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Cardiovascular manifestations of Marfan's
syndrome: improved evaluation by
transoesophageal echocardiography
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Abstract
Objective-To assess the value of

transoesophageal echocardiography in
patients with Marfan syndrome partic-
ularly those with suspected aortic path-
ology or where conventional transthor-
acic imaging was suboptimal.
Design and patients-Eleven patients

with Marfan syndrome. Seven patients
were studied because of suspected aortic
dissection and four because of inade-
quate transthoracic imaging.
Intervention-Transoesophageal echo-

cardiography and colour Doppler flow
mapping by a 5 MHz single plane tran-
soesphageal probe.
Results-Aortic dissection was identi-

fied in six patients with subsequent diag-
nostic confirmation in all six. No
dissection was found in one patient in
whom the diagnosis had been suspected
clinically. Estimates of aortic root
dimensions and assessment of aortic and
mitral valve pathology were made in four
other patients with inadequate trans-
thoracic imaging.
Conclusions-Transoesophageal echo-

cardiography provides rapid diagnostic
information in patients with Marfan syn-

drome with suspected aortic dissection
and enhances the assessment of cardio-
vascular manifestations of this condition.

(Br Heart 1993;69:104-108)
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The cardiovascular manifestations of Marfan
syndrome account for most premature deaths
from this condition.' These are usually a

result of aortic dissection or rupture of the
thoracic aorta or both, or are caused by car-
diac failure secondary to progressive aortic
regurgitation. The importance of accurately
detecting such cardiovascular involvement in
patients with Marfan syndrome is highlighted
by the 87% reported cardiovascular mortality
and by the excellent results of surgery since
the development and widespread use of com-
posite aortic grafts. 12 Recommendations of
the timing of surgery have also emphasised
the importance of prophylactic replacement
once the ascending aortic has reached a diam-
eter of 6 cm or greater even in symptom free
patients' further stressing the need for accu-

rate and repeatable imaging of the thoracic
aorta.

Identification of cardiovascular involve-
ment in Marfan syndrome has been greatly

enhanced by the introduction of cross sec-

tional echocardiography. Chest x ray films are

unhelpful in this condition as the first part of
the ascending aorta adjacent to the aortic
annulus cannot be seen. This being the
critical region for aortic dilatation in Marfan
syndrome, it is not suprising that echo-
cardiography compares favourably with chest
x ray film for the detection of aortic root dila-
tion4 and echocardiography is also the tech-
nique of choice for assessment of mitral valve
dysfunction in these patients.5 The main
cause of death, however, in patients with
Marfan syndrome is aortic dissection and rup-
ture, which may be undetected by conven-
tional transthoracic echocardiography. Also,
as many of these patients have chest deformi-
ties, accurate measurement of the aortic root
diameter may not be possible. The introduc-
tion of transoesophageal echocardiography6-8
has largely overcome these limitations of
transthoracic echocardiography yet its role in
the investigation of patients with Marfan syn-
drome has not been established. There is a

great attraction for such a repeatable diagnos-
tic imaging technique that can be used on an

outpatient basis. Also, the potential to detect
rapidly the presence and extent of aortic dis-
section within the confines of the intensive
care unit would confer considerable advan-
tages over other imaging techniques such as

computed tomography scanning and magnet-
ic resonance imaging. It was the aim of this
study to use transoesphageal echocardiogra-
phy in patients with Marfan syndrome in
whom the diagnosis of aortic dissection was

suspected or to provide high resolution diag-
nostic information in patients where conven-

tional transthoracic imaging was regarded as

inadequate.

Patients and methods
PATIENTS
Transoesophageal echocardiography was per-
formed in 11 patients, eight men and three
women, age range 19-56, mean 35 years. All
11 patients fulfilled the criteria for a diagnosis
of Marfan syndrome as laid down by Pyeritz
and McKusick.9 These criteria included (a)
ocular manifestations, (b) characteristic skele-
tal deformities, (c) cardiovascular manifesta-
tions, (d) family history of Marfan syndrome.
The table shows individual patient details.

