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Brain perfusion single photon emission computed 
tomography abnormality in MRI-negative stroke-
like patients post COVID-19 vaccination
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Abstract 
Stroke-like symptoms after COVID-19 vaccination was thought to be functional if there was no anatomical image abnormality. 
We aimed to analyze brain perfusion changes in these patients. A case-control study of brain perfusion single photon emission 
computed tomography (SPECT) of 12 vaccinated patients with left-sided stroke-like symptoms were compared with 12 age- 
and gender-matched normal interictal brain SPECTs using voxel-based analysis. Significant hyperperfusion was seen on the 
right side in postcentral, inferior parietal, mid temporal, parahippocampal, and caudate regions, and on the left side in the 
thalamus, hippocampus, and mid temporal areas. In addition, there were hypoperfused bilateral superior frontal gyri and right 
mid/posterior cingulate cortex (Family-wise-error corrected p-values  < .05). Both hypoperfusion and hyperperfusion in the brain 
are demonstrated. We hypothesize that these findings might be the result of the functional neurological disorder. However, based 
on other previous studies, circulating spike protein in the patients’ plasma early after vaccination might also be the cause.

Abbreviations: ACE2 = angiotensin-converting enzyme 2, COVID-19 = Coronavirus disease 2019, CT = computed tomography, 
MRA = magnetic resonance angiography, MRI = magnetic resonance imaging, SPECT = single photon emission compute 
tomography, SPM = statistic parametric mapping.

Keywords: COVID-19, functional neurological disorder, immunization stress-related response (ISRR), SARS-CoV-2, SPECT, stroke

1. Introduction

Since the Severe acute respiratory syndrome Coronavirus 
2 pandemic or coronavirus disease (COVID-19) in 2019, 
COVID-19 vaccination in Thailand has started in February 
2021. There have been many transient focal neurological 
symptoms after CoronaVac® (Vero cell, inactivated, Sinovac 
Life Sciences, China) and Oxford/ChAdOx (Non-replicating 
viral vector, University of Oxford, Astra Zeneca, UK) Covid-
19 vaccine administration. According to our post-vaccination 
surveillance record, 49 of the total 15,747 patients (0.31%) 
were reported to have focal neurological symptoms 4 months 
after starting vaccination in our hospital. In addition, we have 

reported the first case and a descriptive case series with neu-
rological symptoms post-COVID-19 vaccination in those who 
did not show an abnormality on magnetic resonance imaging 
(MRI).[1,2] Although there have been many reports regarding 
neurological complications following COVID-19 vaccina-
tion with a spectrum from mild to devastating,[3–8] a small 
percentage of 3.5% and 1% were reported to have transient 
sensory symptoms and weakness.[5] Only 1 report mentioned 
advanced brain imaging beyond MRI.[4] For those who did 
not have computed tomography (CT)/MRI abnormalities, 
patients were usually diagnosed with immunization stress-re-
lated response [9] or The Diagnostic and Statistical Manual 
of Mental Disorders, Fifth Edition functional neurological 
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symptom disorder.[10] We thus aimed to explore if there is 
any specific brain perfusion change in patients who experi-
enced transient stroke-like symptoms (sensory and/or motor 
dysfunction) without MRI and/or magnetic resonance angi-
ography (MRA) abnormality and was sent for further inves-
tigation with single-photon emission computed tomography 
(SPECT) by comparing patients’ SPECT images with age- and 
gender-matched controls.

2. Methods and materials

2.1. Patients

Twelve patients who had stroke-like symptoms within 7 days 
after COVID-19 vaccine injection with negative CT, MRI, and 
MRA and were sent for brain perfusion SPECT from February 
to July 2021 in our hospital were enrolled. History, clinical 
presentations, neurological examination by neurologists were 
retrospectively reviewed by accessing the Hospital information 
system. A radiologist (J.T.) reviewed CT and MRI retrieved 
from the picture archiving system.

