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Abstract

Headache may be a cardinal symptom in a patient with an intracranial infection. Menin-
gitis, meningoencephalitis, empyema, and brain abscess are the most frequent infections 
of the central nervous system. They are usually accompanied by severe headache, usually 
acute at onset, accompanied by high temperature, altered level of consciousness, in ad-
dition to alterations in the neurologic examination. In this minireview, the authors intend 
to show and comment on some neuroimaging aspects found during the investigation of 
patients with a headache caused by an infectious intracranial lesion.
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Introduction

Headache may be a cardinal symptom in a patient with 
an intracranial infection.1-4 Meningitis, meningoencepha-

litis, empyema, and brain abscess are intracranial infections 
that may affect the central nervous system, and pain is fre-
quently a major alarm sign. They are usually accompanied 
by severe headache, usually acute at onset, accompanied by 
high temperature, altered level of consciousness, in addition 
to alterations in the neurologic examination. 

In this minireview, the authors intend to show and 
comment on some neuroimaging aspects found during the 
investigation of patients with a headache caused by an 
infectious intracranial lesion.

Meningitis and cerebral abscess
Meningitis can have numerous causes, from infectious 
causes to chemical reasons. Both bacterial and viral 
meningitis evolve in some cases with serious complications, 
often leading to the patient's death. In bacterial meningitis, 
empyemas (i.e., purulent collections that occupy a pre-
existing space in the body) and brain abscesses (i.e., 
parenchymal purulent collections) are complications. In 
brain abscesses that originate from an ear infection, the 
temporal lobe or the cerebellum is the most frequent site. 
On the other hand, when the cause is bacterial sinusitis, 
the frontal lobe is the most affected. Multiple abscesses 
are more frequent due to hematogenous bacterial 

dissemination or septic emboli that have a distinct origin, 
such as in pulmonary infections. In herpes encephalitis, 
the temporal lobes are preferentially affected.

Treatment of possible acute bacterial meningitis should 
not be postponed until imaging tests are performed, as 
the findings are subtle and nonspecific. Non-contrast 
tomography may be normal or show mild hyperattenuation 
in the cerebral sulci. On MRI, hypersignal is observed 
in the cerebral sulci in FLAIR due to increased protein 
content. Additional sequences such as FLAIR post-
contrast and T1-post-late contrast increase the sensitivity 
of the examination and should be added in suspected 
meningitis; in these sequences, fine linear enhancement 
is observed in the cerebral sulci in bacterial and viral 
meningitis, while the enhancement of a dense nodule 
in the basal cisterns is more typical of granulomatous 
or carcinomatous meningitis. CSF analysis is the gold 
standard for diagnosing meningitis. Neuroimaging is most 
helpful in excluding herniations before lumbar puncture 
and may detect complications such as hydrocephalus.5,6 

Abscesses show ring-shaped impregnation in contrast-
enhanced CT and MRI phases (Figure 1). Therefore, it is 
essential to distinguish brain abscess from neoplasm with 
necrosis (e.g., brain metastasis and glioblastoma).7 This 
distinction can be made through the advanced sequence 
of brain MRI called "diffusion" and associated with the 
cerebral blood perfusion sequence.8 

Figure 1. Brain abscess. Diffusion axial magnetic 
resonance imaging (A), ADC map (B), T2 (C) 
and post-contrast T1 (D) images show an oval 
formation centered in the right thalamus with 
content showing restriction to the diffusion of 
water molecules (*), T2 hyposignal halo (black 
arrow) and post-contrast peripheral ring enhan-
cement (white arrow). Surrounding the lesion, 
there is vasogenic edema.
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Tuberculous meningitis can present as meningitis affecting 
both the leptomeninges and the pachymeninges, being 
more evident at the skull base and often associated 
with hydrocephalus. Tuberculoma can be found in the 
brain parenchyma, which is classically characterized by 
hyposignal on T2-weighted images, and less commonly 
tuberculous abscesses that present hypersignal on T2 in 
their content, which is not impregnated by the contrast, 
located internally in the capsule that is impregnated.9 

Sinusitis and Otitis

Sinusitis and ear infections are common causes of 
headache. There are also other causes of headache or 
facial pain attributed to disorders of the skull, neck, eyes, 
ears, nose, sinuses (Figure 2), teeth, mouth, or other facial 
or cranial structures.