All patients were studied because of a spe-
cific indication for transoesophageal echo-
cardiography or because of a suboptimal
transthoracic echocardiographic examination.
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Individual patient data

Patient No Age Sex Reason for TOE Abnormalities found by TOE

1 32 M Poor TTE images Dilated ascending aorta, MVP
2 36 M Poor TTE images Dilated ascending aorta, AR, MVP
3 39 M Aortic dissection No dissection, MVP
4 19 M Aortic dissection Type II dissection, AR
5 44 W Aortic dissection Type III aortic dissection, MVP
6 29 M Aortic dissection Type I dissection, AR, no pericardial effusion
7 50 M Poor TTE images Dilated ascending aorta, MVP, AR
8 21 M Poor TTE images Dilated ascending aorta
9 37 W Aortic dissection Type I dissection, MVP
10 56 W Aortic dissection Type I dissection, pericardial effusion and

tamponade
11 26 M Aortic dissection Type I dissection, AR, no pericardial effusion

TOE, transoesophageal echardiography; TTE, transthoracic
regurgitation.

Seven patients were studied for a presumptive
clinical diagnosis of aortic dissection and four
other patients were studied to assess aortic
root dimensions as well as aortic and mitral
pathology after suboptimal imaging by con-
ventional transthoracic echocardiography.

METHODS
Transoesophageal echocardiography was per-
formed with a Hewlett-Packard Sonos 1000
imaging system with a 5 MHz single plane
transoesophageal imaging probe. All patients
received topical pharyngeal anaesthesia with
lignocaine spray and those with suspected
aortic dissection were routinely given
2-5-5 mg midazolam intravenously in an
attempt to prevent any significant hyperten-
sive response during probe insertion.
Midazolam was administered to outpatients
only if required for patient tolerance.
Transoesophageal echocardiography was per-
formed by a physician experienced in the
technique with the patient in the left lateral
decubitus position. A trained nurse was
always present and full resuscitation facilities
were available. Informed consent was
obtained in all patients. All patients under-
went transthoracic imaging before trans-
oesophageal study.

In patients with suspected aortic dissec-
tion, attempts were made to get the most
important diagnostic information as soon as
possible after probe insertion. Thus the aortic
root, ascending aortia, aortic arch, and the
entire thoracic descending aortia were imaged
first. As a single plane transoesophageal probe

echocardiography; MVP, mitral valve prolapse; AR, aortic

was used, the uppermost portion of the
ascending aorta and the first third of the aor-
tic arch were obscured by the left main
bronchus traversing the imaging plane
between the oesophagus and this part of the
thoracic aorta. The presence of aortic regurgi-
tation or pericardial effusion was then estab-
lished followed by detailed inspection of the
mitral valve apparatus. Other cardiac struc-
tures including both atria, systemic and pul-
monary venous connections, and right and
left ventricular function were studied at the
end of the transoesophageal study in case
adverse haemodynamic factors or patient
intolerance caused the study to end prema-
turely. In all other patients a more routine
systematic approach to transoesophageal
imaging was performed. All images were
recorded on half inch video tape for subse-
quent analysis.

Colour Doppler flow mapping was per-
formed in all cases with a velocity variance or
velocity enhanced colour Doppler flow map
algorithm with optimum colour Doppler flow
mapping system settings that included a large
pulse packet size, high line density, narrow
colour sector, low pulse tepetition frequency,
and moderately high gain settings without
significant spatial or temporal filtering.
System settings were adjusted to allow opti-
mum view of the spatial flow velocities com-
bined with high resolution echocardiographic
imaging. Colour Doppler flow mapping was
used to identify the true and false lumina as
well as the entry and re-entry points in case of
aortic dissection, the presence of aortic regur-

Figure I (A) Transthoracic echocardiogram in the parasternal long axis from a patient with suspected aortic dissection.
There is no evidence ofan intimal tear in the aortic root. (B) Transoesophageal echocardiogram at the level of the aortic
rootfrom the same patient. Note the dilated aorta and the presence ofan intimalflap (arrowed) within the aortic lumen.
The gap in the intimalflap indicates the level of the aortic teart.
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gitation, and the presence and direction of
the jet of mitral regurgitation. The diagnosis
of mitral valve prolapse was not based solely
on the presence of minor mitral leaflet dis-
placement'11' but also on the presence of
mitral regurgitation on spectral Doppler or
colour Doppler flow mapping, particularly
when this was directionally appropriate for
the appearance of leaflet prolapse on echocar-
diographic imaging. In patients in whom the
diagnosis of aortic or mitral regurgitation was
confirmed on colour Doppler flow mapping,
no attempt was made to quantify the severity
of the regurgitation based on the size of the
regurgitant jet because of the recognised
dependence of jet size on both instrumenta-
tion and haemodynamic factors.'2-14

