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A B S T R A C T   

We report on a case of a fulminant non-aneurysmal subarachnoid hemorrhage after COVID-19 in a patient 
without previous medical history or known previous illness despite a COVID-19 infection one month prior. We 
saw rarefied vessels in the area of the left middle cerebral artery besides a massive left frontal hemorrhage on 
cranial imaging. We concluded that these rarefied vessels are the expression of an RCVS, which fits the history of 
progressive headaches for one month. The RCVS might be caused by the COVID-19 infection and is related to the 
hemorrhage. Unfortunately, due to preoperative entrapment, brain death occurred a few days later.   

1. Introduction 

Respiratory symptoms in combination with fever, cough, and fatigue 
are the most common symptoms of COVID-19 infections [1]. 

Central nervous system (CNS) involvement in patients suffering from 
coronavirus disease 2019 (COVID-19) has been reported in several 
studies and can lead to neurological symptoms such as headache, 
dizziness, hypogeusia, or hyposmia [2,3]. Severe neurological condi
tions like stroke and vascular events have also been observed [2,4]. 

Intracranial hemorrhage occurs in about 4.4% of COVID-19 patients 
and typically affects elderly persons with comorbidities and anti
coagulation [5]. Nearly 80% of those hemorrhages are associated with 
ischemic stroke [6]. Brain herniation is the consequence in very few 
cases (0.7%). Some authors propose a higher incidence of aneurysmal 
and non-aneurysmal subarachnoid hemorrhage (SAH) in patients with 
COVID-19. It is debated whether an increase in incidence is a coincident 
finding or a confident correlation [7,8]. 

We report on a case with a fulminant non-aneurysmal subarachnoid 
hemorrhage in a patient without previous medical history or known 
previous illness despite a COVID-19 infection one month prior. 

2. Case report 

A 56-year-old patient with no previous medical history presented 
with a Glasgow Coma Scale (GCS) of 3. The last contact with relatives 
was the evening before. One month ago, he suffered from mild respi
ratory symptoms, and COVID-19 was diagnosed. The relatives reported 
that the patient had reported progressive headaches after the COVID-19 
illness with episodes of most severe holocephalic headaches (thunder
clap headache). A treatment or evaluation prior to this admission for 
headache did not happen. 

At admission, COVID-PCR was weakly positive (ct value: 37), and d- 
dimer was elevated (2.14 µg/ml (reference < 0.5)). Coagulation pa
rameters (PTT, INR, CT) and thrombocyte were within normal limits. 
The CT scan documented a massive, left frontal hemorrhage causing a 
dramatic midline shift which we thought was most likely an intracere
bral hemorrhage (Fig. 1). No vascular malformation and no perfusion 
alterations were detected by CT angiography (CTA). But rarefied vessels 
on the left side in the area of the anterior and middle cerebral artery 
were seen (Fig. 2). Immediate surgery revealed not the suspected 
intracerebral hemorrhage but a massive space-occupying subarachnoid 
hemorrhage. The cortex appeared pale. No intracerebral hemorrhage 
was found (Fig. 3). Histologically, an old hematoma with additional 
fresh portions was confirmed, while there was no evidence of vascular 
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disease, vascular malformation, or neoplasia. Postoperative CT demon
strated complete removal of the hemorrhage but massive strokes in the 
anterior, middle and posterior cerebral artery supply zone as a result of 
the preoperative entrapment (Fig. 4). Brain death was diagnosed three 
days after surgery. 

3. Discussion 

COVID-19 usually affects the CNS mildly with the leading symptoms 
of headache and/or hyposmia [3]. Additionally, vascular events like 
thrombosis of the cerebral venous sinus and reversal cerebral vasocon
striction syndrome (RCVS) are described in COVID-19 patients. It is 
suggested that thrombosis is mediated by a cytokine storm or by endo
thelial damage. Resulting cascade activation is leading to hyper
coagulation [9–11]. Hypercoagulation might lead to ischemic stroke and 
increased risk of a secondary intracerebral hemorrhage [5,12,13]. 
However, intracranial hemorrhage is rare in patients with COVID-19 
and is typically associated with risk factors such as arterial 

hypertension and anticoagulation therapy [4–7]. 
In our case, ischemic stroke was not observed on the primary ct scan. 

