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Aims: The purposes of this study were to compare the
accuracy of multiplane vs. biplane transoesophageal
echocardiography (TEE) in the diagnosis of aortic dissec-
tion and aortic intramural haematoma, and to test whether
these techniques provide all the diagnostic information
required to make management decisions.

Methods and Results: Fifty-eight consecutive patients
with clinically suspected aortic dissection were studied with
multiplane TEE; all cases who required surgery underwent
intraoperative monitoring with multiplane TEE.

The following multiplane TEE data were analysed: the
angle between current and 0� plane at which each view was
obtained; the success rate in the evaluation of true and false
lumen, entry tear, coronary artery involvement, aortic
regurgitation, pericardial effusion. Advantages of multi-
plane over biplane TEE have been evaluated by the dem-
onstration of usefulness of views obtained in planes other
than 0�–20� or 70�–110�, assuming that with manipulation
of a biplane probe a 20� arc could be added to the
conventional horizontal and vertical planes.

On the basis of TEE findings, aortic dissection was
confirmed in 36 cases (18 type A, 12 type B, six intramural
1525-2167/00/010072+08 $35.00/0
haematoma). The specificity and sensitivity of TEE in terms
of the presence or absence of aortic dissection or intramural
haematoma were 100%. An additional clinical value of
multiplane over biplane TEE in the evaluation of ascending
aorta, aortic arch, entry tears and coronary artery involve-
ment was demonstrated. All cases with type A aortic
dissection or intramural haematoma involving the ascend-
ing aorta had an operation that was performed immediately
after the diagnosis (hospital mortality, 13%). Patients with
type B aortic dissection were treated medically; 25% of
these cases were operated later (hospital mortality, 0%).

Conclusions: Multiplane and biplane TEE have excellent
and similar accuracies in the evaluation of aortic dissection
and intramural haematoma. Multiplane TEE improves the
visualization of coronary arteries, aortic arch and entry
tears; it appears to be an ideal method as the sole diagnostic
approach before surgery in type A aortic dissection.
(Eur J Echocardiography 2000; 1: 72–79)
� 2000 The European Society of Cardiology

Key Words: Aortic dissection, Aortic intramural hae-
matoma; Multiplane transesophageal echocardiography.
023
Introduction

Transoesophageal echocardiography (TEE) is a useful
technique for the rapid bedside evaluation of suspected
acute aortic dissection. The accuracy of monoplane TEE
has been well defined, and has been compared with other
non-invasive and invasive techniques[1,2]. More recently,
biplane and multiplane TEE have emerged as the new
standard techniques for ultrasound diagnosis of aortic
dissection[3–5]; however, the diagnostic accuracy of bi-
plane versus multiplane TEE for aortic dissection and
intramural haematoma have not been well defined.
Moreover, even though the rapid non-invasive diagnosis
of aortic dissection and the avoidance of routine angi-
ography appear to improve survival by expediting sur-
gical intervention[6], the advantages and limitations of
managing patients on the basis of monoplane, biplane or
*Address for correspondence: Mauro Pepi, Istituto di Cardiologia,
Via Parea 4, 20138 Milano, Italy.
� 2000 The European Society of Cardiology
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multiplane TEE as the sole diagnostic investigation in
patients with suspected aortic dissection have not been
completely demonstrated.

This study was undertaken to better define the role of
multiplane versus biplane TEE in the diagnosis of aortic
dissection and intramural haematoma, and to test
whether these techniques provide all the diagnostic
information required to make management decisions in
patients with a suspected aortic dissection.
hjcim
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Methods

Fifty-eight consecutive patients (mean age: 61�12;
range: 32–78 years) with clinically suspected aortic dis-
section were admitted to our institute between 1995 and
1998. All patients underwent initial screening with chest
X-ray, transthoracic and TEE; TEE examinations were
performed under haemodynamic monitoring in the car-
diac or intensive care units. All cases requiring urgent
surgery underwent intraoperative monitoring through
multiplane TEE.

For the TEE procedure in the awake patient, mild
sedation with diazepam (2–5 mg) was used; the probe
was inserted into the oesophagus after local anaesthesia
with 10% xylocaine spray and connected to the ultra-
sound unit (Hewlett-Packard models 1500 and 5500,
Andover, Mass., U.S.A.). For intraoperative TEE after
induction of anaesthesia and endotracheal intubation, a
multiplane probe was inserted in the oesophagus and
connected to the echocardiographic system (Hewlett-
Packard model 1500).

