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- Objectives. . This study was dene to ascertain whether three-
dimensional echocardiography can facilitate the diagnosis of
mitral valve abnormalities.

Background. The value of the additional information provided
by three-dimensional echocardiography compared with two-
dimensional multiplune transesophageal echocardiography for
evaluation of the mitral vaive apparatus has not been assessed.

Metkods. Thirty patients with a variety of mitral valve pathol-
ogies (stenosis in 8, insufficiency in 12, prostheses in 10) and
20 subjects with a normal mitral valve were studied. Images
were acquired using the rotational technique (every 2°), with
electrocardiographic and respiratory gating. From the three-
dimenslonal data sets, cut planes weie selected and presented in
both twu-dimensional format (anyplane echocardiography) and
volume-rendered dynamic display. The data were compared with
the original multiplane two-dimensional images Different fea-
tures of the mitral valve apparatus were defined and graded by
three observers for clarity of visualization and confidence of
interpretation as 1) inadequate, 2) sufficient, or 3) excellent.

Results. Al) the wehnigues provided good visuslization of the
mitral valve (mean global scores £ SD for muliiplane, anyplane
and volume-rendered echocardiography were 2.22 + 0.34, 224 x
0.26 and 2.30 = 0.25, respectively). With volume-rendered echo-
cardiography, the mitral valve apparatus was scored higher in
pathologic than in normal conditions (238 + 0.24 vs. 2.16 + 0.21,
p < 0.002). The spatial relativnships between the mitral valve and
uthes siruclares. kaflet mobility, commissures and orifice were
scored higher by volume-rendered echocardiography. Prostheses
were evaluated equaily well by the three metbods. Multiplane aud
anyplaae echocardiography were superior for the evaluation of
leaflet thickness, subvalvular apparatus and annalus. ‘

Conclusions. Transesophageal three-dimensional echocardiog-
raphy facilitates imaging of some features of the mitral valve
apparatus and provides additional information for comprehensive
assessment of mitral valve abnormalities.

(J Am Coll Cardiol 1996;27:1502--10)

The mitral valve apparatus is a complex structure that can be
affected by a multitude of acquired and congenital disorders.
An optimal interaction of the different anatomic clements
comprising the leaflets, the annulus, the chordae tendineae,
the papillary muscles and the left atrial and left ventricular
walls is needed for its functional integrity (1). Consequea'y, a
comprehensive assessment of mitral valve pathology requires
optimal visuzlization of all these elen.ents (2).

- Echocardiography has become the examination of choice
for evaluating valvular heart discase, particularly the mitral
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valve, Precordial two-dimensional echocardiography provides -
visualization of mitral valve pathomorphclogy, and Doppler
techniques allow assessment of tie hemodynamic conse-
yuences of morphologic-abnormalities. However, the detailed
anatomic analysis of the mitral valve required for reconstruc-
tive surgery is not possible with optimal precordial imaging.

Recently, the transesophageal approach, particularly the use =

of multiplane probes, has increased the diagnostic accuracy
of echocardiography (3-6), but niitral valve structures are
still displayed in a_two-dimensional format, and cardiolo-
gists must mentally conceptualize the complex. three-
dimensional relationship of the different elements of: the
mitral valve. :
Dynamic threc-dimensional cchocardnography would offer
the unique advantage of directly viswalizing the relationships of
cardiac- structures in motion (7-15). Recent studies: using
threc-dimensional  reconstructions. as 'wire-frame displays in
normai subjects have provided new information on mitral vaive
shape (16). Our initial experience is based on rutauonal image

© acquisition using a multiplan¢ nansesuphageal fransducer (17)
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and volume-rendered three- dlmemmnal display of the heatmg

heart; From our.expérience in an unselected populatlon 18).

‘we felt- that three-dimensional seconstruction of transesopha-
- geal images could facilitate the interpretation nnd analysis of
lhe anatomy of the mitral valve apparatus,

" In this prospective study we studied the information pro- -
vided by three-dimensional -echocardiography on mitral valve

pathiology and its potential advantages and limitations in‘compar-
ison with multiplane transesophageal echocardiography.

