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Objective: Neurological adverse reactions to SARS-CoV-2 vaccines include a wide variety of central ner-
vous system (CNS) disorders; however, the cause-and-effect relationship is unclear. Herein, we present
a fatal case of extensive basal ganglia bleeding after mRNA-based SARS-CoV-2 vaccination and discuss
the pathophysiological mechanisms of brain hemorrhage.
Case presentation: A 66-year-old woman with cerebral palsy and a history of neonatal asphyxia suddenly
presented with hypothermia and consciousness disturbance one day after the sixth dose of an mRNA-
based SARS-CoV-2 vaccine (Moderna). Clinical investigations revealed a normal thrombocyte count,
but stage 1 hypertension and mild prolongation of the prothrombin time and activated partial thrombo-
plastin time. Urgent brain computed tomography (CT) revealed extensive left basal ganglia hemorrhage
with global brain edema and downward herniation of the brainstem. The region of the large hematoma
corresponded to the basal ganglia lesion which had been produced by neonatal asphyxia at birth. Because
the neurosurgeons evaluated her state as inoperable, conservative therapy was continued, but the patient
died on day 5 after the event.
Conclusion: We hypothesized that two pathophysiological mechanisms were responsible for the brain
hemorrhage in this case: disruption of focal cerebrovascular autoregulation in preexisting neonatal
asphyxiated lesions and disturbance of coagulation pathways after mRNA-based SARS-CoV-2 vaccination.
� 2023 International Hemorrhagic Stroke Association. Publishing services by Elsevier B.V. on behalf of
KeAi Communications Co. Ltd. This is an open access article under the CC BY-NC-ND license (http://creati-
vecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Neurological adverse reactions to SARS-CoV-2 vaccines include
a wide variety of central nervous system (CNS) disorders, ranging
from mild to fatal. Among cerebrovascular diseases, venous sinus
thrombosis, ischemic stroke, and intracerebral hemorrhage have
been reported as frequent CNS complications after SARS-CoV-2
vaccination.1 The pathogenetic mechanisms of these complications
are variable depending on the type of vaccine and underlying dis-
eases of the patients. However, it has not been clarified in detail
whether there is a cause-and-effect relationship between CNS dis-
orders and SARS-CoV-2 vaccines. We herein report a fatal case of
basal ganglia hemorrhage with ventricular rupture that occurred
shortly after the administration of a sixth dose of an mRNA-
based SARS-CoV-2 vaccine, and discuss the pathophysiological
mechanisms of brain hemorrhage after vaccination. This case
involved an adult woman with cerebral palsy who was hospital-
ized in our residential facility and had a history of neonatal
asphyxia at birth.
2. Case presentation

The female patient was born to non-consanguineous parents at
term, with a body weight of 2625 g after vaginal delivery. Due to
cephalopelvic disproportion, labor was prolonged, and the patient
delivered profound asphyxiate. Postdelivery, the infant showed
global developmental delay and mental retardation and was diag-
nosed with cerebral palsy before 6 months of age. At 17 years of
age, she was admitted to the Biwako-Gakuen Residential Facility
Hospital, where medical and welfare treatment was provided to
individuals with intellectual and physical disabilities. Because of
their profound disabilities, most people at this facility need to be
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hospitalized for their entire life. On admission, she manifested sev-
ere movement and postural abnormalities (predominantly spastic
quadriplegia), characterized by a generalized increase in muscle
tone. The legs were more involved than the arms, and a paucity
of limb movements was characteristic. At 65 years and 6 months
of age, brain computed tomography (CT) was performed as a rou-
tine neuroradiological evaluation, which showed cortical atrophy
of the left frontal and temporal lobes and low-density lesions in
the left caudate nucleus, putamen, and globus pallidus (Fig. 1A).
These lesions are thought to be induced by neonatal asphyxia at
birth, although there was no magnetic resonance imaging (MRI)
evidence to prove this had been present since birth.

