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A proposed mechanism for
Intracranial venous lake
thrombosis in patients with
intracranial signs of hypotension
after dural instrumentation

Anna Falk Delgado®?*

!Department of Clinical Neuroscience, Karolinska Institutet, Stockholm, Sweden, ?Department of
Neuroradiology, Karolinska University Hospital, Stockholm, Sweden

Introduction: Dural sinus venous thrombosis in postpartum women is a well
known complication, but intracranial venous lake thrombosis (IVLT) has not been
previously described, nor its association with intracranial hypotension following
epidural anesthesia (EDA). This study aims to describe and characterize a cohort
of patients with IVLT with regards to imaging findings and symptoms.

Materials and methods: This retrospective study included patients from the
picture and archiving communication system based on search strategies from
referral text including: "headache + EDA", “complicated EDA", “post dural
puncture headache”, “childbirth + headache”, “delivery + headache” between
November 2005 and June 2024. Retrieved examinations were screened for
IVLT, intracranial venous thrombosis, and radiological signs of intracranial
hypotension. Patient data were extracted and presented descriptively.

Results: Out of 201 patients with 300 investigations, 12 patients (12/201, 6%)
had imaging findings suggestive of IVLT. Out of these, 83% (10/12) were in the
postpartum period and had received an EDA during delivery, with three (3/12,
25%) stating in the referral that the EDA had been complicated to obtain, with
multiple attempts. The mean (SD) Bern score was 6.25 (1.22), indicating a high
risk for dural leak. Imaging findings of IVLT included high attenuating thrombotic
structures in the parasagittal venous lakes on the inside of the skull convexity on
CT with lack of contrast media filling at venous CT-angiography.

Conclusion: We propose a mechanism for intracranial venous lake thrombosis
(IVLT) in postpartum females with headaches after complicated EDA with signs
of intracranial hypotension.

KEYWORDS

venous thrombosis, intracranial venous lake thrombosis (IVLT), sinus, epidural
anesthesia, intracranial hypotension, headache, venous lakes, cerebral venous
thrombosis (CVT)

Introduction

The intracranial venous system is responsible for draining the brain and intracranial
extracerebral structures such as the meninges. Further, it communicates with the
extracranial venous system through venous channels in the skull (1), regulates intracranial
volume and pressure (2), and contributes to cerebrospinal fluid circulation (3). However,
intracranial venous lakes have been given little attention. They receive venous blood from
meningeal and diploic veins draining the skull and meninges into the superior sagittal
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sinus in a one-way fashion (4-7). Intracranial venous thrombosis
is a well-known but rare disease (8); however thrombosis localized
to the intracranial parasagittal venous lakes—and its potential
association with dural tear in the postpartum setting—has not been
previously described.

During uncomplicated delivery in uniparous women of first-
time deliveries, 7% will have an EDA (9), increasing to 42% with
vacuum or forceps extraction. Owing to the potential risk of a dural
puncture during complicated EDA, and the risk of cerebrospinal
fluid leakage from a dural puncture, changes in cerebrospinal fluid
pressure and volume will alter the morphology and volume of
the venous system (10), causing traction in the vessel structures
and slower venous flow (11, 12). Typically, a cerebrospinal fluid
leakage will present clinically as a headache relieved by recumbent
position, and exaggerated by standing (13) with brain MRI findings
showing enlarged venous structures, dural thickening or subdural
fluid collections or hemorrhage. Post dural puncture headache is
a known complication after LP (14) and EDA (15). Additionally,
postpartum females experience a transitory pro-coagulatory state
after delivery (16, 17). Due to complaints of atypical headaches post
labor, investigation with brain imaging methods such as CT and
MRI can be performed (18).

Cerebrospinal fluid pressure and venous flow are closely
linked systems (2). In intracranial hypotension, intracranial venous
structures will present with compensatory dilation (19). Since
venous structures have wide dissemination in dural structures
(20, 21), patients with intracranial hypotension will show a
characteristic general dural dilatation including the cerebellar
tentorium, the falx cerebri and under the convexity, sometimes
even leading to subdural hemorrhage (22). On imaging, acute
thrombosis is known to present with high density at CT in the first
days after symptom onset (23-25) but can be missed close to the
skull bone due to streak artifacts near bony structures.