Methods

Study subjects.. Thirty patients referred fo. the evaluation
of mitral valve diseuse (stenosis in 8, regurgitation in 12,
prostheses in 10, .atrial fibrillation in 12) and 20 patients
referred for transesophageal echocardiography without clinical
signs of mitral valve disease (follow-up aftcr aortic dissection 7,
exclusion of embolic source 7, aortic valve discase 6) were
prospectively studied. Thirty patients were men, and 20 were
women, Mean age + SD was 57 + 15,

Ciinical examination procedure. Tronsesophageal studies
were performed following precautions, preparation of the
patients and insertion of the multiplane probe similar ) the
standard procedures that are described elsewhere (17). After
the diagnostic study to answer the clinical question, the probe
was positioned at midesophageal level for the acquisition of
the tomographic. images of the mitral valve for: three-
dimensional reconstruction. Patient movement during the im-
age acquisition can be prevented by thoroughly explaining the
procedure before ‘the study. The operator has to find the
central axis around which the imaging plane is rotated to
encompass the mitral valve apparatus. Informed consent was
obtained in all patients.

* Two-dimensional eghumrdlography we tsed a 5-MHz
64-element multiplane transducer (Delft Instruments Medical
Imaging B.V.) connected to a Hewlett-Packard Sonos 1500
system. A complete interrogation of the mitral valve apparatus
was performed by obtaining short-, intermediate- and long-axis
views with different rotation. Recording was made on VHS
video tape for later interpretation.

Three-dimensional echocardiograpby. Durmg the trans-
esophageal echocardiographic study, an acquisition sequence
for dynamic three-dimensional reconstruction was performed
as previously described (19). Briefly, the video output of the
echocardiographic system is interfaced to the three-
dimensional reconstruction ‘system (Echo-scan, TomTec
GmbH}), and the control ‘knob of the multiplane probe is
 connected by a mechanical linkage to a step motor. A software
. cantrol activates the motor with incrementat steps of 2°. Spatial
-and- temporal information was optimiz=d by ECG and

" impedance-based respiratory gating. Nincty sequential cross:

" sections are obtained during cach compleie-heart cycle, result-
ing in a conical volumetric data set encompassing the mitral

' villve apparatus. Data processing was perf srmed ofi-line by the -

analysis program of the three-dimensional echocardiographic

system. Cardiac crmsectms are resampled in their correct -

: (20)
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Table 1. Descriptive Fcuum of the Nonnal md Pntholo(dc

Mitral Valve -
Relationsp with R«nganm of the anatomic reln:mmmp wim ather
other struciures” cardiac structures .
Leaflet mebility Asscssment of systodiastolic e:cumon of the Iraﬂcts.
-  with estimation of their location in the space
Leaflet thickness Fvaluation of the tip of the leaflets
Commissures - . Fvaluation of the closure line along which the
leaflets coapt, from pommmdial to mmolateml
. extremes
Orifice Assesiment uf the mlmml dmenmm and ahupe of
(area/shape) the mitra) orifice
Annulus Dimension of the annulu B
Sutwalvular Tnsp of the chordag jendi and papillary
_apparatus muscles
Prosthesis Evaluation of sewing ring and valvar structures
Cateyories were | = inadequate; 2 = sufficient; 3 = excellent.

sequence according to their ECG phase in cubic data sets, The
image data are converted from polar to Cartesian coordinate
format and intemolated to “fill the gaps” between sequential
cross sections. Several algorithms are used to reduce noise,
enhance edges and reduce spatial artifacts.

‘Tmage display. Anyplane and paraplane echocardiogriphy.
From the volume sets, any desired cross-section of the mitral
vaive can be computed and displayed in a dynamic two-
dimensional format (anyplane echocardiography). This allows
unlimited cut planes independent of any original nltrasonic
window. Moreover, from a selected cut plane up tc 8 parallel
cut planes at predetermined intervals can be reconstructed and
displayed in motion.

Volume-rendered display. Once an appropriate cut plane
has heen chosen, a threshold value is selected to differentiate
cardiac structures from the blood pool and background. The
gray scale information of the structures in the volume sets is
rendered, and a gradient shading algorithm enhances the views
of the structures. The perception of depth can be further en-
hanced by creating rotational sequenices on the output screen.