We started systematic acquisition of cardiac images
with the transducer initially located at the level of the
gastric fundus, then at the lower oesophagus, followed
by the upper esophagus; finally we evaluated the
descending aorta and distal aortic arch by rotating
the probe posteriorly and laterally, and by moving the
echoscope up and down. The diagnosis of aortic dissec-
tion was made if two lumina, separated by an intimal
flap, could be seen within the aorta. A tear was defined
as a disruption in the continuity of the flap with flutter-
ing of the ruptured intimal border, and/or as a high
velocity colour Doppler flow between the two lumens.
When the false lumen suggested thrombosis, central
displacement of the intimal calcifications was considered
to be indicative of dissection.

Dissections involving the ascending aorta were classi-
fied as type A regardless of the site of primary fen-
estration; all other dissections were defined as type B.
Non-communicating intramural haematoma was de-
fined as regional thickening of the aortic wall (>7 mm)
in a circular or crescent shape and/or evidence of intra-
mural accumulation of blood; exclusion of dissecting
flap or intimal disruption was a prerequisite for the
diagnosis of intramural haematoma.

The sequential introduction of a multiplane and
biplane probe in the same patient has not been carried
out because of practical and ethical aspects. Therefore,
the advantages of multiplane over biplane TEE have
been indirectly assumed by the demonstration of the
usefulness of views obtained in planes other than 0�–20�
or 70�–110�, as proposed by Tardif et al.[18].

All images were recorded on videotape and
re-evaluated in the echocardiographic laboratory soon
after the examinations. We analysed the following:

(a) the angle between the current and 0� plane
at which each view was obtained;

(b) the success rate (cases in which the correct
anatomy was recorded/total examinations) in:

evaluation of ascending and descending aorta,
aortic arch;
true and false lumen and entry tear identifica-
tion;
coronary artery visualization and involvement;
aortic regurgitation and its mechanisms;
pericardial effusion;
(c) additional clinical value (percent) was de-

fined as the percentage of cases in which
oblique views provided additional anatomi-
cal informations compared to exclusive
transverse (0�–20�) or longitudinal (70�–
110�) planes.
Table 1. Angles between current and 0� plane at which the short and the long axes
of ascending, descending thoracic aorta and coronary arteries were obtained.

Mean angle (�)
�SD

Minimum
angle (�)

Maximum
angle (�)

Ascending thoracic aorta (short) 42�21 0 61
Ascending thoracic aorta (long) 123�9 80 160
Descending thoracic aorta (short) 3�9 0 50
Descending thoracic aorta (long) 92�10 68 130
Aortic valve (short) 33�16 0 65
Aortic valve (long) 122�20 78 165
Left coronary artery (short) 32�15 20 74
Left coronary artery (long) 104�10 100 120
Right coronary artery (short) 54�12 0 60
Right coronary artery (long) 107�7 98 115
Eur J Echocardiography, Vol. 1, issue 1, March 2000
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Contrast-enhanced computed tomography (22 cases),
magnetic resonance imaging (one case) or aortograms
(three cases) were performed in cases without TEE signs
of aortic dissection in order to confirm the correct
diagnosis; intraoperative inspection of the aorta was
performed in 18 cases who underwent urgent surgery
immediately after TEE. The presence and extent of
intimal flap, the presence or absence of intimal
tear, thrombus formation, intramural haematoma,
aortic valve pathology and pericardial effusion were
systematically recorded on the operative reports.
Statistical Analysis

All values are expressed as mean�1 SD. The additional
clinical value (percent) of multiplane TEE was defined as
the percentage of cases in which oblique views were
essential in providing additional clinical informations in
Eur J Echocardiography, Vol. 1, issue 1, March 2000
comparison to transverse or longitudinal planes. Com-
parisons between groups were performed with the
Chi-squared test with continuity correction; a value of
P<0·05 was considered significant.
Results

On the basis of TEE findings, aortic dissection was
confirmed in 36 out of 58 cases; 18 were classified as type
A, 12 as type B, and six as intramural haematoma
(ascending aorta, four cases; aortic arch, one case;
descending aorta, one case). No dissection was found in
22 cases (two with normal aortic anatomy, 20 with aortic
aneurysm). Diagnoses of aortic dissection or intramural
haematoma by TEE were always confirmed by intra-
operative findings of operations (22 cases), or by other
techniques (in 14 cases with type B dissection or intra-
mural haematoma that were not considered suitable for
Table 2. Biplane (BTEE) versus multiplane (MTEE) transoesophageal echocardi-
ography findings in aortic dissection and aortic haematoma.

