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ORIGINAL RESEARCH
ADULT BRAIN

Depiction of the Superior Petrosal Vein Complex by 3D
Contrast-Enhanced MR Angiography

X B. Bender, X T.-K. Hauser, X A. Korn, X U. Klose, X M. Tatagiba, X U. Ernemann, and X F.H. Ebner

ABSTRACT

BACKGROUND AND PURPOSE: Intraoperative obliteration of the superior petrosal vein complex has a relevant risk of postoperative
complications. A large venous diameter and the absence of anastomoses have been previously suggested as possible risk factors. 3D
contrast-enhanced MRA was evaluated for the identification of superior petrosal vein anatomy.

MATERIALS AND METHODS: Twenty-five patients (10 men; age, 20 –77 years) with a 3D-MRA (voxel size, 0.4 � 0.4 � 0.5 mm3) at 3T,
including the posterior fossa, were retrospectively identified. Image evaluation was performed independently by 2 neuroradiologists with
respect to overall image quality and the presence, location, size, tributaries, and anastomotic veins of the superior petrosal vein complex.
Additionally, 8 neurosurgical cases with intraoperative validation of the venous anatomy were examined.

RESULTS: All studies were of diagnostic image quality. Interobserver agreement was excellent for image-quality measurements (r �

0.751– 0.982) and good for measured vessel size (r � 0.563– 0.828). A total of 83 superior petrosal veins were identified. The distribution of
drainage locations and identification of tributaries and anastomotic veins were consistent with previous anatomic studies. The results
showed that 4.8% of superior petrosal veins had a diameter of �2 mm and lacked a visible anastomosis. All surgical cases showed excellent
agreement between the MRA and the intraoperative observations.

CONCLUSIONS: 3D-MRA with high resolution is appropriate for analyzing the size, course, tributaries, and anastomoses of the superior
petrosal vein. A total of 4.8% of the identified superior petrosal veins had to be classified as potential high-risk veins. The measurements
correlated with the intraoperative findings.

ABBREVIATIONS: SPS � superior petrosal sinus; SPV � superior petrosal vein

In the 1960s, radiologists first described the detailed anatomy of

the venous drainage of the posterior fossa using conventional

angiography1-3 and identified the diagnostic significance of the

superior petrosal vein (SPV) in the evaluation of cerebellopontine

angle tumors.2 Several neurosurgical reports have described com-

plications arising from the sacrifice of the SPV due to compromise

of the cerebellar deep venous outflow, leading to extensive venous

infarction and hemorrhage.4-8 The exact anatomic location of the

SPV plays a crucial role in evaluating the risks of a middle fossa

approach with anterior petrosectomy and the retrosigmoid-su-

prameatal approach because the intraoperative location of at-risk

veins differs greatly between the 2 approaches.9 Precise knowledge

of the course, size, variations, and outflow system of associated

anastomotic veins of the SPV is of great interest to neurosurgeons

to plan the approach and thus reduce the risk of venous

complications.

The SPV enters the superior petrosal sinus (SPS) and may be

formed by the terminal segment of a single vein or by the common

stem formed by the union of up to 5 veins.6 The most common

tributaries of the SPV are the transverse pontine and pontotri-

geminal veins (depending on the literature, also considered to be

part of the lateral mesencephalic vein or referred to as the brachial

tributary of the superior petrosal vein), the common stem of the

superior cerebellar hemispheric veins, and the veins of the cer-
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University Hospital Tübingen, Tübingen, Germany; and Radiologie in Hof (A.K.),
Hof, Germany.

Other patient samples with slightly different MR imaging protocols or small sub-
groups of the present article have been presented at the following meetings: An-
nual Meeting of the German Society of Skull Base Surgery, October 11–12, 2013;
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ebellopontine fissure and the middle cerebellar peduncle.10-12

The SPV can be classified as a lateral, intermediate, or medial type

based on the anatomic relationships between the site of entry into

the superior petrosal sinus and the internal acoustic meatus12 and

based on the relationship of the site of entry into the superior

petrosal sinus to the internal acoustic meatus and the Meckel

cave.9 The anterior pontomesencephalic and the lateral mesen-

cephalic veins link the SPV complex and the basal vein of

Rosenthal and thus represent the 2 main anastomoses between

the supra- and infratentorial venous systems.13,14 In the case of

several SPVs, there is also the possibility of an anastomosis be-

tween them.