The initially elevated d-dimer levels in our patent may indicate a 
thrombosis of cerebral venous, but this could not be confirmed by CT 
angiography. A sinus vein thrombosis could cause a subarachnoid or 
intracerebral hemorrhage [14,15]. 

Furthermore, a higher incidence of aneurysmal SAH in COVID-19 
patients is suspected by some authors [7,16]. Acute onset of thunder
clap headache is typical for SAH. Four weeks after recovery from a 
COVID-19 infection, this patient suffered from progressive headaches 
for about one month with episodes of most severe holocephalic head
aches (thunderclap headache). 

Recurrent thunderclap headache is typical for RCVS caused by 
constriction of cerebral arteries [17]. Global or segmental vasocon
striction is not directly caused by COVID-19 but COVID-19 is attributed 
for down-regulation of angiotensin-converting enzyme (ACE)-2 re
ceptors, leading to sympathetic hypertonia of the cerebral vessels and/ 
or over activation of the classic renin-angiotensin axis resulting in 
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Fig. 1. Preoperative CT scan of the brain on admission. Axial (A,B), coronal (C) and sagitall (D) cross-section image showing a massive left frontal hemorrhage with 
consecutive midline displacement. Imaging suggested intracerebral hemorrhage. 
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vasoconstriction [18]. RCVS can lead to complications like posterior 
reversible encephalopathy syndrome (PRES), seizures, ischemic stroke, 
intracerebral hemorrhage, and convexity subarachnoid hemorrhage 
(cSAH) [19]. cSAH is described as a typical subtype of non-aneurysmal 
SAH and is commonly caused by RCVS in 60-year-old patients or 
younger [20]. Administration of Nimodipine and Aspirin may be used 
for the treatment of RCVS [19]. 

Our patient died because of a massive cerebral infarction caused by 
intracranial hypertension following massive cSAH. 

To sum up, we saw rarefied vessels in the area of the left middle 
cerebral artery besides a massive left frontal hemorrhage on cranial 
imaging. We concluded that these rarefied vessels are the expression of 
an RCVS, which fits the history of progressive headaches for one month. 
The RCVS might be caused by the COVID-19 infection and is related to 
the hemorrhage. 

To avoid the development of RCVS and hypercoagulability in pa
tients with or after recovery from COVID-19 a regular headache history 
should be taken and if symptoms occur oral anticoagulation, antiplatelet 
therapy, or prophylaxis of vasospasm with Nimodipine should be 

considered, depending on the individual risk profile and cranial imaging 
[19,21–23]. 

4. Conclusion 

COVID-19 is suggested to raise the risk of hemorrhage after stroke 
and the incidence of aneurysmal SAH. The described case shows, that 
RCVS and cSAH are possible complications after COVID-19 infection 
with potentially fatal outcomes. We conclude that even in the case of 
mild course of COVID-19, especially young patients should be advised 
that recurrent headache and particularly thunderclap headache is a 
typical symptom of RCVS which can lead to seizure, stroke or convexity 
subarachnoid hemorrhage. Early detection of RCVS rises the possibility 
for successful treatment. 

Fig. 2. CT angiography (CTA) scan of the brain on admission. (A) Axial cross-section image with multiplanar reconstruction (MPR) of the CTA showing abnormal 
narrowing of the left middle cerebral artery (open arrow) compared to the normal width of the right middle cerebral artery (solid arrow). (B) Sagittal MPR, revealing 
segmental narrowing and dilatation of the anterior cerebral arteries with a string-of-beads appearance (arrowheads). 

Fig. 3. Image of intraoperative findings showing massive subarachnoid hem
orrhage rather than the intracerabral hemorrhage suspected on imaging. The 
cortex can be identified in depth (arrowhead). 

Fig. 4. Postoperative CT scan of the brain. Axial cross-section image showing 
complete removal of subarachnoid hemorrhage but anterior, middle, and pos
terior cerebral artery stroke. 
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