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Abstract
Trigeminal neuralgia (TN) caused by venous compression presents challenges in surgical management,
unlike the arterial type. Preoperative diagnostic certainty regarding venous etiology and anatomical
relationships is crucial for surgical success. We discuss a case of TN caused by a vein passing through the
nerve that was challenging to visualize on conventional MRI and was treated successfully by leveraging
information from modern surgical simulation technology with 3D computer graphics. We recognized a
potentially troublesome anatomical feature in advance and mitigated the risk by identifying a collateral
drainage route for the causative vein, making it feasible to be sacrificed while ensuring treatment efficacy.
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Introduction
Trigeminal neuralgia (TN) is mainly caused by neurovascular compression (NVC). NVC typically results from
arterial compression at the trigeminal root entry zone (REZ), and venous compression is less common
(around 10% of cases) [1,2]. Microvascular decompression (MVD) is a curative surgical treatment for
medically intractable TN caused by NVC [3] and it makes logical sense. MVD for venous compression alone
does not necessarily show significantly inferior effectiveness in relieving pain over arterial compression,
although it does show a higher recurrence rate [1,2].

Accurate preoperative diagnosis of NVC is crucial for deciding whether to perform MVD. Advanced high-
spatial-resolution MRI is associated with a high diagnostic certainty for NVC and is a reliable tool for its
preoperative diagnosis [4-7]. However, conventional MRI has certain disadvantages in delineating venous
NVCs in the prepontine cistern compared to arterial NVCs. In the absence of clear visualization of NVC on
imaging, patients with TN may miss out on the chance to obtain relief from horrible lancinating facial pain.
Improved visualization can be achieved through 3D computer graphics modeling reconstructions with the
fusion of multimodal images, as such techniques enable an accurate evaluation of offending vessels in cases
where conventional MR images do not clearly show the presence of NVC [8]. We present a case of a patient
with TN caused by intraneural venous compression that was challenging to visualize. This report highlights
the extent to which the precise anatomical features can be visualized with modern imaging technology
before performing MVD.

Case Presentation
Imaging data acquisition and processing
MRI data were acquired with a 3.0-Tesla MRI system (MAGNETOM Verio, Siemens, Munich, Germany). The
scanning protocol included a 3D constructive interference in steady state (CISS) sequence (TR, 6.31 ms; TE,
2.68 ms; flip angle, 40°; field of view, 150x150 mm; matrix, 320x288; slice thickness, 0.5 mm) and a 3D time-
of-fight magnetic resonance angiography (TOF-MRA) sequence (TR, 23 ms; TE, 3.75 ms; flip angle, 18°; field
of view, 150x150 mm; matrix, 448x247; slice thickness, 0.7 mm).

CT was performed using a 320-slice multidetector CT system (Aquilion ONE, Canon, Tokyo Japan) (slice
thickness, 0.5 mm; scan speed, 0.28 s/cycle). For the acquisition of the CT arteriography and venography
(CTA/CTV), an iodized contrast medium was administered by intravenous injection, and separate scans were
performed to obtain arterial and venous phase data.

The 3D TOF-MRA, 3D CISS, and CTA/CTV were fused and processed using the 3D visualization software
GRID® (Kompath, Tokyo, Japan). Using a multi-thresholding method, a vessel model was segmented from
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the 3D TOF-MRA and CTA/CTV images, and nerve models were segmented from the CISS images. A
brainstem and cerebellum model was automatically segmented with a deep learning algorithm. A trigeminal
nerve model was segmented with a single-thresholding method. All models were visualized using a surface
rendering method.

Case description
The patient was a 71-year-old female with a seven-year history of typical TN on the right side of her face.
The paroxysmal and lancinating pain was distributed in the V3 territory, and the patient had difficulty eating
as chewing triggered the pain. Treatment with carbamazepine was initially effective but gradually became
less effective and the patient was referred to another hospital. However, a surgical option was not indicated
since a clear neurovascular conflict was not detected on MRI. The patient eventually developed a side effect
of drowsiness due to the medication and consulted our hospital seeking alternative treatment. MRI
examination at our hospital revealed no vascular compression around the trigeminal nerve, as in the
previous radiological findings (Figure 1). However, a surgical simulation with a 3D computer graphics model
revealed compression of the trigeminal REZ with the pontotrigeminal vein (PTV) passing through the nerve
(Figure 2).