This work describes a proposed mechanism for a new entity—
intracranial venous lake thrombosis (IVLT)—here presented in a
retrospective cohort of postpartum women after delivery with EDA
and intracranial hypotension, as well as in other patients with
intracranial hypotension and pro-coagulatory risk factors.

Materials and methods

Patients from the Picture and Archiving Communication
System (PACS) were retrospectively included in this cohort study,
after study approval from the Swedish Ethical Review Authority
in March 17th 2024, number 2024-00249-02. Informed consent
was waived due to the retrospective nature of the study. Patients
were eligible for study inclusion if they were retrieved in the
search strategy. The following search terms were used to search
for text in previous radiological referrals: “headache + EDA”,
“complicated EDA”, “post dural puncture headache”, “childbirth
+ headache”, “delivery + headache” between November 2005 and
June 2024. The search term “post dural puncture headache” was
specifically included to retrieve cases of both sexes and varied
clinical history not necessarily including a history of childbirth.

Abbreviations: EDA, epidural anesthesia; IVLT, intracranial venous lake

thrombosis.
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Both CT and MRI investigations were included. Further, patients
with IVLT known from clinical work, were collected from the
PACS. All retrieved examinations from the search strategies
were screened for signs of IVLT and other intracranial venous
thrombosis by one specialist in Neuroradiology with 10 years
experience of working in a neuroradiology unit. For examinations
where IVLT was suspected, data was extracted according to a
prespecified study protocol, including Bern score (10), imaging
findings of subdural hematoma, widened venous structures, and
cortical-, sinus-, or venous- lake thrombosis. Further, information
on patient age (years), sex (female/male/transgender), days
between delivery/lumbar puncture and radiological investigation,
headache (Yes/No), EDA/LP (Yes/No), postpartum (Yes/No), and
if intracranial venous thrombosis had been previously described in
the report text (Yes/No) were collected. For patients with suspected
IVLT, electronic health records and radiological follow-ups were
screened for assessment of previous treatment, resolution of clinical
symptoms and imaging findings.

Results

In total, the searches yielded 201 patients with 300
investigations that were screened for imaging findings of IVLT.
Twelve patients (12/201, 6%) had imaging findings suggestive
of IVLT (Supplementary materials). Additional search terms did
not yield any additional cases. Out of these, a majority were in
the postpartum period 10/12, 83%, and had received an EDA
during delivery, with three (3/12, 25%) stating in the referral
that the EDA had been complicated to obtain, with multiple
attempts. The mean (SD) Bern score was 6.25 (1.22), indicating
a high risk for dural leak. Detailed results of Bern score can be
found in Table 1. Basic demographics for patients with IVLT are
summarized in Table 2. The mean age was 31 (SD 4), and 92%
(11/12) were female. One person was transgender (female-to-male)
under testosterone treatment with high-dose cortisone due to
suspected neuroinflammatory disease (1/12, 8%). One patient
was pregnant, undergoing lumbar puncture due to suspected
intracranial hypotension. Initial imaging investigations were
performed at a mean of 3 days (SD 2) after delivery/LP. Figures 1,2
shows typical appearances on imaging of IVLT.

In the IVLT group, only 4/12, 33% were diagnosed with
possible intracranial venous thrombosis at the time of investigation,
with none mentioning the possibility of venous lake thrombosis
in the report. However, cortical vein thrombosis was the most
common initial diagnosis at the time of investigation (4/12, 33%).
Other imaging findings were thin fluid collections located near the
cerebellar tentorium. A total of 100% of included patients reported
headaches. On re-evaluation of the images, one patient had a small
thrombosis at the inflow from the inferior anastomotic vein into the
right transversal sinus, and one had a small thrombosis involving a
focal part of a lateral compartment of the superior sagittal sinus. No
patient had massive dural sinus venous thrombosis.

Six patients (6/12, 50%) received treatment for suspected
dural leak with epidural blood patch and two patients (2/12, 8%)
received treatment for venous thrombosis (Heparin or Fragmin).
Patients had undergone clinical evaluation for up to a mean
duration of 52 months (SD 64). One patient had died 4 years
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TABLE 1 BERN score.