Image analysis. All the echacardiograms were analyzed by
three experienced obscrvers. For multiplane two-dimensional
echocardiography, all the images obtained during the diag-
nostic study” with. systematic scarining of the mitral valve
using manipulation of the probe and different rotations of
the transducer were evaluated (3,6). Anyplane computer-
reconstructed cross sections were selected through the mitral
valve apparatus-guided by the orientation on basic image data,
Three-dimensional volume-rendered images- were derived
from the following cut planes: 1) view on the mitral valve from
an atrial pérspective; 2) short axis.of the lefi ventricle at the
level of the papillary muscles (mltral valve from ventricular
perspective). with different angulamm towards the left ventric-

. lar. outflow; 3) longitudinal views (amovemncular views) in

multiple planes to opumxze the display of the mm'al apparatus

Different femures of both the normal and pathologx: mitral

: valve were defined (Table Tvand sub}ectwely scored for clarity .
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Table 2. Ds.ﬁmlmn\ u! Imlmduul halurc Grades

,Rm(mn\hnp \Mlh
other (amctores
Fxcellent: Immediate appreciation of the focation of the aural valwe
' apparatus in the space and its anatomic relationship
. with uther cardiac structurcs

Sufficient: Incomplete display of the relaionship between mitral
o valve and-other cardiac structures

Inadequate:  Lack of information on the anatomic relationship with

other cardiac structures
Leaficr mobility

Excellent: Complete analvsis of the movement of the fatlets, both
in all their ostenmon (space) and throughout the

. cardiac cycle (time)

Sufficrent: Analysis of the movement of the keaflers & possible in
only same phases of the cardiae cvele

Iradequate:~ Fair visuatization of the movements of the feafler

feuflet thickpess
xeellent From thy images, the thickness nt the feaflets can he

estimated and measured

Sufficient: The thickness of the jeaflets is fess defined, but it can still
be measured
Inadequate:  The thackness of the keaflets canniot be assessed

Commissures

Ewcllent. Both commissural arcas are identificd

Sufficient: Only vne commissure 18 identificd
Inafequate: Novisilizaon of the commissures
Orthiee
Execllent: The matral valve orihee e be analyred and displayed at
diffcrent Jevels, with appreciation of its geometry in the
space
Sufficien; The mitral valve opfive can be anddyzed in only o few aat

phomes; o short-ais out pland i sl possible, hut the

~hpe of the erifice is iscompletely understood
Difficutt interropation of the mitral vilve orifice with

inappropriaty shonaxis cul plane selection

Tnadequicte

Annuliis
Excellent: The annultus can be recognized sad located over its whole
LalepNion
The anpatus cannot b Jocato over all of ity extension
Fair visuadszation of the snnulis, with no information ot
ity spatiaf configuranion

Sestfwcieni’
Invhegiate;

Subvitvular
apparatus
Excelieat: Visualization of seevndiny chordie and papitlary muscles
Sufficient: Visualization of prizry chordae and papillary muscles
Inadequate:  Chordae and panillary muscles are fairly visible
Pronthesis

Fecellent: Visnatization of both the sewing ring and the mechinical
components, These two featuares -an he differentioted
Subticrent: Visualization of cither the sewinge ring or the mechanical
part. No clear distinction between these two features
The sewing ring and the mechanical part cannot be

s ntific d

bradequate:

of visualization and confidence of interpretation: For cach,

feature,. & comsensus wis achieved on i J-point scale (1
Sinadequate: 2 - sofficient;. - excellent) (Tahle 2). For cach
patient. a classification form based on the resulty with different
‘methods (multiplane. anyplane and volume-rendered echocar-
diography} was completed. A final echocardivgraphic score
Cindex of the visaalization of both the normal und abnormal
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Table 3. Mcan (= SD) Score Index of the Vnsuallmlmn of the
Munl Valve Apparatus

VRI

M

224 +026

();'cmll (n = S0) 222203 2.3 t().15
Normal (n = "n) 20 222009 2162 0.2)
Pa!holnglc (n | 2-?& b (Nl *0.24°

P < 0. APE - dnvplam uhmardlography MPE
cchnmrdmgmphy. VRE = volume-rendering display.

= multiplahc ‘

mitral valve apparatus with multiplanc, anyplane and volume-
rendered echocardiography was obtained for each patient,
averaging the sum of the individual scores. Moreover, a score
index for cach feature was caleuiated averaging the sum of the
scores of the individual features.

