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Additional value of biplane transoesophageal
imaging in assessment of mitral valve prostheses
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George R Sutherland

Abstract
Objectives-To determine whether bi-
plane transoesophageal imaging offers
advantages in the evaluation of mitral
prostheses when compared with standard
single transverse plane imaging or the
precordial approach in suspected pros-
thetic dysfunction.
Design-Prospective mitral valve pros-
thesis in situ using precordial and bi-
plane transoesophageal ultrasonography.
Setting-Tertiary cardiac referral centre.
Subjects-67 consecutive patients with
suspected dysfunction of a mitral valve
prosthesis (16 had bioprostheses and 51
mechanical prostheses) who underwent
precordial, transverse plane, and biplane
transoesophageal echocardiography. Cor-
relative invasive confirmation from surgery
or angiography, or both, was available in
44 patients.
Main outcome measures-Number, type,
and site of leak according to the three
means of scannng.
Results-Transverse plane transoeso-
phageal imaging alone identified all 31
medialllateral paravalvar leaks but only
24/30 of the anterioriposterior leaks.
Combining the information from both
imaging planes confirmed that biplane
scanning identified all paravalvar leaks.
Five of the six patients with prosthetic
valve endocarditis, all three with valvar
thrombus or obstruction, and all three
with mitral annulus rupture were diag-
nosed from transverse plane imaging
alone. Longitudinal plane imaging alone
enabled diagnosis of the remaimng case
of prosthetic endocarditis and a further
case of subvalvar pannus formation.
Conclusions-Transverse plane trans-
oesophageal imaging was superior to the
longitudinal imaging in identifying
medial and lateral lesions around the
sewing ring of a mitral valve prosthesis.
Longitudinal plane imaging was superior
in identifying anterior and posterior
lesions. Biplane imaging is therefore an
important development in the study of
mitral prosthesis function.

(Br HeartJ_ 1993;70:259-265)

Transoesophageal echocardiography has
become established as an important new
imaging technique in cardiology. Thousands
of elective studies have been completed with

a low complication rate of about 0f9%.'
Several reports have shown that this tech-
nique can be applied safely and is valuable in
assessing mitral prosthetic valves. Trans-
oesophageal imaging complements a precor-
dial study and may be an essential part of a
comprehensive echocardiographic examina-
tion of patients with a suspected malfunction
of a mitral prosthesis.23 Transoesophageal
echocardiography has the advantage of
circumventing the ultrasound attenuation in-
herent in precordial imaging of the atrial sur-
face of the mitral prosthesis and its sewing
ring.
The initial generation of transoesophageal

probes allowed imaging of the heart in only
one imaging plane, the transverse axis.
Recent developments in probe technology
have led to the introduction of biplane trans-
oesophageal probes. In the current generation
of such probes a second transducer array pro-
ducing longitudinal plane scanning is
mounted proximal to the transverse plane
scanner. Thus images recorded from two
orthogonal planes can be displayed sequen-
tially and by transducer tip manipulation
biplane imaging can be used to produce what
is in essence a more three dimensional appre-
ciation of cardiac anatomy.4
With the addition of colour flow mapping

to transoesophageal imaging, the investiga-
tion of normal and abnormal blood flows
within the left atrium of patients with a mitral
prosthesis has become possible. With this
technique the site and extent of regurgitant
jets can readily be appreciated.5 To date all
transoesophageal studies of mitral valve pros-
theses have been restricted to imaging in the
transverse plane alone using either an
oesophageal or a transgastric position. With
such a limitation in imaging planes it is not
always possible to scan the entire valve
sewing ring.3 To determine whether the addi-
tion of a second, longitudinal axis imaging
plane would add important new clinical infor-
mation and contribute to patient manage-
ment we carried out a study comparing the
information gained from either imaging plane
with results from precordial ultrasonography,
angiography, and surgery.