10.3389/fneur.2025.1588022

ID 1 2 3 4 5 6 7 8 9 10 11 12
Engorgement of venous sinus 2 2 2 2 2 2 2 2 2 2 2 2
Pachymeningeal enhancement 2 NA NA NA NA NA NA 2 NA NA NA NA
Suprasellar cistern (<4 mm) 2 2 2 2 2 2 2 2 2 2 2 2
Subdural fluid collection 1 0 0 1 1 0 1 0 1 1 0 0
Prepontine cistern (<5 mm) 1 0 0 1 1 1 0 1 1 1 1 1
Mamillopontine distance (<6.5 mm) 1 1 1 1 1 0 0 0 0 1 1 1
Sum BERN score: 9 5 5 7 7 5 5 7 6 7 6 6

TABLE 2 Patient characteristics.

ID Sex (Female Age Postpartum DEY EDAor LP  Venous lake Suspicion of Bern score
F/Male M) between thrombosis thrombosis
delivery/LP on original
and imaging report
1 F 32 Yes 5 EDA Yes No 9
2 F 35 Yes 2 EDA Yes Yes (cortical veins) 5
3 F 28 Yes 7 EDA Yes No 5
4 F 34 Yes 3 EDA Yes Yes (cortical veins) 7
5 F 31 Yes 3 EDA Yes Yes (cortical veins) 7
6 F 25 Yes 3 EDA Yes No 5
7 F 29 No (pregnant) NA (pregnant) NA Yes No 5
8 F 26 Yes 1 LpP Yes No 7
9 F 26 Yes 4 EDA Yes No 6
10 F 29 Yes 4 EDA Yes No 7
11 F 37 Yes 3 EDA Yes No 6
12 F-to-M transgender 38 No 3 LP Yes Yes (cortical veins) 6

FIGURE 1

(A, B) Patient with parasagittal intracranial venous lake thrombosis (IVLT), with high attenuating thrombosis located on both sides of the superior
sagittal sinus on non-contrast enhanced CT images (yellow arrows), with a corresponding lack of filling in the same venous lake structures on
CT-venography (red arrows).
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FIGURE 2
(A, B) Left parasagittal high attenuating structure (right image set, yellow arrows) in the venous lakes, corresponding to a lack of contrast media filling
of the same engorged venous lake structures (left image set, red arrows).

after diagnosis due to an acute hematological disorder. Three
of the 12 patients (25%) had identifiable risk factors for venous
thromboembolism: protein S deficiency, testosterone/cortisone
therapy, and rheumatoid arthritis. Seven (7/12, 58%) patients were
followed-up with imaging (CT or MRI) after a mean (SD) time
of 8 (8) months with resolution of imaging findings (IVLT and
intracranial hypotension) and symptoms.

In patients without IVLT, retrospective analysis identified only
one patient (male) with concurrent cortical vein thrombosis one
day after lumbar puncture for optic neuritis, and 13 patients with
thickened dura or thin subdural hematoma after LP, EDA or spinal
anesthesia compatible with intracranial hypotension. Hence, no
patient had isolated dural sinus venous thrombosis. One patient
had engorged rounded veins without a history of iatrogenic dural
puncture, but findings compatible with spontaneous intracranial
hypotension. Figures 3, 4 shows imaging examples of patients with
intracranial hypotension without venous thrombosis.

Discussion

This retrospective cohort study describes a new entity
of intracranial venous thrombosis located specifically in the
intracranial venous lakes, IVLT, that has not been previously
described. Postpartum women with a history of EDA and headache
after delivery, as well as other persons with intracranial hypotension
and pro-coagulatory risk factors can present with IVLT. Specific
imaging findings include high attenuating thrombotic material

Frontiersin Neurology

in the venous lakes close to the superior sagittal sinus, and
simultaneous loss of contrast enhancement on venous angiography.

This study highlights another possible adverse effect of
intracranial hypotension after EDA with unintentional dural
puncture in postpartum women. Although it can also affect
patients with dural leak from other causes, such as LP. Study
findings can guide future radiological imaging, image reading,
and reporting on these structures close to the calvarium, often
missed due to the prevalence of high attenuating streak artifacts
close to the bone. Adding a CT or MRI venography to the non-
enhanced examination in our cohort added valuable diagnostic
information in the retrospective evaluation by strengthening
the suspicion of thrombosis. IVLT differs from previously
recognized intracranial thrombotic states in terms of probable
pathophysiological mechanism and thrombotic location.

