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Abstract: A 31-year-old man was diagnosed with a COVID-19 infection, presenting with a diffuse
headache and an uneven sensation of fullness, despite having no prior systemic diseases. 99mTc-
ECD Brain SPECT/CT revealed a marked decrease in blood perfusion in the cerebral cortices,
predominantly in the frontal region and involving the olfactory sulcus. In contrast, there was
increased perfusion in the occipital lobe and asymmetrical perfusion in the cerebellum. This case
highlights changes in regional blood flow perfusion that might affect the functional connectivity of
the pain matrix, leading to the onset of headaches and associated underlying mechanisms.

Keywords: 99mTc-ECD brain SPECT/CT; COVID-19 infection; headache; pain-matrix; regional
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SARS-CoV-2, which began as a coronavirus outbreak in late 2019, is a highly trans-
missible disease that led to a global pandemic characterized by acute respiratory illnesses
and posed significant threats to public health. While the majority of COVID-19 patients
primarily exhibit respiratory tract symptoms, there is a growing body of literature docu-
menting neurological symptoms. These have been investigated using functional imaging
techniques like brain SPECT/CT and positron emission tomography/computerized tomog-
raphy (PET/CT) [1]. Osawa et al. documented a case where a patient developed central
nervous system syndrome post-COVID-19 infection, exhibiting symptoms of myoclonus
and ataxia. A subsequent brain N-isopropyl-p-(123I)-iodoamphetamine (IMP) SPECT/CT
revealed hypoperfusion in the frontal cortex [2]. They concluded that brain perfusion
SPECT is effective in identifying functional changes in patients infected with COVID-19. In
another study, a brain 18F-FDG PET/CT scan of a COVID-19 patient showcased cognitive
impairment linked with frontal FDG hypometabolism [3]. It has been reported that the virus
may increased the bioelectrical activity of the brain [4]. The authors posited that the virus
might penetrate the central nervous system via the olfactory bulb, potentially extending to
other areas such as the limbic thalamus, cerebellum, or brainstem [5–7]. However, there
are limited reports on regional brain perfusion associated solely with headaches, devoid
of other severe neurological symptoms. Headache causes may be linked to alterations
in the brain’s pain processing pathway, commonly referred to as components of the pain
matrix [8,9]. The spinothalamic system is considered the primary pathway for transmitting
nociceptive and thermoceptive information to the cerebral cortex. The spinothalamocortical
pathway relays interoceptive information to central structures, which then project to the
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viscerosensory cortex in the mid-insula, as well as the right anterior insula and orbitofrontal
cortices [10]. Instances of facial pain, accompanied by reduced blood flow in the prefrontal
cortex, suggest that alterations in blood flow might underpin pain due to a lack of inhibition
in cortical and limbic structures [11]. Honda et al. documented a decrease in rCBF in the
prefrontal area, right orbitofrontal cortex, and anterior cingulate gyrus using SPECT in
patients with chronic pain [12]. Changes in brain blood flow perfusion might be pivotal in
functional connectivity alterations within the pain matrix. This is particularly evident in
the orbitofrontal cortices as observed in our patient. The alterations is in rCBF, especially
within the brain’s pain matrix extending from the olfactory bulb to other regions, might
be mechanisms causing headaches in this COVID-19 infected patient. We hypothesize
that cytokine release, in response to post-infectious antibody- or cell-mediated immune
activation, may cross the blood-brain barrier and induce central inflammatory responses.
These responses are thought to be associated with low cerebral blood flow, as indicated in
previous studies [13,14]. The frontal lobe, particularly the prefrontal cortex, is involved in
mediating antinociceptive effects and pain processing. This is achieved through its connec-
tions to other areas of the cerebral neocortex, hippocampus, periaqueductal gray, thalamus,
amygdala, and basal nuclei [15]. Lower blood perfusion in the frontal lobe, induced by
a central inflammatory response, may decrease the threshold for nociception, leading to
frequent headache attacks in our case. In well-equipped medical facilities, regular use of
SPECT/CT studies in COVID-19 infected patients with neurological symptoms could be
part of routine examination, especially in patients with severe symptoms. Though more
evidence is required to correlate brain perfusion abnormality with clinical symptoms, more
clues of the invasion route of COVID-19 virus can be gathered, which could further prompt
treatment targeting the mechanism of the fatal virus. The following case highlights changes
in regional blood flow perfusion that might affect the functional connectivity of the pain
matrix, leading to the onset of headaches and associated underlying mechanisms (Figure 1).
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a 99mTc-ethyl cysteinate dimer (ECD) single-photon emission computerized tomogra-
phy/computerized tomography (SPECT/CT). However, after undergoing the SPECT/CT
examination, the patient developed severe rhinorrhea, sore throat and general malaise several hours
later. He was subsequently diagnosed with COVID-19 (SARS-CoV-2) and consistently reported a
diffuse headache along with an uneven sensation of fullness in his head, though he had no visual,
sensory, or balance disturbances. The patient reported chronic tension headache for long time.
However, during COVID infection period, headache was more severe than he ever experienced. Pain
was accompanied with band-like tightness and diffuse fullness sensation, without nausea, vomiting,
pulsatile sensation, photophobia or phonophobia. There was no autonomic symptoms including
lacrimation, miosis, or redness of the eye. Symptoms lasted for about 1 week. After recovery from
COVID-19 infection, there was no residual neurological deficit. A review of the 99mTc-ECD SPECT
images revealed hypoperfusion defects in the bilateral frontal lobes ((A), axial views; red arrows)
and the olfactory cortex ((B), axial views; white arrow). There was also asymmetrical perfusion
activity in both cerebellum hemispheres ((C), axial views; red arrowheads), with no corresponding
structural abnormalities. An additional analysis using the Easy Z-score imaging system (eZIS)
highlighted a significant reduction in regional cerebral blood flow (rCBF), prominently in the bilateral
middle/inferior frontal gyri and bilateral olfactory sulci ((D), blue-colored areas), contrasted by
hyperperfusion in the occipital lobe. This case highlights the regional brain perfusion abnormalities
identified by 99mTc-ECD SPECT/CT in a patient infected with COVID-19. Despite presenting with
headaches, the patient showed no structural abnormalities, underscoring the potential neurological
implications of the disease.

