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Abstract
Chiari network is a fenestrated membranous structure most
commonly observed near the valve of inferior vena cava. It is
considered as an embryological remnant of right valve of sinus
venosus. Inspite of its benignity, its complications have been
reported in the literature. This article contributes a detailed review
compiling the association of Chiari network with various pathological
conditions and its complications.
We report a case of Chiari network diagnosed in a 36-year old
female by trans-esophageal echocardiography. The anomaly was
associated with patent foramen ovale and there was a chance of
impending paradoxical embolism. This case is reported here for its
rarity and even rare association with paradoxical embolism.
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any oral contraceptive pills. There was no history of malignancy and
coagulation disorder. There was no episode of deep vein thrombosis
in the past. Examination of cardiovascular and respiratory systems
showed no significant abnormality. ECG was within normal limits
and chest radiograph was normal.
Transthoracic echocardiogram showed dilated right atrium and
right ventricle. There was mild tricuspid regurgitation. The calculated
peak systolic gradient between right atrium and right ventricle was
64mmHg. Transesophageal echocardiogram (Figure 1) revealed weblike structure with numerous thread-like components attached to
the wall of right atrium near the site of entry of inferior vena cava.
The structure showed characteristic whip like movements with each
cardiac cycle. A small thrombus was found to be attached to the interatrial septum in the region of patent foramen ovale. The thrombus
was found to enter into the foramen ovale with a part of it in the left

Introduction
Chiari network is considered as an embryological remnant
formed by incomplete resorption of right valve of sinus venosus. It
may be characterized as reticular network of fine strands attached to
right atrium [1] or as membranous fenestration involving valve of
inferior vena cavae or coronary sinus, extending to crista terminalis
and interatrial septum [2]. Its incidence varies from 1.5–3% [3,4].
Although Chiari network is often considered as a benign anatomical
variant, it may be associated with various clinical manifestations [3].
This case is reported here for its rarity and even rarer occurrence
of associated impending pulmonary embolism.

Case Report
A 36-year-old female presented with complaints of difficulty in
breathing and chest pain for past 10 days. She was a known diabetic
and hypertensive since 3 months and on regular medications.
There was no past history of fever, cough, expectoration, difficulty
in breathing and symptoms suggestive of exertional angina. There
was no history of recent surgery or child birth. She was not taking
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Figure 1: Trans-esophageal echocardiogram revealed web-like structure
(white arrow) with numerous thread-like components attached to the wall of
right atrium (RA) near the site of entry of inferior vena cava. A small thrombus
(white arrowhead) was found to be attached to the inter-atrial septum in the
region of patent foramen ovale. The thrombus was found to enter into the
foramen ovale with a part of it in the left atrial side (LA). The right atrium was
dilated.
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1897 in an autopsy [3]. It is a web-like structure with variable number
of thread like components. Its filaments are attached to wall of the
right atrium in close proximity to the entrance of the inferior vena
cava [6]. The distal attachment may extend into coronary sinus, crista
terminalis and interatrial septum [1,2].

Echocardiographic findings
On echocardiography, this network appears to be a highly mobile,
highly reflectant echo target in the right atrium near the opening of
inferior vena cava and coronary sinus [7]. However, it can present as an
unusual cystic mass in right atrium [8]. Yet another case of cystic mass
in right atrium observed through transthoracic echocardiography had
been confirmed as a pseudocystic representation of Chiari netwok in
transoesophageal echocardiography [9], thereby emphasizing the
importance of transoesophageal echocardiography.

Differential diagnosis

Figure 2: Axial section of Contrast enhanced CT scan of thorax revealed
dilated main pulmonary artery as well as right and left pulmonary artery
branches. Arrow shows thrombus in the right pulmonary artery at the level of
right hilum causing partial obstruction of the lumen.

atrial side. Severe eccentric tricuspid regurgitation was seen. Severe
pulmonary hypertension was noted. There was no thrombus found
either in the left atrium or in the main pulmonary artery and its
bifurcation.
Contrast enhanced CT scan of the thorax showed dilatation
of main pulmonary artery (31mm) with normal caliber of aorta
(25mm). The ratio between pulmonary artery to aorta was more than
one. The diameter of right and left pulmonary artery was 23mm and
22mm respectively, thereby confirming dilatation of both the vessels.
There was a thrombus of size 1.4 x 0.9 x 1cm in the right pulmonary
artery at the level of hilum of right lung causing partial obstruction
of the lumen (Figure 2). Another thrombus was found in one of the
branches of pulmonary artery, supplying lower lobe of left lung. There
was no focal lesion in both lungs. Doppler of lower limb veins showed
evidence of deep venous thrombosis in right superficial femoral vein.
Patient was treated with anticoagulants and recovered.
Transthoracic echocardiogram was repeated. There was no evidence
of thrombus found in the inter-atrial septum.

Discussion
Embryological basis
During development of heart, when right horn of sinus venosus is
absorbed into the primitive atrium, the sino-atrial orifice is guarded
by right and left venous valve. Left venous valve fuses with septum
secundum and blends with interatrial septum. The right valve
regresses between 9th to 15th week of gestation, its cephalic portion
remaining as the crista terminalis and its caudal portion dividing to
form the Eustachian and The besian valves [5]. Failure of regression
of right valve of sinus venosus gives rise to the fenestrated membranes
or fine thread like strands attached to right atrium as Chiari’s network,
involving valve of inferior vena cavae or coronary sinus [1,2].