Although the pathophysiological mechanism remains to be
further elucidated, it is probably related to the pro-coagulatory
state in this specific patient group, with the co-occurring dilatation
of venous lakes due to intracranial hypotension. It is currently
unknown how the venous dilatation leads to the formation of
a thrombus, but as proposed by other studies, flow mechanism
and stagnant blood in locations with venous junctions may
play a contributing role (12). Further, one hypothesis is that
morphological rearrangement caused by intracranial hypotension
might play a greater role at the parasagittal convexity, with venous
routes possibly hindered or focally injured when traction between
tissues occur. Proximity to parietal foramina could also matter.
The proposed pathophysiological mechanism is further supported
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FIGURE 3

Coronal T1 MRl image and coronal T2 FLAIR image.

(A, B) Patient not presenting with IVLT after delivery with EDA, but signs of intracranial hypotension, with dilatation of parasagittal venous lakes.

FIGURE 4

observed, with an increase in pituitary eight (A, C).

MRI in one patient without venous lake thrombosis investigated before (B, D) and after (A, C) lumbar puncture to investigate headache. After lumbar
puncture, thickened dural enhancement can be noted on T1 Gd images (A), and an increased signal on T2 FLAIR (C) in the widened dura can be

by the fact that IVLT can occur in any patient with intracranial
vein engorgement and pro-coagulatory risk factors such as in the
two patients in our cohort who had not recently undergone a
delivery. Notably, in our cohort, all patients with IVLT had a history
of epidural anesthesia or lumbar puncture, suggesting a strong
association between IVLT and prior dural instrumentation.

Recent studies have visualized the parasagittal venous
lakes draining the dura and proposed an association with
arterio-venous fistulas, highlighting other diseases possibly
related to these Further, previous
have reported on the association of dural venous sinus
thrombosis and intracranial hypotension (11, 12, 26), but

structures  (6). studies

Frontiersin Neurology

none have reported on thrombosed intracranial venous lakes.

Although post-lumbar puncture intracranial hypotension
syndrome has been previously described, it does not entail
IVLT (27, 28). Further, one study has highlighted a possible
association between epidural blood patch and cerebral venous
thrombosis (29) indicating the unclear association between
hypotension vs. its treatment in relation to intracranial
venous thrombosis.

Study limitations are attributed to the non-standardized
imaging regimen in retrospective data. However, it was also
beneficial, to be able to visualize IVLT on both CT and MRI,

and on different scanners, thereby increasing the generalizability
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of the findings. Although linked to the fact that many patients
did not get an initial diagnosis, another limitation was the
lack of standardized follow-up. However, in patients investigated
longitudinally, imaging findings of IVLT resolved together with
the symptoms. The lack of pathological confirmation of findings
is related to the benign prognosis but also makes the possibility for
the findings to be related to focal hemorrhage a yet unstudied topic.

Although an underdiagnosed and hitherto unrecognized
entity, IVLT appears to possibly have a more benign course than
other intracranial venothrombotic states such as cortical venous
thrombosis and dural sinus venous thrombosis (30), potentially
it could be an incidental finding. However, since patients present
with atypical headaches necessitating radiological work-up there
is a clinical need for diagnosis and patient information in this
subclassification of intracranial venous thrombosis. Although
potentially treatable with anticoagulant therapy, the lack of
recognition at presentation in this retrospective cohort highlights
that most patients were dismissed and returned home without
specific anticoagulation treatment or standardized imaging
follow-up. This highlights the possible role of the bodys own
thrombolytic regulatory mechanisms and restitution after delivery
with normalization of coagulatory status but will need to be
confirmed in prospective studies. The best medical treatment for
IVLT is currently unclear, but a majority of the included patients
received treatment for intracranial hypotension with epidural
blood patch. A couple of patients also received anticoagulatory
medication due to suspected cortical vein thrombosis (31). A
prophylactic treatment regimen with low molecular weight
heparin, compression socks, and intermittent pneumatic
compression, such as for deep venous thrombosis of the legs
has not yet been investigated (32).

All included patients had improved at follow-up, and no
one deteriorated from IVLT. Since the search strategy strove
to include patients with clinical signs of hypotension, the
prevalence of IVLT in other groups has not been evaluated.
However, from clinical experience this has not been an evident
finding in other patient groups. Study findings indicate a
need for risk factors screening to possibly prevent future
potential thromboembolism.