Author Contributions: Conceptualization, Y.-C.C. and H.-P.C.; methodology, Y.-C.C., S.-T.C. and
H.-P.C.; software, H.-Y.C. and D.H.-Y.S.; validation, S.-T.C., D.H.-Y.S. and H.-P.C.; formal analysis,
Y.-C.C. and H.-Y.C.; investigation, Y.-C.C.; resources, S.-T.C. and H.-P.C.; data curation, Y.-C.C. and
H.-P.C.; writing—original draft preparation, Y.-C.C. and H.-P.C.; writing—review and editing, Y.-C.C.,
H.-Y.C. and H.-P.C.; visualization, D.H.-Y.S. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study as
it is a case report and not an experimental study.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data underlying this study are available in this article.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Harapan, B.N.; Yoo, H.J. Neurological symptoms, manifestations, and complications associated with severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2) and coronavirus disease 19 (COVID-19). J. Neurol. 2021, 268, 3059–3071. [CrossRef]
2. Osawa, K.; Sugiyama, A.; Uzawa, A.; Hirano, S.; Yamamoto, T.; Nezu, M.; Araki, N.; Kano, H.; Kuwabara, S. Temporal Changes in

Brain Perfusion in a Patient with Myoclonus and Ataxia Syndrome Associated with COVID-19. Intern. Med. 2022, 61, 1071–1076.
[CrossRef] [PubMed]

3. Delorme, C.; Paccoud, O.; Kas, A.; Hesters, A.; Bombois, S.; Shambrook, P.; Boullet, A.; Doukhi, D.; Le Guennec, L.; Godefroy, N.;
et al. COVID-19-related encephalopathy: A case series with brain FDG-positron-emission tomography/computed tomography
findings. Eur. J. Neurol. 2020, 27, 2651–2657. [CrossRef] [PubMed]

4. Waliszewska-Prosół, M.; Budrewicz, S. The unusual course of a migraine attack during COVID-19 infection-Case studies of three
patients. J. Infect. Public Health 2021, 14, 903–905. [CrossRef] [PubMed]

5. Guedj, E.; Campion, J.Y.; Dudouet, P.; Kaphan, E.; Bregeon, F.; Tissot-Dupont, H.; Guis, S.; Barthelemy, F.; Habert, P.; Ceccaldi, M.;
et al. 18F-FDG brain PET hypometabolism in patients with long COVID. Eur. J. Nucl. Med. Mol. Imaging 2021, 48, 2823–2833.
[CrossRef] [PubMed]

