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Introduction

Inversion of the left atrial appendage is
a rare complication following open-heart
surgery and only 16 cases have been re-
ported so far in the literature1-13. The
echocardiographic features of this condi-
tion mimic a left atrial mass and, therefore,
it may be misdiagnosed as a tumor, a
thrombus or a vegetation5,10,11,13,14. 

Failure to recognize this condition may
lead to unnecessary and even dangerous con-
sequences such as biopsies with the risk of
systemic embolism, further invasive diag-
nostic procedures and even a resternotomy4,6. 

The natural history, complications and
optimal therapeutic management of an in-
verted appendage remain to be fully eluci-
dated. For this reason, intraoperative recog-
nition of such a condition and, therefore, its
immediate treatment are desirable.

This case report concerns a child sub-
mitted to surgical repair of a fenestrated de-
fect of the atrial septum and a patent ductus
arteriosus.

Case report

An 18-month-old male child with car-
diomegaly was admitted to our unit for re-
pair of an atrial septal defect and a patent
ductus arteriosus. On physical examination
the patient, weighing 13.5 kg, presented
with a significantly reduced effort toler-

ance, but no shortness of breath at rest. On
cardiovascular examination, a soft systolic
murmur was audible along the left lower
sternum. S1 was normal, S2 was split. The
oxygen saturation in room air was 99% at
rest. An initial chest X-ray revealed car-
diomegaly with a cardiothoracic ratio of
0.64 for right ventricular enlargement, a
well represented pulmonary trunk arch, and
an increased pulmonary vascularity.

Echocardiography revealed a large fen-
estrated defect in the atrial septum, the pos-
terior rim of the interatrial septum measur-
ing < 5 mm. The atrial septal defect con-
sisted of multiple fenestrations of the sep-
tum with a sizable color Doppler shunt
through the holes. A moderate-to-severe
overload of the right ventricular chamber,
on the short-axis view, determined a
change in the ventricular geometry that be-
came globular in shape with a significant
shift of the ventricular septum leftward and
towards the center of the left ventricle at
end-diastole. Tricuspid incompetence was
detected and graded as mild (a right atrio-
ventricular peak gradient of 32 mmHg).
Moreover, a patent ductus arteriosus was
detected and, on color Doppler analysis,
the left-to-right shunt across the duct was
considered to be significant. There were no
masses in the left atrium.

Sternotomy was carried out and the
ductus arteriosus ligated before commenc-
ing hypothermic cardiopulmonary bypass.
The left heart was vented by a catheter in-
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serted through the right superior pulmonary vein. After
aortic cross-clamp and injection of cold blood cardio-
plegia, an oblique right atriotomy was performed and
the defect exposed (Fig. 1). The remnants of limbic tis-
sue were removed and the fenestrated defect of the atri-
al septum became a single large defect that was closed
with a Dacron-Sauvage patch (1.8 � 1.3 cm). 

Since the hemodynamic conditions were stable and
the prognosis of the cardiac lesion repair was good, in-
traoperative echocardiography was deemed unneces-
sary and the patient was referred to the intensive care
unit where he was weaned from mechanical ventilation
4 hours later.

On the third postoperative day, routine echocardio-
graphy was performed within the ward; this demon-
strated a good surgical result with no residual shunt
through the duct or interatrial septum. However, it also
revealed an inhomogeneous mass in the left atrium,
suggesting a cardiac tumor. On the parasternal long-ax-
is view, the mass (Fig. 2), visualized in cross-section,
appeared in the middle of the left atrial cavity close to
the interatrial patch. Both in the systolic and diastolic
phases, the mass appeared ovoid in shape with indent-
ed edges and a finger-like appearance when it was cut
longitudinally. A diagnosis of tumor was excluded
since no intracardiac mass had been detected at preop-
erative echocardiography. A thrombus in the left atrial
cavity could not be ruled out and therefore anticoagu-
lant therapy with heparin was started. No infectious
disease or coagulation disorders were revealed upon
clinical and laboratory examinations. 

In view of the need for cardiac re-exploration, the
mass was monitored at serial echography with no change
being revealed in structure, size and location. The entire
heart was carefully inspected to exclude the presence of
multiple masses. On the short-axis view, repeated exam-
inations failed to reveal the left atrial appendage: this
anomalous finding led us to suspect intussusception of
the left atrial auricle. The patient was therefore sched-

uled for transesophageal echocardiography. On the
short-axis view, the mass was visible adjacent to the
plane of the mitral annulus and below the pulmonary
vein. The longitudinal view also showed the mass to be
attached to the lateral atrial wall (Fig. 3). The entire left
appendage was not visible in any view. The suspected di-
agnosis of inversion of the left atrial appendage was con-
firmed and therefore surgical exploration was cancelled
in favor of a conservative approach. 