Results
Transoesophageal echocardiography was well
tolerated in all patients and there were no
complications related to the procedure. Of
the seven patients studied for suspected aortic
dissection, the presence of aortic dissection
was confirmed in six. The 6ne patient with an
aortic dissection suspected clinically who had
a normal transoesophageal echocardiogram
was subsequently confirmed as having a nor-
mal thoracic aorta at aortography.
Of the total of six patients found to have

aortic dissection at transoesophageal study,
four had a DeBakey type I aortic dissection
and one had a DeBakey type II aortic dissec-
tion. Diagnosis was confirmed in all five of
these patients at surgery or necropsy. One
further patient had a DeBakey type III dissec-
tion that was subsequently confirmed at com-
puted tomography. In the five patients with a

Figure 2 (A) Transoesophageal echocardiogram from a
patient with suspected aortic dissection. The intimal tear in
the ascending aorta is clearly visible with the entry point to
the false lumen seen as a gap in the intimalflap (arrow).
(B and C) Manipulation of the transducer allows
identification of the ostium of the right (B) and left (C)
coronary arteries (arrowed) and their relation to the
intimal tear.

type I or II dissection, transoesophageal
echocardiography successfully identified the
site of the dissection in all patients. Figure
1(A) shows a transthoracic parasternal long
axis view from a patient with suspected aortic
dissection but the poor images made diagnos-
tic confirmation impossible. By comparison,
fig 1(B) is the transoesophageal echocardio-
gram from the same patient that shows a type
I aortic dissection and an intimal flap in the
ascending aortia (arrowed) that was not
apparent with transthoracic imaging. As well
as confirming the diagnosis of aortic dissec-
tion, transoesophageal echocardiography was
able to determine accurately the entry point
of the dissection in the ascending aorta in all
patients (fig 2(A)). It was also possible to
determine the relation of the dissection to the
coronary ostia (fig 2(B) and (C)) by subtle
manipulation of the transducer plane. The

Figure 3 Transoesophageal echocardiogram at the level
of the mid-aortic arch. The intimalflap is seen to extend to
the level of the transverse aortic arch. T, true lumen; F,
false lumen.
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Figure 4 Transoesophageal colour Dopplerflow map image at the level of the upper
descending aorta from the patient with type III aortic dissection. Thrombus is seen within
the smallerfalse lumen and the presence ofgood colourflow encoding delineates the larger
true lumen. Individual patient data TOE, Transoesophageal echocardiography; TTE,
Transthoracic echocardiography; MVP, mitral valve prolapse; AR, aortic regurgitation.

true and false lumina were identified in all
cases with colour Doppler flow mapping,
which also detected the presence of aortic
regurgitation in three patients. The-presence
of a significant pericardial effusion was seen
in two patients. In patients with a type I dis-
section the intimal flap could be seen extend-
ing into the aortic arch (fig 3) and in one

patient extension of the dissection into the
thoracic descending aortia was clearly seen.

Again, colour Doppler flow mapping was
used to find the true from the false lumen.
The patient with a type III aortic dissection

was found to have an intimal flap with an

entry point at the top of the descending aorta
just below the origin of the left subclavian
artery with the intimal flap extending to
below the diaphragm. A thrombus was identi-
fied in the false lumen with colour Doppler
flow mapping again used to show the true
lumen (fig 4).

In the four patients studied because of
inadequate transthoracic imaging, transoe-
sophageal images were excellent, enabling
accurate measurements of aortic diameter to
be made. Aortic root dimensions at the
largest diameter segment in the ascending
aortia range from 4 to 6 cm compared with
dimensions of 2 5 to 3 5 cm at the level of the
upper descending aorta. Also, of the four
patients, three were shown to have anterior
leaflet mitral valve prolapse and two had evi-
dence of aortic regurgitation on colour
Doppler flow mapping.

Discussion
The potentially fatal cardiovascular conse-

quences of Marfan syndrome compel early
diagnosis of cardiovascular complications to
ensure prompt and appropriate patient man-

agement. Conventional cross sectional
echocardiography has gone a long way to
ensure that this is possible, but it is less satis-
factory in delineating the extent of aortic

dilatation or the presence of an intimal tear in
the ascending aorta. In patients who are good
imaging subjects it can usually identify the
presence of aortic root dilatation, aortic and
mitral regurgitation, and the presence of peri-
cardial effusion or tamponade. The aortic
arch and descending aorta, however, are
rarely seen even in good imaging patients and
in those who are particularly difficult to
image even the expected information relating
to the aortic and mitral valve pathology may
be difficult to obtain.

