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Venous Flow Conversion Technique for Sacrificing
the Superior Petrosal Vein During Microvascular
Decompression for Trigeminal Neuralgia

BACKGROUND: Microvascular decompression for trigeminal neuralgia (TN) may require
sacrifice of the superior petrosal vein (SPV), with potential risks of ischemia and hem-
orrhagic complications due to impaired venous return.

OBJECTIVE: To investigate methods for safely sacrificing the SPV.

METHODS: We retrospectively reviewed 21 cases in 346 consecutive microvascular
decompression surgeries for TN. They were intraoperatively identified as SPV and its
tributaries being the offending vessels causing TN and were intentionally sacrificed.
RESULTS: The transverse pontine vein (TPV) was sacrificed in 10 patients. The main trunk
of the SPV was sacrificed using the TPV as a collateral flow pathway in 10 patients. No
complications occurred related to impaired venous return.

CONCLUSION: The venous flow conversion technique can be applied to safely sacrificing
the SPV and its tributaries with the TPV acting as a collateral blood flow pathway to
prevent postoperative impaired venous return.
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icrovascular decompression (MVD) is a

safe and effective treatment method for

trigeminal neuralgia (TN).! The MVD
technique uses a Teflon prosthesis to relieve
vessels’” compression of the trigeminal nerve.”
However, the superior petrosal vein (SPV) may
obscure the surgical field. The SPV and its
tributaries may be part of the offending vessel
complex.” Sacrificing the SPV may be necessary
to obtain adequate visualization of the trigeminal
nerve and its related compressing vessels.>%”
However, sacrifice of the SPV may result in
complications such as ischemia and hemorrhage
due to impaired venous return.®® We have found
that the transverse pontine vein (TPV) could be
safely isolated from the SPV so that sacrifice of
the SPV could be safely performed with the TPV
acting as a collateral outflow.” We report our
experience which may suggest the optimal

ABBREVIATIONS: ABR, auditory brainstem response;
BNI, Barrow Neurological Institute Pain Intensity score;
MVD, microvascular decompression; SCA, superior
cerebellar artery; SPV, superior petrosal vein; TPV,
transverse pontine vein.
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technique of MVD for TN caused by the SPV
and its tributaries to safely and reliably improve
patient pain.

METHODS

Our research protocol was approved by the ethics
committees of our institution (No. 2741). Written
informed consent was obtained from all individual
participants from 2012 to 2021, and oral informed
consent or medical record informed consent was
obtained for all participants before 2012. The re-
quirement for written informed consent was waived
for participants before 2012 because of the retro-
spective design. All data identifying the patients were
anonymized.

A total of 346 consecutive MVD surgeries were
performed in 323 patients at our institution from April
2007 to July 2021. Twenty patients have undergone
reoperations, including 1 patient who had 3 surgeries.
Two patients also developed bilateral TN and un-
derwent surgery for each. We retrospectively reviewed
these surgeries by referring to medical records, surgical
records, and surgical videos. We identified the surgeries
in which the SPV or its tributaries were directly
compressing or touching the trigeminal nerve and were
treated by MVD by sacrifice of the offending vessels.
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All patients underwent head computed tomography on the day after
surgery and head magnetic resonance imaging within 1 month after
surgery. Complications due to impaired venous return were evaluated
based on clinical and imaging findings. Postoperative pain relief and facial
numbness were assessed during hospitalization and at the last outpatient
follow-up, and the Barrow Neurological Institute pain intensity score was
used to assess pain relief.!°

Surgeries were performed under general anesthesia in the park bench
position by the retrosigmoidal approach. Auditory brainstem response
(ABR) was used for intraoperative monitoring. If necessary, the great
horizontal fissure of the cerebellum was dissected to obtain an intraoperative
view of the entire trigeminal nerve and the SPV and its tributaries.

Surgery for the offending SPV or its tributaries used transposition tech-
niques to preserve the main trunk of the SPV and its tributaries as far as
possible, until certain criteria for sacrifice of the SPV were introduced in 2013.

Subsequently, the TPV could be coagulated and cut. If the TPV could be used
for collateral outflow, the SPV could also be coagulated and cut.

RESULTS

Patient characteristics are shown in Table. The SPV complex
was the offending vessel in 21 cases (21 of 346, 6%): The TPV
was sacrificed in 10 cases and the main trunk of the SPV in 11.
Blood flow to the SPV was converted to the TPV as the SPV was
sacrificed in 10 cases. In 1 case, both the SPV and the TPV were
unintentionally sacrificed, and the flow to the SPV was converted
to the vein of the middle cerebral peduncle. Nineteen patients
showed improvement of symptoms (90%), and 2 patients had no
change in symptoms immediately after surgery. Nine patients
(43%) had facial numbness at discharge, and 5 patients (24%) had
residual numbness at the last outpatient follow-up. Postoperative
computed tomography and magnetic resonance imaging detected
no cases of venous infarction or bleeding complications. The
median follow-up period was 8 months (mean, 17 + 22 months).
Four second surgeries were included: initial surgery using
transposition of the SPV with Teflon string but pain recurred after
2 years and 11 months in 2 patients (1 not treated in our practice);
pain recurred after MVD for superior cerebellar artery in 1 patient
after 3 months; and persistent pain continued just after trans-
position of the superior cerebellar artery in 1 patient (Figure 1).
Two illustrative cases are shown in Figures 1 and 2.