The potential arrhythmogenicity of this mass in the
left atrium, was studied by means of continuous 24-
hour serial ECG recordings which demonstrated a nor-
mal sinus rhythm for 97% of the time and a wandering
pacemaker for the remaining 3%. Moreover, a mean
24-hour heart rate of approximately 110 b/min with
sporadic supraventricular beats but no ventricular ar-
rhythmias was recorded. 

Since hemodynamic conditions were stable and no
unfavorable prognostic events emerged, further surgi-
cal procedures were deemed unnecessary. 
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Figure 1. Intraoperative view of the posterior atrial septal defect
through the right atriotomy (*). RA = right atrium.

Figure 2. Transthoracic parasternal long-axis view showing the mass (*)
in the left atrial cavity close to the interatrial septum. AO = aorta; LA =
left atrium; LV = left ventricle.

Figure 3. Transesophageal long-axis view showing the mass (*) in the
left atrium (LA) attached to the lateral wall. LV = left ventricle.



The child was discharged on oral anticoagulant
treatment for a period of 6 weeks and antiplatelet ther-
apy for 6 months. At 14 months of follow-up, he was
found to be in good clinical conditions with no symp-
toms of cardiac imbalance and/or clinical systemic em-
bolism.

Discussion

Inversion of the left atrial appendage is a potential
complication, after cardiac surgery, both for acquired
and congenital heart diseases. Therefore, when a mass
in the left atrium is discovered at postoperative
echocardiography, an inverted left atrial appendage
should be included in the differential diagnosis, togeth-
er with a thrombus, vegetation and intracardiac tumor. 

The most common cause of a left atrial mass is re-
ported to be left atrial thrombi. The typical identifying
features of thrombi are a laminated appearance with ir-
regular or lobulated borders, often associated with
spontaneous microcavitations at echocardiography.
Thrombi, moreover, do not have a narrow stalk and are
not of atrioseptal origin. 

Primary tumors may vary considerably, according
to their histotype and the patient’s age at the time of
diagnosis15. The most frequent tumors in pediatric age
(< 15 years of age) are, in order of frequency: rhab-
domyomas, fibromas, myxomas, and teratomas.
Rhabdomyomas are derived from cardiac muscle
(hamartoma). In approximately one third of cases they
are associated with tuberous sclerosis. Such tumors
may be localized throughout the heart (left ventricle,
right ventricle, right atrium, left atrium, epicardium,
and endocardium) but never originate from the car-
diac valves. Besides, they tend to regress sponta-
neously as the patient approaches adulthood. Fibro-
mas are composed of connective tissue derived from
fibroblasts. The majority of tumors encroach on, or in-
vade, the conduction system. Sometimes they occur in
the atrium and usually present as an incidental finding
on a routine chest X-ray. Myxomas arise from the en-
docardium as a polypoid, often pedunculated mass ex-
tending into a cardiac chamber. The most frequent lo-
cation is in the left atrium and, from a clinical point of
view, they are difficult to distinguish from mitral
valve disease. A murmur of varying intensity together
with systemic findings, such as an increased ery-
throsedimentation rate, may be useful for diagnostic
purposes. Embolic phenomena represent the second
most common situation.

In agreement with these findings and considering
that our patient had been submitted to transthoracic
echocardiography prior to surgery, we felt that it was
reasonable to presume that the intracardiac mass with-
in the left atrium was a de novo formation and therefore
we excluded the presence of a tumor from the differen-
tial diagnosis. 

The lack, upon clinical and laboratory examina-
tions, of a postoperative infectious disease allowed us
to definitely exclude the suspect of endocardial vegeta-
tions from the differential diagnosis.

In this case, even though the echocardiographic ap-
pearances of the mass were not in keeping with typical
thrombi features, the presence of a thrombus could not
be excluded. After cardiopulmonary bypass, the devel-
opment of these types of masses in patients with con-
genital or acquired prothrombotic disorders who have
undergone open-heart surgery, may be exacerbated by
the iatrogenic coagulation imbalance associated with
the use of non-biological materials such as the tubing of
roller pumps and artificial oxygenators. In our patient,
neither acquired nor congenital thrombophilic disor-
ders had been detected prior to, or at the more detailed
evaluation performed after detection of the intracardiac
mass. However, as already pointed out, since a clot in
the left atrial cavity could not be excluded, anticoagu-
lant therapy with heparin was started, which, as would
be expected, did not lead to any change in the structure
and size of the mass. 