Many MR imaging studies have shown that venous structures

can be depicted with high diagnostic accuracy.15-20 However, due

to the variable diameter, the close relationship to nearby air-filled

bone structures and the superior cerebellar artery, and the course

along brain parenchyma, CSF, and bone, the depiction of the SPV

and its tributaries is challenging. Knowledge about the size, trib-

utaries, and anastomoses of the SPV mostly exists from microsur-

gical and anatomic studies9-12,14,21 or digital subtraction angiog-

raphy.11 A detailed preoperative MR imaging evaluation of the

individual venous anatomy would meaningfully inform the sur-

gical strategy.

The purpose of our study was to evaluate whether a contrast-

enhanced MRA with high spatial resolution that cannot be ob-

tained with 2D noncontrast venography can depict the variations,

tributaries, and anastomoses of the SPV.

MATERIALS AND METHODS
Patients
All patients who underwent a high-resolution 3D-MRA at the 3T

MR imaging scanner of the Department of Radiology, University

Hospital Tübingen in 2013 were retrospectively identified by a

radiologic information system search; patients younger than 18

years of age were excluded. A total of 25 patients were identified

(10 men, 15 women; mean age, 49.3 � 19.5 years; age range,

20 –77 years) and included in the analysis. After transferring the

clinical data and the results of the image evaluation into a research

data base, we removed all identifying information before further

evaluation. There was a broad spectrum of clinical indications.

Additionally, 8 patients with cerebellopontine angle tumors

underwent preoperative 3D-MRA. For these cases, a comparison

with the intraoperative findings from the surgical report and

video documentation was conducted. Our study was approved by

the local institutional review board, and the need for informed

consent was waived due to the anonymous evaluation.

Imaging Technique
All studies were performed on a 3T MR imaging system (Magne-

tom Skyra; Siemens, Erlangen, Germany) with a 24-channel head-

neck coil.

The 3D-MRA was performed 20 seconds after an intravenous

injection of Gd-DTPA (0.1 mmol/kg body weight) at 1.5 mL/s,

followed by a saline flush (40 mL) at 1.5 mL/s using an electronic

power injector (Spectris MR injector; MedRad, Indianola, Penn-

sylvania). A fast 3D gradient recalled-echo sequence in the axial

orientation was used (FOV, 240 � 210 mm2; matrix, 576 � 504; 1

slab; 176 slices; slice thickness, 0.5 mm; TR/TE, 8.44/2.8 ms; flip

angle, 30°; bandwidth, 130 Hz/pixel), with elliptic centric k-space

encoding, asymmetric k-space sampling (partial Fourier 6/8), and

zero interpolation in all 3 planes.

Subsequent image-quality analysis was performed indepen-

dently by 2 neuroradiologists, each with 6 years of experience. For

cases in which the reported number of SPVs differed, a third se-

nior neuroradiologist with 16 years of experience evaluated the

case in a consensus reading with the first 2 raters. The original

image data and thin-slab MIPs (3-mm-thick, reconstructed in

steps of 1 mm) aligned to the superior petrosal sinus in all 3 axes

were evaluated on the local PACS and a 3D volume viewer

(syngo.via Siemens Healthineers, Erlangen, Germany). Sepa-

rate image-reading sessions were organized for both readers.

The MIP reconstructions were used to obtain a first overview

of the relationship among the different tributaries of the SPVs.

In all cases, an overlap between adjacent vessels was seen and

the original image data were needed to separate branch com-

munications from artificial overlap.

The readers were asked to assess the overall quality of MR

angiograms with regard to venous enhancement and the presence

of artifacts and/or noise using a 1–3 scoring scale (1, poor image

quality: inadequate venous enhancement and/or the presence

of relevant artifacts/noise impairing the diagnosis; 2, good im-

age quality, sufficient for diagnosis: adequate venous enhance-

ment and/or mild-to-moderate artifacts/noise, not interfering

with diagnosis; and 3, excellent image quality for a highly con-

fident diagnosis: good venous enhancement, no or minimal

artifacts/noise).

Both raters were asked to draw an oval ROI in the basilar

artery, brain stem, outside the brain within the noise, in the left

and right transversal sinuses, and in the left and right petrosal

sinuses. Within this ROI, mean signal intensity and SD were

recorded.