FIGURE 1: MRI 3D CISS image
The image shows no vascular compression anywhere along the trigeminal nerve

CISS: constructive interference in steady state; MRI: magnetic resonance imaging
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FIGURE 2: Preoperative 3D computer graphics model and intraoperative
view
Lateral (A), ventral (B), and dorsal (C) views from the brainstem and simulated operative view (D) of the 3D
computer graphics model created by fusing CTV and 3D CISS. The pontotrigeminal vein (PTV) penetrating the
sensory root of the trigeminal nerve compresses the trigeminal root entry zone (REZ). The offending vein joins the
precentral cerebellar vein (PCV), the superior hemispheric vein, and the transverse pontine vein (TPV), draining to
the vein of Galen, superior petrosal sinus (SPS), and inferior petrosal sinus (IPS). In the case of cutting the PTV at
the posterior part of the trigeminal nerve (red line), outflow to three directions (white arrow) could be expected (C).
Intraoperative view (E) showed findings consistent with the simulated view (D). It was not possible to track where
to drain the culprit vein from in the operative view, but using the previous imaging information, the vein was
coagulated, cut, and detached completely, paying careful attention to avoid heat injury and extensive manipulation.

APMV: anterior pontomesencephalic vein; CISS: constructive interference in steady state; SCA: superior
cerebellar artery; VCPF: vein of the cerebellopontine fissure

The patient underwent MVD via the retrosigmoid approach. Intraoperatively, we confirmed that the PTV
penetrated the nerve, and no other offending vessels were detected. The culprit PTV was deemed impossible
to transpose and was therefore coagulated, cut at some point distant from the nerve to avoid heat injury, and
gently pushed out of the nerve (Figure 2). This procedure was made possible because the 3D computer
graphics model showed the presence of the other collateral venous outflow, meaning that if the penetrating
PTV was transected, the blood flow on the rostral side could be expected to divert to the vein of Galen via
the precentral cerebellar vein, or to the superior petrosal sinus (SPS) via the cerebellar vein coursing on the
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hemispheric cerebellar surface, and the blood flow on the caudal side would drain into the transverse
pontine vein (TPV), which would likely drain directly into the superior part of the inferior petrosal sinus. The
patient did not experience any postoperative complications, and her pain improved immediately after the
operation, with complete pain relief being delayed but achieved within a month. The patient remains pain-
free more than two years later.

Discussion
Although venous compression is a known cause of TN, it remains a topic of debate. Several reports on the
surgical outcomes of purely venous compression have been published, providing mounting evidence about
the difficulty of surgical management compared with arterial compression [1,2]. It is difficult to be certain
that venous compression is present preoperatively, and hence an accurate preoperative diagnosis of the
venous type is desirable. MRI is certainly the gold standard for the preoperative detection of NVC before
MVD. With the advancements in MRI technology, several potentially suitable sequence combinations have
been explored. Examinations are generally based on high-spatial-resolution heavily T2-weighted imaging
such as 3D balanced steady state gradient echo (CISS, FIESTA, bFFE) and 3D fast turbo spin echo (SPACE,
DRIVE) sequences that allow for fine visualization of the vascular-nervous structure in the cerebellopontine
angle, along with 3D time-of-flight magnetic resonance angiography for the differentiation of arterial and
venous vasculature and high-resolution gadolinium-enhanced T1-weighted imaging for the detection of
smaller veins. The higher signal obtainable at 3.0 Tesla enables better visualization than lower magnetic field
scanners.

Although these MRI sequences and combinations demonstrate highly accurate detection of NVCs [4-7],
venous compression is still often identified intraoperatively in patients with false-negative MRI findings
[7,8]. Recognition of venous NVC may sometimes require neurosurgical experience, and conventional 2D
MRI has limited ability to visualize veins with low flow-related signals and the relationships between nerves
and blood vessels when they run parallel and in close contact. Thus, the advent of image fusion and 3D
model reconstruction is expected to aid in overcoming these difficulties. Such methods for overcoming the
limitations of MRI sequences can provide an overview of the spatial relationships of nerves and vessels,
which can be observed from different perspectives, enabling a more accurate preoperative diagnosis of NVC
[9-13], and ultimately improving detection of venous NVCs [8]. In this case, we used multimodal image
fusion of MRI and multi-detector CT images with high spatial resolution, as previously described [14]. This
combination not only took advantage of clear bone anatomy derived from CT but also allowed the
delineation of thinner vessels, particularly veins, than the original MRI.