This study shows that transoesophageal
echocardiography can provide important
diagnostic information relating to cardiovas-
cular involvement in patients with Marfan
syndrome and is particularly valuable for
those with suspected aortic dissection.
Although this diagnosis can be confirmed by
other imaging techniques such as computed
tomography scanning or magnetic resonance
imaging, transoesophageal echocardiography
has some advantages. It can be performed
within the confines of the intensive care unit
and does not therefore require that the
patient is moved away from specialised nurs-
ing and medical care facilities. Trans-
oesophageal echocardiography can provide
diagnostic information in suspected aortic
dissection much more rapidly than the other
imaging techniques. This is of paramount
importance in a condition with such a high
early mortality. The difficulties encountered
in seeing the upper ascending aorta and the
first third of the aortic arch are well recog-
nised in single plane imaging. Although this
did not affect the ability of transoesophageal
echocardiography to show aortic dissection in
this study the potential does exist to miss
important pathology in this area. The intro-
duction of biplane and multiplane transoe-
sophageal imaging will obviate this problem
to some extent but this technology was not at
our disposal at the time of this study.

Transoesophageal echocardiography is
increasingly becoming recognised as the tech-
nique of choice for investigation of suspected
aortic dissection'5 16 but its role in the investi-
gation of patients with Marfan syndrome has
not previously been reported. Indeed, it has
been suggested that transoesophageal
echocardiography can yield diagnostic infor-
mation that is better than other imaging
techniques'7including aortography.'8"'9 As
transoesophageal echocardiography is
increasingly used for the diagnosis of aortic
dissection,'5-9 concerns about its safety are
diminishing. Reports of aortic rupture during
transoesophageal echocardiography do exist
related to the risk of a hypertensive response
to probe insertion.20 It is therefore essential
that all transoesophageal echos be performed
by an experienced physician and, if possible,
to have blood pressure monitoring and to
sedate the patients before study. The need for
an experienced operator cannot be overem-
phasised as the clinical implications are sub-
stantial and patients may undergo surgery on
the basis of results of transoesophageal
echocardiography.
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Many cardiologists and surgeons regard
coronary angiography as unnecessary in
patients with dissection of the ascending tho-
racic aorta as the delay in getting such infor-
mation in a condition with a high early
mortality is probably not justified,21 22 particu-

larly if the diagnosis has aalready been made
by transoesophageal echocardiography in the
intensive care unit. It should be recognised
that coronary angiography may be difficult to

obtain in these patients if the false lumen is
extensive and it may be unclear whether the
coronary ostia originate from the true or the
false lumen. Even if coronary angiography is
required in these patients, transoesophageal
echocardiography can rapidly exclude or con-

firm the diagnosis and thereby obviate the
need for invasive investigation in some

patients and select those requiring coronary

angiography before emergency surgery. With
the exception of the coronary anatomy, tran-

soesophageal echocardiography can provide
all the information that the surgeon may need
before surgical intervention. As virtually the
whole of the thoracic aorta can be seen, the
site and extent of the dissection can be recog-

nised as can the relation of the coronary ostia
to the dissection flap. The true and false
lumina can be identified with colour Doppler
flow mapping and the presence of aortic
regurgitation or pericardial effusion can be
seen.

As a natural extension of transthoracic
echocardiography, the transoesophageal
approach holds great-promise for the follow
up of patients who are difficult to image by
the transthoracic mode. As progressive aortic
dilatation is an important prognostic feature
in this condition the ability to measure aortic
diameter accurately is crucial and as transoe-

sophageal echocardiography can be routinely
performed as an outpatient procedure and is
ideally suited to the follow up of Marfan
patients. Additionally, echocardiography, by
the transthoracic and transoesophageal
approaches, remains the non-invasive tech-
nique of choice for delineating involvement of
the mitral valve and mitral valve apparatus.

Our study shows the role of transoe-

sophageal echocardiography in patients with
Marfan syndrome. Although transthoracic
echocardiography is often excellent in such
patients, the ascending aorta is not always
well seen and four of the patients in this study
underwent transoesophageal imaging as a

result of inadequate transthoracic echocardio-
graphy. In such patients, transoesophageal
echocardiography should be considered on a

regular follow up basis to monitor aortic root

dilatation. In this young patient population
with Marfan syndrome, transoesophageal

echocardiography should now be regarded as
the optimal imaging technique for the diag-
nosis of suspected aortic dissection.
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