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Value of combined cross sectional and Doppler
echocardiography in the detection of left ventricular
pseudoaneurysm after mitral valve replacement
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SUMMARY The development of a left ventricular pseudoaneurysm is a rare complication of heart
surgery. Until recently it has been impossible to detect without an angiographic study of the left
ventricle. A combination of cross sectional and Doppler ultrasound studies led to the correct

diagnosis in two patients with left ventricular pseudoaneurysms after mitral valve replacement.
Cross sectional echocardiography showed a posterolateral echo-free space confined only by the
pericardium and communicating with the left ventricle through a defect in the ventricular wall,
and Doppler echocardiography confirmed the presence of blood flow in this cavity. This Doppler
finding is critical if the perforation is too small to be identified reliably by cross sectional imaging.
Surgical repair of the pseudoaneurysm can be undertaken without invasive studies if the echo-
cardiographic findings are unequivocal and there is no reason to suspect the integrity of the
circumflex coronary artery.

An intraoperative or, more rarely, delayed rupture
of the posterior left ventricular wall complicates
0 5% of all mitral valve replacements.1 About one
third of the patients will survive, either because the
perforation can be repaired immediately or because
firm adhesions limit intrapericardial bleeding.2 A
pseudoaneurysm is formed when adhesions are
present or when the defect reopens after initially
successful closure. Because perforation is uncom-
mon and the chances of survival are low, cases of left
ventricular pseudoaneurysm after mitral valve
surgery are rare: a recent study identified only 10
reported cases.3 This small survey showed that the
prognosis is poor in cases of pseudoaneurysm and
that surgical repair should be seriously considered as
soon as possible after diagnosis.3 - 5 Early detection
of this compticatioxris-important. -

Until the last reported case3 all the diagnoses had
been made by angiography or at necropsy. Carlson
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et al first reported on the usefulness of cross sec-
tional echocardiography in this setting.3 We found
that a combination of cross sectional and Doppler
echocardiography was a convenient and reliable
method of detecting pseudoaneurysms. We believe
that under certain circumstances surgical correction
of the defect may be undertaken without an anteced-
ent angiographic study.

Patients and methods

PATIENTS
Case 1
We studied two women (aged 66 and 21) with left
ventricular pseudoaneurysm after mitral valve
replacement. The older patient (case 1) was operated
on-in Match 1986 becatrse of coambintd mitral valve
disease, tricuspid regurgitation, and triple vessel
coronary artery disease. In addition to mitral valve
replacement with a mechanical prosthesis
(Duromedics 27M) she had tricuspid valve annul-
oplasty and coronary artery bypass surgery. The
operation was complicated by a perforation in the
posterior left ventricular wall adjacent to the atrio-
ventricular groove. This defect was identified intra-
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Postoperative left ventricular pseudoaneurysm
operatively and was closed successfully from outside
the heart. The patient was discharged on the 36th
postoperative day but was readmitted one week later
with chest pain, hypotension, and heart failure. She
had a murmur suggesting paraprosthetic regur-
gitation, and a chest radiograph showed a greatly
enlarged heart. Combined cross sectional and
Doppler echocardiography suggested the presence
of a left ventricular pseudoaneurysm and (para-
valvar) mitral regurgitation; reoperation was under-
taken without any invasive studies. The patient died
from pulmonary complications a month after oper-
ation.

Case 2
In July 1983 the younger patient (case 2) had acute
Staphylococcus aureus endocarditis of the mitral
valve, which was replaced with a bioprosthesis
(Ionescu-Shiley 27M). Operation and the recovery
were uneventful although she was allergic to several
antibiotics. In February 1984 she had a new episode
of staphylococcal- septicaemia and an echo-
cardiographic study showed a unusual outward
bulge of the posterobasal pericardium during sys-
tole. This was difficult to interpret; perforation of
the left ventricular posterior wall was one possi-
bility. A cineangiogram of the left ventricle appeared
to be normal but was of poor quality. The patient
did well and all antibiotic treatment was stopped in
March 1985. In May 1986, she was studied as part of
a follow up of the results of surgical treatment of
infective endocarditis. At clinical examination we
found systolic and diastolic murmurs and a systolic
parasternal lift.

Echocardiography showed degeneration of the
bioprosthesis and an unequivocal left ventricular
pseudoaneurysm. Retrospective examination of the
left ventricular cineangiogram obtained two years
earlier showed faint opacification of the pseudo-
aneurysm. Reoperation was performed in July 1986,
after coronary angiography showed the integrity of
the circumflex coronary artery. At operation a sub-
annular pseudoaneurysm (30mm x 40 mm), thick-
ening of the prosthetic valve cusps, and a separate
paraprosthetic ventriculoatrial communication were
found. The orifice of the pseudoaneurysm was
closed by direct suturing from inside the heart and a
new bioprosthesis (Mitroflow 27M) was inserted.
The patient made a rapid and uneventful recovery.
A Doppler echocardiographic- study six weeks after
operation suggested recurrence of the pseudo-
aneurysm. The patient is under close surveillance.