The difficulty in the surgical management of venous-type TN can be attributed to the high level of individual
anatomical variations in the venous system, the fragile nature of the veins, and adherence to adjacent
nerves. There are some cases where the neurosurgeon is forced to sacrifice culprit veins, sometimes resulting
in serious complications stemming from drainage obstruction. Many investigators suggest that smaller veins
or minor tributaries with identifiable collateral drainage can be safely sacrificed after attempting to preserve
the veins by transposition or interposition [2,15,16]. Although it is of practical importance to precisely
evaluate the size, anastomosis, and drainage pattern of veins on preoperative imaging, there is currently no
reliable preoperative method for evaluating collateral flow for the safety of venous sacrifice. Moreover, while
MVD is an elegant keyhole microsurgical technique, the surgical corridor is restricted. It is difficult to
identify and track the offending vein, even with endoscopy, especially when a deep vein of the transverse
type, such as the TPV or PTV, does not drain into the superficial superior petrosal venous system, which is
encountered while approaching the trigeminal nerve.

The safety of sacrificing offending TPVs with respect to leaving sufficient collateral outflow has been
described [14,16,17]. PTVs located on the posterior mesencephalic surface mostly communicate with a few
veins emptying into the Galenic draining group superiorly, and with the petrosal draining group inferiorly
[18]. However, such findings do not blindly endorse the sacrifice of these veins. In the present case, the
culprit PTV was deeply located and it was difficult to identify the drainage point in the operative field, which
posed a challenge for visualizing the offending vein preoperatively and its surgical management. However,
instead of merely recognizing that the vein may be in contact with the trigeminal nerve and may be
sacrificed, we explicitly realized that the vein penetrated the trigeminal nerve and was able to be sacrificed
without resultant venous complications based on the additional information about the intricate venous
network. Although the question as to why a congenitally penetrating vein can be attributed to the expression
of symptoms remains unanswered, in intraneural venous-type TN, the sacrifice and complete detachment of
intraneural veins is considered the best surgical choice if possible, partly because the extensive
manipulation of the nerve may lead to uncomfortable sensory deficits [19,20].

Conclusions
Surgical simulation utilizing 3D computer graphics imaging proved to be an effective tool in managing a
patient with TN in whom the presence of NVC was uncertain on conventional MRI, helping achieve good
surgical outcomes. A comprehensive preoperative knowledge of anatomical features is crucial for identifying
patients who can benefit from MVD and helps avoid unfavorable surgical outcomes.

2024 Kanayama et al. Cureus 16(4): e57935. DOI 10.7759/cureus.57935 4 of 6

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Seisaku Kanayama, Naoyuki Shono, Masato Inoue

Acquisition, analysis, or interpretation of data:  Seisaku Kanayama, Naoyuki Shono

Drafting of the manuscript:  Seisaku Kanayama

Critical review of the manuscript for important intellectual content:  Seisaku Kanayama, Naoyuki
Shono, Masato Inoue

Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References
1. Soni P, Potter T, Soni PP, Estemalik E, Recinos PF, Kshettry VR: Outcomes of microvascular decompression

for trigeminal neuralgia with purely venous compression: a systematic review and meta-analysis. Clin
Neurol Neurosurg. 2020, 198:106230. 10.1016/j.clineuro.2020.106230

2. Dumot C, Sindou M: Veins of the cerebellopontine angle and specific complications of sacrifice, with
special emphasis on microvascular decompression surgery. A review. World Neurosurg. 2018, 117:422-32.
10.1016/j.wneu.2018.06.160

3. Holste K, Chan AY, Rolston JD, Englot DJ: Pain outcomes following microvascular decompression for drug-
resistant trigeminal neuralgia: a systematic review and meta-analysis. Neurosurgery. 2020, 86:182-90.
10.1093/neuros/nyz075