Patients and methods
The ultrasound examinations were performed
at either this hospital or the Royal Infirmary,
Edinburgh, between January 1991 and May
1992. Sixty seven consecutive patients with
suspected mitral prosthesis dysfunction were
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Table 1 Clinical data on 67 consecutive patients with
clinically suspected mitral prosthetic dysfunction

Time since implantation:
Mean (SD) (years) 5-5 (5 2)
Range 1 month-16 years

Age (years):
Mean (SD) 64 (10)
Range 35-80

Prosthesis type (No of patients):
Mechanical 51
Tissue valve 16
Concomitant aortic valve 11

studied initially by precordial echocardio-
graphy and subsequently by biplane trans-
oesophageal echocardiography. All the
studies were recorded on continuous video-
tape and were subsequently analysed and
interpreted by two independent observers.
For each study the transverse plane images
were analysed first with subsequent analysis
of the longitudinal plane images being carried
out. The information derived from each
imaging plane study was then compared and
contrasted. Any diagnostic disagreements
(there were none) were to be settled by reach-
ing a consensus decision after a further joint
review of the videotape. Table 1 shows the
patients' demographic and clinical details.

TRANSOESOPHAGEAL ECHOCARDIOGRAPHY
Two transoesophageal echocardiographic
imaging systems were used: an Acuson 5 6
MHz 64 channel biplane probe (attached to
Acuson 128/XP10) or an ATL 4-8 MHz 48
channel biplane probe (attached to ATL
Ultramark 9). Both probes have integrated
colour flow mapping and pulsed Doppler
capabilities, and, in addition, the Acuson

Figure 2
Transoesophageal
transverse plane image of
lateral dehiscence (arrow)
of a mechanical mitral
prosthesis (left). Colour
flow mapping shows gross
systolic (top right) and
diastolic (lower right)
paravalvarflow through
area of dehiscence. Site of
origin and severity of the
paravalvar leakage were
best displayed in this plane.
(LA = left atrium,
LV= left ventricle,
MVP = mitral valve
prosthesis, LUPV = left
upper pulmonary vein,
LAA = left atrial
appendage, AD = aortic
valve.)

Figure 1 Transoesophageal transverse plane image of
severe regurgitation in patient with mechanical mitral
prosthesis. Top: Single medial site of dehiscence (arrow),
the only abnormality found in this plane. Bottom:
Corresponding colourflow map showing two significant
pathological paravalvar regurgitantjets. The greater leak
is through the medial dehiscence. The origin of the second
paravalvar leak could not be assessed in this plane but was
shown to be sited posteriorly by longitudinal plane
scanning. (LA = left atrium, LV = left ventricle,
RA = right atrium, MVP = mitral valve prosthesis.)
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Cross sectional imaging of mitral prostheses

Figure 3 Transoesophageal transverse plane image of central orifice regurgitation in a
mitral bioprosthesis in a patient with infective endocarditis affecting septal leaflet of valve.
The causative vegetation is indicated with an arrow. There were no paravalvar leaks in
this case. (LA = left atrium, LV = left ventricle, RA = right atrium, RV = right
ventricle, VEG = vegetation.)

probe has an integrated continuous wave
Doppler capability.
The patients all abstained from oral intake

for at least four hours before the study. A his-
tory was taken to exclude possible
oesophageal disease and difficulties in swal--
lowing. An intravenous cannula was routinely
inserted in a peripheral vein. The pharynx
was sprayed with an aerosol of lignocaine. All
patients were sedated with 2-5-5 mg intra-
venous midazolam 5-10 minutes before
introduction of the probe. The examinations
were then performed with the patient lying in
the left lateral decubitus position. During the
study additional midazolam was administered
when considered necessary to avoid patient
discomfort. Patients under 40 years of age in
whom excess salivation was more likely were
given 0-2 mg glycopyrrolate intravenously to
reduce secretions. No antibiotics for prophy-
laxis against endocarditis were given, which is
our routine practice.
The examination of the mitral valve pros-

thesis was started by scanning the prosthesis
ring and the left atrium in the transverse
plane using standard views of four and five
chambers of the heart. Instrument settings
such as colour gain, depth, transmit power,
and colour flow map were adjusted individu-
ally to obtain both the best quality cross sec-
tional images and the maximum jet area for
any mitral regurgitation. During the examina-
tion the vertical position of the probe was
finely adjusted to visualise the different parts
of the prosthesis and left atrium. After the
optimal imaging position had been deter-