Statistical analysis. The giotal score of cach echocardio-
graphic method and the scores of individual features are
reported as mean * SD. However, hecause the score values
are not normally distributed, the comparison of the results
obtaincd with multiplane. anyplane and volume-rendered
echocardiography was performed with nonparametric tests
(Fricdman two-way analysis of variance for paired samplecs and

Tahlé 4. Mean Scores for the Individual Features of the
M\tml Vd]VL

Retation:, with ather structures

Overall 242 2 29 < 0.0001
Normal 205 210 280 0.0006
Patholagic 216 213 30 < 00001
Feather mobility
Overall 248 283 2K2 0.04
Normal 240 348 2K0 ot
Patholugic 257 261 285 033
Feaflet thickness
Overall 21 270 1.87 < (LoD
Normal 159 259 1.70 -7 4
Pathologic 285 280 24 [IGLT]
Commissures
Overal} 192 202 2.68 = (LRI
Normad 1.8 1.9 260 0.0006
Pathalogic 244 M 271 005
Oritice
Oneradt 1.36 175 233 = 00001
Normal L3 163 20 <~ 0600
Pathologic 142 LRS b < 0NN
Annulas ’ .
Orherall bl 268 | 8 - K
Narmal ) 2 2o 1.0 a.0001
Puthelopic TN T Lu0 =041
Subnalvular apparis .
(herall 241 PR} 12 UL T
Narmal pn} T [R5 -0
Pathologic LY REASN o < 000
Prostbesi (n = 1y T 11 0 0t

\N"nulwm ain f OM\
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Figure 1, A, Parallel short-axis scanning of the mitral
valve (paraplane echocardiography). From the original
three-dimensional duta set (panel A), a short-axis cut
planc at the level of the mitral annulus'is selected.
The corresponding computer-reconstructed iwo-
dimensional image is displayed in panel B, From this
reference plane, scven parallel cut planes are automat- .
ically computed at predefined intervals (in this example,
every 1.6 mm) and represented in panels C to 1, B; The
lines in panel A represent the position in the three-
dimensional data set of selected cut planes through the
mitral valve in the anteroposterior direction. In this
exumple; the first cut plane is chosen at the level of the
left ventricular outflow tract (panel B), and then the
mitral valve apparatus is sliced in the anteroposterior
direction. This allows a detailed morphologic. evalua-
tion of mitral leaflets and facilitates a comprehensive
analysis of their spatial arrangements.

Mann-Whitney test for unpaired comparison of two groups). A

p value <0.05 was considered statistically significant, -

Resu'is
Both acquisition .and reconst. uction were possibl -.n all
patients. Additional sedation w:s riot required, A total of 72
data sets were acquired (28 pa icnts with single and 22 with
double acquisition). The total imc needed to optimize the
position of the probe, 10 calibrate the system, to select the

parameters_for ncqumuon and 10 acquire the images was

always less than 10 min. Data poslpmcc:\smg ‘ranged between
5.and 15 min. The time required for image’ analysis ranged
from 30,to 90 mir. All methods provided similar mean global
scores, both in normat-end abnormal conditions. For volume-
rendered. echocaraiography, the mean score was higher. in
abnormal than in normal vatves {Tablz 3). The comparison of
thn scores for the individual teatures is reported in Table 4.

‘Normal mitral valve. Anyplane echocardiography allowed:

optimal selection of the short-axis cul planc, providing direct

. SALUSTRIETAL ¢~ [Sg8-
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. objective display of the commissures and the closing line of the -

leaflets from a single cut plane. Paraplane interrugation of the
mitral valve allowed- detailed analysis of leaflet morphology

" (Fig. 1). In addition, volume-rencered echocardiography of-
“fered the unique advantage of visualizing the mitral leafiets

from both an atrial and ventricular perspective. Commissure
line, scallops of the leaficts, and right and left fibrous trigones

“were visualized'in dewil (Fig.2). A.range of variability in the

morphologic features of the leaflets was found. In Figure 3, the
appearance of a normal mitral valve from above with multiple
scallups of the anterior leaflet.closely resembles the anatomsic

specimen shown for comparison. Leaflets could also be evalu-
-ated from a left ventricular ‘perspective. In contrast, leafiet

thickniess,: annulus and subvalvular apparatus were scored

lower by volume-rendered echocardiography (Table 4).