Anatomic Analysis
According to the anatomic definition, every vein draining into the

SPS was classified as an SPV. For the evaluation of the tributaries,

the rater used a previously reported scheme that divides the trib-

utaries into 4 groups: the anterior pontomesencephalic group, the

tentorial group, the petrosal group, and the posterior mesen-

cephalic group (Fig 1).11 Each rater evaluated the presence and

sizes of anastomoses between the supra- and infratentorial ve-

nous systems via the anterior pontomesencephalic and the

posterior mesencephalic groups. If there was no direct anasto-

mosis of an SPV, the raters were asked to judge whether an

anastomosis to another SPV with infra- to supratentorial anas-

tomosis was present. If 2 anastomoses (with diameter d1 and

d2) were present for an SPV, the combined diameter dc was

calculated as follows:

dc � 2 � ��d1

2 �
2

� � �d2

2 �
2

�.

The SPV drainages were subdivided into lateral, intermediate,

and medial groups based on the relationship between the site of

entry into the superior petrosal sinus and the internal acoustic

meatus on sagittal MPR reconstructions: Type I was defined as an
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SPV that drains into the SPS lateral to the internal acoustic me-

atus, SPV type II drains into the SPS above the internal acoustic

meatus, and type III drains into the SPS medial to the internal

acoustic meatus.12

The sizes of the basal vein, SPV, anterior pontomesencephalic

vein, and lateral mesencephalic vein were measured in millime-

ters. If the size was �0.5 mm (and therefore smaller than the

acquired resolution), a value of 0.2 mm was used for statistical

evaluation.

Statistical Evaluation
All statistical analyses were performed with SPSS (Version 22;

IBM, Armonk, New York). Image-quality scores were plotted as

median and range. A Wilcoxon rank sum test was used to evaluate

the significance of the image-quality grading differences between

the 2 readers. A Kruskal-Wallis test was used for between-group

differences; post hoc analysis with correction for multiple com-

parisons was performed using the Dunn-Bonferroni test. To eval-

uate the effect size of the between-group differences, we calculated

Pearson correlation coefficients (r) for significant results (0.1 �

small, 0.3 � medium, 0.5 � large effect22).

Interobserver agreement for subjective image-quality grading

was determined by calculating the linear weighted � coefficient

(poor agreement, � � 0; slight agreement, � � 0.01– 0.2; fair

agreement, � � 0.21– 0.4; moderate agreement, � � 0.41– 0.6;

good agreement, � � 0.61– 0.8; and excellent agreement, � �

0.81–123). Interobserver agreement for objective image-quality

measurements was evaluated by correlation coefficient analysis.

A 2-sided value of P � .05 was considered significant.

RESULTS
We examined 50 SPSs in 25 patients. Image quality was assessed as

excellent in 13/25 cases by the first reader (B.B.) and in 17/25 cases

by the second reader (A.K.); all other cases were considered good

quality. The interobserver reliability was good (� � 0.675). Figure

2 shows a typical MIP reconstruction at the level of the inflow of

the SPV into the SPS.

Between raters, there was excellent correlation in the mea-

sured signal intensities for the anatomic ROIs (Table 1) and good

agreement for the measured diameters (Table 2). Objective image

criteria of the area of interest were excellent; the mean SNR of the

left SPS was 141.6 (range, 72.2–300.4), and the mean SNR of the

right SPS was 143.2 (range, 76.5–273.6).

The first and second raters identified 42 and 48 SPVs, respec-

tively, on the left side and 37 and 44 SPVs on the right side. The

interrater reliability was moderate for both the right (� � 0.496)

and left (� � 0.502) hemispheres.

Ten and 7 cases with a divergent judgment by the 2 reviewers

on the left and right sides, respectively, were evaluated a second

time in a consensus reading. After the consensus readings, 43

SPVs on the left side and 40 SPVs on the right side were identified.

In all except 2 cases with a divergent judgment, the point of

drainage of a transverse pontine vein (type III) was considered

to be the SPS by one rater and the cavernous sinus by the other

rater. In these cases, a line was drawn through the unambigu-

FIG 1. Anatomic overview of the tributaries of the superior petrosal veins (reproduced with permission of Oxford University Press from
Matsushima K, Matsushima T, Kuga Y, et al. Classification of the superior petrosal veins and sinus based on drainage pattern. Neurosurgery
2014;10 Suppl 2:357– 67).11 A, Anterior view of the left petrosal cerebellar surface and anterolateral brain stem of an anatomic preparation with
veins perfused with blue and arteries with red silicone. B, Colored multifusion image (T1 MPRAGE and conventional 3D digital subtraction
angiography) with a similar view compared with A. The 4 drainage groups are red (petrosal group), blue (anterior pontomesencephalic group),
green (posterior mesencephalic group), and yellow (tentorial group).

