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Purpose— To assess anatomical characteristics of the
aortic valve, so that they may be useful in diagnostic
situations and surgical treatment.

Methods — The study analyzed 100 healthy fixed
human hearts; 84% of them obtained from males, 61% of
them from Caucasian individuals. The ages of the indivi-
duals ranged from 9 to 86 years (mean 30+15.5 years). The
characteristics assessed related to age, sex, and race were
the following: number and height of the cusps, size of the
lunulae, internal and external intercommissural distance,
position of the coronary ostium in relation to the aortic
valve, position of the ventricular septum in relation to the
aortic valve, thickness of the cusps.

Results — All hearts assessed had a tricuspidal aortic
valve. In regard to the height of the cusps and size of the
lunula, the left coronary cusp was larger, followed by the
right coronary cusp and the noncoronary cusp. The
internal and external intercommissural distances had
mean values of 24.6x5. 7mm and 19.7+7mm, respectively.
In regard to the position of the coronary ostia, in one
heart two ostia emerged from the left coronary sinus, and
in another, the ostium was supracommissural. The mean
diameter of the aortawas 21.8+3.6mm, and there were no
significant sexual or racial differences, but the diameter
increased progressively with the increase in age. The
thickness of the cusps did not show any significant
difference in the 3 points assessed.

Conclusion — The aortic valve annulus did not show
a perfect circumference, with some variations in the mea-
surements of the annulus, in the cusps and in the relation
with the ventricular septum.
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In recent decades, some events haveincreased the
interest in the anatomy of the heart, one such event being
theincreasingly frequent use of conservative surgical
techniques for repairing or replacing cardiac valves.
Thromboembolic complicationsin the mechanical pros-
theses, aswell asruptures, restenosesand calcificationsin
the bioprostheses, are the major causes of morbidity and
mortality in patientsundergoing valvar replacement. This
showsthat, despite the great technol ogical evolution and
constant studies, an ideal substitute for the natural valve,
either mechanical or biological, providinglongevity andlow
thrombogenicity, is yet to be found *-*. Because of that,
conservative techniques have been progressively used in
patientswith valvopathiesin anumber of centers®. Thus,
the interest in the morphology of cardiac valves, which
during the 60’ sand 70" swas limited to the pathol ogical
features due to the large number of valvar replacements,
was extended. The more accurate knowledge of normal
anatomy began to play animportant rolein the success of
valvoplasties, asmany decisionsduring surgery are based
onthevisual assessment of thechanges. Detailed knowl ed-
ge of the anatomical characteristics of the aortic valve
shouldimprovetheunderstanding of itsanatomy and help
obtain better resultsin conservative procedures, promoting
return to anatomical and functional normality. Thisprecise
knowledge also defines some detail s of the architecture of
theaortic valvethat are necessary for thedevel opment and
manufacture of the prostheses. In addition, theknowledge
and understanding of the structure and function of thenor-
mal and pathologicd cardiacvalvesarecrucial for theselec-
tion of the patients for surgery and for planning the best
treatment to be adopted.

Technical difficultiesfoundinthesurgical repair of the
aorticvalveresult fromitsanatomical characteristics, aswell
asfrom the condition of its cusps?’. The closure mecha-
nismsof theaortic valvearemoreprecisethanthoseinvol -
ved in the dynamics of the atrioventricular valves, which
havealarger coaptation surfaceand larger subvalvar struc-
tureswhich help the plastic corrections without replace-
ment by prostheses 1,
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Specific studies of the anatomy of the aortic valve
were carried out by Silver and Roberts 2, Swanson and
Clark B3, Thubrikar et al %4, and Angelini et al *°, aiming to
better define peculiaritiesof thisvalve. Inadditiontoperfor-
ming ananatomical assessment, they analyzed somelinear
variablesin each cusp and documented the presence of
somefenestrationscloseto thecommissural attachments.

Despite the above studies, thereisaneed for further
investigation of this subject and this study aimsto assess
the anatomy of the aortic valve. Data about the cusps, the
position of theostia, and anatomical relationsfacilitatethe
conservative surgeries aswell asthose involving valve
replacement.

Methods

Thisstudy analyzed 100 healthy heartsof individuals
without previous heart disease. The hearts were fixed
according to the technique of molding of cavities and
structureswith cotton embeddedin 10%formalin 6. 84% of
theindividualsweremales, 61% Caucasians, and the ages
variedfrom9to86 years(30+15.45years). Thecardiac mass
varied from 107 to 463 g (259.47+59.3g). According to
information provided by theInstitute of Forensic Medicine
of the State of S&o Paulo and by the analysis of patho-
logists, al heartsbelonged toindividual swithout previous
heart disease. In 90% of the cases, the cause of death related
to traumaand, inthe remaining 10%, death resulted from
diseases not related to the cardiovascular system.