Abunormal mitral valve. Thicknesses of the leaflets, annulus
and sub-alvular apparatus were. equally scored by muliiplane
échocardiography and anyplane echucardiography. For these

- features; volume-rendered echocardiography wis less reliable.
. In“contrast, volume-rendered echocardiography was superior |
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Figure 2. Volume-rendered display of a normal mitral valve after
selection of a tangential cut plane at the level of the atrioventricular
junction. This vicw shows. the-arca of continuity of the anterior mitral
leaflets with the leaflets of the aortic valve. The fibrous trigones can be
fecognized at cach cnd of this arca (arrows). AML = anterior mitral
leafiet; AV = aortic valve.

for the évaluation of commissures, orifice and r-.lanonshlp with

othér structures (Table 4).

Miwral stenam/regmgnauon In pdtlems with mitral stenosis
and/or regurgitation, views from within both the left atrium
and the left ventricle allowed proper assessment of leaflet
mobility and commissural fusion. Orifice shape and valve
surface arca were also appreciated. A funncl-like appearance
of the mitral valve with a pathologic specimen for comparison
is shown in Figure 4. Left atrial appendage could be analyzed
in detail (Fig. 5). In a patient with combined stenosis and
insufficiency, a thrombus in the left atrial appendage appeared

as protruding into the left atrial cavity (Fig. 6).

" Mitrai valve prolapse. Different’ degrees of prolapse were
preésent in seven patients. Compared to multiplane echocardi-
ography, additional information from volume-rendered echo-
cardiography was obtained in all these patients. Views from the
left atrium were used to appreciate leaflet motion and to
recognize which leaflet and which scallops were involved (Fig.

7).

Double-orifice mitral valve. A patient- with corrected atrio-
ventricular septal defect was evaluated for residual mitral
regurgitation. Three-dimensional reconstruction of the mitral
valye and the corresponding pathologic specimen after vaive
replacement are shown in Figure 8.

Mitral prostheses. in 10 paticais, mechanical prostheses o

different types were studied (Bjork-Shiley 6, St. Jude Medica!
-1, Medtronic-Hall 1, Hancock 1 {Fig. 9], annular ring 1). All the
vchocardiographic methods provided similar scores (Table 4).

Discussion
The esophagus represeits o relatively stable transducer
pusition for rotational acquisiuon of images with a multiplane
transducer and offers several advantages over other methods
tor three-dimensiona reconstruction (7). In the present study,
* basic: images were” acquited with @ commercially available
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Figure 3. A, A mitral valve viewed from above showing the variation
that exists in the number of scallops. The anterior leaflet is shown
(aML), with several scallops. Both commissures are also clearly
visualized (arrows). B, An anatomic specimen is shown for compari-
son.

muliplane probe during a routine diagnostic. study. Border
detection was performed by a threshold algorithm, with the
advantage of relatively quick access ‘o three-dimensional data
that made it possible to select cut planes 15 min after acqui-
sition. From ic pustprucessca three-dimensional data. unre-
stricted cut’ planes were selected and displayed in two-.
dimensional format. Finally, volume rendering was applicd for
depth pereeption.

The main goal of the present study was to compare
multiplane, anyplane, and volume rendered echocardiography
in terms of visualization of different components of the mitral
valve apparatus. The results of this study indicate that three-
dimensional reconstruction: of the mitral valve complements
the morphologic data obtained with multiplane echocardiog-

-raphy. When individual - anatomic featurcs wert separatély

analyzed, volume-rendered cchocardiography was superior to
anyplane and multiplane ¢chocardiography for the evaluation
of rélationship with other structures, leaflet mobility, commis-
sures and orifice. In contrast, leaflet thickniess, subvalvalar .
apparatus and anmulus were scored lower by volume-rendered
echocardiography. :
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* Figure 4, Three-dimensional reconstruction with
_ volume-rendered display of a patient with mitral -
stenosis. A cut.plane at the midatrial level with a
viewpoint on the valve alfows an immediate defini-
tion of the relationship of the mitral valve with the
-other structures. In-systole (panel A), the mitral
leaflets are closed, and the aortic valve (AV) is
open. In diastole (panel B), the funnel shape of the
mitral valve is viewed from above, and the doming
of the anterior leaflet (AML) and the small valve
area are- also demonstrated. In panel C, an ana-
tomic specimen from a patient with severe mitral
stenosis is shown for comparison. LA = left atrium;
= right ‘atrium; RYOT = right ventricular
outflow tract.