Table 2 Results of single plane and cross sectional imaging of valvar and paravalvar
regurgitation leaks in 47 patients with suspected mitral prosthetic dysfunction
Site of leak Transverse plane Longitudinal plane Both

Anterior/posterior paravalvar (n = 30) 24 30 30
Medial/lateral paravalvar (n = 31) 31 24 31
Central orifice (n = 10) 10 10 10
Total (%) 65 (92) 64 (90) 71 (100)

Figure 4 Biplane transoesophageal echocardiographic
imaging of anterior paravalvar leak in a mechanical
mitral valve prosthesis. These images show the difficulty in
visualising anterior paravalvar leaks with transverse plane
scanning alone. Top: Transverse plane image showing
anterior paravalvar regurgitation jet in cross section as it
passes through the anteriorly directed interrogating plane.
The course of the regurgitant jet is such that complete
assessment of its size and direction is impossible in this
plane alone. Bottom: Longitudinal plane image showing
the jet's width and extension as itflows along the anterior
left atrial wall. (LA = left atrium, AO = ascending aorta,
PA = pulmonary artery.)

mined, visualisation of anterior-superior and
posterior-inferior parts of the prothesis and
sewing ring was completed by anteflexing and
retroflexing the flexible tip of the transducer.
Fine adjustments of the imaging plane were
accomplished by lateral or medial flexion of
the tip of the probe.

Subsequent scanning in the longitudinal
plane was performed from the same position
as the transverse imaging. Gradual rotation of
the probe was performed to scan different
longitudinal planes, with emphasis being
placed on the visualisation of the lateral and
medial margins of the valve sewing ring.
Anteflexion and retroflexion of the probe
together with lateral and medial flexion were
used for fine adjustments of the imaging
plane. Transgastric scanning of the mitral
prosthesis in both imaging planes was
attemnpted in every case by advancing the
probe into the stomach and anteflexing its tip.

CLASSIFICATION OF MITRAL REGURGITATION
Each type of mechanical valvar prosthesis has
an inherent characteristic leakage pattern spe-
cific to the valve type.36 In any study of pros-
thetic or paraprosthetic mitral leakage this
inherent leakage pattern has to be distin-
guished from pathological mitral regurgita-
tion. The severity of pathological mitral
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Figure 5 Biplane
transoesophageal imaging
of multiple paravalvar
leaks in a patient with a
mechanical mitral
prosthesis. A: Transverse
plane image showing site of
suspected anterior
dehiscence (arrow).
B: Longitudinal plane
image more clearly
showing single area of
anterior prosthesis
dehiscence (arrow).
C: Colourflow mapping in
the transverse plane
showing two pathological
paravalvar mitral
regurgitantjets. The origin
of the anterior paravalvar
regurgitantjet is visible,
but its extension cannot be
appreciated. There is also a
lateral regurgitant jet
whose origin cannot be
assessed in this plane.
D: Colour Dopplerflow
mapping in the
longitudinal plane showing
that both regurgitant jets
are extensive. One is sited
anteromedially, the other,
largerjet is sited
posterolaterally. (LA = left
atrium, LV = left
ventricle, RA = right
atrium.)

regurgitation was based on evaluating the
onset, duration, length, width, and colour of
the regurgitant flow.7 A regurgitant jet
observed either during part or whole of sys-
tole of less than 30 mm in length and less
than 10 mm in width and predominantly red
in colour was classified as a marker of mild
regurgitation. A multicoloured holosystolic jet
less than 30 mm long and less than 10 mm
wide that did not reach into the pulmonary
veins was considered to be associated with
moderate regurgitation. Colour jets that ful-
filled the criteria of at least moderate regurgi-
tation and extended into the pulmonary veins
were considered to be markers of severe
regurgitation.