Aortic dissection BTEE=30 pts MTEE=30 pts

Aortic length visualization (mm)
Ascending 104 106
Arch 45 46
Descending 230 235

Intimal flap (%) 100 100
True lumen (%) 100 100
False lumen (%) 100 100
Entry tear (%) 50 98*
Mechanism of aortic insufficiency 90 100
Pericardial effusion (%) 100 100
Visualization of

Aortic Arch (%) 58 78
Left coronary artery (%) 60 99*
Right coronary artery (%) 48 90*

Aortic haematoma BTEE=6 pts MTEE=6 pts

Aortic wall thickening (mm) 8·3 7·8
Haematoma extension (mm) 73 80
Optimal anatomical definition (%) 66 100*

*MTEE vs BTEE, P<0·05.
Table 3. Additional clinical value (AV) of multiplane (MTEE) versus biplane
(BTEE) transoesophageal echocardiography.

BTEE=30 pts MTEE=30 pts AV (%)

Aortic arch involvement 10/18 14/18 29
Entry tear 15/30 28/30* 43
Mechanism of aortic insufficiency 30/30 30/30 0
Extension and anatomic definition of

intramural haematoma
4/6 6/6 33

Coronary arteries
Dissection 2/4 4/4 50
No dissection 20/26 26/26* 23

*MTEE vs BTEE, P<0·05.
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surgery). In cases without dissection at TEE, diagnoses
were always validated against computed tomography
(22 cases), magnetic resonance (one case) and/or angiog-
raphy (three cases); these techniques confirmed in all
cases the absence of aortic dissection or intramural
haematoma.

Thus, the specificity and sensitivity of TEE in terms
of the presence or absence of aortic dissection or
intramural haematoma were 100%.

Table 1 presents the mean angles at which each short
and long axis of the ascending aorta, descending aorta,
aortic valve, left and right coronary arteries were visu-
alized. This analysis demonstrates that the correct ana-
tomical description of these structures was obtained in
oblique planes. Consequently, optimal short and long
axis views of the ascending aorta were obtained in only
24% and 19% by conventional horizontal and vertical
biplane views, whereas oblique multiplane TEE planes
allowed the visualization of these views correctly in the
majority of the study population (76% and 81% of cases,
respectively).

Table 2 shows the main biplane and multiplane find-
ings; aortic length evaluation by the two techniques was
similar. Intimal flap, true and false lumen, aortic insuf-
ficiency and pericardial effusion were correctly identified
in all cases by biplane and multiplane TEE. In contrast,
multiplane TEE identified the entry tear in 98% of cases,
whereas with biplane TEE it was identified in only 50%;
moreover, the success rate in the visualization of the
left and right coronary arteries was higher through
multiplane TEE.

Table 3 presents the additional clinical value of mul-
tiplane vs. biplane TEE in patients with aortic dissec-
tion. The anatomic definition of ascending aorta, aortic
arch and coronary arteries was improved by multiplane
TEE; of 18 patients with proven aortic arch involve-
ment, the dissection flap was clearly seen to extend to the
aortic arch in 14 cases by multiplane TEE and in 10
cases by biplane TEE. Of four cases with proven cor-
onary artery involvement by surgery, biplane TEE failed
to correctly visualize the coronary vessel in two, while
multiplane TEE demonstrated coronary dissection in all
cases; furthermore, multiplane TEE allowed the exclu-
sion of the presence of coronary dissection in 26 cases,
while for biplane TEE the figure was only 20 out of 26
patients.

Examples of multiplane TEE demonstrating visualiza-
tion of the entry tear, aortic intramural haematoma and
Figure 1. Aortic dissection (type A). Left panel: in the short axis at 52 degrees the true lumen (TL), false
lumen (FL) and entry tear (arrow) are clearly shown. Right panel: long axis (122 degrees) of the ascending
aorta in the same patient.
Eur J Echocardiography, Vol. 1, issue 1, March 2000
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right coronary artery dissection are shown in Figures 1,
2, 3 and 4, respectively.