Advantages of three-dimensional reconstruction. Anyplane

" and paraplane echocardiography. The unrestricted cut planes
_that - can be - selected from thé original threc-dimensional
volume data allow interrogation of the mitral valve and its
related structures from virtually any point of view. Parallel
slicing through the structure in a way similar to computed

Figure 5. In this patient with severe mnml insufficiency and left atrial
dilation; a tangential cut planc allows detailed visualization of the
caudal part of the left atrial appendage (LAA). The mitral valve orifice
(MVO) is clearly seen in diastole. RA = right atrium. ~

SAUJSTRI ET AL,
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tomogiaphy or magnetic resonance imaging allows a delailed
analysis of mitra) valve apparatus. Thus, the circumference, .
leaflet morphology and, particularly, the entire zone of coap-

' tation are more rehably evaluated than is possible with any

other ultrasound modality. :
Volume-rendéred display. A major. feature.. of three-
dimensional echocardiography in assessing the mitral valve is
the volume-rendered display. In particular, an atrial cut plane
with a viewpoint from above adds the perception of the
morphology-of thie components of the mitral valve. With this
technique, we found 4 variability of the normal mitral valve
apparatus, and especmlly of the leaflet morphology, as already
has been demonstrated in anatomic studies (21). The results of
our study indicate that ‘the' major -advantage of volume-
rendered echocardiography is in the evaluation of the patho-
logic mitral valve. This is partially explained by the presence of
a difated left atrium in this subset of patients; which provides -
an optimal acoustic window. [n patients with mitral stenosis,
three-dimensional échocardiography can provide spectacular

“views of mitrat leaflets and detailed information on the struc-
ture ‘of the mitral apparatus. Bemuse the left atrium is
- visualized so well with the transesophageal approach three-

dimensional . feconstruction gives an excellent view of the
stenotic mitral valve from above. The -domed leaflets with a
funne!-like shape of the valve were appreciated in severe
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stenoses. From the left ventricle, a fish-mouth shape of the
valve was visualized in most cases, Restriction of the leafiets
was also recoghized.

Mitral valve prolapse is a disease in which three-
dimensional reconstruction may provide information not ob-
tainable otherwise. The major advantage of dynamic display of
volume-rendered echocardiography relies on the visualization
of both leaflets from above, which aflows an objective evalua-
tion of leaflet displacement during systole. In ali the patients

- with this syndrume, the size and the location of the. affected
portion of the leaflets were diagnosed. Using a spark-gap
locating device for transthoracic three-dimensional studies,
Levinie et al. (16) clucidated the saddie-shaped configuration
of mitral anaulus, which helped to establish a more stringent
definition of miiral valve prolapse. Unlike the study by Levine
et al. (16), in the present study the images were fully recon-
structed into the thice-dimensional data set using the whole
gray scale information from the cross-section images.

Clinical applications, Three-dimensional cchocardiography
will become a useful ol in clinical practice (20). The avail-

" ability of three-dimensional. images of the mitral valve in
motion enhances the evaluation of both normal and pathologic
ronditions and will facilitale communication between cardiol-
ogists and.cardiac surgeons. The mechanism of mitral regur-
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-Figure 6. Three-dimensional. reconstruction with -
. -volum-rendered. display in.a patient with miitral
stenosis and insufficiency. In diastole (panel A),
retraction of the feaflets and commissuraf fusion
are. present (arvows). The: aortic valve (AV) is’
visible in closed position. From the left atrial
appendage, a mass. lesion emerges into the left.
atrial cavity (arvew). Inferiorly, the coronary:sinus
(CS) is found along the posterior wall of the left
atrium within the left : trioventricular groove. In
systole (panel B), the coronary sinus is not visible
because of the movement of the heart relative to
the cut plan,

gitation can be clarificd. and the surgical approach better
defined. In particular. in patients with mitral valve prolapse,
knowledge of which portion of the valve has the most abnormal
motion is critically important in approaching it correctly for
valve repair. This can be achicved with a volume-rendered
display, and the possibility of ¢lectronic dissection of the mitral
apparatus along orientations comparable to the surgical n-
spection may result in a better preoperative assessment helping
the surgeon in planning the type of repair.