CORRELATIVE CONFIRMATION
The echocardiographic findings were con-
firmed by surgery in 19 patients and by
catheterisation in 25 patients. After complete
precordial and transoesophageal echocardio-
graphic examinations 15 of the remaining
patients were classified as having normal
ultrasound findings and eight as having trivial
valvar or paravalvar leaks. These findings
were considered to be diagnostic and to

Table 3 Results ofsingle plane and cross sectional imaging in 13 patients with
concomitant mitral prosthetic disease

Lesion Transverse plane Longitudinal plane Both

Endocarditis (n = 6) 5 6 6
Thrombus/obstruction (n = 3) 3 2 3
Annulus rupture (n = 3) 3 2 3
Subvalve pannus (n = 1) 0 1 1
Total (%) 11 (85) 11 (85) 13 (100)

proceed to further invasive studies would
have subjected the patients to a small, but un-
necessary risk of complications. Thus no cor-
relative angiographic or surgical information
is available in these 23 cases.

Results
TRANSVERSE AND CROSS SECTIONAL IMAGING
OF MITRAL PROSTHETIC AND PARAPROSTHETIC
REGURGITATION
The tranverse plane was able to visualise the
complete medial and lateral portions of the
mitral annulus in every case. The origin and
extension of all pathological regurgitant jets
in these areas (figs 1 and 2) and within the
central orifice (fig 3) of the prosthesis could
be accurately assessed in every case. In the
case of multiple regurgitant jets in which the
origin of some jets was anteriorly or pos-
teriorly around the sewing ring, the origin
could not be assessed by imaging in this plane
(fig 1). This transverse plane image shows a
medial regurgitation jet passing through the
area of medial dehiscence but the origin and
true extension of the second (posterior) jet
could not be assessed by transverse plane
scanning despite a careful imaging study
using anteflexion and retroflexion of the
probe tip to visualise the anterior and poste-
rior aspects of the valve sewing ring.
Eccentric regurgitant jets may have a site of
origin and course that requires biplane imag-
ing for complete assessment (fig 4).

During the transoesophageal echocardio-
graphic studies the inherent patterns of mitral
regurgitation that are characteristic for each
valve type could be visualised for most
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Figure 6 Biplane transoesophageal echocardiographic image ofa subannular rupture and
pseudoaneurysm in a patient with a mechanical mitral prosthesis. Top: Transverse plane
image showing the pseudoaneurysm (arrow) below the lateral part of the annulus.
Bottom: Longitudinal plane image showing that the pseudoaneurysm (arrow) extends to
the anterior part of the annulus. (LA = left atrium, LV = left ventricle, MIVP = mitral
valve prosthesis, LAA = left atrial appendage, PA = pseudoaneurysm.)

mechanical prostheses using either imaging
plane. Pathological mitral regurgitation was
present in 39 of the 67 patients as their only
pathological lesion. In 18 patients there was a
single paravalvar leak, in eight patients two
paravalvar leaks were present, in four patients
three paravalvar leaks, in four patients one
central leak, and in five patients the combina-
tion of a central and one or more paravalvar
leaks. Eight patients had mitral regurgitation
as a direct consequence of concomitant pros-
thetic valve disease. With transverse plane
scanning alone it was difficult in some cases
to determine the origin of the regurgitant jet
as being either central orifice or parapros-
thetic. This was particularly true of the
patients with concomitant central and para-
prosthetic leaks in whom the correct three
dimensional appreciation of the origin sites of
the multiple regurgitant jets required detailed
biplane assessment. Table 2 shows the com-
parison between transverse plane and biplane
transoesophageal imaging for assessing the
site and number of all valvar and paravalvar
leaks.

TRANSVERSE PLANE VERSUS BIPLANE
TRANSOESPHAGEAL IMAGING OF MITRAL
PROSTHESIS DISEASE
Biplane echocardiography was superior to
single transverse plane scanning in both local-
ising and measuring pathological changes
within and around the valve. In a case of
severe paraprosthetic leakage due to two areas
of dehiscence of the sewing ring two regurgi-
tant jets were visible with the transverse
plane. To localise their extension and both
sites of dehiscence, however, scanning in two
orthogonal planes was needed. Biplane imag-
ing showed that both regurgitant jets were of
similar size and that the patient had two large
paravalvar leaks (fig 5).