No complications resulting from TEE occurred in the
study population. The duration of the preoperative and
intraoperative multiplane TEE were 15�4 min and
22�4 min, respectively. All patients with type A aortic
dissection or intramural haematoma involving the
ascending aorta had an operation that was performed
immediately after the diagnosis. In patients who had an
immediate operation, the mean delay from admission to
the hospital to arrival in operating theatre was
120�60 min. In all these patients the ascending aorta
was replaced with a dacron graft; the aortic valve was
resuspended in two and replaced in four; arch replace-
ment (three total; three hemi-arch) and the use of deep
hypothermic circulatory arrest were performed in six
cases. Coronary artery bypass grafting was required in
two cases. Hospital mortality among all 22 cases with
urgent surgery was 13% (three patients). Patients with
type B aortic dissection or intramural haematoma lo-
cated at the level of the descending aorta were treated
medically; three of these cases were operated later due to
Eur J Echocardiography, Vol. 1, issue 1, March 2000
associated complications. Hospital mortality in this
group was 0%.
Discussion

This study suggests that biplane and multiplane TEE
have excellent and similar accuracies in the diagnosis of
aortic dissection and aortic intramural haematoma; mul-
tiplane TEE facilitates the correct alignment with true
short and long axis of the ascending aorta, and improves
the visualization of coronary arteries, aortic arch and
entry tears. Multiplane TEE rapidly gives all the neces-
sary diagnostic information required to make manage-
ment decisions in patients with a suspected aortic
dissection.

Our data confirm previous reports concerning the
excellent accuracy of TEE not only in the diagnosis of
aortic dissection, but also of intramural haematoma[5–9].
The 100% sensitivity and 100% specificity of biplane and
multiplane TEE for both the presence and type of aortic
dissection found in this study are findings in accordance
Figure 2. Intramural haematoma of the ascending aorta. Crescentic thickening of the aortic root and
ascending aorta is demonstrated in the short (left panel, 56�) and long axis (right panel, 130�) views.
Morphology (C-shaped, thrombus-like echo-density) and extension (propagation for several centimetres to
involve the entire ascending aorta) of the pathology are clearly visualized. LA, left atrium; AO, aorta; PA,
pulmonary artery.
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with recent data by other groups[5]; this contrasts with
other studies[9–11] which showed that TEE has an excel-
lent sensitivity to detect aortic dissection associated with
a low specificity due a high percentage of false positive
diagnoses. It is probable that the higher sensitivity and
specificity in our study, in comparison with previous
reports, are mainly dependent on the technique utilized
(the previous studies utilized mono- or biplane TEE);
these observations reinforce the importance of a correct
alignment with the ideal short and long axes of the
aorta, something which is provided by multiplane TEE.
Moreover, Evangelista et al.[12] demonstrated that
specificity is highly dependent on the recognition of
artifacts, particularly at the level of the ascending aorta;
assessment of the location and mobility of intraluminal
images by M-mode echocardiography (derived from
biplanar TEE) definitely improve diagnostic accuracy.
In the present study we routinely utilized M-mode and
M-mode colour Doppler echocardiography under two-
dimensional control; multiplane TEE allowed us to
obtain in each case the ideal long axis of the ascending
aorta and to distinguish artifact patterns (from the
posterior aortic wall) from the true intimal flap.

Even though biplane and multiplane TEE have simi-
lar accuracy in the diagnosis of aortic dissection, our
study demonstrates that in comparison with biplane
TEE, multiplane TEE facilitates the recognition of cor-
onary arteries (proximal segments) and coronary artery
involvement, aortic arch and entry tears. These data are
in accordance with reports on multiplane TEE which
showed that structures with a complex spatial orienta-
tion such as aortic valve, ascending aorta, aortic arch,
and coronary arteries are more easily and completely
assessed with multiplane TEE[7,13–18]. Thus, multiplane
TEE appears to be an ideal method to give detailed
anatomical information about the morphology of a
dissection, and can also show the consequences and
complications of proximal extension.

