the RCA has closer relationship with the tricuspid
annulusbutthereislimited information regarding
the minimum safety distance (Dahou et al., 2019).

surgical and

Table 1. Distance between the tricuspid annulus and the right coronary artery and coronary sinus (n=31).

N Mean
Distance 1 (mm) 36 5,32
Distance 2 (mm) 32 3,07
Distance 3 (mm) 31 2,53
Distance 4 (mm) 36 8,81

Minimum Maximum SD

1,00 11,00 2,52
,50 7,00 1,64
,50 12,00 2,26
2,50 18,00 3,80

Fig. 4.- Mean distance (in millimeters and standard deviation) between the tricuspid annulus and right coronary artery (RCA), and coronary sinus.
Distance 1: distance of the middle third of anterosuperior leaflet to RCA. Distance 2: distance of the anterior-inferior commissure to RCA. Distance 3:
distance of the middle third of inferior leaflet to RCA. Distance 4: distance of the middle third of septal leaflet to CS.
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Table 2. Distance comparison between hearts with right and left dominance (n=35).

Right (n=31)

5.26 (2.55)
Distance 1 (mm)(SD)

6.62

8.55(3.91)
Distance 4 (mm)(SD)

11.62

When the heart has a left dominance, the RCA is
smaller because it supplies a smaller proportion
of myocardial tissue and has a shorter course. In
our study, 86.1% of dissected hearts presented
right dominance, 11.1% left dominance and 2.8%
co-dominance, which were similar to other series
(Angelini et al., 2002; Knaapen et al., 2013). We
found that when there is left dominance, the RCA
ends early and therefore has no relationship to
the inferior leaflet.

Dahou et al. (2019) describes that the distance
of the RCA at the proximal level is relatively

Left (n=4) p
6.62 (1.80) 0.213
1.80

11.62 (0.95) 0.064
.95

distant from the tricuspid annulus, and gradually
approaches the endocardial surface, acquiring at
a lower level a distance of less than 3 mm. Sellke
and Ruel (2019) mentions that the RCA runs
through the AV groove from the anterior to the
posterior annulus, and may be injured by deep
stitches at the level of the annulus.

Data derived from previous anatomical studies
and evaluations performed with computed
tomography (CT) are very similar to our results.
Buzzatti et al. (2018), using 44 normal human
hearts, reported that the RCA had an average

Fig. 5.- Schematic representation of the tricuspid valve of (atrial view) in relation with the right coronary artery, and the coronary sinus. Clockwise
system, with the clock being the tricuspid ring, and 0 o’clock half of the anterior annulus. SL: Septal Leaflet. AL: Anterosuperior Leaflet. IL: Inferior
Leaflet. CS: Coronary Sinus. RCA: Right Coronary Artery. Red zone, the greatest risk area.



distance to the tricuspid annulus, which was
greatest at the anterosuperior leaflet (6.8 mm)
and shortest at the posterior annulus (2.1 mm).
Van Rosendael et al. (2017) evaluated 250 patients
with CT and reported a distance from the RCA to
the anterosuperior leaflet of the tricuspid valve
of 8.844.5 mm and to the inferior leaflet 3.6+3.4
mm.

Antunes et al. (2017) describe the management
of the tricuspid valve regurgitation. They specify
the surgical techniques, and describe that, in
annuloplasty techniques, sutures must be placed
in the annulus, 1-2 mm beyond the leaflet hinge
line to avoid the adjacent aortic valve and right

coronary artery, and the last sutures should be
placed in the anteroseptal commissure (right
fibrous trigone) and in the middle of the septal
annulus to avoid injury to the bundle of His. They
describe that in the tricuspid valve replacement
accurate prosthesis sizing is essential to prevent
distortion of the right coronary artery.