DISCUSSION
The feasibility of cutting the SPV during MVD surgery has

been discussed since the time of Dandy.'' Major studies have
shown that the incidence of postoperative complications caused
by the sacrifice of the SPV is not high.2’4’5 However, some cases of
serious complications,”'*!'? with a complication rate of up to
31% have been reported.'® Therefore, the impact of SPV sacrifice
should not be ignored. Previous studies of low complication rates
with SPV sacrifice did not support unnecessary sacrifice of the
SPV and suggested that SPV sacrifice should depend on the
intraoperative risk-benefit analysis.! !¢
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TABLE. Clinical Characteristics of 21 Patients With Trigeminal
Neuralgia Caused by Venous Compression
Characteristic Value
Age, mean (range), y 55.2 £ 16 (26-79)
Sex, No. (%)

Male 4 (19)

Female 17 (81)
Side of pain, No. (%)

Right 10 (48)

Left 11 (52)
Pain distribution, No.

V2 6

V3 5

V1/V2 5

V2/V3 4

V1/N2/N3 1
Second surgery, No. 4
Sacrificed veins, No.

Transverse pontine vein 10

Superior petrosal vein 11
Veins of blood flow conversion, No.

Transverse pontine vein 10

Vein of middle cerebral peduncle 1
Pain relief, No.

BNI | 17

BNI Il 2

BNI IV 2
Numbness at discharge, No. (%) 9 (43)
Numbness at final visit, No. (%) 5 (24)
Complications, No. 0

BNI, Barrow Neurological Institute Pain Intensity score

Venous compression of the trigeminal nerve is believed to cause
4% to 19% of cases of TN, with several cases involving the
SPV.17:18 To preserve the vein as far as possible, the arachnoid
membrane around the SPV is dissected to increase mobility,'” and
the approach for MVD is adapted according to the position of the
SPV complex.'® However, the most appropriate location (main
trunk or branched part) for cutting the SPV has not been
identified.

The SPV complex generally consists of the vein of the cer-
ebellopontine fissure, the vein of the middle cerebellar peduncle,
the TPV, the pontotrigeminal vein, and the anterior lateral
marginal vein. The SPV shows considerable variation, with
multiple tributaries branching from the SPV and even multiple
SPVs (Figure 3).”° Various studies of preoperative imaging have
found that the location of the SPVs and the composition and
thickness of tributaries can be identified, but there is no consensus
on determining which veins can be sacrificed.”*'

We evaluated our cases requiring sacrifice of the SPV complex
with 2 hypotheses in mind. The first is that the TPV can be
sacrificed.” The TPV often causes TN'722-24 and sometimes has
to be sacrificed. The TPV is connected to the terminal vein, the
anterior pontomesencephalic venous system, and the contralateral
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FIGURE 1. Intraoperative photographs of the second surgery of a 47-year-old woman who underwent
microvascular decompression for left trigeminal neuralgia. At the initial surgery, the SCA seemed. to be the
offending vessel. We performed only transposition of the SCA, but the patient did not experience any
postoperative pain relief. Therefore, we concluded that the responsible vessels were the SPV and performed the
second surgery. A and C, The SPV (black square) contacts the trigeminal nerve, and its tributaries are the TPV
(black arrowhead), the vein of the middle cerebral peduncle (white arrow), and the vein of the cerebellopontine
Sissure (white arrowhead). B and D, We determined that blood flow from the vein of the middle cerebral
peduncle and vein of the cerebral pontine fissure could be drained into the TPV. The SPV was sacrificed, and
the blood flow from the vein of cerebellopontine fissure and the vein of middle cerebral peduncle was diverted to
the TPV. SCA, superior cerebellar artery; SPV, superior petrosal vein; TPV, transverse pontine vein.

TPV, and this wide network of anastomoses has sufficient col-
lateral blood flow pathways.?” Therefore, we believe that these
abundant collateral channels will compensate for the changes in
blood flow caused by sacrifice of the TPV.

Our second hypothesis is that the SPV can be sacrificed by
using the TPV as a compensatory mechanism for blood flow. As
mentioned above, the network of venous return in the ventral part
of the brainstem is extensive and the compensatory mechanisms
are easily activated.?'>> However, loss of perfusion may not be
compensated in vessels such as the pontotrigeminal vein and vein
of the cerebellopontine fissure, which have the potential for ex-
tensive drainage from the dorsal side of the bridge and cerebellar
hemispheres so increasing the risk for venous infarction and
hemorrhage. Therefore, we believe that disruption of the conti-
nuity between these vessels and the main trunk of the SPV is
feasible only if the continuity of these vessels can be maintained
with the TPV.

