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Abstract

Introduction: In human heart, right atrio-ventricular orifice is guarded by tricuspid valve, which lies at the
junction of right atrium and right ventricle of the heart controlling and directing unidirectional blood flow
during ventricular diastole. Irreparable damage to tricuspid valve calls for its replacement using prosthetic
valves. Prosthesis of these synthetic valves need detail knowledge of tricuspid orifice. In present study an
attempt was made to study the dimensions of tricuspid orifice.

Materials and Method: The present work was done by dissecting 42 formalin fixed adult human hearts. The sex
of human was not considered.

Tricuspid orifice was cut opened in these specimen and following measurements were taken (a) circumference
of annulus of tricuspid valve (b) diameter of tricuspid valve in two vertically perpendicular plane.

Results: The circumference of the tricuspid valve annulus ranged from 7.9 c¢cm to 12cm, average was 9.7
cm£1.029 and median -9.5cm. The diameter measured in two separate perpendicular planes at maximally
separated points ranged from 1.3 cm to 4.5cm. In one plane, mean diameter was 2.1+0.43cm and median was
2cm. In second plane, mean diameter was 3.03£0.54cm and median was 2.9cm.

Conclusion: These data may be useful in designing the prosthetic valves.
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I.  Introduction

Rapid progress in the field of interventional cardiology has caused research in the field of
morphometry of the heart to be in constant demand. The heart is a pair of valved muscular pump combined in a
single organ (1). Despite intense interest in cardio anatomy there are many issues to be examined with great
care. The problem of the morphology of the atrio-ventricular orifice is still an open question. The tricuspid valve
orifice is best seen from the atrial aspect. It is roughly triangular, its margins are described as anterosuperior,
inferior and septal, corresponding to the lines of attachment of valvular cusps. The tricuspid valve guards the
right atrio-ventricular orifice. It has three, roughly triangular shaped cusps that projects into the right ventricle -
anterior (superior), posterior (inferior) and septal. The tricuspid valvular complex comprises of the following:
orifice and its associated annulus, 3 leaflets, supporting tendinous cords and papillary muscles. Harmonious
interplay of all these together with the atrial and ventricular myocardial masses depends on the conducting
tissues and the mechanical cohesion provided by the fibro-elastic cardiac skeleton (1). The AV valve develops
from the excavation of the supporting ventricular myocardium (2). The tricuspid valve is more differentiated
during evolution than the mitral valve (3, 4,5, 6)

According to Silver et al (1971) (7) — Circumference of tricuspid valve annulus measures around
11.4cm (114 + 11mm) in males and 10.8cm (108 + 13mm) in females and is best seen from its atrial aspect. It is
roughly triangular and its margins are described as antero-superior, inferior and septal corresponding to the lines
of attachment of the valvular leaflets. The dynamic progress in therapeutic and diagnostic cardio invasive
procedure implies a marked rise in interest in studies of cardiac anatomy and it is reasonable therefore to resume
research on the tricuspid valve. Primary valve replacement of tricuspid valve is preferred to valve repair in
extensive tricuspid valve destruction as a result of acute endocarditis (Lange et al. 1996)(8). However
knowledge and interest in tricuspid valve has always lagged behind that of mitral valve (9, 10, 11) The work on
normal dimensions of tricuspid valve is surprisingly scanty. Hence this work will be of great help for both the
anatomist as well as cardiac surgeons.

Il.  Materials and methods
The present work was carried out in department of Anatomy, Rajendra Institute of Medical Sciences
(RIMS), Ranchi, Jharkhand. This work was done by dissecting 42 formalin fixed adult human hearts. The sex of
human was not considered.
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Instruments used
Disposable gloves, scissors, a pair of toothed forceps, a pair of plane forceps, malleable aluminum
wire, a pair of dividers, ruler, digital camera

Collection of specimens

he adult human hearts were obtained by dissecting formalin fixed cadavers allotted to the
undergraduate medical students of department of anatomy, RIMS, Ranchi, Jharkhand. Few human hearts, used
earlier by a senior post graduate student of RIMS, for his dissertation work on coronary arteries were also
utilized for the present study. Some of the hearts were also collected from the Department of forensic medicine
and toxicology, RIMS, Ranchi.

Method of dissection of already removed hearts

Dissection was performed according to the standard techniques as mentioned in Cunningham’s manual
of practical Anatomy volume 2.
Exposure of tricuspid valve

To expose the tricuspid valve, incision was begun at the inferior vena cava with scissors and cut into
the right atrium staying about 0.5 to 1 cm above the tricuspid valve annulus. Blood clots if present were washed
out from the atrial chamber.

he circumference of the tricuspid valve was measured with the help of a malleable aluminum wire. The
wire was placed along the boundary of the annulus conforming to its shape and is marked were the ends of the
wire meet and then measured with a ruler, after it was straightened. The method of measurement is shown in
Figure 1. The values were noted and tabulated. The diameter of the tricuspid valve annulus were measured in
two separate perpendicularly oriented planes, at the maximally separated points using a pair of divider with fine
points and ordinary ruler with subdivision of 0.1 cm. The method of measurement is shown in Figure 2.The
parameters applied for analysis of the values are —Mean + Standard deviation and Median.