Schofer et al. (2015) report the first human
transcatheter tricuspid valve repair with a
Mitralign system. Theydoaplicationoftheannulus
and bicuspidizing the tricuspid valve at the level of
the postero-anterior commissure. They consider
that the position of the radiofrecuency wire to
carry out this procedure must be positioned

Fig. 6.- Atrial view of the tricuspid valve. Pattern of Right dominance. SL: Septal Leaflet. AL: Anterosuperior Leaflet. IL: Inferior Leaflet. AA: Atrial Ap-
pendage. RCA: Right Coronary Artery. Red triangle represents the greatest risk area.
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2-5mm from the base of the leaflet and within the
annulus directed toward the right atrium to avoid
the right coronary artery perforation.

Taramasso et al. (2019), in the International
TriValve Registry, report that 312 patients
with severe or greater symptomatic tricuspid
regurgitation (TR)
tricuspid valve intervention (TTVI). Thirty-day
mortality was 3.6%, and the mayor adverse
events at 30 days were 10.3%, including 2 acute
myocardial infarctions requiring right coronary
artery stenting (0.7%). They do not specify
whether this was because of compromise or
distortion of the right coronary artery.

underwent transcatheter

latrogenic damage to the RCA is a rare
complication that has serious consequences if
not diagnosed and treated early. RCA may be
damaged directly during surgery when placing
sutures in the tricuspid annulus or indirectly by
tightening the tissues located in its closeness.
In patients with right coronary dominance, RCA
lesions are more frequent at the mid-distal level
(Gotor et al., 2018). As we have shown, it is at this
point where the artery has its closest relationship
with the annulus.

Diez-Villanueva et al. (2014) reviewed their
experience regarding direct injury to the RCA
related to TV repair in patients with functional
TR. Between 2005 and 2012, 499 patients
underwent TV surgery, and repair techniques
were performed in 450. Direct injury to the RCA
complicated 4 of those 450 repair operations. All
the patients had critical or sub-occlusive stenosis
at the level of the mid or distal portions of the RCA.
Diez-Villanueva et al. (2014) comment that the
distance between the RCA and the endocardium
is particularly small in those areas closest to the
tricuspid annulus, especially in the cavotricuspid
isthmus in the lower right atrium, with a distance
lessthan 5 mm in over 80% of patients. They define
a danger zone at the level of the anteroposterior
commissure, and risk of RCA occlusion may be
minimized by using semirigid rings, applying
fewer sutures along the posterior annulus, and
avoiding applying the stitches to the atrial wall.

The topography of the iatrogenic damage of the
RCA is concordant with our results, in which the

shortest distance of the RCA to the annulus is in
the posterior annulus.

We did not find any reference regarding injury
to the coronary sinus during interventional
procedures on the TV (Taramasso et al., 2019).
Nonetheless, there are few patients in whom TV
devices have been implanted percutaneously,
which could explain the scarcity of this report.
According to our data, the distance between the TV
annulus and the CS is quite safe in hearts with left
dominance. In hearts with right dominance, this
distance is shorter and therefore might represent
an issue to consider during TV intervention
planning.

Limitations

Measurementswere performedonformaldehyde
fixed hearts, which dehydrates the tissues and
can determine alterations in the measurements
with respect to fresh or living tissues. We must
also consider that the measurements taken were
analyzed only in the transversal plane, with no
measurements of the ring being made to the RCA
in the vertical plane. We were not able to identify
the sex of each of the samples (cadaveric samples
are not identified), and therefore our data do not
allow to consider differences between males and
females.

CONCLUSIONS

Anatomic relationships of the TV annulus with
the RCA and CS are important in order to avoid
its injury during interventional procedures. The
highest risk area of injuring the RCA corresponds
to the posterior annulus. TV annulus in hearts
with left dominance have a safer distance to the
RCA and CS and therefore may present a lower risk
of RCA involvement in surgical and endovascular
procedures. The anatomical knowledge of the
tricuspid valve and its relationships are essential
to reduce complications during surgical and
endovascular procedures.
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