Future studies should focus on confirming imaging
findings of IVLI, for example by performing multi-phase
angiography studies of the venous lakes and longitudinal
inside the lakes.

Prospective studies should focus on the diagnosis, optimal

follow-up of signal changes venous
treatment, and follow-up of IVLT compared to controls.
Additionally, a

nationwide would further increase knowledge and deeper

multicenter  study aggregating patients
characterization of this disease. Future prospective studies
should investigate if headaches caused by IVLT and intracranial
hypotension differ from headaches caused by intracranial

hypotension alone.

Conclusion

In conclusion, we propose a mechanism for intracranial venous
lake thrombosis (IVLT) in postpartum females with headaches after
complicated EDA with signs of intracranial hypotension.

Frontiersin Neurology

10.3389/fneur.2025.1588022

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary material, further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving humans were approved by the Swedish
Ethical Review Authority (Approval number: 2024-00249-02). The
studies were conducted in accordance with the local legislation
and institutional requirements. The ethics committee/institutional
review board waived the requirement of written informed consent
for participation from the participants or the participants’ legal
guardians/next of kin due to the retrospective nature of the study.

Author contributions

AD: Conceptualization, Formal analysis, Investigation,
Methodology, Validation, Visualization, Writing — original draft,

Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Conflict of interest

The author declares that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that Gen AI was used in the creation
of this manuscript. Text Editor Grammarly was used in the
manuscript preparation.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.2025.
1588022/full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fneur.2025.1588022
https://www.frontiersin.org/articles/10.3389/fneur.2025.1588022/full#supplementary-material
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Delgado

References

1. Kerber CW, Newton TH. The macro and microvasculature of the dura mater.
Neuroradiology. (1973) 6:175-9. doi: 10.1007/BF00335317

2. Cushing H. Studies in Intracranial Physiology & Surgery: The Third Circulation,
The Hypophysics, The Gliomas. London: Humphrey Milford, Oxford University Press
(1926). 164 p.

3. Cushing HI. The control of bleeding in operations for brain tumors: with the
description of silver “clips” for the occlusion of vessels inaccessible to the ligature. Ann
Surg. (1911) 54:1-19. doi: 10.1097/00000658-191107000-00002

4. Schaller B. Physiology of cerebral venous blood flow: from experimental data
in animals to normal function in humans. Brain Res Brain Res Rev. (2004) 46:243—
60. doi: 10.1016/j.brainresrev.2004.04.005

5. Yilmazlar S, Kocaeli H, Dogan S, Abas E Aksoy K, Korfali E, et al. Traumatic
epidural haematomas of nonarterial origin: analysis of 30 consecutive cases. Acta
Neurochir. (2005) 147:1241-8. doi: 10.1007/s00701-005-0623-2

6. Shapiro M, Raz E, Nossek E, Srivatanakul K, Walker M, Mir O, et al. Dural
venous system: angiographic technique and correlation with ex vivo investigations. J
Neurointerv Surg. (2022) 14:196-201. doi: 10.1136/neurintsurg-2020-017237

7. Alarfaj A, Sankar T, Bhargava R, Tyler ], Walji A, Fox R, et al. Magnetic resonance
imaging analysis of human skull diploic venous anatomy. Surg Neurol Int. (2021)
12:249. doi: 10.25259/SNI_532_2020

8. Saposnik G, Barinagarrementeria F, Brown RD Jr, Bushnell CD, Cucchiara B,
Cushman M, et al. Diagnosis and management of cerebral venous thrombosis. Stroke.
(2011) 42:1158-92. doi: 10.1161/STR.0b013e31820a8364

9. Read AW, Prendiville W], Dawes VP, Stanley FJ. Cesarean section and operative
vaginal delivery in low-risk primiparous women, Western Australia. Am J Public
Health. (1994) 84:37-42. doi: 10.2105/AJPH.84.1.37

10. Dobrocky T, Grunder L, Breiding PS, Branca M, Limacher A, Mosimann PJ, et al.
Assessing spinal cerebrospinal fluid leaks in spontaneous intracranial hypotension with
a scoring system based on brain magnetic resonance imaging findings. JAMA Neurol.
(2019) 76:580-7. doi: 10.1001/jamaneurol.2018.4921