I11.  Results
Studies were done under following headings —a) Circumference of the tricuspid valve annulus b) Diameter of
tricuspid valve annulus in two separate perpendicularly oriented planes at maximally separated points.

Circumference of the tricuspid valve annulus

In present study, the circumference of the tricuspid valve annulus ranged from 7.9 cm to 12cm,
maximum circumference was 12 cm, minimum circumference — 7.9 cm, average circumference — 9.7 cm,
standard deviation — 1.029and median — 9.5 In 19.04 % of cases the circumference of the tricuspid valve annulus
ranged from 7.6 to 8.5cm, in 28.6 % of cases the circumference ranged from 8.6 to 9.5cm, in 28.6 % of cases it
ranged from 9.6 to 10.5cm, in 21.4 % of cases it ranged from 10.6 to 11.5cm and in 2.38% of cases the
circumference ranged from 11.6 to 12.5cm.

Diameter of the tricuspid valve annulus

The diameter of the tricuspid valve annulus was taken in two separate perpendicularly oriented planes
at the maximally separated points. It ranged from 1.3 cm to 4.5cm.Diameter in 1% plane Maximum Diameter
was 3.4cm, Minimum Diameter — 1.3 cm, Mean Diameter — 2.1 ¢cm, Standard Deviation — 0.43and Median - 2
Diameter in 2" plane Maximum Diameter — 4.5cm, minimum Diameter — 1.9 cm, mean Diameter — 3.03cm,
Standard Deviation — 0.546 and Median — 2.9. In  20.2% of cases the diameter ranged from 1.0 to 1.9cms, in 50
% of cases it ranged from 2.0 to 2.9cms, in 26.1 % of cases it ranged from 3.0 to 3.9cms and in 3.57% of cases it
ranged from 4.0 to 4.9cms.
Graph no.1 and Graph no. 2 shows the percentage of cases having circumference and diameter in following
range respectively.
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Discussion

The tricuspid valve is a heterogeneous structure and is of great clinical importance because of the
progress made in the operative techniques and invasive cardiac surgery including the partial transfer of the
posterior leaflet of the tricuspid valve for repair of mitral valve (12, 13) tricuspid replacement (14, 15),
complications after heart transplantation (16), invasive cardiology(17) and valvuloplasty(18). The tricuspid
valve is often called the “forgotten valve” or “lost valve” because it is relatively understudied relative to the
other cardiac valves. Hence the present study was done to serve the above mentioned purposes. Louis et al in
1971(19) suggested that the accurate knowledge of the structure of the valves in the human heart in humans is of
prime importance for 3 very practical reasons — a) The various anatomical peculiarities in the valve leaflets
suggest an explanation for at least some of the mechanical components entering into the localization of
inflammatory, as well as degenerative (atherosclerotic) processes in these sites. b) The insight into the
pathological processes thus obtained helps one differentiate these lesions from one another. ¢) One is better able
to cope with the long disputed question as to whether or not blood vessels or myocardium normally exist in
valves. There can be marked variation in the anatomy of normal tricuspid valve complex, which must be
understood to differentiate it from pathological malformation.

IV.  Circumference

Tei C et al in 1982(20) conducted a study on the size and motion of tricuspid valve annulus in normal
subjects and patients with tricuspid regurgitation. They found that the mean maximum annular circumference
and area were 11.3+0.9 cm and 11.3+1.8cm? in normal subjects. They were significantly greater in tricuspid
regurgitation. For anatomical correlations, measurements of the tricuspid annular circumference were made at
autopsy in 18 hearts without underlying valvular disease. The annular circumference was measured in fresh and
fixed state. The measurement in fresh state was 13.5+0.8cm and in fixed state was 12.0+0.8 cm. The values
measured in fixed state were more similar to measurements obtained by echocardiography in a group of normal
subjects. In 1971, Silver et al (7) reported tricuspid valve circumference to be 11.4+1.1cm in males and
10.8+1.3cm in females. Motabagani in 2006(8), in his study of 40 human tricuspid valves has found that the
circumference of tricuspid valve ranged from 11.8 to 13.9 cm in men and 11.3 to 12.4cm in females.