This study was conducted retrospectively from data 
obtained for clinical purposes and the study was approved 
by the Institutional Review Board of the Faculty of Medicine, 
Chulalongkorn University (COA no. 917/2021). Informed con-
sent was obtained from all patients.

2.2. Brain perfusion SPECT imaging protocol and analysis

SPECT was performed during focal neurological symptoms 
by intravenous injection of 11.1 Megabecquerel per kilo-
gram (0.3 MilliCurie per kilogram) Tc-99m ethylcysteinate 
dimer. Patients were placed in a dimly lit room with low 
noise and were instructed to rest with their eyes open for 
30 minutes. Acquisition started 30 minutes after injection 
using a dual-headed GE Discovery 670 (Chicago) SPECT/
CT machine equipped with low energy, high resolution, par-
allel hole collimators. The zoom factor was 1.5. Images were 
acquired in 120 views with 3 degrees/steps. Reconstruction 
was done using filtered back projection with Chang’s atten-
uation correction and a Butterworth filter (0.55 Nyquist 
frequency and power 10). SPECT images of all 12 patients 
in the vaccinated group were compared with 12 age- and 
gender-matched interictal state epilepsy patients who did 
not have a seizure for at least 24 hours and visually showed 
symmetric uptake on both cerebral hemispheres (con-
trol group) using Statistical Parametric Mapping, statistic 
parametric mapping (SPM) 12 (Wellcome Trust Centre for 
Neuroimaging, UCL, UK) running under MATLAB 7.10.0. 
All SPECTs in this control group were performed before the 
COVID-19 period. Preparation of the patient before scan 
and image acquisition were identical for both groups. Brain 
images of vaccinated patients who had symptoms on the 
right body side were flipped on the x-axis so that all patients 
would have symptoms on the same left body side. All images 
were co-registered, realigned, and spatially normalized to 
Montreal Neurological Institute space. Smoothing was per-
formed using an isotropic 3D-Gaussian kernel of 16 mm full-
width-at-half maximum. Dose correction for all images was 
done by equating global counts. We used a 2-sample t-test for 
the comparison of vaccinated and control groups. Statistical 
significance was defined as the combination of uncorrected 
P < .001 at the voxel level, and family-wise error (FWE) cor-
rected P < .05 at the cluster level. Hyperperfusion (vaccinat-
ed-control) and hypoperfusion (control-vaccinated) clusters 
were determined. The anatomical location from the resulting 
Montreal Neurological Institute coordinates was identified 
by using the automated anatomical labeling 3 atlas in the 
SPM toolbox.[11]

3. Results
Twelve patients (9 females and 3 males) with a median age 
of 37.5 years (range 24–50 years) were right-handed and had 
COVID-19 vaccine intramuscular injection in the left arm. The 
symptoms ranged from mono- or hemi-hypesthesia/paresthesia/
paresis or abnormal sensation and motor function. The symp-
toms onset was 15 minutes to 7 days after receiving the COVID-
19 vaccine. There was no obvious abnormality seen on MRI 
and MRA in all patients. The symptoms’ duration ranged from 
2 days to 1 month. Patient characteristics are shown in Table 1.

The median age of the control group was 37.5 years (range 
24–50 years). The gender of each individual in the control group 
was matched to the patients. No obvious brain perfusion abnor-
mality was detected in this control group’s cortical and subcor-
tical regions.

SPM revealed both hypoperfusion and hyperperfusion in the 
patient group compared to age- and gender-matched controls 
(Fig.  1, Table  2). Significant hyperperfusion was seen on the 
right cerebral hemisphere in the postcentral gyrus, inferior pari-
etal, mid temporal, parahippocampal regions, caudate, and on 
the left hemisphere in the left thalamus, hippocampus, and mid 
temporal regions (Family-wise-error corrected p-values < .05). 
In addition, there were hypoperfused bilateral superior frontal 
gyri and right mid/posterior cingulate cortex (Family-wise-error 
corrected p-values < .05).