Using a pachymeter and a # 0O cotton thread, the
Valsalva s sinuses were assessed aswell asthe 3 cusps of
the aortic valve: |eft coronary cusp (LC), right coronary
cusp (RC), and noncoronary cusp (NC), according to the
following parameters:

Number and height of thecusps(fig. 1): height obtai-
ned by stretching the cotton thread from the bottom of the
Valsalva' s sinus until the free margins of the cuspsin the
middlepoint between thecommissures, respectingitscurve.
Thismeasurewasthen transferred to the pachymeter;

Sizeof thelunula(fig. 1) according totwo parameters:
width — assessed at the commissural level; and length —
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measured by stretching the cotton thread at the surface of
each cusp at thefreemargins, followingitscurve;

Intercommissural distances(fig. 2): external —measu-
red by stretching the cotton thread along the aortic wall
uniting one commissurewiththeother, so that theaddition
of the 3 measures represents the aortic circumference;
internal — obtained by uniting the commissures with the
cotton thread at the smaller distance between them;

Position of the ostium and itsrel ation with the corres-
pondent Valsalva’ ssinus (fig. 3): using the cotton thread,
thedistance between the ostium and the commissuresand
thebottom of the Val salva' ssinuswas measured;

Position of the ventricular septum in relation to the
aorticvalve(fig. 4), assessed in thefollowing parameters:
distance between the septal extremity andthe RC-LC com-
missure (measureA); distance betweenthe septal extremity
andthe RC-NC commissure (measure B); distance between
the septumand the NC-L C commissure (measure C); aortic
diameter (measureD).

Theratio C/D x 100 wasal so established to determine
the percentage of freeareaof theaortic valveannulusand,
consequently, to evaluate the position and percentage of
the area occupied by the septum in relation to the I eft
ventricleoutflow tract (LVOT).

Thickness of the cusps (fig. 5): grossly assessed at 3
different points of the surface of each cusp: free margins,
bottom of the Val salva’ s sinus, and theintermediate point
between the other 2. The assessment of thicknesswas per-
formed by visual inspection without using specificinstru-
mentsbecausethetissue of thecuspsisvery delicate. Even
though a histological study of the cusps would provide
more accurate information, it was not carried out because
the specimen had to bekept intact for further studies.

All parametersanalyzed wererelated to sex, ageand
race.

==

Fig. 1— Sketch demonstrating the site of measurement in one of the 3 cusps. H- height
of the cusp; W —width of thelunula; L —length of thelunula.

82

Fig. 2 — Sketch demonstrating the externa (Ex) and internal (1) intercommissural
distances.
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Fig. 3—Sketch of the position of the ostiumin relation to the left commissure (L);
right commissure (R) and bottom of the Valsalva ssinus (V).

Results

All heartsanalyzed had tricuspideaortic valves.

Themean height of the cuspswas 15.0+1.98mm and
theL C cusp had thelargest dimensions, followed by theRC
and the NC cusps, whose dimensions were similar. The
same pattern was observed for the width and length of the
lunula, whose mean valueswere 4.4+0.96mm and 30.2 £
7.1mm, respectively (tablel).

In regard to the intercommissural distances, the
external intercommissural distancewaslarger intheLC
Valsava ssinus, followed by that of the RC and NC. The
internal intercommissural distance, however, waslargerin
theNC sinus, followed by that of theLC and RC. Themean
external intercommissural distancewas24.6+5.7mmandthe
internal was19.7+7.0mm; themeanindividua valuesof each
valveweregrouped accordingto sex, ageandrace (tablell).

Inregard to the position of the coronary ostia, in one

Fig. 4—Sketch of the position of the ventricular septum (IVS) inrelation to the aortic
valve. LC - left coronary; RC —right coronary; NC - noncoronary; A- distance
between the septal extremity and the RC-LC commissure; B- distance between the
septal extremity and the RC-NC commissure; C- distance between the septum and the
NC-LC commissure; D- aortic diameter.

Fig. 5—Sketch (front and side view) demonstrating the 3 sites of evaluation of the
thickness of the cusps.

case, both ostiawereinthe LC sinusand, in another case,
theostiumwas supracommissural . Intheremaining cases,
there were small variations regarding the position of the
respective ostium in relation to the correspondent Val-
salva ssinus(tablelll).

Studying the position of theventricular septum (IVS)
inregardtotheaortic valveannulusand itsstructures, the
meanvaluesof theA, B and C measurementswere, respec-
tively, 9.5+5.3mm; 5.7+4.2mm; and 19.2+2.9mm. Therewere
no statistically significant differencesin regard to sex, race
and age. The mean aortic diameter (measure D) was 21+
3.6mm, and there were no significant sexual and racial
differences. Themeasure D, however, wassmaller in hearts
of individuals under the age of 40 years, and it showed a
progressiveincreasewithage. Therefore, theratioC/D x 100
showed meanvauesof 89.1+14.6mm, anditwaslargerinthe
heartsof individua sunder theage of 40years(tablelV).