Figure 2. Sinusopathy. Axial computed tomography images without 
contrast in the bone window show thickening of the mucous lining 
of the ethmoidal trabeculae and sphenoid sinuses (arrows, A) and 
secretion forming a fluid level in the maxillary sinuses (arrows, B).

Headache Associated with Covid-19 Infection

The coronavirus is one of the main viruses whose main 
target is the human respiratory system, but it also has 
neuroinvasive capabilities and can spread from the 

respiratory tract to the central nervous system. Headache, 
anosmia, and ageusia are frequent neurological 
symptoms.9-20 

Patients with Corona-19 virus disease (Covid-19) may 
present neurological symptoms with repercussions on 
imaging exams; and an association with ischemic infarction 
has been described21,22, as well as hemorrhagic lesions23, 
acute hemorrhagic necrotizing encephalopathy24, cerebral 
venous thrombosis25, and diffuse leukoencephalopathy 
with microhemorrhage.26

Microhemorrhagic lesions and impregnation in the 
olfactory bulbs of patients with Covid-19 with or without 
anosmia have been described using the “coronal technique 
with thin T1 cuts with fat suppression in the anterior 
cranial fossa” pre- and post-contrast.27 Since there exists 
a spectrum of the disease, these findings can help to be 
suspicious of the diagnosis of Covid-19, especially when 
the patient is being investigated by MRI with a picture 
of a refractory headache of unexplained cause with or 
without other complaints or signs. As there is a spectrum 
of Covid-19 that can manifest without flu and respiratory 
syndrome, the suspicion of Covid-19 may not be raised in 
neurological patients. For this reason, it was suggested to 
include this sequence in brain MRI protocols routinely.27

Conclusion 
The authors concluded that an investigation with 
neuroimaging is of significant importance to disclose 
intracranial lesions when an infectious disease is the cause 
of headache in a patient with fever and focal neurological 
deficit.

No conflict of interest

Financing
The work was financed with own resources.

Authors' contribution
MFVVA and LCA, wrote the article and the selection of the 
figure; MMV, the final edit of the manuscript.

Maria de Fátima Viana Vasco Aragão
https://orcid.org/0000-0002-2341-1422
Luziany Carvalho Araújo
https://orcid.org/0000-0001-5072-8487
Marcelo Moraes Valença
https://orcid.org/0000-0003-0678-3782



109

ASAA

 Aragão MFVV, Araújo LC, Valença MM

Headache and infections of the central nervous system: neuroradiology

References
1. Garcia-Villa M, Gonzalez-Lara A and Rodriguez-

Leyva I. Cryptococcal meningitis due to Cryptococcus 
gattii in an immunocompetent patient: uncommon 
presentation of a thunderclap headache. BMJ Case 
Rep 2022;15(4):Doi:10.1136/bcr-2021-246158

2. Kumar S, Verma R, Garg RK, Malhotra HS and Sharma 
PK. Prevalence and outcome of headache in tuberculous 
meningitis. Neurosciences (Riyadh) 2016;21(2):138-
144 Doi:10.17712/nsj.2016.2.2015678

3. Pérez-Pereda S, González-Quintanilla V, Toriello-
Suárez M, de Malet Pintos-Fonseca A, Sánchez 
Rodríguez A, Gallo Valentín D and Pascual J. Isolated 
De Novo Headache as the Presenting Symptom of 
Listeria Meningitis: A Report of 2 Cases. Headache 
2020;60(10):2573-2577 Doi:10.1111/head.13804

4. Lampl C, Yazdi K, Buzath A and Klingler D. 
Migraine-like headache in bacterial meningitis. 
Cephalalgia 2000;20(8):738-739 Doi:10.1111/j.1468-
2982.2000.00110.x

5. Shih RY and Koeller KK. Bacterial, Fungal, and 
Parasitic Infections of the Central Nervous System: 
Radiologic-Pathologic Correlation and Historical 
Perspectives. Radiographics 2015;35(4):1141-1169 
Doi:10.1148/rg.2015140317

6. Fink KR and Fink JR. Imaging of brain metastases. Surg 
Neurol Int 2013;4(Suppl 4):S209-219 Doi:10.4103/2152-
7806.111298

