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Abstract
We here discuss an interesting case of COVID-19 patient suffering from ruptured right supra-clinoid
intracranial aneurysm with congenital absence of right ICA. COVID-19 has been responsible for over 175
million reported cases and over 3.8 million deaths world-wide. Severe cases of COVID-19 is characterized
with cytokine outburst and hyperin�ammation, platelet activation, endothelial dysfunction and sepsis
related coagulopathy. This predisposes for thromboembolic events and aneurysm formation and rupture.
Agenesis, aplasia and hypoplasia of internal carotid artery (ICA) is a rare congenital anomaly. ICA
agenesis is associated with increased incidence of intracranial aneurysm as compared with general
population.

Introduction
According to World Health Organization (WHO), as of now COVID-19 has been responsible for over 191
million reported cases and over 4.1 million deaths world-wide. Severe cases of COVID-19 are
characterized with cytokine outburst and hyperin�ammation, platelet activation, endothelial dysfunction
and sepsis related coagulopathy. This predisposes for thromboembolic events and aneurysm formation
and rupture. Though venous thromboembolism (VTE) is more common than arterial, there had been case
series suggesting increased incidence of arterial thromboembolic events (ATE) in COVID-19 patients.
Also, agenesis, aplasia and hypoplasia of internal carotid artery (ICA) is a rare congenital anomaly with
incidence of <0.01% in general population[11]. ICA agenesis has been associated with increased
incidence of intracranial aneurysm (25-43%) as compared with general population (2-4%). We here
discuss one interesting case of COVID-19 patient suffering from ruptured right supra-clinoid intracranial
aneurysm with congenital absence of right ICA. A rare case that has never been reported before.

Case Report
A 47-years-old male patient complained of sudden onset severe headache associated with loss of
consciousness eight days prior to presentation. At the time of presentation he was COVID-19 RT-PCR
positive. On admission GCS was E4V5M6, Hunt and Hess grade 2 with no sensory / motor / autonomic
neurological de�cit. High resolution CT thorax and chest skiagram was done which showed post-covid
changes in lungs (Figure 1). NCCT Brain suggestive of minimal SAH in basal cistern (Figure 2). CT
Angiography Brain vessels showed right supra-clinoid aneurysm (Figure 3). Patient was taken for digital
subtraction angiography (DSA) to better delineate anatomy following all necessary COVID-19 guideline
for operation theatre. A 6-French 11cm femoral access sheath (Medtronic Inc, Minneapolis, USA) was
used for groin access on the right side. A 6-French 100cm Envoy guide catheter (Codman, Wokingham,
UK) was used to access bilateral common carotid artery (CCA) and vertebral arteries (VA). A Terumo
150cm guide wire (Terumo Europe, Leuven, Belgium) was used to guide the catheter. Selective angiogram
of the right common carotid artery (CCA) showed hypoplastic stump of the right ICA (Figure 4). Selective
angiogram of the left vertebral artery showed an aneurysm measuring 5.6mm x 6.5mm x 9.8mm �lling
from right posterior communicating artery (P.com.) (Figure 5). Aneurysm also �lled from the left anterior
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cerebral artery (ACA) through anterior communicating artery (A.com) (Figure 6). Also the right ACA and
middle cerebral artery (MCA) was supplies by left ACA via A.com (Figure 7). Post-procedure DSA showed
absent �ow in the bilateral ACA and right MCA (Figure 8). Immediately intra-arterial administration of rtPA
(alteplase (0.9 mg/kg) along with Abciximab (4mg) was given but with no success. Post-procedure CT
Head showed right MCA and bilateral ACA territory infarct (Figure 9). Patient was taken emergency
decompressive craniectomy but he sustained cardiac arrest couple of minutes thereafter and didn’t
survive.

Discussion
Agenesis, aplasia and hypoplasia of internal carotid artery (ICA) is a rare congenital anomaly with
incidence of < 0.01% in general population. Tode, in 1787, was �rst to report ICA agenesis on post-mortem
exam[7]. Verbiest was �rst to report the same on angiography in 1954[14].

Some more than 100 cases have been reported in the past. Padget described that ICA arises from the
dorsal aorta and the third aortic arch at 4–5 mm embryonic stage and entirely develops by 6 weeks[8].
This developmental anomaly occurs due to mechanical stress resulting from pressure effects and
excessive folding of cephalic portion of embryo and amniotic bands[5]. Also the carotid canal develops in
association with the ICA. The skull-base begin to form during the 5th–6th weeks of fetal life. Thus, if ICA
does not develop or fails to develop before the 5th embryonic week, the ICA and the carotid canal remains
undeveloped[5, 6]. The external carotid artery (ECA) and common carotid artery (CCA) arise from the
aortic sac independently and can present normally in a case of ICA agenesis as was seen in our case[15].

Diagnosis of an absent ICA is made on CT/CT angiography and digital subtraction angiography (DSA).
Non-visualization of an ICA on angiography and absent bony carotid canal in the base of the skull on CT
is helps in the diagnosis of congenital absence of an ICA.