FIG 2. Transversal MIP at the level of the drainage of the SPV into the
SPS (type II, internal acoustic meatus not shown). The tributary veins
are clearly identifiable: lateral mesencephalic vein (asterisk, posterior
mesencephalic group, anastomosis to the basal vein), transverse pon-
tine vein (anterior pontomesencephalic group), and vein of cerebel-
lopontine fissure (petrosal group). The artificial union of the SCA and
the transverse pontine vein is clearly distinguishable on the original
imaging data (asterisk, depending on the literature, also named pon-
totrigeminal vein and brachial tributary of the superior petrosal vein).
BA indicates basilar artery; SCA, superior cerebellar artery; VCPF,
vein of cerebellopontine fissure; infr. tent. segm. of anast, infratento-
rial segment of anastomosing.
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ous course of the SPS; if a medial vein drained at the level of

this line, it was considered an SPV during the consensus read-

ing. If the drainage was medial to or below this line, it was not

considered an SPV.

After the consensus readings, 22/50 SPSs (44%) had 1 SPV,

23/50 SPSs (46%) had 2 SPVs, and 5/50 (10%) had 3 SPVs. Table

3 summarizes the types and diameters of the SPVs. There was a

significant difference in vein size for the 3 types (H(2) � 28,871,

P � .001). Post hoc comparison indicated that type III veins were

significantly smaller than type I (z � 2.861, P � .01, r � 0.44) and

type II (z � 5.333, P � .001, r � 0.64) veins. Table 4 shows the

distribution of the drainage groups. The most common tributary

vein was the vein of the cerebellopontine fissure (petrosal group),

which drained into an SPV in all except 1 case. Eighteen of the 83

SPVs (21.7%) had no visible infra-to-supratentorial anastomosis

and were considered potentially dangerous SPVs in case of oblit-

eration. Of these 18 SPVs, 2 were type I (2.4% of all SPVs; 15.4%

of type I), 6 were type II (7.2% of all SPVs; 14.6% of type II), and

10 were type III (12% of all SPVs; 34.5% of type III). The mean

diameter of the potentially dangerous SPVs was 1.5 mm (�0.5–3

mm). Figure 3 illustrates the diameter of the SPVs in comparison

with the diameter of the anastomosis.

Data for the intraoperative validation group are shown in Ta-

ble 3 and On-line Table 1. In general, the distribution and size

were comparable with those in the patient group without intra-

operative validation. Many SPVs on the affected side were com-

pressed at the entry into the SPS, with enlarged anastomoses. In all

cases, there was excellent agreement with the intraoperative

anatomy. In 2 cases, an SPV was sacrificed during an operation

without adverse effects (patient 3, Fig 4 and patient 6, second

type II SPV). In patient 1, the left SPV was preserved, though

altered arachnoid mater and tumor covering parts of the SPV

Table 1: Results of the ROI analysis for objective image quality and the calculated correlation coefficients for interobserver agreementa

Anatomic Structure Mean Rater 1 (A.U.) Mean Rater 2 (A.U.) No.
Pearson Correlation

Coefficient R Significance
Noise

a
4 � 1 4 � 1 25 0.818 �.001

Basilar artery 1110 � 294 1170 � 381 25 0.852 �.001
Brain stem 176 � 24 179 � 24 25 0.895 �.001
Vein of Galen 1040 � 344 1020 � 303 23 0.910 �.001
Transverse sinus (R) 905 � 280 896 � 276 25 0.982 �.001
Transverse sinus (L) 878 � 232 902 � 244 25 0.982 �.001
Basal vein (R) 812 � 283 783 � 243 19 0.910 �.001
Basal vein (L) 847 � 233 839 � 234 24 0.936 �.001
SPS (R) 561 � 186 601 � 183 25 0.852 �.001
SPS (L) 537 � 233 612 � 169 25 0.741 �.001

Note:—R indicates right; L, left; A.U., arbitrary units; No., number of cases.
a For noise, the SD of the signal in the ROI is given; for all other ROIs, the mean signal is presented.