7. Mishra AM, Gupta RK, Jaggi RS, Reddy JS, Jha 
DK, Husain N, . . . Husain M. Role of diffusion-
weighted imaging and in vivo proton magnetic 
resonance spectroscopy in the differential diagnosis 
of ring-enhancing intracranial cystic mass lesions. 
J Comput Assist Tomogr 2004;28(4):540-547 
Doi:10.1097/00004728-200407000-00017

8. Burrill J, Williams CJ, Bain G, Conder G, Hine AL 
and Misra RR. Tuberculosis: a radiologic review. 
Radiographics 2007;27(5):1255-1273 Doi:10.1148/
rg.275065176

9. Simmons AC, Bonner A, Giel A, Pezzano A and Rothner 
AD. Probable New Daily Persistent Headache After 
COVID-19 in Children and Adolescents. Pediat Neurol 
2022;132:1-3 Doi:10.1016/j.pediatrneurol.2022.04.009

10. Sampaio Rocha-Filho JH. Headache associated 
with COVID-19: Epidemiology, characteristics, 
pathophysiology, and management. 2022;00:1-7 
Doi:10.1111/head.14319 

11. Garcia-Azorin D, Baykan B, Beghi E, Doheim 
MF, Fernandez-de-Las-Penas C, Gezegen H, . . . 
Frontera JA. Timing of headache after COVID-19 
vaccines and its association with cerebrovascular 

events: An analysis of 41,700 VAERS reports. 
Cephalalgia 2022; 3331024221099231 Doi: 
10.1177/03331024221099231

12. Iacobucci G. Covid-19: UK adds sore throat, 
headache, fatigue, and six other symptoms to official 
list. Bmj 2022;377:o892 Doi:10.1136/bmj.o892

13. Sharma M and Menon B. Headache Incidence and 
Characteristics in COVID-19 Patients: A Hospital-
Based Study. Ann Indian Acad Neurol 2022;25(1):88-
91 Doi:10.4103/aian.aian_244_21

14. Di Stadio A, Brenner MJ, De Luca P, Albanese M, 
D'Ascanio L, Ralli M, . . . Bernitsas E. Olfactory 
Dysfunction, Headache, and Mental Clouding in 
Adults with Long-COVID-19: What Is the Link between 
Cognition and Olfaction? A Cross-Sectional Study. 
Brain Sci 2022;12(2):Doi:10.3390/brainsci12020154

15. Garcia-Azorin D, Layos-Romero A, Porta-Etessam J, 
Membrilla JA, Caronna E, Gonzalez-Martinez A, . . 
. Pozo-Rosich P. Post-COVID-19 persistent headache: 
A multicentric 9-months follow-up study of 905 
patients. Cephalalgia 2022;3331024211068074 
Doi:10.1177/03331024211068074

16. Sampaio Rocha-Filho PA, Albuquerque PM, Carvalho 
L, Dandara Pereira Gama M and Magalhães JE. 
Headache, anosmia, ageusia and other neurological 
symptoms in COVID-19: a cross-sectional study. J 
Headache Pain 2022;23(1):2 Doi:10.1186/s10194-
021-01367-8

17. Iacobucci G. Covid-19: Runny nose, headache, and 
fatigue are commonest symptoms of omicron, early 
data show. Bmj 2021;375:n3103 Doi:10.1136/bmj.
n3103

18. Kacprzak A, Malczewski D and Domitrz I. Headache 
Attributed to SARS-CoV-2 Infection or COVID-19 
Related Headache-Not Migraine-like Problem-
Original Research. Brain Sci 2021;11(11):1406 
Doi:10.3390/brainsci11111406

19. Caronna E and Pozo-Rosich P. Headache as a 
Symptom of COVID-19: Narrative Review of 1-Year 
Research. Curr Pain Headache Rep 2021;25(11):73 
Doi:10.1007/s11916-021-00987-8

20. Straburzyński M, Nowaczewska M, Budrewicz 
S and Waliszewska-Prosół M. COVID-19-related 
headache and sinonasal inflammation: A longitudinal 
study analysing the role of acute rhinosinusitis 
and ICHD-3 classification difficulties in SARS-
CoV-2 infection. Cephalalgia 2022;42(3):218-228 
Doi:10.1177/03331024211040753

