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In recent years, the choroid plexus (ChP) and its role in cerebrospinal fluid (CSF) production and regulation 
of intracranial pressure have garnered significant attention from researchers investigating the mechanisms 
underlying headaches (1,2). Studies on the morphology and physiology of ChP and its relationship with 
intracranial pressure are crucial for understanding and treating headaches associated with CSF flow 
alterations (2–6).

This edition highlights the ChP through a featured short communication presenting morphology views from 
a cadaver specimen and detailed electron microscopy anatomical visuals. These images provide unique 
insights into its morphology, role in CSF dynamics, and potential involvement in headache pathophysiology, 
setting the stage for further exploration of this vital yet underexplored structure.

The International Headache Society (IHS) classifies headaches into approximately 200 types and subtypes, 
divided into three major groups: primary headaches, secondary headaches, and cranial neuralgias 
(7). The ICHD-3 provides detailed classifications for headaches associated with intracranial pressure 
disorders, offering clear diagnostic criteria for idiopathic intracranial hypertension, secondary intracranial 
hypertension, cerebrospinal fluid hypotension, and other conditions that affect intracranial pressure. 
Among these, several headaches are closely linked to ChP and its role in CSF production (5,7–9).

Pharmacological treatments for headaches often work by reducing CSF production, thereby decreasing 
intracranial pressure and relieving symptoms (4,10). Conversely, headaches can arise from excessive 
accumulation of CSF, leading to increased intracranial pressure, or from abnormally low CSF volume 
within the cranial cavity, underscoring the complex relationship between CSF dynamics and headache 
pathophysiology (3,11). Medications such as acetazolamide and topiramate, non-pharmacological 
interventions like weight loss, and surgical procedures such as shunts and venous stenting are key 
approaches in severe cases. Additionally, emerging therapies target molecular pathways in ChP and 
investigate the role of hormones in CSF regulation (6,12).

Under normal conditions, an adult human produces approximately 450 mL of CSF daily. This fluid is 
essential for maintaining intracranial homeostasis, cushioning the brain, and protecting it from mechanical 
damage (11). However, disruptions in CSF production or absorption, often associated with ChP, can result 
in conditions such as idiopathic intracranial hypertension, spontaneous intracranial hypotension, and other 
CSF-related disorders, many of which present headache as a primary symptom.

Morphology of the choroid plexus
Despite its critical role in CSF production, relatively little has been published about the detailed morphology 
of the human choroid plexus. This structure resides within the ventricular system, occupying the lateral, 
third, and fourth ventricles of the brain. It comprises a network of blood vessels enveloped by a specialized 
epithelial layer that actively secretes CSF, playing a key role in intracranial homeostasis.

In 2023, we presented electron microscopy images of the ChP at the Brazilian Headache Congress 
in Santos (13). These images, derived from an adult cadaver specimen, revealed intricate details of its 
microstructure, including villi, microvilli, and cilia. Such visualizations contribute to a deeper understanding 
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of the choroid plexus's morphology and its potential involvement 
in various neurological disorders, including headaches. However, 
the microstructure, function, and pathological variations of this vital 
organ remain areas ripe for further exploration, underscoring the 
need for continued research into its role in health and disease.

To further illustrate these findings, this edition features an image 
article presenting the choroid plexus through two complementary 
perspectives: an anatomical view from a cadaver specimen and 
detailed electron microscopy visuals highlighting its morphology 
and intricate microstructures, providing a deeper understanding of 
its potential pathological variations.

The role of CSF in brain support
The CSF, primarily produced by the choroid plexus, is critical in 
cushioning the brain and protecting it from mechanical trauma 
during everyday movements such as running, jumping, or sudden 
head turns (11). Without this protective layer, the gelatinous brain 
tissue would risk colliding with rigid intracranial surfaces, resulting 
in damage. A significant reduction or absence of CSF, as seen in 
conditions like spontaneous intracranial hypotension, often leads to 
orthostatic headaches, where pain worsens when the individual is 
upright and is alleviated when lying down.

Conversely, excessive CSF accumulation, as occurs in hydrocephalus 
or idiopathic intracranial hypertension, leads to increased 
intracranial pressure, causing diffuse, pressure-like headaches. The 
intricate balance of CSF production, circulation, and absorption, 
regulated in large part by ChP, is therefore crucial for maintaining 
neurological function and preventing headache disorders (1,10,11).

Future directions
The ChP remains an underexplored tissue, with many unanswered 
questions regarding its role in health and disease. Its contribution 
to CSF dynamics and potential involvement in headache disorders 
represents an exciting frontier for future research. Advances in 
imaging techniques, molecular biology, and neuropathology hold 
promise for unraveling the ChP's intricate structure and function.