11. Fujii N, Fujii H, Fujita A, Kim Y, Sugimoto H. Spontaneous intracranial
hypotension complicated by cerebral venous thrombosis. Radiol Case Rep. (2018)
13:834-8. doi: 10.1016/j.radcr.2018.05.014

12. Yoon KW, Cho MK, Kim YJ, Lee SK. Sinus thrombosis in a patient with
intracranial hypotension: a suggested hypothesis of venous stasis. a case report. Interv
Neuroradiol. (2011) 17:248-51. doi: 10.1177/159101991101700218

13. Carroll I, Han L, Zhang N, Cowan RP, Lanzman B, Hashmi S, et al
Long-term epidural patching outcomes and predictors of benefit in patients
with suspected CSF leak nonconforming to ICHD-3 criteria. Neurology. (2024)
102:€209449. doi: 10.1212/WNL.0000000000209449

14. Ebinger E Kosel C, Pietz J, Rating D. Headache and backache after lumbar
puncture in children and adolescents: a prospective study. Pediatrics. (2004) 113:1588-
92. doi: 10.1542/peds.113.6.1588

15. Gupta A, von Heymann C, Magnuson A, Alahuhta S, Fernando R, Van
de Velde M, et al. Management practices for postdural puncture headache in
obstetrics: a prospective, international, cohort study. Br ] Anaesth. (2020) 125:1045-
55.doi: 10.1016/j.bja.2020.07.061

16. Stelzer IA, Ghaemi MS, Han X, Ando K, Hédou JJ, Feyaerts D, et al. Integrated
trajectories of the maternal metabolome, proteome, and immunome predict labor
onset. Sci Transl Med. (2021) 13:eabd9898. doi: 10.1126/scitranslmed.abd9898

Frontiersin Neurology

07

10.3389/fneur.2025.1588022

17. Silvis SM, Lindgren E, Hiltunen S, Devasagayam S, Scheres L], Jood K, et al.
Postpartum period is a risk factor for cerebral venous thrombosis. Stroke. (2019)
50:501-3. doi: 10.1161/STROKEAHA.118.023017

18. Jamieson DG, McVige JW.
and the postpartum period. Obstet
48:97-129. doi: 10.1016/j.0g¢.2020.11.007

during
North  Am.

Neuroimaging
Gynecol  Clin

pregnancy
(2021)

19. Koss SA, Ulmer JL, Hacein-Bey L. Angiographic features of spontaneous
intracranial hypotension. AJNR Am ] Neuroradiol. (2003) 24:704-6. Available online
at: https://www.ajnr.org/content/ajnr/24/4/704.full.pdf

20. Kaplan HA, Browder J, Krieger AJ. Venous channels within the intracranial dural
partitions. Radiology. (1975) 115:641-5. doi: 10.1148/15.3.641

21. Shapiro M, Srivatanakul K, Raz E, Litao M, Nossek E, Nelson PK. Dural venous
channels: hidden in plain sight-reassessment of an under-recognized entity. AJNR Am
J Neuroradiol. (2020) 41:1434-40. doi: 10.3174/ajnr.A6647

22. Kim YS, Joo SP, Ahn KH, Kim TS. Spontaneous intracranial hypotension
presenting with bilateral subdural hematoma: decision-making and treatment
strategies. J Clin Neurosci. (2024) 121:77-82. doi: 10.1016/j.jocn.2024.02.005

23. Almgqyist H, Mazya M, Falk Delgado A, Falk Delgado A. Radiological evaluation
in patients with clinical suspicion of cerebral venous sinus thrombosis presenting with
nontraumatic headache - a retrospective observational study with a validation cohort.
BMC Med Imaging. (2020) 20:24. doi: 10.1186/s12880-020-00426-x

24. Buyck PJ, De Keyzer E Vanneste D, Wilms G, Thijs V, Demaerel P, et al. Density
measurement and H:H ratio are useful in diagnosing acute cerebral venous sinus
thrombosis. AJNR Am ] Neuroradiol. (2013) 34:1568-72. doi: 10.3174/ajnr.A3469