Incidence
The incidence of Chiari network in echocardiography has been
reported as 1.5–3% [3,4]. The association of Chiari network with
a thrombus entrapped in the channel of a patent foramen ovale
with impending paradoxical embolism, as in the present case is an
uncommon finding.

Morphology
This congenital remnant was first discovered by Hans Chiari in
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Chiari network possess diagnostic difficulties as it can be confused
as right atrial thrombi, right heart vegetation, flail tricuspid leaflet [3],
valve disruption, ruptured chordae tendinae of tricuspid apparatus
[4] or even with a pedunculated right heart tumor [10] which need
immediate surgery.
In the present case, the normal appearing three valves of tricuspid
valve excluded the chance of valve disruption. The highly mobile,
bright, cyclic echocardiographic target was not moving into the
right ventricle inflow tract, thus it was least likely to be tricuspid
valve vegetations. In four chamber view, the echogenic structure was
typically located in posterolateral aspect and moving anteroinferior
and medial direction inside the right atrium thus confirming the
presence of Chiari network at the level of inferior vena caval opening.
Therefore knowledge about echocardiographic appearance of
this normal variant is mandatory to avoid unwanted surgery due
to misinterpretation especially in those cases with history of febrile
illness, intravenous drug abuse and congestive cardiac failure.

Associated pathological conditions
Though Chiari network is considered as anatomical variant,
it is reported in the literature that it was associated with infective
endocarditis [11], fibroelastic papilloma [12], tricuspid atresia [5],
fetal hydrops [13,14], platypnea–orthodeoxia with atrial septal
hypertrophy [15], atrial septal aneurysm [1], atrial fibrillation [6],
Bechet’s disease [16]. Entrapment of a Cardiac catheter [2] and
entanglement of an Atrial septal defect Occluder device [17] by
strands of Chiari network had been reported. On auscultation, Chiari
network can create low thronging murmur [18,19] and split heart
sound [13].
Chiari network can act as a site of thrombus formation. This
can be primary thrombus formed in the network itself or capture
of venous thrombus formed elsewhere in the body [20]. Right atrial
thrombus formed in this manner, can lead to pulmonary emboli and
even cerebral and peripheral arterial emboli when associated with
patent foramen ovale [1].

Chiari network and paradoxical embolism
Since Chiari network is considered as embryological remnant, it
maintains the embryologic right atrial flow pattern and directs the
blood from right to left, favoring the persistence of patent foramen
ovale; thereby creating cyanosis [13,21,22], atrial septal aneurysm and
paradoxical embolism [1].
In the present case, Chiari network was associated with patent
foramen ovale and impending paradoxical embolism. There is even
a recent case report, wherein a patient who had embolic stroke was
diagnosed with a giant Chiari network creating paradoxical embolism
for which surgical resection of the network was done. The author
also cited that 83% of the Chiari network was associated with patent
foramen ovale [23].
First described by Cohnheim in 1877, paradoxical embolism
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involves the passage of venous embolic material through a right-to-left
intracardiac shunt into the arterial circulation, leading to a systemic
thromboembolic manifestation such as stroke, kidney infarction,
or acute limb infarction. It can be treated with anticoagulants and
thrombolytic agents. Surgical intra-cardiac embolectomy and closure
of patent foramen ovale may be curative [24].

10. Tanaka H, Ueda K, Murakami M, Hasegawa S, Sunamori M (2002) A
prominent Chiari network. Ann Thorac Surg 73: 1985.

In the present case, association of Chiari network with a
thrombus in inter-atrial septum which was projecting through the
patent foramen ovale, was a situation of impending paradoxical
embolism. Had it not been diagnosed by transoesophageal echo and
thrombolysed earlier, patient may undergo an episode of systemic
embolic manifestation. Prompt diagnosis helped in immediate
treatment of the patient with anti-coagulants and had saved the
patient from disastrous paradoxical systemic thrombo-embolic
events like catastrophic stroke or limb infarct.

13. Bendadi F, van Tijn DA, Pistorius L, Freund MW (2012) Chiari’s network as a
cause of fetal and neonatal pathology. Pediatr Cardiol 33: 188-191.

Is Chiari network a nidusfor thrombi OR a congenital
protective filter?
Chiari network was mentioned as a congenital inferior vena
cava filter [1] and prevented pulmonary embolism in a case of
polycythemia patient. However, it had been cited that once the
filter like effect of Chiari network was overcome, it could result in
fatal massive pulmonary embolism [25]. Another author opines
that Chiari network removes emboli from the circulation purely by
chance, and further emboli may likely reach the lung [6].
In this case, it is an issue of debate whether the thrombus formed
in the right atrium is due to disturbed hemodynamics created by
Chiari network itself or due to deep vein thrombosis getting dislodged
and filtered by Chiari network.
Whatever the possibilities may be, in all cases of Chiari network,
it is recommended to scrutinize for any impending thrombus in the
region of patent foramen ovale. Chiari network should no longer be
treated as innocuous.

Conclusion
To prevent catastrophic thromboembolic events, anticoagulation
therapy is highly recommended for all patients having Chiari network
associated with patent foramen ovale, irrespective of whether they
are symptomatic or not. In all stroke patients, especially young, one
should look for Chiari network and associated patent foramen ovale.
Proper diagnosis and prompt management can save the patients from
serious life threatening thromboembolic events.
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