ECHOCARDIOGRAPHIC TECHNIQUE
We used a Toshiba SSH-60A sector scanner and a
3-7 MHz phased array transducer for cross sectional
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echocardiography. In addition to the standard para-
sternal and apical approaches, we also used modified
apical views to image the posterolateral submitral
area. We used a Toshiba SDS-60A Doppler unit
incorporated into the SSH-60A sector scanner for
the pulsed and continuous wave Doppler exam-
inations. Use of a 255MHz duplex transducer
allowed the acquisition of simultaneous or succes-
sive images and pulsed Doppler studies as well as
successive cross sectional imaging and continuous
wave Doppler examinations. We analysed signals in
real time by fast Fourier transform and we took hard
copies of simultaneous frozen spectral displays and
cross sectional images.

Results

CROSS SECTIONAL ECHOCARDIOGRAPHY
In both patients a posterolateral echo-free cavity was
seen beside the left ventricle in the apical four cham-
ber and parastemal short axis views of the heart. In
case 1 the extracardiac cavity was very large and
smoke-like echoes were seen whirling slowly near its
periphery. However, no clear cut opening to the left
ventricle could be identified on cross sectional imag-
ing (fig 1). In contrast, in case 2 (fig 2) a much
smaller cavity communicated with the left ventricle
through a wide defect in the posterior ventricular
wall. Pronounced systolic pulsation of the pseudo-
aneurysmal space was seen in case 2.

Fig 1 Apicalfour chamber cross sectional echocardiogram
in case I showing a large (70 by 50mm) extracardiac cavity
adjacent to the lateral wall of the left ventricle. Note the two
leaflets of the prosthetic valve in open position between the
left atrium and left ventricle. LA, left atrium; LV, left
ventricle; PSA, pseudoaneurysm; RA, right atrium; R V,
right ventricle.
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Fig 2 Parasternal long axis view (a) and the apicalfour Fig 3 Pulsed Doppler echocardiography (a) in case 1
chamber echocardiograms in case 2 (b) showing a showed a strong systolic jet inside the pseudoaneurysm; arrow
posterolateral pseudoaneurysmal cavity just beneath the indicates sampling gate. (b) A continuous wave Doppler
mitral annulus. AO, aorta; LA, left atrium; LV, left study showed a high velocity jet (3 7 m/s) past the prosthesis
ventricle; MV, mitral valve prosthesis; PSA, towards the left atrium; paravalvar regurgitation was
pseudoaneurysm; RA, right atrium; RV, right ventricle. confirmed at operation. LA, left atrium; LV, left ventricle;

PSA, pseudoaneurysm.

DOPPLER ECHOCARDIOGRAPHY
Pulsed wave Doppler echocardiography detected
unequivocal flow signals inside the extracardiac
echo-free space in both patients: In case 1 there was
a narrow systolic jet ofturbulent high velocity flow
near the atrioventricular junction (fig 3a). This jet
was discovered when we moved the Doppler gate
along the left ventricular wall in the extracardiac
space. No audible or recordable flow signals could
be detected deeper in the cavity. We found much
slower turbulent flow inside the pseudoaneurysmal
cavity in case 2 (fig 4).

In case 1 continuous wave Doppler echo-
cardiography uncovered a high velocity systolic jet
suggesting paravalvar mitral regurgitation (fig 3b).
No signs of paravalvar regurgitation were identified

in case 2 but the pressure half time of the trans-
prosthetic flow was slightly prolonged, suggesting
degeneration and obstruction of the bioprosthesis.

POST-REPAIR FOLLOW UP
All findings described above were confirmed at
operation and later at necropsy in case 1 and-at re-
operation in case 2. In addition, a paravalvar ven-
triculoatrial communication, missed on Doppler-
echocardiography, was found in case 2. In case 1
postoperative Doppler studies were not performed.
Case 2 had a follow up examination six weeks after
the repair of the pseudoaneurysm. The size of the
closed extracardiac cavity by cross sectional echo-
cardiography was the same as before operation
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Fig 4 Pulsed Doppler echocardiography in case 2 combined
with an apical cross sectional imaging showed turbulent
systodiastolic flow inside the pseudoaneurysm. LV, left
ventricle; PSA, pseudoaneurysm.

(fig 5), but no communication with the left ventricle
was visible. Nevertheless, Doppler echo-
cardiography showed unequivocal systodiastolic
flow inside the cavity, indicating recurrence of the
pseudoaneurysm (fig 5). The flow velocities were
clearly higher than before repair. This indicates that
the opening between the left ventricle and the pseu-
doaneurysm was probably smaller than before
repair. Cross sectional imaging also suggested a
communication between the pseudoaneurysm and
the left atrium (fig 5a). The flow signals recorded at
the origin of the communication in the pseudo-
aneurysm were strong; however, they were difficult
to detect at its apparent outlet to the left atrium. The
presence of a true communication therefore could
not be confirmed.