Table 2: Results of the evaluation of the diameters of the main vesselsa

Anatomic Structure Mean Rater 1 (A.U.) Mean Rater 2 (A.U.) No.
Pearson Correlation

Coefficient R Significance
Basal vein (R) 1.7 � 0.4 1.6 � 0.8 24 0.563 .003
Basal vein (L) 1.8 � 0.4 1.7 � 0.4 25 0.659 �.001
Lateral mesencephalic vein (R) 0.9 � 0.5 0.9 � 0.5 19 0.753 �.001
Lateral mesencephalic vein (L) 0.7 � 0.7 0.8 � 0.6 20 0.828 �.001
Anterior pontomesencephalic vein 0.6 � 0.6 0.6 � 0.5 25 0.726 �.001
SPS (R) 2.6 � 0.5 2.5 � 0.7 25 0.663 �.001
SPS (L) 2.6 � 0.6 2.5 � 0.6 25 0.595 .002

Note:—No. indicates the number of veins present; R, right; L, left; A.U., arbitrary units.
a Missing veins were omitted for the calculation of the mean and rated as 0 mm for the correlation coefficient. Visible veins �0.5 mm were rated as 0.2 mm.

Table 3: Position and size of 83 petrosal veins in 25 patients without intraoperative validation and in 8 patients with intraoperative
validation

Type of SPV

No. of SPVs in Patients Mean Diameter (Range) (mm) in Patients

Without Surgery With Surgery Without Surgery With Surgery
I, lateral 13 (15.7%) 1 (4.8%) 2.0 (0.5–2.9) 2.5 (2.5–2.5)
II, intermediate 41 (49.4%) 10 (47.6%) 2.4 (�0.5–5.6) 2.1 (1.5–3.6)
III, medial 29 (34.9%) 10 (47.6%) 1.3 (�0.5–2.7) 1.0 (�0.5–2.1)
I–III 83 21 2.0 (�0.5–5.6) 1.6 (�0.5–3.6)

Table 4: Frequencies of superior petrosal vein drainage groups for each cerebellopontine angle (n � 50) and each superior petrosal
vein (n � 83)

Drainage Group

Frequency of Group/Side Frequency of Group/SPV

Left Right Total Left Right Total
Petrosal 25 24 49/50 sides (98%) 31 31 62/83 (74.7%)
Posterior mesencephalic 22 22 44/50 sides (88%) 22 23 45/83 (54.2%)
Anterior pontomesencephalic 23 21 44/50 sides (88%) 27 27 54/83 (65.1%)
Tentorial 14 15 29/50 sides (58%) 14 15 29/83 (34.9%)
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were seen (Fig 5). Because the fresh-frozen section was not

conclusive, a radical approach with a sacrifice of the SPV was

considered too dangerous, given the information from the pre-

operative MR imaging.

DISCUSSION
In this study, 3D-MRAs were retrospectively evaluated for image

quality and anatomic depiction of the SPV. Objective imaging

criteria and interrater reliability regarding subjective image qual-

ity were good to excellent. Anatomic depiction of the SPV and

identification of its tributaries and anastomoses were possible in

all cases, and the results are in good agreement with previous

results.9-12 There is a large variation in the reported frequency of

drainage types.9,11,12 This variation can be explained, in part, by

the difficulty in defining the exact border of the internal auditory

meatus, as well as a slightly different classification scheme in 1 of

the studies.9

In contrast to previous studies,9,11 SPSs with 2 or 3 draining

SPVs were more common, with 42% and 10%, respectively, in

comparison with 20% and 3%11 and 23% and 0%.9 However,

these frequencies are consistent with an earlier microsurgical

study that found frequencies of 50% and 10%.12 Only Huang et

FIG 3. Scatterplot of the diameter of the SPV versus the combined
diameters of its anastomoses. To better visualize overlaying data points,
we added a random offset between �0.025 and 0.025 to each diameter.
SPVs with no visible anastomosis are shown as red circles, while x repre-
sents SPVs with at least 1 anastomosis (green indicates the diameter of
the SPV � 2 mm; blue, diameter of the SPV of � 2 mm). SPVs with a
diameter of �2 mm are considered dangerous by Zhong et al.6