Transesophageal echocardiography is the diagnostic
gold standard for the evaluation of the left appendage
and of its anomalies, in view of the high resolution of
the images and of the possibility of performing multi-
plane scans16. In most of the cases of an inverted left
atrial appendage reported in the literature1-7,9,12, the di-
agnosis has been made or suspected by means of this
technique performed both intra- and postoperatively.
Magnetic resonance imaging has been used only in 3
cases and always after echocardiographic evalua-
tion8,10,11,13. On account of its invasiveness with respect
to conventional transthoracic echocardiographic imag-
ing, transesophageal echocardiography is to be resort-
ed to only in dubious cases. In the case reported here,
atypical findings of a thrombus or of a tumor in con-
junction with the absence of the left atrial appendage
during transesophageal echocardiographic evaluation
led us to diagnose the inversion of the left atrial ap-
pendage without the need of further diagnostic proce-
dures.

It is tempting to hypothesize that anatomical and/or
procedural factors may be responsible for the invagina-
tion of a left atrial appendage. Aronson et al.1 were the
first authors to propose that an unusually narrow neck
of the left atrium appendage was implicated. Mean-
while, Ankersmit et al.11,13 reported the only case of
spontaneous intussusception of the left atrial ap-
pendage as a possible cause of an ischemic cerebral at-
tack. No predisposing factor was speculated as the
main cause of invagination of the auricle in this recent
report. Later, the operative reports1,4,9,10,12 of all cases in
which the inverted appendage was surgically reposi-
tioned, confirmed that an unusually long and narrow
base of the appendage might be the main cause of in-
vagination and, despite adequate atrial preloading, of
the lack of spontaneous repositioning. 
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As far as the procedural causes of the inversion are
concerned, this is likely to occur either during the de-
airing maneuvers or due to suction of the vent. As we
do not routinely perform manipulation of the left ap-
pendage, it is, in our opinion, feasible to exclude this as
the cause of appendage inversion in the reported case
(obviously attributing the intussusception of the ap-
pendage to a strong vent suction). Following this case
of invagination of the appendage, in our Department,
our perfusionists have started to take the precaution of
inserting a depression modulator on the vent line in or-
der to avoid the possibility that venting heart sections
might turn the left auricle inside-out and lead to perma-
nent invagination. Moreover, following the detection of
this peculiarity, intraoperative echocardiography screen-
ing has been protocolled even in those cases with a sim-
ple diagnosis in which the corrective procedure was un-
complicated. Despite the drawbacks this modification
in the protocol might have led to in our Surgical Unit,
this problem has been easily overcome by resorting to
epicardial echocardiography which is less time con-
suming, avoids esophageal intubation and necessitates
limited human and technological resources17, allowing
a rapid and efficacious intraoperative monitoring in all
cases submitted to cardiopulmonary bypass. 

The limited number of cases of postoperative ap-
pendage inversion reported in the literature does not al-
low an estimate of the reduced risk of reoperation ver-
sus conservative treatment to be made. Besides, even
though postoperative appendage inversion may poten-
tially disturb the mitral valve12, promote thrombus for-
mation4,8,11,13 and cause impaired ventricular preload1,9

and arrhythmias3,8, no such a complication has been
demonstrated in cases of postoperative appendage in-
version. Others consider this anomaly as a benign com-
plication which is not dangerous for the cardiovascular
system and may even resolve spontaneously7,10. There-
fore, further surgery may not be required. Hence, in our
opinion the fact that we prescribed oral anticoagulation
treatment for several weeks and indeed for the whole pe-
riod of transient postoperative myocardial dysfunction
secondary to cardiopulmonary bypass and then an-
tiplatelet therapy for 6 months should not give rise to
controversy. 

In agreement with Allen et al.7, we believe that the
inner surface of the inverted appendage in contact with
blood, which is covered by an intact endothelium and
therefore does not constitute a procoagulation factor,
does not favor per se a thromboembolic status18. We
think that a conservative approach is preferable if seri-
al echocardiographic monitoring shows the same im-
ages of the appendage at outpatient controls, instead of
scheduling the patient to invasive surgery.

To conclude, in the presence of a newly formed left
atrial mass detected at echocardiography, especially
during the early postoperative period, we strongly rec-
ommend that the possibility of an inversion of the left
atrial auricle be included in the differential diagnosis.

Inversion of the left atrial appendage may be avoid-
ed with appropriate control of the force of the suction
vent which, in a small heart, may be life-saving so long
as suction of the vital structures is avoided.

Direct inspection of the left atrial appendage after
cardiopulmonary bypass performed for any cardiac
procedure and before closure of the sternotomy is al-
ways recommended. 

The rarity of this complication does not allow an es-
timate of the potential hemodynamic consequences of
an inverted atrial appendage to be made. Hence, choos-
ing the appropriate therapeutic approach may be rather
problematic. For this condition, intraoperative diagnos-
tic evaluation for a prompt and safe repositioning of the
appendage is highly recommended.
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