At 66 years and 8 months of age, she suddenly presented with
hypothermia and consciousness disturbance one day after the
sixth dose of an mRNA-based SARS-CoV-2 vaccine (Moderna).
She had not experienced any side effects after the first to fifth vac-
cinations (four times with Biontech/Pfizer and one time with Mod-
erna); her vaccination record is summarized in Table 1. She had a
history of congestive heart failure due to atrial fibrillation
12 months previously, and had been treated with anticoagulants,
b-blockers, loop diuretics, and angiotensin-converting enzyme
inhibitors until the present urgent event. She also had several
comorbid disorders with cerebral palsy, including hypermuscle
tonus treated with muscle relaxants, costal and vertebral fractures
due to osteoporosis, chronic respiratory failure treated with
mechanical ventilation, and urolithiasis due to a neurogenic blad-
der. Clinical examination revealed a deep coma with a Glasgow
Coma Scale of 3, hypothermia (body temperature, 32.2 �C), normal
heart rate (59/min), and stage 1 hypertension (blood pressure,
131/78 mmHg). Blood tests revealed mild anemia (erythrocyte
328 � 104/lL, hemoglobin 10.2 g/dL, hematocrit 30.8 %), normal
thrombocyte count (29.0 � 104/lL), mild prolongation of pro-
thrombin time (18.6 s), and activated partial thromboplastin time
(40.1 s). Urgent brain CT showed extensive intracranial hemor-
rhage in the left basal ganglia region involving the head to tail of
caudate nucleus and putamen, which ruptured into the lateral ven-
tricles expanding to the fourth ventricle with global brain edema
Fig. 1. Brain CT performed as a routine evaluation at 65 years and 6 months of age (A),
8 months of age (B, C). A: Low-density lesions in the left basal ganglia (white asterisk) w
intracranial hematoma in the left basal ganglia (black asterisk) and region corresponding
ganglia ruptured into the lateral ventricles, expanding to the fourth ventricle with globa
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and resultant downward herniation of the brainstem (Fig. 1B,
1C). The entire area of this large hematoma corresponded to the
basal ganglia lesion, which was caused by perinatal asphyxia at
birth. Because the neurosurgeons judged the patient’s condition
to be inoperable, conservative therapy was continued, but the
patient died on day 5 after the event.
3. Discussion

3.1. Disruption of vascular autoregulation in the asphyxiated brain

Hypoxic-ischemic brain injury in term infants has three major
patterns of neuronal injury: diffuse, cerebrocortical-deep nuclear,
and deep nuclear-brainstem patterns.2 MRI studies of asphyxiated
term infants suggest that approximately 35–85 % exhibit predom-
inantly cerebral-deep nuclear neuronal involvement, including
basal ganglia (especially putamen) and thalamus.2 The pre-
existing brain lesion of the basal ganglia in the present case
(Fig. 1A) showed a particular pattern of asphyxiated injury
observed in term newborns. In a study of asphyxiated infants with
the poorest outcomes, cerebral blood flow (CBF) was reported to be
passively related to arterial blood pressure due to impaired vascu-
lar autoregulation.3 Cerebrovascular autoregulation is expressed as
the reactivity of CBF to changes in mean arterial blood pressure,
which holds CBF relatively constant across changes in cerebral per-
fusion pressure.4 Four mechanisms have been proposed for cere-
brovascular autoregulation: 1) myogenic, 2) neurogenic, 3)
metabolic, and 4) endothelial mechanisms. The myogenic compo-
nent concerns the ability of the vascular smooth muscle to con-
strict or dilate in response to changes in the transmural pressure.
Neurogenic mechanisms occur through extensive nerve supply to
the cerebral vessels. The metabolic mechanism probably con-
tributes to autoregulation in the microvasculature, where changes
in the microenvironment, such as pCO2 and H+, lead to vasodila-
tion. Additionally, endothelial factors such as nitric oxide may also
contribute to autoregulation. Autoregulation is important for
and as an urgent evaluation to investigate the cause of deep coma at 66 years and
ere found, which were caused by neonatal asphyxia at birth. B: Note the extensive
to the asphyxiated basal ganglia lesion (white asterisk in A). C: Bleeding in the basal
l brain edema, resulting in downward herniation of the brainstem.



Table 1
The patient’s SARS-CoV-2 vaccination records.