Depending on their localisation, vegeta-
tions were often seen in both imaging planes
(fig 3). Only biplane scanning was able to
detect all of them. In two cases of mitral
annulus rupture and pseudoaneurysm forma-
tion, one was not detected by longitudinal
plane scanning. In this case, however, the lat-
eral rupture site and the associated pseudo-
aneurysm was small. The other case of
mitral annulus rupture was readily detected
in both planes, but its posterolateral exten-
sion could not be appreciated without infor-
mation from both planes (fig 6). Table 3
shows diagnostic accuracy of transverse plane
and biplane scanning in assessing mitral pros-
thetic disease.

Discussion
COLOUR DOPPLER FLOW ASSESSMENT OF
MITRAL REGURGITATION BY TRANSVERSE
PLANE AND BIPLANE TRANSOESOPHAGEAL
ECHOCARDIOGRAPHY
Omoto et al showed in their biplane assess-
ment of colour flow Doppler mitral regurgi-
tant jets that the transverse and longitudinal
plane jet areas can differ by more than half in
the same patients.5 The best correlation with
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contrast angiography was achieved when jet
areas from both planes were combined. In
their assessment of mitral regurgitation by
biplane transoesophageal echocardiography
Yoshida et al found that the best correlation
with angiography was obtained when the
greater measurement from two different
planes was considered.8 Thus, both studies
were able to show that in comparison with
conventional transverse echocardiography,
mitral regurgitant jet areas from biplane
imaging correlate better with contrast angio-
graphy. Therefore, instead of measuring
mitral regurgitation jets by planimetry we
investigated whether adding longitudinal
plane imaging to the transoesophageal echo-
cardiographic examination could give addi-
tional new information about the origin,
number, and extension of mitral regurgitant
jets. Furthermore, prosthetic paravalvar
regurgitation jets are often crescent shaped
and adhere to the atrial wall, making their
planimetric assessment less reliable. Our ob-
servers agreed in all cases on the extent,
number, and severity of the regurgitant jets
seen in either imaging plane. This may be
because the studies were subsequently
reviewed in slow motion from videotapes and
because biplane approach gives a second
image of regurgitant jets, thus making visual
assessment more confident.
We found transoesophageal biplane colour

Doppler flow mapping of regurgitant jets
more reliable than conventional transverse
plane assessment. A proportion of regurgitant
jets situated around the anterior and posterior
aspects of the annulus were not visualised by
imaging in the transverse plane. The size and
direction of a jet which may be eccentric and
which may move out of the imaging plane
might be appreciated better by biplane scan-
ning in the same way that jet morphology in
native mitral regurgitation is better evaluated
by scanning multiple planes from the trans-
thoracic approach.9 Complete spatial local-
isation of many of the regurgitant jets was not
feasible using only the transverse plane.
Superimposition of a paraprosthetic leak on a
minor prosthetic leak, due to the inherent
properties of the prosthesis, may on single
plane scanning create the impression of a
single broad based paraprosthetic regurgita-
tion jet. Jets that may seem narrow in one
plane can in the other plane be broad and
occupy a major portion of the left atrial area.
It is known that regurgitant blood flows along
the atrial wall may become artificially narrow
in one plane because of the Coanda effect.'0
In our experience, biplane imaging can con-
sistently allow an accurate spatial evaluation
of jet morphology.