25. Tayyebi S, Akhavan R, Shams M, Salehi M, Farrokh D, Yousefi F, et al. Diagnostic
value of non-contrast brain computed tomography in the evaluation of acute cerebral
venous thrombosis. Sci Rep. (2020) 10:883. doi: 10.1038/s41598-020-57867-1

26. Edwards LS, Cuganesan R, Cappelen-Smith C. Cerebral venous thrombosis as
a complication of intracranial hypotension after lumbar puncture. BMJ Neurol Open.
(2020) 2:€000046. doi: 10.1136/bmjno-2020-000046

27. Clarot F, Callonnec F, Douvrin F, Hannequin D, Simonet J, Proust B, et al. Giant
cervical epidural veins after lumbar puncture in a case of intracranial hypotension.
AJNR Am ] Neuroradiol. (2000) 21:787-9.

28. Bakshi R, Mechtler LL, Kamran S, Gosy E, Bates VE, Kinkel PR,
et al. MRI findings in lumbar puncture headache syndrome: abnormal
dural-meningeal and dural venous sinus enhancement. Clin Imaging. (1999)
23:73-6. doi: 10.1016/S0899-7071(99)00109-6

29. Kueper M, Goericke SL, Kastrup O. Cerebral venous thrombosis after epidural
blood patch: coincidence or causal relation? A case report and review of the literature.
Cephalalgia. (2008) 28:769-73. doi: 10.1111/j.1468-2982.2008.01573.x

30. Vines FS, Davis DO. Clinical-radiological correlation in cerebral venous
occlusive disease. Radiology. (1971) 98:9-22. doi: 10.1148/98.1.9

31. Shafqat S, Kamal AK, Wasay M. Heparin in the treatment of cerebral venous
thrombosis. J Pak Med Assoc. (2006) 56:541-3. Available online at: https://core.ac.uk/
download/pdf/84856005.pdf

32. Chibbaro S, Cebula H, Todeschi J, Fricia M, Vigouroux D, Abid H, et al.
Evolution of prophylaxis protocols for venous thromboembolism in neurosurgery:
results from a prospective comparative study on low-molecular-weight heparin, elastic
stockings, and intermittent pneumatic compression devices. World Neurosurg. (2018)
109:¢510-6. doi: 10.1016/j.wneu.2017.10.012

frontiersin.org


https://doi.org/10.3389/fneur.2025.1588022
https://doi.org/10.1007/BF00335317
https://doi.org/10.1097/00000658-191107000-00002
https://doi.org/10.1016/j.brainresrev.2004.04.005
https://doi.org/10.1007/s00701-005-0623-2
https://doi.org/10.1136/neurintsurg-2020-017237
https://doi.org/10.25259/SNI_532_2020
https://doi.org/10.1161/STR.0b013e31820a8364
https://doi.org/10.2105/AJPH.84.1.37
https://doi.org/10.1001/jamaneurol.2018.4921
https://doi.org/10.1016/j.radcr.2018.05.014
https://doi.org/10.1177/159101991101700218
https://doi.org/10.1212/WNL.0000000000209449
https://doi.org/10.1542/peds.113.6.1588
https://doi.org/10.1016/j.bja.2020.07.061
https://doi.org/10.1126/scitranslmed.abd9898
https://doi.org/10.1161/STROKEAHA.118.023017
https://doi.org/10.1016/j.ogc.2020.11.007
https://www.ajnr.org/content/ajnr/24/4/704.full.pdf
https://doi.org/10.1148/15.3.641
https://doi.org/10.3174/ajnr.A6647
https://doi.org/10.1016/j.jocn.2024.02.005
https://doi.org/10.1186/s12880-020-00426-x
https://doi.org/10.3174/ajnr.A3469
https://doi.org/10.1038/s41598-020-57867-1
https://doi.org/10.1136/bmjno-2020-000046
https://doi.org/10.1016/S0899-7071(99)00109-6
https://doi.org/10.1111/j.1468-2982.2008.01573.x
https://doi.org/10.1148/98.1.9
https://core.ac.uk/download/pdf/84856005.pdf
https://core.ac.uk/download/pdf/84856005.pdf
https://doi.org/10.1016/j.wneu.2017.10.012
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	A proposed mechanism for intracranial venous lake thrombosis in patients with intracranial signs of hypotension after dural instrumentation
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


