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Abstract: Inferior vena cava (IVC) aneurysms rarely occur. They are commonly detected incidentally
since they present with mild or no symptoms. This was the first study to report a fatal case of a
saccular IVC aneurysm with pulmonary embolism and cerebral infarction. The patient developed
cardiac arrest five minutes after arriving at the emergency department, and spontaneous circulation
was restored after two minutes of cardiopulmonary resuscitation. Computed tomography scans of
the brain, chest, and abdomen—pelvis were obtained. The patient was diagnosed with a saccular
aneurysm of the IVC measuring 8 x 11 cm, massive embolism of both pulmonary arteries, and
cerebral infarction. An electroencephalogram, taken on the third day of hospitalization, suggested
brain death, and the patient died on the eleventh day of hospitalization. This case report highlights
that an IVC aneurysm with pulmonary embolism can be associated with paradoxical emboli-induced
cerebral infarction, which is fatal.
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1. Introduction

Venous aneurysms are uncommon. In particular, inferior vena cava (IVC) aneurysms
are rare, with approximately 70 reported cases [1,2]. Most IVC aneurysms are incidentally
identified among asymptomatic or mildly symptomatic patients, the most common symp-
toms are abdominal pain and symptoms related to deep vein thrombosis [3]. However,
some cases, which occurred together with pulmonary embolism, were reportedly fatal [4].
We report a unique and fatal case of a saccular IVC aneurysm with pulmonary embolism
and cerebral infarction in a 58-year-old woman.

2. Case Presentation

A 58-year-old woman with an unremarkable medical history visited the emergency
department (ED) for worsening dizziness and dyspnea, noted one day before. The patient
was alert and had normal peripheral oxygen saturation (SpO2) when the paramedics
arrived. However, her mental state and oxygen saturation level declined during transport
to the hospital. She had an SpO2 of 83% despite receiving 100% oxygen supplementation
through a face mask with a reserve bag. The blood pressure was not measured due to a
weak pulse. The patient was drowsy upon arrival at the ED. Cardiac arrest with pulseless
electrical activity occurred after five minutes, and spontaneous circulation was restored
after two minutes of cardiopulmonary resuscitation. A computed tomography (CT) of
the brain, chest, and abdomen—pelvis (AP) was taken two hours after arrival. The AP-
CT revealed an 8 x 11 cm saccular aneurysm involving the left and right renal veins at
the infrahepatic level of the IVC (Figure 1). The chest CT revealed massive pulmonary
embolisms involving both distal main pulmonary arteries (Figure 2a). A hyperdense
middle cerebral artery (MCA) sign indicating thrombosis of the M1 MCA segment and
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widely decreased gray matter densities in the left hemisphere and right frontal lobe were
detected on the brain CT (Figure 2b) [5]. A tissue plasminogen activator was administered
two and a half hours after arrival, and the patient was admitted to the intensive care unit.
The patient developed a seizure; therefore, a follow-up brain CT was performed after six
hours. This showed a broad infarcted area involving most of the cerebrum, except for the
thalamus and right occipital lobe. An electroencephalogram taken two days after admission
suggested the possibility of brain death, and a bedside transthoracic echocardiography
performed on the fourth day of hospitalization showed an enlarged RV with reduced RV
systolic function. The patient’s family decided against a further evaluation or advanced
treatment; therefore, the patient was conservatively managed at this point. Normal blood
pressure was not achieved despite administering high-dose inotropic agents during the
seventh day of hospitalization, and the patient died on the eleventh day of hospitalization.

Figure 1. Cont.
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Figure 1. Computed tomography images of the abdomen and pelvis in (a) the axial and sagittal planes, and (b) the coronal
plane. Arrows indicate an inferior vena cava aneurysm.

Figure 2. (a) Computed tomography of the chest. Arrows indicate massive pulmonary embolisms.
(b) Computed tomography of the brain. Green arrowheads indicate widely decreased gray matter
density. Yellow arrow indicates hyperdense middle cerebral artery sign.
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3. Discussion

This was the first case report of a fatal IVC aneurysm, occurring in combination with
pulmonary embolism and cerebral infarction.

An IVC aneurysm is defined as more than twice the normal IVC diameter, and its
etiology is unclear [6,7]. Several studies have suggested trauma, inflammation, and congen-
ital problems as possible causes [8-12]. Gradman and Steinberg proposed a classification
system for IVC aneurysms based on their anatomic location and the presence of venous
obstruction as follows [13]: type I, which refers to suprahepatic aneurysms without a ve-
nous obstruction; type II, which includes aneurysms associated with a venous obstruction
above or below the hepatic veins; type III, which comprises infrarenal aneurysms without
a venous obstruction; type IV, which consists of aneurysms with miscellaneous characteris-
tics. Montero-Baker et al. suggested a management guideline for IVC aneurysms based on
this classification system [1]. The patient, in this case, had a type III IVC aneurysm, which
requires active interventions, such as surgical resection, ligation, and endovascular manage-
ment, because type II-IV aneurysms have flow dynamics that cause venous stasis resulting
in thrombosis. In this case, fatal thrombotic complications had already occurred at the time
of arrival, and the patient died before the indicated interventions could be considered.

Cerebral infarction rarely coexists with pulmonary embolism; in contrast, deep vein
thrombosis occurs as a complication of cerebral infarction, resulting in pulmonary em-
bolism [14]. Moreover, cerebral infarction cannot be directly caused by an IVC aneurysm.
However, paradoxical embolism, the arterial occlusion caused by venous thrombosis in
patients with a right-to-left shunt, accounted for the occurrence of pulmonary embolism
and cerebral infarction in this case of IVC aneurysm. Paradoxical embolism is suspected if
arterial embolism and venous thromboembolism coexist, and this was frequently observed
among patients with a stroke of unknown etiology [15,16]. Most cases of paradoxical
embolism are associated with a patent foramen ovale (PFO). It is more prevalent among
cerebral ischemia patients than in the general population [17]. Based on this finding, al-
though a PFO screening was likely indicated for our patient, it could not be performed
because she became brain-dead before a further evaluation. A previous study suggested
that the earlier detection of an atrioventricular shunt might be helpful if transesophageal
echocardiography is performed during initial resuscitation [18].

In this case, an IVC aneurysm could be a bystander finding, which coexisted with
cerebral infarction caused by paradoxical emboli from another venous thrombosis. How-
ever, we could not find any other suspicious cause of thromboembolism in the imaging
studies or previous medical history of the patient, except for large thrombi inside the IVC
aneurysm. Hence, the most appropriate putative mechanism underlying cerebral infarction,
in this case, is paradoxical embolism caused by thrombi inside the IVC aneurysm. Most
importantly, this is the first case report of a comorbidity of an IVC aneurysm and cerebral
infarction regardless of causal relation.

In conclusion, this case highlights that IVC aneurysms can result in the comorbidity
of pulmonary embolism and cerebral infarction, both of which are fatal. Hence, IVC
aneurysms should be managed carefully to avoid fatal complications, such as pulmonary
and paradoxical embolisms. In addition, a paradoxical embolism and IVC aneurysm
should be considered in patients presenting with symptoms of cerebral infarction and
unexplained hypoxemia.
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