4. Müller S, Khadhraoui E, Khanafer A, Psychogios M, Rohde V, Tanrikulu L: Differentiation of arterial and
venous neurovascular conflicts estimates the clinical outcome after microvascular decompression in
trigeminal neuralgia. BMC Neurol. 2020, 20:279. 10.1186/s12883-020-01860-8

5. Gamaleldin OA, Donia MM, Elsebaie NA, Abdelkhalek Abdelrazek A, Rayan T, Khalifa MH: Role of fused
three-dimensional time-of-flight magnetic resonance angiography and 3-dimensional T2-weighted imaging
sequences in neurovascular compression. World Neurosurg. 2020, 133:e180-6. 10.1016/j.wneu.2019.08.190

6. Brînzeu A, Drogba L, Sindou M: Reliability of MRI for predicting characteristics of neurovascular conflicts in
trigeminal neuralgia: implications for surgical decision making. J Neurosurg. 2018, 4:1-11.
10.3171/2017.8.JNS171222

7. Leal PR, Hermier M, Souza MA, Cristino-Filho G, Froment JC, Sindou M: Visualization of vascular
compression of the trigeminal nerve with high-resolution 3T MRI: a prospective study comparing
preoperative imaging analysis to surgical findings in 40 consecutive patients who underwent microvascular
decompression for trigeminal neuralgia. Neurosurgery. 2011, 69:15-25. 10.1227/NEU.0b013e318212bafa

8. Zawy Alsofy S, Welzel Saravia H, Nakamura M, et al.: Virtual reality-based evaluation of neurovascular
conflict for the surgical planning of microvascular decompression in trigeminal neuralgia patients.
Neurosurg Rev. 2021, 44:3309-21. 10.1007/s10143-021-01500-w

9. Liang C, Yang L, Reichardt W, Zhang B, Li R: Different MRI-based methods for the diagnosis of
neurovascular compression in trigeminal neuralgia or hemifacial spasm: a network meta-analysis. J Clin
Neurosci. 2023, 108:19-24. 10.1016/j.jocn.2022.12.016

10. Hastreiter P, Bischoff B, Fahlbusch R, Doerfler A, Buchfelder M, Naraghi R: Data fusion and 3D visualization
for optimized representation of neurovascular relationships in the posterior fossa. Acta Neurochir (Wien).
2022, 164:2141-51. 10.1007/s00701-021-05099-1

11. Yao S, Zhang J, Zhao Y, et al.: Multimodal image-based virtual reality presurgical simulation and evaluation
for trigeminal neuralgia and hemifacial spasm. World Neurosurg. 2018, 113:e499-507.
10.1016/j.wneu.2018.02.069

12. Han KW, Zhang DF, Chen JG, Hou LJ: Presurgical visualization of the neurovascular relationship in
trigeminal neuralgia with 3D modeling using free Slicer software. Acta Neurochir (Wien). 2016, 158:2195-
201. 10.1007/s00701-016-2936-8

13. Kin T, Oyama H, Kamada K, Aoki S, Ohtomo K, Saito N: Prediction of surgical view of neurovascular
decompression using interactive computer graphics. Neurosurgery. 2009, 65:121-8.
10.1227/01.NEU.0000347890.19718.0A

14. Oishi M, Fukuda M, Noto Y, Kawaguchi T, Hiraishi T, Fujii Y: Trigeminal neuralgia associated with the
specific bridging pattern of transverse pontine vein: diagnostic value of three-dimensional multifusion
volumetric imaging. Stereotact Funct Neurosurg. 2011, 89:226-33. 10.1159/000326778