4. Discussion
Although many types of neurological manifestations have been 
reported as complications of COVID-19 vaccination,[3–8,12–16] 
most patients reported were thought to be functional neurolog-
ical disorders, and the symptoms were usually reversible. It is 
thus a condition, until now, that has an unproven cause with an 
unclear explanation. We encountered many cases of individuals 
who had COVID-19 vaccination with stroke-like manifestation. 
Patients were immediately sent for brain perfusion SPECT after 
negative MRI results for an explanation of this phenomenon. 
Our study has proven that there are indeed some perfusion 
abnormalities in the brain.

As shown in Figure 1 and Table 2, both hyperperfusion and 
hypoperfusion are demonstrated. Hyperperfusion is located 
mainly at the right post-central gyrus and inferior parietal/
supramarginal gyrus, the primary somatosensory cortex, and 
the area responsible for sensorimotor integration and spatial 
attention of the left body side, respectively. As we flipped the 
brain of the patients who had signs and symptoms on the right 
side of the body to be on the same side as those with signs/
symptoms on the left body side, hyperperfusion seen can explain 
the tingling sensation and numbness of the left body side in our 
patients. The underlying cause for this finding may be due to 
blood vessel inflammation caused by the interaction of spike 
protein with Angiotensin-converting enzyme 2 (ACE2) on endo-
thelial cells, which causes loss of blood-brain-barrier integrity 
as explained in neurological conditions of COVID-19 infec-
tion.[17–19] Recently, a report found an S1 fragment of spike pro-
tein in the plasma of some individuals from day 1 to 14 after 
COVID-19 vaccination.[20] Since all vaccines against COVID-19 
contain spike protein, thus there is a possibility that some indi-
viduals receiving COVID-19 vaccine may experience the effect 
of spike protein-endothelial interaction. Vasculitis induced by 
the interaction of spike protein with ACE2 on vascular endo-
thelial cells is probably the cause of hyperperfusion in some 
brain regions. However, the reason why there is more vulner-
able vasculitis in the parietal region or other particular areas is 
unknown.

Hypoperfusion is mainly seen in bilateral supplementary 
motor areas, right mid/posterior cingulate gyrus, and left medial 
frontal gyrus. This finding can explain motor symptoms by two 
hypotheses. Firstly, it can be a functional motor disorder defined 
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previously by Edwards MJ, et al,[21] caused by pathology of preci-
sion. Abnormality of an intermediate-level motor area or supple-
mentary motor area resulted in the abnormal prior expectation of 
scaling of movement and consequently caused a failure to realize 
movement. Since this loop of precision error involves attention, 
hypoperfusion seen at the right posterior cingulate gyrus can 
explain this phenomenon, as the posterior cingulate gyrus was 
shown to be deactivated, or in our study, shown as hypoperfu-
sion, during the attentionally demanding task.[22] This disorder 
was recently redefined as a functional neurological disorder, (a 
subset of immunization stress-related response or immunization 

stress-related response) related to vaccination.[23] Sensory symp-
toms usually preceded motor symptoms in our patients, so we 
hypothesize that spike protein-induced vasculitis causing hyperper-
fusion to the parietal lobe might start first, followed by Functional 
neurological disorder in some patients who had an imbalance of 
prior beliefs (in the vaccine) and sensory evidence, which is medi-
ated by attention, symptom expectations, experiences and their 
illness beliefs.[21] However, hemiparesis did not have preceding 
sensory symptoms in one patient (patient no.3). Thus, the under-
lying cause may be due to the direct effect of spike protein on 
ACE2 vascular smooth muscle cells since there was evidence that 

Figure 1.  Areas of hyperperfusion (upper 2 rows) and hypoperfusion (lower 2 rows) in vaccinated stroke-like patients compared to controls (N = 12/group). The 
right hemisphere (R) is contralateral to the body side of neurological symptoms and the left hemisphere (L) is ipsilateral to the symptoms.