The gross assessment of the thickness of the cusps,
evaluatedin 3 pointsof their surface showed no differences
andwaspractically constant.

Discussion

Considering that the present study aimed to analyze
only normal hearts, the sel ection of thematerial played an
extremely important role. Before being included in the
sample, all hearts were carefully analyzed and had the
hypothesis of previous heart disease excluded; therefore
the possibility of obtaining of anatomical pieces with
morphological alterations due to cardiac disease or to
repercussion of functional disordersin other organs was
very remote.

A point that deservesto bediscussed isheart weight.
Accordingto Gardner et al™”, themean heart weightinmales
isaround 3289, varying from 256gt0 390g and, infemales, it
isaround 244g, ranging from 198g to 270g. Linzbach,
however, statesthat theweight of the human heart without
pathological alterationscan reach 500g. Insituationswhere
thework of theheartischronically increased, asin athletes
or workerswho exercise intensely, theincrease in heart
weight isnot caused by anincreasein the number of mus-
clefibersbut by anincreasein the thickness and length of
these fibers. In addition, as already demonstrated by se-
vera authors, theheart weightisdirectly related totheindi-
vidua body surface 92,
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Table I - Mean values of the height of the cups and size of the lunulae (width and length) in mm
Mean Sex Age range Rece
Measure Vave Vaue Male Femde <40 3 40 Caucasian Non-Caucasian
LC 15.2 15.2 14.9 15.0 16.2 15.3 15.1
Height RC 15.0 15.2 14.5 14.9 16.2 15.,1 15.0
NC 14.9 15.0 14.6 14.8 15.5 14.9 14.8
LC 4.6 4.6 4.3 4,5 4,9 4.5 4.6
Width RC 4.4 4.4 4.2 4.4 4.6 4.3 4.5
NC 4.3 4.3 4.2 4.3 4.6 4.3 4.3
LC 30.6 30.7 29.3 30.0 34.1 30.2 30.9
Length CD 30.1 30.4 27.9 29.4 33.9 29.9 30.3
NC 30.0 30.3 28.2 29.4 335 29.6 30.6
LC - left coronary; RC - right coronary; NC - noncoronary.
Table II - Mean values of the external and internal interc ral distances (in mm)
Intercommissural Mean Sex Age range Race
Distance Vave Vaue Male Femde <40 3 40 Caucasian Non-Caucasian
LC 25.2 25.4 235 244 29.3 24.0 25.5
External RC 24.5 24.5 23.8 23.6 294 231 25.2
NC 24.1 244 221 23.6 27.0 23.3 23.8
LC 19.8 20.0 18.5 19.3 22.7 18.8 214
Internal RC 19.2 19.2 18.7 18.7 222 17.9 20.9
NC 20.0 20.1 19.1 19.6 22.3 18.5 21.8
LC - left coronary; RC - right coronary; NC - noncoronary.

Table III - Mean values of the distances of the ostium and its relation to the corresponding Valsalva's sinus (in mm)

Distance between  Valsalvas General Sex Age range Race

the ostium and sinus mean Male Femde <40 3 40 Caucasian Non-Caucasian
Left LC 9.6 9.7 9.3 9.3 12.0 9.5 9.8
commissure RC 11.1 11.2 10.7 10.7 13.9 11.2 111
Right LC 110 10.9 10.8 10.5 13.4 10.5 11.6
commissure RC 11.1 11.3 9.9 10.8 13.0 10.7 11.7
Bottom of the LC 13.3 13.4 13.0 13.0 14.9 13.3 13.4
Vasalvas sinus RC 14.8 15.0 13.8 14.6 16.1 14.9 14.7

LC - left coronary; RC - right coronary.

Among the data obtained in our study, some proved
to bemoreinteresting than othersfor thestudy of theaortic
valveanditsrelations.

Inthe present analysis, theexternal intercommissural
distanceprovedtobethelargestintheLC Vasalva ssinus,
followed by the RC and the NC. Analyzing the internal
intercommissural distance, however, we observed some
changes, withlarger valuesintheNC sinus, followed by the
L Candthe RCinmost of the studied groups, emphasizing
the observation that the aortic valve annulus has variable
dimensionsandthat itisnot aperfect circumferenceat the
level of the commissures. Vollebergh and Becker %, stu-
dying theintercommissural distancesof 200 human hearts,
also demonstrated variations; the RC sinus, however, was
thelargest onefollowed by theNC and L C sinuses, just the
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oppositeof our observations. Inaddition, Thubrikar et al %
showedthat, in invivo investigationsof canine hearts, the
aorticvalveisadynamic structureand that thegeometrical
parameters change at each cardiac cycle. An exclusively
anatomical investigation of the specimenwould bemainly
useful to provideinformation that the surgeon would need
at the moment of approaching the aortic valve. Studies of
specimens show some aspects such as rigor mortis, that
differ from the heart at the time of a surgery Zand the
retraction after fixation. Theinfluence of thesefactorsis
moresignificantintheventricular chambers. Tei etal #,ina
control group of astudy of theright atrioventricular valve
andin acomparative eval uation between 3 groups, obser-
ved similar valuesfor nonfixed and fixed hearts, aswell as
for those evaluated by echocardiograms. Scholz et a 2 and
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Table IV - Mean values of the position of the ventricular septum and its relation with the aortic valve (in mm)