15. Baldauf J, Refaee EE, Marx S, Matthes M, Fleck S, Schroeder HW: Purely venous compression in trigeminal

2024 Kanayama et al. Cureus 16(4): e57935. DOI 10.7759/cureus.57935 5 of 6

https://dx.doi.org/10.1016/j.clineuro.2020.106230
https://dx.doi.org/10.1016/j.clineuro.2020.106230
https://dx.doi.org/10.1016/j.wneu.2018.06.160
https://dx.doi.org/10.1016/j.wneu.2018.06.160
https://dx.doi.org/10.1093/neuros/nyz075
https://dx.doi.org/10.1093/neuros/nyz075
https://dx.doi.org/10.1186/s12883-020-01860-8
https://dx.doi.org/10.1186/s12883-020-01860-8
https://dx.doi.org/10.1016/j.wneu.2019.08.190
https://dx.doi.org/10.1016/j.wneu.2019.08.190
https://dx.doi.org/10.3171/2017.8.JNS171222
https://dx.doi.org/10.3171/2017.8.JNS171222
https://dx.doi.org/10.1227/NEU.0b013e318212bafa
https://dx.doi.org/10.1227/NEU.0b013e318212bafa
https://dx.doi.org/10.1007/s10143-021-01500-w
https://dx.doi.org/10.1007/s10143-021-01500-w
https://dx.doi.org/10.1016/j.jocn.2022.12.016
https://dx.doi.org/10.1016/j.jocn.2022.12.016
https://dx.doi.org/10.1007/s00701-021-05099-1
https://dx.doi.org/10.1007/s00701-021-05099-1
https://dx.doi.org/10.1016/j.wneu.2018.02.069
https://dx.doi.org/10.1016/j.wneu.2018.02.069
https://dx.doi.org/10.1007/s00701-016-2936-8
https://dx.doi.org/10.1007/s00701-016-2936-8
https://dx.doi.org/10.1227/01.NEU.0000347890.19718.0A
https://dx.doi.org/10.1227/01.NEU.0000347890.19718.0A
https://dx.doi.org/10.1159/000326778
https://dx.doi.org/10.1159/000326778
https://dx.doi.org/10.1007/s00701-022-05176-z


neuralgia-can we predict the outcome of surgery. Acta Neurochir (Wien). 2022, 164:1567-73.
10.1007/s00701-022-05176-z

16. Inoue T, Hirai H, Shima A, Suzuki F, Fukushima T, Matsuda M: Diagnosis and management for trigeminal
neuralgia caused solely by venous compression. Acta Neurochir (Wien). 2017, 159:681-8. 10.1007/s00701-
017-3085-4

17. Kasuya H, Tani S, Kubota Y, et al.: Characteristics and management of the offending veins in microvascular
decompression surgery for trigeminal neuralgia. Neurosurg Rev. 2021, 44:2337-47. 10.1007/s10143-020-
01411-2

18. Matsushima K, Matsushima T, Kuga Y, Kodama Y, Inoue K, Ohnishi H, Rhoton AL Jr: Classification of the
superior petrosal veins and sinus based on drainage pattern. Neurosurgery. 2014, 10:357-67.
10.1227/NEU.0000000000000323

19. Zheng X, Feng B, Hong W, et al.: Management of intraneural vessels during microvascular decompression
surgery for trigeminal neuralgia. World Neurosurg. 2012, 77:771-4. 10.1016/j.wneu.2011.08.031

20. Helbig GM, Callahan JD, Cohen-Gadol AA: Variant intraneural vein-trigeminal nerve relationships: an
observation during microvascular decompression surgery for trigeminal neuralgia. Neurosurgery. 2009,
65:958-61. 10.1227/01.NEU.0000351757.29658.C0

2024 Kanayama et al. Cureus 16(4): e57935. DOI 10.7759/cureus.57935 6 of 6

https://dx.doi.org/10.1007/s00701-022-05176-z
https://dx.doi.org/10.1007/s00701-017-3085-4
https://dx.doi.org/10.1007/s00701-017-3085-4
https://dx.doi.org/10.1007/s10143-020-01411-2
https://dx.doi.org/10.1007/s10143-020-01411-2
https://dx.doi.org/10.1227/NEU.0000000000000323
https://dx.doi.org/10.1227/NEU.0000000000000323
https://dx.doi.org/10.1016/j.wneu.2011.08.031
https://dx.doi.org/10.1016/j.wneu.2011.08.031
https://dx.doi.org/10.1227/01.NEU.0000351757.29658.C0
https://dx.doi.org/10.1227/01.NEU.0000351757.29658.C0

	The Visualization of Intraneural Venous Compression in Trigeminal Neuralgia by Using Advanced Three-Dimensional Computer Graphics: An Illustrative Case Report
	Abstract
	Introduction
	Case Presentation
	Imaging data acquisition and processing
	Case description
	FIGURE 1: MRI 3D CISS image
	FIGURE 2: Preoperative 3D computer graphics model and intraoperative view


	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