Table 2

Areas of hyperperfusion and hypoperfusion in patients compared to controls (N = 12/group).

Cluster p (FWE-corrected) Number of voxels Peak p (FWE-corrected) T x y z Anatomical location (within 10 mm distance) 

Hyperperfusion
.000 289 .000 9.93 4 18 2 Right caudate/Right olfactory
.000 1178 .001 8.76 36 -54 6 Right mid temporal/Right calcarine
  .001 8.34 42 -40 58 Right postcentral/Right inferior parietal
  .034 6.33 42 -52 42 Right inferior parietal/Right angular gyrus
.021 14 .025 6.52 14 -4 -28 Right parahippocampus/Right hippocampus
.010 35 .026 6.48 -18 -14 -6 Left thalamus
  .046 6.15 -16 -12 -16 Left hippocampus/Left amygdala
.016 22 .028 6.44 -58 -2 -26 Left mid temporal/Left inferior temporal
Hypoperfusion
.000 335 .002 7.96 -16 18 70 Left superior frontal gyrus/Left supplementary motor area
.000 386 .004 7.64 14 12 68 Right superior frontal gyrus/Right supplementary motor area
.007 50 .012 6.95 -12 38 44 Left superior frontal gyrus/Left medial frontal gyrus
.003 77 .013 6.92 14 -28 32 Right mid/posterior cingulate

p = P-value, FWE = family-wise error.



5

Tepmongkol et al.  •  Medicine (2022) 101:47� www.md-journal.com

ACE2 is expressed in the vascular smooth muscle cell in the brain 
and neurons (mainly in the motor cortex and raphe).[24,25] This 
finding can be used to explain motor symptoms in other patients 
as well. Neurons of the motor cortex (bilateral superior frontal 
gyri in our study), which expresses more ACE2 than other brain 
regions,[25] might be affected by the spike protein, thereby resulting 
in vasoconstriction (hypoperfusion) and suppression of the neuro-
nal function. This causes paresis to the efferent contralateral body 
side with more predominance on the left side due to the affected 
right mid-cingulate gyrus. The mid-cingulate gyrus is responsible 
for the orientation of the head and body in space, thus controlling 
the force and direction of movement.[26] The impeded function of 
the right mid cingulate therefore results in a less controllable left 
body side, thus accentuating the effect of neuronal dysfunction at 
the right superior frontal gyrus/right supplementary motor area. 
The mid-cingulate gyrus also controls response to nociceptive 
stimuli.[26] This finding may also explain hypesthesia on the left 
body side. However, as mentioned earlier, the hyperperfused right 
postcentral gyrus caused by an inflamed vessel feeding this area 
can be an additional explanation of hypesthesia. The explanation 
for those who did not demonstrate stroke-like symptoms may be 
due to; No interaction of spike protein on endothelium in those 
patients, or; No pathology of precision, thus no functional neuro-
logical disorder.

In clinical practice, although there are proven brain perfusion 
changes, if there is no MRI abnormality, the patient can be reas-
sured that the symptoms are likely to be transient as shown in 
all our patients.

In conclusion, hypoperfusion and hyperperfusion in various 
brain areas are demonstrated in patients with neurological mani-
festations after COVID-19 vaccination of COVID-19. Sensory dys-
function is postulated to be caused by hyperperfusion resulting from 
possible spike protein-induced vasculitis at the contralateral sensory 
region or hypoperfusion induced by the interaction of spike protein 
on ACE2 at the contralateral mid cingulate gyrus. The motor dys-
function is probably caused by functional neurological disorder or 
interaction of spike protein on abundant ACE2 at motor cortices 
and contralateral mid cingulate gyrus. However, we did not exam-
ine the presence of spike protein in the serum or in the brain in this 
study. Further study is needed to prove these hypotheses.
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