Mean Sex _ Agerange Rece
Measures Vaue Male Femde <40 340 Caucasian Non-Caucasian
A 9.5 9.3 9.8 10.3 9.6 8.7 10.6
B 57 59 4.6 7.1 7.3 53 6.2
C 19.2 19.3 18.7 18.4 20.6 18.8 19.8
D 21.8 19.8 21.6 2.5 25.9 21.6 22.1
Ratio C/D 89.1 89.2 88.3 8.6 80.8 88.1 90.6

septum and the NC-LC commissure; D - aortic diameter.

A- distance between the septal extremity and the RC-LC commissure; B- distance between the septal extremity and the RC-NC commissure; C- distance between the

Maron et a %, in astudy of cardiac mass, valvar circum-
ferencesand ventricular thickness, found similar results.

Knowledge of thedesign of thenormal aorticvalve,
responsiblefor itsefficiency and longevity, aswell asthe
knowledge of variations of its geometry isimportant for
the conservative surgical techniquesand for the devel op-
ment and manufacture of prosthesessimilar tothe natural
valve®132227 |n thisregard, Fontes et a 28 carried out an
interesting study inwhich theaorticroot provedto havea
structure similar to a sphere, encompassing the aortic
valve and its annulus. Thisinformation has important
implications in the manufacture of prostheses that must
conformtothisanatomical configuration.

When we analyzethesize of the lunula, the mean of
theintercommissural distancesand the mean height of the
cuspsinrelation to sex and age, thevaluesare greater in
the hearts of males and these val ues increase with age.
Krovetz et a ?°,inaclinical study relating ageandthesize
of the aortic valve, observed that thereisan increasein
the volume of the aortawith theincrease in age and also
that, after the age of 40 years, the aortic valve and its
annulus becomeprogressively dilated. Thissupportsthe
findings of our study.

Our gross evaluation of the thickness of the cusps
performed at 3 different pointsdid not show any significant
change. We know there are structural alterations and
differencesin thicknessof the cusps, but these can only be
demonstrated through specific microscopic studies. We
chose the gross examination, however, becausein surge-
ries, some decisions are made during the procedure based
only onthesurgeon’ sobservations. Sahasakul et al *°, with
theaid of ahighly accuratemicrometer, measured different
points of the aortic valve in 200 human hearts. They
observed that in hearts of women <20 years, the thickness

of themiddlepart of theL Cand NC cuspswasgreater than
inthe other points. They also noticed that the thickness of
each cuspincreased significantly with age, not only during
childhood and adol escence but also in adulthood. These
variations, however, werenot stati stically significant when
comparedwiththeother parameters.

Another point to beconsideredistherel ation between
the ventricular septum (V S) and the aortic valve and the
LVOT. Theratio C/D washigher inheartsof individuals<40
yearsof ageand progressively decreased with theincrease
inage. Thismay suggest that perhapsLV OT showsatrend
to proportionally decreaseitsareain relation to the aortic
diameter with increasing age. Thismay berelatedto some
clinical process leading to hypertrophy of the muscle
structures—V Sand themuscle of thefreewall of theLV —
combinedwithanincreasein theaortic diameter. Conside-
ring still the relation between VS and the aortic valve, a
practical consideration playsanimportant rolein surgical
cases, whereit isnecessary to widentheaortic valve annu-
lusto placethevalvar prosthesis. Accordingto Stolf et al *,
who widened the aortic valve annulusin 25 patientswith
the diagnosis of stenosis or dysfunction of the aortic
prosthesiswith satisfactory results, the perfect knowledge
of the position of the V'S help the access and the surgical
procedure without mgjor risks of damaging the VS and
severe consequences, such asinfarctions of theVS.

In conclusion, weobserved that, after the study of the
described parameters, the aortic valve annulus proved not
tobeaperfect circumference, showing somevariationsinits
measurements, aswell asinthemeasurementsof thecusps,
in the relations of the 3 cusps and of the VS. Inregard to
sex, ageandrace, theintercommissural distancesinmales
were greater, and there was al so a progressive increase of
theaorticdiameter withincreasing age.
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