21. Goldberg MF, Goldberg MF, Cerejo R and Tayal 
AH. Cerebrovascular Disease in COVID-19. AJNR Am 
J Neuroradiol 2020;41(7):1170-1172 Doi:10.3174/
ajnr.A6588

https://www.doi.org/10.1136/bcr-2021-246158
https://www.doi.org/10.17712/nsj.2016.2.2015678
https://www.doi.org/10.1111/head.13804
https://www.doi.org/10.1111/j.1468-2982.2000.00110.x
https://www.doi.org/10.1111/j.1468-2982.2000.00110.x
https://www.doi.org/10.1148/rg.2015140317
https://www.doi.org/10.4103/2152-7806.111298
https://www.doi.org/10.4103/2152-7806.111298
https://www.doi.org/10.1097/00004728-200407000-00017
https://www.doi.org/10.1148/rg.275065176
https://www.doi.org/10.1148/rg.275065176
https://www.doi.org/10.1016/j.pediatrneurol.2022.04.009
https://www.doi.org/10.1111/head.14319 
https://www.doi.org/10.1177/03331024221099231
https://www.doi.org/10.1136/bmj.o892
https://www.doi.org/10.4103/aian.aian_244_21
https://www.doi.org/10.3390/brainsci12020154
https://www.doi.org/10.1177/03331024211068074
https://www.doi.org/10.1186/s10194-021-01367-8
https://www.doi.org/10.1186/s10194-021-01367-8
https://www.doi.org/10.1136/bmj.n3103
https://www.doi.org/10.1136/bmj.n3103
https://www.doi.org/10.3390/brainsci11111406
https://www.doi.org/10.1007/s11916-021-00987-8
https://www.doi.org/10.1177/03331024211040753
https://www.doi.org/10.3174/ajnr.A6588
https://www.doi.org/10.3174/ajnr.A6588


110

ASAA

 Aragão MFVV, Araújo LC, Valença MM

Headache and infections of the central nervous system: neuroradiology

22. Aggarwal G, Lippi G and Michael Henry B. 
Cerebrovascular disease is associated with an 
increased disease severity in patients with Coronavirus 
Disease 2019 (COVID-19): A pooled analysis of 
published literature. Int J Stroke 2020;15(4):385-389 
Doi:10.1177/1747493020921664

23. Franceschi AM, Ahmed O, Giliberto L and Castillo 
M. Hemorrhagic Posterior Reversible Encephalopathy 
Syndrome as a Manifestation of COVID-19 Infection. 
AJNR Am J Neuroradiol 2020;41(7):1173-1176 
Doi:10.3174/ajnr.A6595

24. Poyiadji N, Shahin G, Noujaim D, Stone M, Patel 
S and Griffith B. COVID-19-associated Acute 
Hemorrhagic Necrotizing Encephalopathy: Imaging 
Features. Radiology 2020; 296(2): E119-e120

Doi:10.1148/radiol.2020201187
25. Garaci F, Di Giuliano F, Picchi E, Da Ros V and Floris 

R. Venous cerebral thrombosis in COVID-19 patient. 
J Neurol Sci 2020;414:116871 Doi:10.1016/j.
jns.2020.116871

26. Radmanesh A, Derman A, Lui YW, Raz E, Loh JP, 
Hagiwara M, . . . Fatterpekar GM. COVID-19-associated 
Diffuse Leukoencephalopathy and Microhemorrhages. 
Radiology 2020;297(1):E223-e227 Doi:10.1148/
radiol.2020202040

27. Aragão M, Leal MC, Cartaxo Filho OQ, Fonseca TM 
and Valença MM. Anosmia in COVID-19 Associated 
with Injury to the Olfactory Bulbs Evident on MRI. 
AJNR Am J Neuroradiol 2020;41(9):1703-1706 
Doi:10.3174/ajnr.A6675

https://www.doi.org/10.1177/1747493020921664
https://www.doi.org/10.3174/ajnr.A6595
https://www.doi.org/10.1148/radiol.2020201187
https://www.doi.org/10.1016/j.jns.2020.116871
https://www.doi.org/10.1016/j.jns.2020.116871
https://www.doi.org/10.1148/radiol.2020202040
https://www.doi.org/10.1148/radiol.2020202040
https://www.doi.org/10.3174/ajnr.A6675

