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ABSTRACT

. Background: The coronavirus disease 2019 (COVID-19) pandemic has caused significant structural changes in
acute care hospitals. COVID-19-associated stroke has gained attention, with abnormal coagulation and vascular
endothelial damage being recognized. While ischemic cases are commonly reported, hemorrhagic cases have
also been reported. This report presents a case of ruptured vertebral artery dissection aneurysm associated with
COVID-19, resulting in subarachnoid hemorrhage (SAH). The treatment course, challenges in managing cerebral
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Quick Response Code: INTRODUCTION
E_: E The unprecedented COVID-19 (coronavirus disease 2019) pandemic has brought significant
i changes to the structure of acute care hospitals. COVID-19-associated stroke has gained

attention in recent years.’) Abnormal coagulation and vascular endothelial damage associated
with the infection have also been recognized. While ischemic cases are frequently reported,
hemorrhagic cases have also been documented.!" In this report, we present a case of ruptured
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vertebral artery (VA) dissection associated with COVID-19,
leading to subarachnoid hemorrhage (SAH), and describe
the treatment course and the challenges encountered
in managing cerebral vasospasm, as well as the early
recanalization achieved through endovascular therapy.

CASE DESCRIPTION

A 67-year-old male, cab driver. Past History: None noted.

On the 3" day of COVID-19 onset, he did not answer his
family’s phone calls, and when the hotel staff checked on him,
they found that he had collapsed in his room and was rushed
to the hospital. Neurological findings: Glasgow Coma Score:
9 (E2V3M4) with no apparent paralysis. Imaging findings:
Computed tomography (CT) scanning revealed SAH,
intraventricular hemorrhage, and hydrocephalus [Figure 1a].
CT angiography (CTA) revealed a spindle-shaped dilatation
of the left VA, and the posterior inferior cerebellar artery
(PICA) was branched proximally [Figure 1b]. A simple chest
CT revealed multiple frosted shadows in the peripheral areas
of both lungs [Figure 1c].

Treatment plan

The diagnosis of SAH (Hunt and Kosnik: grade 4, world
federation of neurosurgical societies (WENS): grade 4)
due to a ruptured vertebral artery dissecting aneurysm was
determined to be the PICA distal-type, and the development
of a contralateral VA was sufficient flow and endovascular
internal trapping was planned.

Endovascular treatment was performed with the minimum
required number of surgeons and medical staff under full
personal protective equipment (full-PPE) in the angio
(ANGIO) suite with a negative-pressure ventilation system.
Under general anesthesia, both femoral arteries were
punctured and a 5Fr Guiding sheath was placed in the right
VA, and a 4Fr catheter was placed in the left VA to control
digital subtraction angiography (DSA). DSA revealed

that the aneurysm was PICA distal-type with a dome
measuring 12.6 mm x 6 mm [Figure 2a]. The left VA was
well-developed, and a branch of the anterior spinal artery
was observed. We planned internal trapping of the right VA
using the double catheter technique. Thirty platinum coils
were used for the occlusion of the right VA. Flow arrest was
observed and the procedure was terminated [Figure 2b].
Blood flow from the contralateral left VA was sufficient and
retrograde flow to the ipsilateral VA [Figure 2c].

Postoperatively, the patient was managed as in the case of a
normal severe SAH, including strict fluid management, blood
pressure maintenance, and the administration of fasudil
hydrochloride and sodium ozagrel natrium (nimodipine
is not applicable in our country). The only deviation from
regular treatment, considering the risk of secondary infection
due to extubation, is that we continued to manage the patient
by intubation. We performed neurological examinations and
found no paralysis or sensory disturbance every few hours.
Furthermore, the patients have undergone transcranial
Doppler (TCD) examinations every day, which revealed
results that were not significantly elevated (mean flow
velocity was 50-80 cm/s). The patient was extubated 10 days
after hospitalization, following two consecutive negative
COVID - polymerase chain reaction (PCR) results. At that
time, motor aphasia was observed, and CT revealed a focal
cerebral infarction in the left frontal lobe [Figure 3a] that
was thought to be caused by cerebral vasospasm at the distal
middle cerebral artery (MCA) [Figure 3b]. On the 30™ day,
the aneurysm was recanalized [Figure 3c]. The recanalization
segment showed an aneurysmal-like dilatation [Figure 3d],
and coil embolization using nine coils was performed with a
focus on the dilated area, achieving re-occlusion [Figure 3e].

A ventriculoperitoneal shunt was also performed for the
complication of hydrocephalus. The patient was transferred
to a different hospital for rehabilitation on the 50* day, and
his symptoms gradually recovered, with mild motor aphasia
persisting at 1 year after onset and the modified Rankin Scale 1.

Figure 1: Computed tomography (CT) and three-dimensional CT angiogram on admission after
COVID-19 onset day 3 (a) diffuse subarachnoid hemorrhage with intraventricular hemorrhage and
hydrocephalus. (b) Pearls and strings are seen in the left vertebral artery. (c) Chest CT shows multiple
frosted shadows are seen in the bilateral lung fields.
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Figure 2: Digital subtraction angiography of the right vertebral artery (VA) (a and b) and left VA (c) (a) right
vertebral artery dissecting aneurysm (VAG), lateral view. The aneurysm was present just after the posterior
inferior cerebellar artery (PICA) branch. (b) Right VAG, lateral view. Flow arrest was seen in the right VA
while the PICA was preserved. (c) Left VAG, frontal view. After internal trapping, the left VA was perfused
sufficiently, retrograde flow to the right VA, and a branch of the anterior spinal artery was observed.