As a potential precursor of aortic dissection, intramu-
ral haematoma requires careful diagnostic attention
through the use of high-resolution tomographic imaging
such as X-ray computed tomography, magnetic reso-
nance or TEE; angiography is not diagnostic in this
disease. Our study clearly shows that in a consecutive
series of patients with suspected aortic dissection, mul-
tiplane TEE correctly identifies all cases with intramural
haematoma of the ascending (four cases), arch (one
case) or descending (one case) thoracic aorta. Keren et
al.[5] demonstrated similar accuracy (90% sensitivity;
99% specificity) in a large series of patients by using
Figure 3. Intramural haematoma of the ascending aorta. Thickening (2 cm) of the posterior aortic wall and
intramural haemorrhage (arrows) are well defined at 115 degrees. LA, left atrium; AO, aorta.
Eur J Echocardiography, Vol. 1, issue 1, March 2000
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biplane or multiplane TEE. However, the possibility of
false-positive and false-negative TEE diagnosis of intra-
mural haematoma has recently been described[19,20]; in
particular, differentiation from severe atherosclerosis
with local thickening or from periaortic fat may be
difficult, and alternative imaging procedures may
enhance diagnostic accuracy in selected cases. Even
though the precise incidence of non-communicating
intramural haematoma is unknown, the percentage of
cases in our series (16%) is similar to that indicated in
the literature (5%–13%)[21,22]. Of the four cases in our
population with ascending aorta involvement, one had
a cardiogenic shock and another had severe hypo-
tension and haemopericardium. Both cases underwent
prompt graft placement thanks to rapid TEE diagno-
sis. In the series by Mohr-Kahaly et al.[8] (8) the
ascending aorta was involved in three and the descend-
ing aorta in 12 patients with intramural haematoma;
two of the patients with ascending aorta involvement
died of aortic rupture at 1 and 3 days after presenta-
tion. The authors concluded that prognosis in patients
with intramural haematoma is poor, reinforcing the
importance of rapid diagnosis and surgical treatment
in these cases. All cases with type A aortic dissection
Eur J Echocardiography, Vol. 1, issue 1, March 2000
or intramural haematoma involving the ascending
aorta had an operation immediately after the diag-
nosis; this approach allowed us to reduce the delay
from admission to the hospital to arrival in operating
theatre (120�60 min). Interestingly, the hospital mor-
tality was 13% in our study, a percentage similar to
that observed by Rizzo et al.[6] who demonstrated the
superiority of a rapid non-invasive diagnosis in com-
parison with the traditional invasive (angiographic)
approach (9% vs 40%). Banning et al.[23] performed a
retrospective evaluation on TEE as the sole diagnostic
investigation in patients with suspected aortic dissec-
tion; in their series only one out of 22 cases with aortic
dissection required a further diagnostic investigation;
operative mortality in the 10 patients with type A
aortic dissection was 10%. In our prospective study,
patients were managed according to the policy of our
institute, which is to treat cases with type A aortic
dissection surgically; in these cases, TEE provided all
anatomical and functional information that the sur-
geon should know before surgery. Our data, therefore,
confirm that TEE rapidly and safely gives all the
necessary diagnostic information and that further
investigations before surgery are unnecessary[3–6,21,24].
Figure 4. Type A aortic dissection involving the right coronary artery (RCA). Left panel: in the long axis
view of the ascending aorta (120 degrees) the extension of the flap towards the coronary ostia is not well
defined. Right panel: the short axis at 50 degrees clearly shows the dissection flap extension into the right
coronary artery. LA, left atrium; TL, true lumen; FL, false lumen.
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Limitations of the Study

Sequential introduction of multiplane and biplane probe
in the same patient has not been carried out because of
practical and ethical aspects. Thus, the advantages of
multiplane versus biplane TEE have been indirectly
assumed by the demonstration of the usefulness of views
obtained in planes other than 0�–20� or 70�–110�, as
proposed by Tardif et al.[7] and validated in a large series
of intraoperative TEE by our group[17]. However, it is
possible that some intermediary planes may also be
obtained with biplane probe through manipulation and
sidewards flexions; these observations do not detract
from our analysis, since multiplane TEE reduces the
necessity of manipulation of the probe thanks to elec-
tronic rotation of the transducer: this is particularly
useful in critically ill patients.
ttps://academ
ic.oup.com
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Conclusions

Multiplane TEE and biplane TEE have excellent and
similar accuracies in the evaluation of aortic dissection
and intramural aortic haematoma; multiplane TEE
facilitates the correct alignment with the true short and
long axes of the ascending aorta through the assessment
of oblique views, thus improving the visualization of
coronary arteries, entry tears, and aortic arch. Multi-
plane TEE appears to be an ideal method as the
sole diagnostic approach before surgery in type A
aortic dissection and in intramural aortic haematoma
involving the ascending aorta.
1/72/2366716 by guest on 17 M
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