Most of the patients are asymptomatic because of the collateral circulation. Tsuruta and Myazaki
proposed three types of collateral channels through the circle of Willis[12]. In Type I, the ipsilateral ACA is
supplied by the contralateral ICA, opposite to the ICA agenesis, through the anterior communicating artery
(A.Com.). The MCA is supplied by the basilar artery through the posterior communicating artery. In Type II,
the ipsilateral ACA and MCA are supplied by the contralateral ICA through patent A.Com. In Type III, the
ipsilateral ACA and MCA are supplied by the transcranial anastomoses that develop from ECA or
contralateral ICA or primitive vessels. Our case had Type II anomaly.

Sometimes patients with congenital absent ICA develops subarachnoid hemorrhage (SAH) due to
ruptured aneurysm or transient ischemic attack (TIA) due to vascular insu�ciency. ICA agenesis has been
associated with increased incidence of intracranial aneurysm (25–43%) as compared with general
population (2–4%)[12, 4]. Lee et.al. found that aneurysm develops ipsilateral to absent ICA as was in our
case, supporting a congenital origin of aneurysm as opposed to hemodynamic factors.
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COVID-19 infection occurs through the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
virion binding to Angiotensin Converting Enzyme 2 (ACE-2), an enzyme responsible for regulation of
blood pressure and has anti-atherosclerotic effects. SARS-CoV-2 binds to Angiotensin Converting
Enzyme-2 (ACE-2) and inactivates it. Also, SARS-CoV-2- ACE-2 binding is responsible for direct damage to
the BBB[9, 10].

COVID-19 is characterized by cytokine outburst and hyperin�ammation, platelet activation, endothelial
dysfunction and sepsis related coagulopathy leading to increased risk of aneurysm formation or rupture.
Pro-in�ammatory cytokines in COVID-19 such as interleukin (IL)-1, IL-6, and TNF are found to be
responsible for the loss of vascular integrity. Kandula et al. in his study found that the hypercytokinemia
of sHLH (Secondary Hemophagocytic Lymph Histiocytosis) may result in endothelial injury through
increased vascular permeability, resultant ischemia of the vascular endothelium, and cell damage. Severe
COVID-19 infections have a similar cytokine pro�le as sHLH[3]. Moriguchi et al. found that cytokine
cascade has been directly demonstrated to be responsible for neurological disorders and acute
cerebrovascular disease[1]. Brian et. al. in his study suggested that the state of hyperin�ammation is
responsible for increased chance of aneurysm formation and rupture in patients with COVID-19
infection[2].

COVID-19 is also responsible for thromboembolic event which was seen in our patient. COVID-19 has an
increased incidence of thromboembolic events (TE), Venous TE (VTE) more common than arterial TE
(ATE)[15]. Some report incidence of (TE) to be 20–30% in COVID-19 patients and some reported up to
40–70% of their cases. This was associated with higher rate of mortality patients with COVID-19 as was
in our case[13].

Conclusion
Congenital absence of internal carotid artery is an extremely rare disorder which is associated with
intracranial aneurysm formation, more commonly on the ipsilateral side. This when combined with the
in�ammatory response of hypercytokinemia in COVID-19 leads to degradation of cerebral vasculature
and aneurysm formation or rupture. It was also seen that COVID-19 has increased incidence of
thromboembolic events which is associated with increased mortality. Though this case was �rst of its
kind where COVID-19 was associated with intracranial aneurysm rupture with congenital absent ICA and
thromboembolism. Further, long-term retrospective studies will be needed to determine the effects of
COVID-19 on intracranial aneurysm and thromboembolism and postulate guidelines to prevent and treat
the same.
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Figure 1

Chest Skiagram and High Resolution Computer Tomography (HRCT) Thorax showing post COVID-19
changes.
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Figure 2

Pre-op Computer Tomography Head with sub-arachnoid haemorrhage (SAH).
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Figure 3

Pre-op Computer Tomography Angiography showing right supra-clinoid aneurysm.
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Figure 4

DSA right common carotid artery (CCA) showing hypoplastic right internal carotid artery (ICA).
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Figure 5

Digital Subtraction Angiography (DSA) of left vertebral artery showing aneurysm �lled from right
posterior communicating artery (P.com.A).
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Figure 6

Digital Subtraction Angiography (DSA) left internal carotid artery (ICA) showing aneurysm �lled from left
Anterior Cerebral Artery (ACA) via anterior communicating artery (A.com.A).
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Figure 7

3D reconstruction of Digital Subtraction Angiography (DSA) images showing aneurysm with its
communications.
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Figure 8

Post-procedure Digital Subtraction Angiography (DSA) of left internal carotid artery (ICA) showing absent
�ow in bilateral anterior cerebral artery (ACA) and right middle cerebral artery (MCA).
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Figure 9

Post-procedure computer tomography head with 6 hours interval showing infarct in bilateral anterior
cerebral artery (ACA) and right middle cerebral artery (MCA) territory followed by global infarct.
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