The present study showed that no patients suffered cerebral
infarction or hemorrhagic complications suspected to result from
impaired venous return. Pure venous compression is an unfa-
vorable prognostic factor for surgical outcomes after MVD for TN
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and is associated with the failure to attain complete pain relief. We
presented that 90% of treated patients showed Barrow Neuro-
logical Institute Pain Intensity score I and II at the last follow-up.
Our results were better than previous reports, despite the short
follow-up period.!”-*>*” Because the offending vessel is ade-
quately transposed, the vessel does not contact the trigeminal
nerve again and adhesions do not occur around the trigeminal
nerve. In addition, we can treat without placing Teflon fibers
between the nerve and the vessel. In fact, we have experienced 2
cases in which the SPV was transposed using a Teflon string at the
initial surgery but recurred later. In those 2 cases, we successfully
treated them by sacrificing the SPV.

The usefulness of cutting the TPV during MVD, including our
report,9’28 has been investigated, but maintaining the venous
return of the SPV is unclear. We here propose a hypothesis for the
safe sacrifice of the SPV based on the TPV’s ability to provide
compensatory collateral flow pathways. We believe that cutting
the SPV at a point that impairs venous return carries a risk of
serious complications. Masuoka et al” reported that the cerebellar
infarction occurred after sacrificing the main trunk of the SPV and
its tributaries consisting of the vein of the cerebellopontine fissure,
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FIGURE 2. Intracperative photographs of a 67-year-old man who underwent microvascular decompression for
right trigeminal newralgia. A and C, The vein of the cerebellopontine fissure (white arrowhead) penetrates the
trigeminal nerve, the transverse pontine vein (black arrowhead) contacts the ventral side of the trigeminal nerve, and
the trigeminal nerve is in traction. B and D, By cutting a part of the superior petrosal vein (SPV; black square), the
blood flow from the pontotrigeminal vein (white arrow) to the SPV was maintained, and the blood flow from the
vein of cerebellopontine fissure to the SPV was diverted to the transverse pontine vein. SPV, superior petrosal vein.

the superior hemispheric vein, and the pontotrigeminal vein. The
lack of a compensatory pathway such as the TPV may have caused
the complication. Zhong et al*? confirmed the presence or absence of
changes in the ABR by temporarily occluding the SPV; because
perfusion of the lateral cerebellar hemisphere and the vein diameter
were evaluated, tributaries were not identified. Changes in ABR were
found in 8.6% of patients, who may not have had a compensatory
collateral blood flow pathway such as the TPV. On the other hand,
the complication rate caused by SPV sacrifice has been low with a
large number of cases. Possibly even if the main trunk of the SPV is
sacrificed, the blood flow to the SPV may have been converted to
tributaries of the SPV that acts as a compensatory pathway.

Odur series included 4 recurrent cases. Transposition of the SPV
was used the string technique in 2 patients at the initial surgery.
We believe that this can be avoided if steady decompression is
achieved by coagulating and cutting the SPV at the appropriate
location.

Limitations FIGURE 3. Comprehensive illustrations of the venous vessels comprising the
superior petrosal vein complex from the ventral side of the brainstem. I,

The limitations of this study are the retrospective design, small
pontotrigeminal vein; 2, transverse pontine vein; 3, superior petrosal vein; 4,

number of cases, and short follow-up period. The number of cases X ; . ; : i

. hich the SPV is the offendi Lis i itabl all anterior lateral marginal vein; 5, vein of cerebellopontine fissure; 6, vein of
in which the [ is the offending vessel is inevitably small, so middle cerebellar peduncle.

further accumulation of cases is necessary to confirm our results.
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CONCLUSION

MVD for TN requiring cutting of the offending SPV and its
tributaries is possible if the TPV could be sacrificed or used as a
collateral blood flow pathway to prevent postoperative impaired
venous return. This procedure can be applied for other cer-
ebellopontine angle surgeries.
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COMMENT

I n this detailed and comprehensive technical report, the authors
characterize their technique modification for the sacrifice of the su-
petior petrosal vein (SPV) for microvascular decompression of the tri-
geminal nerve in cases of venous contact etiology. They characterize this
technique beautifully, with clear operative photos and illustrative figures.
Pain relief was quite good, and there were no vascular complications in
their series of 21 patients.

Sacrifice of the SPV has been debated significantly over the decades,
with large series demonstrating vascular complications (ranging from
0.5% to 31%, but most around 5%). The current dogma is to protect this
vein and its branches unless unavoidable or absolutely necessary for the
operation at hand. For trigeminal neuralgia patients, who are effectively
undergoing a quality-of-life surgery, even a 0.5% risk of hemorrhage or
stroke is considered a significant incidence. This technique modification
exemplified by the authors may very well be safer than traditional SPV
sacrifice, though larger series will be necessary to prove safety with
statistical significance. The authors should be commended for their work
on this important technical nuance.
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