Number Date (year/month/day) Vaccine

Company Genetic name Technology

1 2021/5/27 Biontech/Pfizer BNT162b2 mRNA
2 2021/6/16 Biontech/Pfizer BNT162b2 mRNA
3 2022/2/15 Biontech/Pfizer BNT162b2 mRNA
4 2022/9/6 Moderna m-RNA1273 mRNA
5 2023/2/20 Biontech/Pfizer BNT162b2 mRNA
6 2023/6/13 Moderna m-RNA1273 mRNA
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matching CBF to metabolic demands.5 Based on these considera-
tions for exhaustive vascular mechanisms, it is suggested that the
asphyxiated brain lesion in the present case may have some func-
tional defects in operating complete focal cerebrovascular
autoregulation.
3.2. Variable mechanisms of adverse effects after SARS-CoV-2
vaccinations

There are three major strategies for producing SARS-CoV-2 vac-
cines: mRNA, viral vector, and inactivated protein subunit vac-
cines. mRNA vaccines contain the mRNA of the antigen of
interest that enters cells and is translated into the spike protein
to induce an immune response. Viral vector vaccines have delivery
systems that contain nucleic acids that encode antigens and induce
the production of viral proteins. These viral proteins are identified
as antigens that stimulate antibody production. Inactivated vacci-
nes are viruses that cannot infect or replicate in cells. However,
viral particles and proteins are recognized as antigens that trigger
the immune system.6
3.3. Inactivated and protein subunit vaccines
Few and scattered reports have been published on the side

effects of inactivated virus-based vaccines. Vaccine reactivity has
been linked to a temporary increase in inflammatory cytokines
that act on blood vessels, muscles, and other tissues.7 According
to the World Health Organization (WHO), in the case of side effects
of inactivated virus-based vaccines, the most common local and
systemic adverse reactions are injection site reactions, fatigue,
fever, headache, and allergic dermatitis, which are self-limiting,
and the patient experiencing these side effects does not need to
be hospitalized.8.
3.4. Viral vector vaccines
Primary SARS-CoV-2 infection with systemic viral RNA release

contributes to innate immune coagulation cascade activation with
both pulmonary and systemic immunothrombosis, manifesting as
chest pain, pulmonary embolism, systemic thrombosis, stroke, car-
diac and renal ischemia affecting both arterial and venous territo-
ries.9,10 A brief clinical investigation of five patients who showed
venous thrombosis and thrombocytopenia 7–10 days after receiv-
ing the first dose of the adenoviral vector vaccine has been
reported, in which the authors referred to the condition as
vaccine-induced immune thrombotic thrombocytopenia (VITT).11

These thrombotic disorders are reminiscent of natural SARS-CoV-
2 infection12. The worst outcome of neurological complications
caused by SARS-CoV-2 vaccines is cerebral venous sinus thrombo-
sis after vaccination with vector-based vaccines,13 especially for
women.14 The proposed mechanism of thrombocytopenia is the
synthesis of IgG antibodies against platelet factor 4 (PF4), which
activates platelets and blood clots in large venous arteries, result-
ing in a state that clinically mimics heparin-induced
thrombocytopenia.15,16
40
3.5. mRNA vaccines
mRNA vaccines as well as adenovirus-based vaccines can

induce various acute neurological disorders, including transverse
myelitis, Guillain-Barre syndrome, Bell’s palsy, acute disseminated
encephalomyelitis, encephalopathy, and intracerebral hemor-
rhage.16 Some possible mechanisms of these brain disorders have
been suggested, such as the synthesis and release of spike proteins
causing severe inflammation, increased glial activity, the resultant
increased permeability of the blood–brain barrier, destruction of
myelin, associated axonal degeneration, and reactivation of
varicella-zoster virus after vaccination17,18. In the present case,
the relationship between the disturbance of coagulation pathways
and adverse effects of mRNA vaccines has not yet been clarified;
however, it is noteworthy that increased permeability of the
blood–brain barrier can be induced after mRNA vaccination. These
events can induce the entry of peripheral blood cells and albumin
into the brain parenchyma, resulting in disruption of osmotic bal-
ance in the brain, which is closely associated with brain
hemorrhage.

4. Conclusion

We describe a fatal adult case of cerebral palsy manifesting as
extensive basal ganglia hemorrhage after receiving an mRNA-
based SARS-CoV-2 vaccination. The region of the large hematoma
after bleeding corresponded to the basal ganglia lesion that had
been produced by neonatal asphyxia at birth. Clinical investiga-
tions revealed a normal thrombocyte count, but stage 1 hyperten-
sion and mild prolongation of the prothrombin time and activated
partial thromboplastin time, thus indicating a functional distur-
bance of the extrinsic, intrinsic, and common pathways of coagula-
tion. We suggest two factors for the pathophysiological
mechanisms of the brain hemorrhage observed in this case: the
disruption of focal cerebrovascular autoregulation in preexisting
neonatal asphyxiated lesions and the disturbance of coagulation
pathways after mRNA-based SARS-CoV-2 vaccination.
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