With growing interest in CSF-related headaches, further studies are 
essential to clarify how alterations in the structure and morphology 
of the ChP, as well as CSF production, contribute to headache 
pathophysiology. This knowledge could pave the way for targeted 
therapies that modulate CSF dynamics, providing new treatment 
options for patients with refractory headaches.

By bridging the gap between basic science and clinical practice, 
translational research has the potential to unlock the ChP role as 
both a diagnostic and therapeutic target in headache medicine. This 
is just the beginning of a promising journey, with future discoveries 
to deepen our understanding of the intricate relationships between 
the brain, CSF, and headache disorders.

References
1. Sun Z, Li C, Zhang J, Wisniewski T, Ge Y. Choroid plexus aging: 

structural and vascular insights from the HCP-aging dataset. 
Fluids Barriers CNS 2024;21:98. https://doi.org/10.1186/

s12987-024-00603-y
2. Israelsen IME, Westgate CSJ, Kamp‐Jensen C, Jensen RH, 

Eftekhari S. Effects of caffeine on intracranial pressure and 
pain perception in freely moving rats. Headache: The Journal 
of Head and Face Pain 2023;63:1220–31. https://doi.
org/10.1111/head.14634

3. Eftekhari S, Westgate CSJ, Uldall MS, Jensen RH. Preclinical 
update on regulation of intracranial pressure in relation to 
idiopathic intracranial hypertension. Fluids Barriers CNS 
2019;16:35. https://doi.org/10.1186/s12987-019-0155-4

4. Scotton WJ, Botfield HF, Westgate CS, Mitchell JL, Yiangou A, 
Uldall MS, et al. Topiramate is more effective than acetazolamide 
at lowering intracranial pressure. Cephalalgia 2019;39:209–
18. https://doi.org/10.1177/0333102418776455

5. Wardman JH, Andreassen SN, Toft-Bertelsen TL, Jensen MN, 
Wilhjelm JE, Styrishave B, et al. CSF hyperdynamics in rats 
mimicking the obesity and androgen excess characteristic of 
patients with idiopathic intracranial hypertension. Fluids Barriers 
CNS 2024;21:10. https://doi.org/10.1186/s12987-024-00511-1

6. Wardman JH, Jensen MN, Andreassen SN, Styrishave 
B, Wilhjelm JE, Sinclair AJ, et al. Modelling idiopathic 
intracranial hypertension in rats: contributions of high fat diet 
and testosterone to intracranial pressure and cerebrospinal 
fluid production. Fluids Barriers CNS 2023;20:44. https://doi.
org/10.1186/s12987-023-00436-1

7. The International Classification of Headache Disorders, 
3rd edition (beta version). Cephalalgia 2013;33:629–808. 
https://doi.org/10.1177/0333102413485658

8. Thanki S, Guerrero W, Mokin M. Treatment of Pseudotumor 
Cerebri (Sinus Stenosis). Neurosurg Clin N Am 2022;33:207–
14. https://doi.org/10.1016/j.nec.2021.11.002

9. Stanishevskiy A, Gavrilov G, Svistov D, Cherebillo V, 
Kurnukhina M. Symptomatic intraventricular choroid plexus 
cysts. Illustrative case and systematic review. Neurosurg Rev 
2023;46:264. https://doi.org/10.1007/s10143-023-02176-0

10. Cowan RP, Gross NB, Sweeney MD, Sagare AP, Montagne A, 
Arakaki X, et al. Evidence that blood–CSF barrier transport, 
but not inflammatory biomarkers, change in migraine, while 
CSF sVCAM1 associates with migraine frequency and CSF 
fibrinogen. Headache: The Journal of Head and Face Pain 
2021;61:536–45. https://doi.org/10.1111/head.14088

11. Sakka L, Coll G, Chazal J. Anatomy and physiology of 
cerebrospinal fluid. Eur Ann Otorhinolaryngol Head Neck Dis 
2011;128:309–16. https://doi.org/10.1016/j.anorl.2011.03.002

12. Israelsen IME, Kamp-Jensen C, Westgate CSJ, Styrishave B, 
Jensen RH, Eftekhari S. Cycle-dependent sex differences in 
expression of membrane proteins involved in cerebrospinal 
fluid secretion at rat choroid plexus. BMC Neurosci 
2023;24:60. https://doi.org/10.1186/s12868-023-00829-w

13. Abstracts from the XXXVII Congresso Brasileiro de Cefaleia. 
Abstracts from the XXXVII Congresso Brasileiro de 
Cefaleia, Advances in Science; 2023, p. 2–164. https://doi.
org/10.48208/HeadacheMed.2023.37.cefaleia

Marcelo Moraes Valença
https://orcid.org/0000-0003-0678-3782 
Juliana Ramos de Andrade
https://orcid.org/0000-0002-5445-8872