P

Figure 3: Computed tomography (a) and magnetic resonance angiography (MRA) (b) on the 10 days
after hospitalization. Digital subtraction angiography of the right vertebral artery (VA) on the 30 days
after hospitalization (c-e). (a) Part of the left frontal lobe showed a low-intensity zone. (b) MRA showing
mild stenosis of the left distal middle cerebral artery (white arrow). (c) Right vertebral angiography (VAG),
lateral view. Recanalization is seen in the right VA. (d) Right VAG, lateral view. An aneurysm-like dilation
(white arrowhead) is seen at the lower part of the coil mass. (e) Right VAG, lateral view. After re-embolized,
flow arrest was seen in the right VA while the posterior inferior cerebellar artery (PICA) was preserved.

Recanalization and vasospasm in ruptured vertebral artery dissecting aneurysm (VADA) associated with COVID-19

DISCUSSION

The association between COVID-19 and stroke has
attracted attention in recent times.”! The pathogenesis
of COVID-19-related stroke is currently known to be a
complex blend of (1) pro-thrombotic, (2) vascular endothelial

damage, (3) systemic inflammation, and (4) myocardial
damage.""! Clinically, ischemic stroke is frequently reported,
and management criteria are urgently needed in the US.")

The risk of developing SAH is currently unknown and
considered controversial;? however, it is associated with
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prolonged hospitalization and a poor prognosis.'¥ There
are scattered reports of arterial dissection, including
ruptured VA dissecting aneurysms.!') Dodd et al. reported
ten cases of SAH associated with COVID-19.% In this
study, four of ten patients had dissecting aneurysms, and
such a high frequency suggests that COVID-19 and arterial
dissections are potentially related. Otherwise, ischemia-
associated dissection of the internal carotid artery has been
reported.®® As mentioned above, the presence of the
COVID-19 infection suggests that vascular fragility caused
by endothelial damage may contribute to the development
of cerebral artery dissection. Due to the limited number
of reported cases, further research is needed to prove this
hypothesis.

Otherwise, to consider the importance of the management
of COVID-19-associated SAH, a report on the management
of aneurysmal SAH under COVID-19 prevalence has been
published.!® Standard precautions should be taken from the
time of the initial response, and tracheal intubation should be
considered at an early stage to prevent oxygenation and viral
spread. Endovascular treatment, which requires an ANGIO
room with negative-pressure ventilation, is recommended as
the last resort on the day of surgery. It should be performed
under full PPE with minimal staff. Standard precautions for
the prevention of delayed cerebral ischemia (DCI) are the
same as for standard treatment but in high-grade SAH with
WENS grade 4.5, continued intubation is recommended,
and the patient should be sedated to avoid hypotension. In
this case, multiple COVID-PCRs were performed; however,
because it took 10 days for the patient to become negative,
extubation was delayed, and there was no opportunity for
adequate neurological examination, especially in speech.
Although TCD is recommended for monitoring,”’ it may not
be able to detect peripheral MCA vasospasm. Sadahiro et al.
reported that peripheral MCA spasms do not increase the
flow velocity but rather decrease it.""! A similar phenomenon
could occur in this case. CTA or angiogram is recommended
on days 6-8, and this case should have been examined with
proper precautions against infection as a DCI high-risk case.
Patients with COVID-19-associated SAH may be resistant
to standard DCI treatment due to hypoxia and respiratory
failure. In addition, thrombosis and renal dysfunction
are likely to complicate the treatment of COVID-19, and
careful and case-specific drug administration is necessary.
In COVID-19-associated SAH, the delay in the detection of
cerebral vasospasm, as in the present case, may occur due to
inadequate human resources and examination systems. It is
necessary to establish initial responses, DCI prevention, and
examination criteria per the resources of each institution.

In the present case, the patient developed recurrence after
internal trapping and similar cases of recurrence have
been reported in the past.*'”! Sawada et al.'"”! suggested two
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possible mechanisms for the rare recanalization. First, it
is possible that they occluded the false lumen along with
the aneurysm. A typical double lumen with dissections
could not be adequately depicted on the initial angiograms
due to compression of the true lumen. Therefore, it may
have placed the microcatheter into the false lumen and
occluded it during the initial procedure. Several months
later, the compressed true lumen may have gradually re-
expanded and recanalized during the healing process.
Second, there is a possibility that an insufficient number
of coils were used during the initial treatment, which may
have contributed to the possibility of recanalization. In our
case, the possibility of occlusion within the false lumen or
insufficient coil embolization seems most plausible. Severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)-
related arterial dissections have been postulated to occur
due to excessive local or systemic inflammatory reactions,
leading to the rupture of the intima and internal elastic
lamina.[!

During the acute phase in the COVID-19-associated
vasculopathies, infection by SARS-CoV-2 seems to have
specific direct and indirect effects on the endothelium,
immune, and coagulation systems, thus promoting
endothelial dysfunction, immunothrombosis, and formation
of neutrophil extracellular traps.’ These pathological
conditions suggest a potential association with recurrence;
however, it is important to note that this case represents
the first reported instance of recanalization following the
treatment of a COVID-19-associated dissection, and without
pathological evidence, these remain speculative hypotheses.

CONCLUSION

We experienced a case of a ruptured VA dissecting
aneurysm associated with COVID-19. Thorough infection
control measures are essential from the initial stages to the
postoperative term. Postoperative management alone may be
insufficient. It is necessary to consider the establishment of
a preventive and examination system for cerebral vasospasm
and keep in mind the possibility of recurrence.
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