ASSESSMENT OF VALVAR AND PARAVALVAR
STRUCTURES BY TRANSVERSE PLANE
AND BIPLANE TRANSOESOPHAGEAL
ECHOCARDIOGRAPHY
Biplane imaging from the oesophagus will
normally allow a complete scan of valve
sewing ring. An alternative approach to visu-
alisation of the whole prosthetic sewing ring is

to use transgastric imaging. To carry out
transgastric scanning the probe is advanced
into the stomach and the tip anteflexed to
obtain long and short axis views of both the
sewing ring and the left ventricle. This
approach offers the opportunity of localising
vegetations and regurgitant blood flows
around the sewing ring. Even with the trans-
gastric approach, however, mechanical pros-
theses can cast a wide acoustic shadow on
their atrial aspect, again making this region
difficult to inspect. With the help of longitu-
dinal plane imaging from the transgastric
position the acoustic shadow may be mini-
mised and better imaging of the atrial surface
of the valve and its adjacent structures
obtained.
We found that detection of mitral annulus

rupture was best achieved by transverse plane
scanning when the lesion was extensive.
Smaller areas of rupture under the prosthesis,
including the exact localisation and the extent
of associated sewing ring dehiscence, could
only be appreciated by integrating the infor-
mation from both planes. Thrombotic mater-
ial and vegetations on and around the valve
were shown in all cases with a biplane
approach whereas scanning only in the trans-
verse plane failed to recognise both anterior
and posterior lesions that were of less than
moderate size. In the patient with subvalve
pannus only longitudinal plane scanning was
able to identify this lesion. As noted earlier,
however, the obstructed transvalvar flow and
the nature of the subvalve obstruction was
best defined during precordial scanning.

LIMITATIONS OF THE STUDY
The evaluation of any new diagnostic tech-
nique is dependent on a comparative gold
standard. In our patients cineangiography or
surgical confirmation was available in only 25
and 19 patients respectively. In the patients
with surgical results the correlation was excel-
lent between findings on cross sectional trans-
oesophageal echocardiography and the
subsequent surgical description of mitral
prosthetic disease. Multiplane cineangio-
graphy cannot act as the gold standard as it
cannot define the number or site of multiple
regurgitant jets with sufficient accuracy; this
is only possible using biplane trans-
oesophageal echocardiography (see above).
Therefore, biplane transoesophageal echocar-
diography was accepted as the gold standard
for assessing the number and site of regurgi-
tant jets. Twenty three patients in this series
had either normal physiological valve leakage
or trivial pathological valvar or paravalvar
leakage at transoesophageal echocardio-
graphic study. Transthoracic colour and spec-
tral Doppler echocardiography did not
suggest valvar obstruction. Therefore, for
these patients, on the basis of clinical, echo-
cardiographical, and bacteriological, in-
formation, we decided that no subsequent
invasive examinations were necessary to con-
firm the transoesophageal findings. A clini-
cally important paravalvar leak may have
been missed, but clinical examination,
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precordial Doppler findings, and the cross
sectional transoesophageal echocardiographic
study were all in accordance with trivial or no
valve abnormality. Therefore we doubt that
significant disease was missed in this patient
group. In the patients with cineangiography
correlation on the severity of mitral regurgita-
tion was good but angiography consistently
failed to detect the number and site of jets.

CONCLUSIONS
As in earlier comparative studies on the trans-
oesophageal assessment of mitral prosthetic
function, the information that could be
yielded from the transoesophageal window
was far superior to that offered by precordial
scanning. We found however, that the further
addition of longitudinal plane scanning to the
transoesophageal examination can allow a
much improved definition of the anterior and
posterior aspects of the mitral annulus and
sewing ring when compared with single trans-
verse plane scanning. Transverse plane imag-
ing remained superior to longitudinal imaging
in detecting medial or lateral valve or paraval-
var lesions. Also during colour flow mapping
studies the integrated biplane approach
yielded more information than single trans-
verse plane studies on the number, width,
length, and origin of regurgitant jets, thus
offering more accurate information and pro-
viding a higher degree of diagnostic confi-
dence. In addition, small-that is, less than
3 mm-but clinically relevant lesions such as
small vegetations or thrombi were more easily
diagnosed by scanning in two orthogonal
planes than in one. We therefore conclude

that biplane transoesophageal imaging is a
significant improvement over single trans-
verse plane imaging in evaluating mitral pros-
thetic finction.
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