Discussion

Left ventricular pseudoaneurysm after mitral valve
replacement usually presents as poor postoperative
progress, chest pain, heart failure, peripheral
embolisation, and a pansystolic apical murmur. A
parasternal systolic lift may also be detected on
physical examinationr,6 and chest radiography may
show an abnormal bulge at the left lateral border of
the heart shadow.5 Though this complex of symp-
toms and signs can and should alert the clinician to
the possibility of a pseudoaneurysm, a definitive
diagnosis cannot be made without imaging the left
ventricle and neighbouring areas.

Left ventricular cineangiography is the diagnostic
procedure of choice.4" ' However, this method is
not easy nor does it exclude a false negative diagno-
sis or misinterpretation. Spellberg and O'Reilly
described an error similar to ours (case 2) in the

Fig 5 A combined postoperative echocardiographic
examination of case 2 by parasternal long axis imaging and
pulsed (a) and continuous wave (b) Doppler showed no
visible communication from the pseudoaneurysm to the left
ventricle but a suggestion of one to the left atrium (a, thin
arrows). A pulsed Doppler study (a) showed strong
systodiastolicflow signals inside the cavity. The thick arrow
shows the location of the sampling gate. The systiic flow
component was of short duration. A continuous wave study
(b) showed a high velocity systolic jet (3-5 m/s) of similar
timing towards the pseudoaneurysm. These findings suggest a
small perforation in the ventricular muscle which closes as the
surrounding myocardium contracts. AO, aorta; LA, left
atrium; LV, left ventricle; PSA, pseudoaneurysm.
interpretation of left ventricular cineangiography.4
Mmode echocardiography was attempted in several
cases but was of little help. The findings were non-
specific, suggesting overload of the left ventricle'
enlargement of the left atrium and left ventricle,6 an
"abnormal posterior area",7 or pericardial effusion.8

Recently, Carlson et al described the first patient
in whom a postoperative submitral pseudoaneurysm
was detected by cross sectional echocardiography.3
Our report supports their experience and also shows
the usefulness of a complementary Doppler exam-
ination. Together these three ca-ses show on cross
sectional echocardiography that a postoperative left
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ventricular pseudoaneurysm typically presents as a
posterolateral echo-free extracardiac cavity. It is
best seen in apical views and may escape detection if
only a parasternal long axis study is performed. The
pseudoaneurysm can measure only two or three cen-
timeters in its longest dimension or can be bigger
than the left ventricle. Its orifice, that is the defect in
the ventricular wall adjacent to the mitral annulus,
can be large and readily detectable or can be so small
that it is missed in a cross sectional study. Com-
plementary Doppler study is most important when
the defect is small, because by exposing blood flow
in the extracardiac space it demonstrates the com-
munication of the defect with the circulation. A
careful search of the interface between the echo-free
cavity and the left ventricle will detect the flow sig-
nals. If the orifice is small and restricted by myo-
cardial contraction a strong flow signal may be
identified in its vicinity in the absence of audible or
recordable flow deeper in the pseudoaneurysm.
Doppler echocardiography can also detect concomi-
tant paravalvar regurgitation but, as our experience
indicates, it may be unsuccessful (case 2).

Echocardiography is particularly suitable for fol-
low up of patients after closure of a pseudo-
aneurysm. The size of the defect can be monitored
and the addition of a Doppler examination will indi-
cate whether the repair is intact. A postoperative
pseudoaneurysm may be confused with a localised
pericardial effusion or a haematoma. The echo-
cardiographic appearance of a pericardial cyst or of
the descending aorta are less likely to be
misidentified. Apart from the descending aorta,
none of these other features show blood flow
detectable by Doppler inside their echo-free spaces.
A true posterior left ven-tricular aneurysm can occur
after mitral valve replacement if the circumflex coro-
nary artery has been inadvertently ligated near its
origin.9 Cross sectional echocardiography shows
that a true aneurysm, unlike a pseudoaneurysm,
always has a neck that is wider than its cavity.iOOth-
ers have reported that Doppler echocardiography is
useful in the diagnosis of true and false ventricular
aneurysms after myocardial infarction. 1i 12
Does the combination of cross sectional and

Doppler echocardiography eliminate the need for
left ventricular and coronary cineangiography
before surgical repair of the pseudoaneurysm? We
believe it does, but only if the findings are clear cut
and the integrity of the circumflex coronary artery in
the atrioventricular groove has been established.
The latter requirement is met, for instance, if the

proximal circumflex coronary artery has been
bypassed at the primary operation, as was the case in
our first patient. Otherwise, Doppler echo-
cardiography should not be used in place of angio-
graphy but rather as a specific method for detecting
postoperative pseudoaneurysms and for monitoring
the success of repair operations.
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