6. Baig, A.M.; Khaleeq, A.; Ali, U.; Syeda, H. Evidence of the COVID-19 Virus Targeting the CNS: Tissue Distribution, Host-Virus
Interaction, and Proposed Neurotropic Mechanisms. ACS Chem. Neurosci. 2020, 11, 995–998. [CrossRef] [PubMed]

https://doi.org/10.1007/s00415-021-10406-y
https://doi.org/10.2169/internalmedicine.9171-21
https://www.ncbi.nlm.nih.gov/pubmed/35110499
https://doi.org/10.1111/ene.14478
https://www.ncbi.nlm.nih.gov/pubmed/32881133
https://doi.org/10.1016/j.jiph.2021.04.013
https://www.ncbi.nlm.nih.gov/pubmed/34119843
https://doi.org/10.1007/s00259-021-05215-4
https://www.ncbi.nlm.nih.gov/pubmed/33501506
https://doi.org/10.1021/acschemneuro.0c00122
https://www.ncbi.nlm.nih.gov/pubmed/32167747


Reports 2023, 6, 58 4 of 4

7. Mehraeen, E.; Behnezhad, F.; Salehi, M.A.; Noori, T.; Harandi, H.; SeyedAlinaghi, S. Olfactory and gustatory dysfunctions due to
the coronavirus disease (COVID-19): A review of current evidence. Eur. Arch. Otorhinolaryngol. 2021, 278, 307–312. [CrossRef]
[PubMed]

8. Chong, C.D.; Schwedt, T.J.; Hougaard, A. Brain functional connectivity in headache disorders: A narrative review of MRI
investigations. J. Cereb. Blood Flow Metab. 2019, 39, 650–669. [CrossRef] [PubMed]

9. Bussone, G.; Grazzi, L. Understanding the relationship between pain and emotion in idiopathic headaches. Neurol. Sci. 2013, 34,
S29–S31. [CrossRef] [PubMed]

10. Dum, R.P.; Levinthal, D.J.; Strick, P.L. The spinothalamic system targets motor and sensory areas in the cerebral cortex of monkeys.
J. Neurosci. 2009, 29, 14223–14235. [CrossRef] [PubMed]

11. Derbyshire, S.W.; Jones, A.K.; Devani, P.; Friston, K.J.; Feinmann, C.; Harris, M.; Pearce, S.; Watson, J.D.; Frackowiak, R.S. Cerebral
responses to pain in patients with atypical facial pain measured by positron emission tomography. J. Neurol. Neurosurg. Psychiatry
1994, 57, 1166–1172. [CrossRef] [PubMed]

12. Bermo, M.; Saqr, M.; Hoffman, H.; Patterson, D.; Sharar, S.; Minoshima, S.; Lewis, D.H. Utility of SPECT Functional Neuroimaging
of Pain. Front. Psychiatry 2021, 12, 705242. [CrossRef] [PubMed]

13. Kas, A.; Soret, M.; Pyatigoskaya, N.; Habert, M.O.; Hesters, A.; Le Guennec, L.; Paccoud, O.; Bombois, S.; Delorme, C. The cerebral
network of COVID-19-related encephalopathy: A longitudinal voxel-based 18F-FDG-PET study. Eur. J. Nucl. Med. Mol. Imaging
2021, 48, 2543–2557, reprinted in Eur. J. Nucl. Med. Mol. Imaging 2022, 49, 3304. [CrossRef] [PubMed]

14. Sankar, S.B.; Pybus, A.F.; Liew, A.; Sanders, B.; Shah, K.J.; Wood, L.B.; Buckley, E.M. Low cerebral blood flow is a non-invasive
biomarker of neuroinflammation after repetitive mild traumatic brain injury. Neurobiol. Dis. 2019, 124, 544–554. [CrossRef]
[PubMed]

15. Ong, W.Y.; Stohler, C.S.; Herr, D.R. Role of the Prefrontal Cortex in Pain Processing. Mol. Neurobiol. 2019, 56, 1137–1166. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s00405-020-06120-6
https://www.ncbi.nlm.nih.gov/pubmed/32556781
https://doi.org/10.1177/0271678X17740794
https://www.ncbi.nlm.nih.gov/pubmed/29154684
https://doi.org/10.1007/s10072-013-1362-4
https://www.ncbi.nlm.nih.gov/pubmed/23695041
https://doi.org/10.1523/JNEUROSCI.3398-09.2009
https://www.ncbi.nlm.nih.gov/pubmed/19906970
https://doi.org/10.1136/jnnp.57.10.1166
https://www.ncbi.nlm.nih.gov/pubmed/7931375
https://doi.org/10.3389/fpsyt.2021.705242
https://www.ncbi.nlm.nih.gov/pubmed/34393862
https://doi.org/10.1007/s00259-020-05178-y
https://www.ncbi.nlm.nih.gov/pubmed/33452633
https://doi.org/10.1016/j.nbd.2018.12.018
https://www.ncbi.nlm.nih.gov/pubmed/30592976
https://doi.org/10.1007/s12035-018-1130-9
https://www.ncbi.nlm.nih.gov/pubmed/29876878

	References