In a study conducted on 96 human hearts by Skwarek M et al, in 2008 (11), the circumference of the
tricuspid valve ranged from 10.72+1.67cm t012.09+2.09cm in men and from 10.40+1.67cm t011.07+£1.43 in
women. R. Kalyani et al in 2012(21) found that the circumference of the tricuspid valve ranged from
8.93+0.7cm to 10.7+1.06cm in males and from 8.59+0.67cm to 10.4+0.5cm in females. In present study, the
circumference of the tricuspid valve annulus was as follows:

Range — 7.9 to 12cm, maximum circumference — 12 cm, minimum circumference — 7.9 cm, average
circumference — 9.7 +1.029cm, median — 9.5. In 19.04 % of cases the circumference of the tricuspid valve
annulus ranged from 7.6 to 8.5cm, in 28.6 % of cases the circumference ranged from 8.6 to 9.5cm, in 28.6 % of
cases it ranged from 9.6 to 10.5cm, in 21.4 % of cases it ranged from 10.6 to 11.5cm and in 2.38% of cases the
circumference ranged from 11.6 to 12.5 cm.

Table no. 1: Comparison of the circumference of tricuspid valve annulus with other studies.

Sl. Studies Circumference of TV annulus

No. (in cms)

1 Present study 9.7£1.029cm

2 Tie C. et al(1982) 11.3+0.9

3 Silver et al(1971) 11.4+1.1cm in males
10.8+1.3cm in females.

4 Motabagani ( 2006) 11.8t0 13.9 cm in males
11.3 to 12.4cm in females.
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5 Skwarek M et al( 2008) 10.7 to 12.0 cm in males
10.4 to 11cm in females

6 R. Kalyani et al (2012) 8.9 to 10.7cm in males
8.5 t010.4 cm in females

V.  Diameter

In 1994 Singh B and Mohan J.C(22) determined the atrioventricular orifice area in 78 healthy subjects
aged 2 months to 50 years, by cross sectional and Doppler echocardiography to establish normal values and
their relationship with body surface area. Mitral valve orifice area was determined (i) by direct planimetry which
was 3.37+1.13cm?, the range being 0.52- 5.6cm? and (ii) by continuity equation by which the area was
3.62+1.08cm? the range being 0.66-7.2cm2. Tricuspid valve orifice area (4.07+1.5cmz; range: 0.62—7.20) and by
continuity equation had a close correlation with mitral valve orifice area(r-0.76, p<0.001). Mitral and tricuspid
valve orifice areas were significantly correlated to body surface area (r- 0.85 and 0.77 respectively), left and
right ventricular outflow diameters (r=0.90 and 0.79) respectively), and age (r=0.70 and 0.61 respectively).
These data provide normal values for AV valve orifice area in normal subjects with a wide range of body
surface area and support the practice of indexing valve area by body surface area. In 2005, John F. Secombe et
al (23) studied the quantitative morphological study of the normal human tricuspid valve at autopsy of 24 cases
and found that the mean tricuspid valve diameter was 2.13+£0.03cm. In the present study, the diameter of
tricuspid annulus in two separate perpendicularly oriented planes at maximally separated points: Range of
diameter — 1.3 to 4.5cm Diameter in 1% plane Maximum Diameter — 3.4cm, minimum diameter — 1.3 cm, mean
diameter — 2.1 cm, standard deviation — 0.43, median 2 Diameter in 2™ plane Maximum Diameter — 4.5cm,
minimum diameter — 1.9 cm, mean diameter — 3.03cm, standard deviation — 0.546 median — 2.9 In  20.2% of
cases the diameter ranged from 1.0 to 1.9cms, in 50 % of cases it ranged from 2.0 to 2.9cms, in 26.1 % of cases
it ranged from 3.0 to 3.9cms and in 3.57% of cases it ranged from 4.0 to 4.9cms.

Table no. 2: Showing comparison of diameter of tricuspid valve annulus with other studies.

Sl. No. Studies Diameter of TV annulus(in cm)
1. Present study 2.1+0.43(D1)
3.03+0.546(D2)
2. Gray’s Anatomy 3.43103.63
3. Singh B and Mohan JC(1994) 2.26
4. John F. Secombe et al(2004) 2.13+0.03

VI.  Conclusion

The anatomy of tricuspid valve complex is highly sophisticated, but accurate knowledge of its a
morphology and morphometry is extremely important, not only to understand the normal function of valves but
also to improve our understanding of the pathophysiological mechanism underlying the various tricuspid valve
diseases and potentially suggest ways to improve surgical treatment related to it. From the above result it is
concluded that this study will be helpful to the cardiovascular surgeons as there is little data available on
morphometry of tricuspid valve. These data may be helpful in designing the prosthetic valves for replacement of
extensively damaged tricuspid valve.
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Fgure No.2: Showing method of measurement of diameter of Tricuspid valve annulus.
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