Pitfalls of three-dimensional echocardiography. Several
factors are crucial for the results of three-dimensional recon-
struction and for volume-rendered display in particular. Proper
selection of the gain settings of the basic two-dimensional
images, filter processing and thresnold sclection represent
critical steps for volume-rendered display. An inappropriate
decision during each of these steps may result in artifacts and
limit the diagnostic potential of the method.

In the conical volume obtained after rotational scanning,
the resolation is nonuniform in two dimensions. In particufar,
the resolution becomes worse from the top to the botiom and
from the central axis to the lateral fields. As a consequence,
cach point of a tangential cut plane has dificrent resolution,
whict could result in distortion of images. The lower scores for
subvalvular apparatus by volume-rendered echocardiography

- Figure 7. Atrial view of the mitral valve in a patient
- with severe mitral insufficiency. In diastole (panel
A), theilealers are open. and a normat orjfice area
is-present. In systole (panel B), the middle sallop
of the posterior feaflet prolapses” (arrow). In the
dyn.lmlt display the prolfipsing portion of the caf-
lets is appreciated as m\mng toward the ohu.r\u in
systole. -
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reflect a relative v.‘m;derestimation‘of this_feature compared
with multiplane echocardiography and anyplane echocardiog-
12phy, probably because of suboptimal spatial resolution of this
tehiiyue. Evaluation of leaflet thickness with volume-
rendered ‘echocardiography was ‘also suboptimal. With, this
technique; views from ‘above do not provide adequate infor-
“. mation because of inappropriate view angle, and the display of
. longnudmal views has been hampered in our experience by the
excessive reflected intensity ‘of ‘the light from the structures
close to the obscrver.
* Other expected technical problems are.probe motion from
either patient motion or peristalsis, prolonged acquisition time
because of atrial fibrillation, and difficulties in visualizing the
valve from the esophagus because of spontancous contrast. In

our experience, these problems can be circumvented with

adequate instruction of the patients and optimal selection of

electrocardiogmphic and respiratory gating and gain seitings

" of the basic images.

Finally, the time required for processing the data is still too
long for routine use of this melhod. and the selection of the -
‘besi cut plane is an interactive time-consuming process: Fur
ther. d:velopments of ‘softwate for: fast, less: operator-.

" dependint three-dimensional reconistruction are needed.

" atrial appendage; LV =
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" Figure 8. In this patient with mitral insufficiency, a longitudinal cut

plane through the mitral valve with a volume-réndered display (panel
A) reveals two separate holes (arvews), suggesting a double-orifice
mitral valve. A cut plane from above (pagel B) exposes to view the.
siuctiire of the valve, confirming the presence of two separate valve
orifices (1 and 2) with bridging tissue complctely partitioning the valve
annulus. The corresponding pathologic specimen of the anterior-mitral
leaflet is shown for comparison (panel C). Pone! D is a schematic
drawing. represemmg the native mitral valve as viewed from above
during operation: The hatched lines represent the posterior leaflet; the
crosshatched lines correspond.to the part of the unterior leaflet that
has not been removed; the asterisks indicate the epicardial patches
used for cleft repair. The thick dashed lines indicate the edges of the
bridging tissue partioning the valve. LA = left atrium’ LAA = left
left venmclc, RA = right atrium, -

Conclusious. The results of this study indicate that unique
imaging planes can be selected from three-dimensional data
sets obtained with multiplane transesophageal echocardiogra-
phy. allowing a coniprehensive assessment of the mitral valve
apparatus. Dynamic volume-rendered: display provides addi-
tional qualitative information on leaflet mobility, orifice size |
and commissures and complements the information obtained
with both multiplane echocardiography and anyplane echocar-
diography. Further technical improvement will make three-
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Figure 9. Volume-rendered display after a tungential cut plane of the
left atrium in 8 patient with a Hancock prosthesis. This view discloses
- the strut of the prosthesis bulging into the left atrium (LA). A shadow
of thie strut is also projecivd on the atrial wall. The three leaflets of the
valve can be recognized in systole (panet A), but in diastole (panel B)
only two cusps are visible (arrows) because-of the tangential view.

dimensional echocardiography the technique of choice for the
study of the mitral valve in the future.
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