FIG 4. A, Intraoperative view shows that the venous anatomy is hidden for the neurosurgeon by the meningioma (white dots). B, After removal of the
tumor, the neurosurgeon can see the medial superior petrosal vein (type III) and the trigeminal nerve (arrow). Two tributaries are encountered in
concordance with the MR imaging. A schematic drawing (C) based on axial MIP reconstruction (D) of the preoperative 3D-MRA shows a compressed
single SPV (asterisk in C) just ventral to the meningioma, with 2 tributaries and a main drainage via a pontine transverse vein and the anterior
pontomesencephalic vein. Although the location was known, partial thermocoagulation (note the different color of the SPV marked with an asterisk
in B) of the previously compressed SPV could not be prevented. The dorsal region of the cerebellum had direct drainage into the basal vein via a large
lateralmesencephalicvein (notshown).Vindicatesvein;V.ofCer.Pon.Fiss,veinofthecerebellopontinefissure;Bas.Art.,basalartery;Ant.Pon.Mes.V,anterior
pontomesencephalic vein; Sup. Petr. Sinus, superior petrosal sinus; Trans. Pon. V., transverse pontine vein; Tent. Vein, tentorial vein; Trans. Sin, transverse sinus.
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al3 noted that “not infrequently there are several venous stems

which drain into the superior petrosal sinus at different

points.”

Consistent with a previous study,11 we found that the petrosal

group was the largest and most common drainage group of the

SPV and was present in all except 1 SPS. The posterior mesen-

cephalic and the anterior pontomesencephalic groups were

equally common and were present in 88% of SPSs, in agreement

with a previous study,11 considering the number of subjects eval-

uated in both studies. A noticeable difference was found for the

tentorial group, which was found in only 58% of our patients but

in 70% in the study by Matsushima et al.11 The largest tributary of

the tentorial group, the anterior lateral marginal vein,11 is a very

small vein and is the only vein for which the terminal size has been

described as “very small” without a corresponding measurement

(millimeters) in a microsurgical anatomic study.12 With a resolu-

tion of 0.42 � 0.42 � 0.5 mm, our MR image, therefore, might

have missed some of the very small anterior lateral marginal veins

with drainage into the SPS, and this group might be underesti-

mated in our sample. Very small veins are usually not considered

a problem during an operation6; therefore, the insufficient reso-

lution for these veins is of no clinical relevance. In comparison

with a recent study based on CT-venography,24 3D-MRA de-

picted more tributaries, probably due to the better resolution.

Both methods can be easily incorporated into the standard

work-up of planned surgical cases.

In the neurosurgical literature, the rate of complications after

sacrificing an SPV varies. In a study of 30 patients with dissection

of an SPV during resection of a petrous apex meningioma, minor

complications were described in 23.3%, and major complica-

tions, in 6.6% of patients.4 Zhong et al6 identified 5/205 potential

high-risk SPVs (2.4%) in patients undergoing microvascular de-

compression for trigeminal neuralgia. In 3/5 cases, the SPV was

occluded to achieve a decompression of

the root entry zone, despite deteriora-

tion of the electrophysiologic record-

ings. All patients developed a major

complication with cerebellar edema,

brain shift, and the need for posterior

fossa decompression. It is unclear from

the publication whether minor compli-

cations occurred or whether they were

evaluated. Anastomoses do not exist be-

tween the right and left SPV complex

but only between the ipsilateral infraten-
torial and supratentorial compart-
ments.14 In our study, we were able to
evaluate the presence and size of the 2
major anastomotic pathways (the lateral
mesencephalic vein and anterior pon-
tomesencephalic vein) of the SPV to the
deep supratentorial venous system,
which are considered crucial for risk

stratification.14 A third pathway formed

by tiny branches, the anterolateral anas-

tomosis, was not visible in our study,
probably due to its size. Due to the small

diameter, the role of the anterolateral
anastomosis as a sufficient alternative drainage after occlusion of
a large SPV has to be discussed.

A total of 43.4% of the SPVs in our study were �2 mm and

must be considered dangerous following the definition of Zhong

et al.6 A total of 22% of SPVs had no visible anastomoses. In total,

4/18 SPVs without visible anastomoses were �2 mm. The frequen-

cies of SPVs of �2 mm lacking anastomoses (4.8%) and SPVs of �2

mm without visible anastomoses (16.9%) nicely correlate with the

rate of major (2.4%–6.6%) and minor (23.3%) complications in the

literature.4,6

Usually, veins are elastic and can increase in size if needed. For

the pulmonary vein, a variability in the diameter of approximately

15%, as the heart cycles, can be found in the literature.25 Addi-

tionally, very small anastomoses (not visible in our study) can

probably further increase the flow through alternative pathways.

It remains unclear how large the diameters of the visible anasto-

moses have to be in comparison with the SPV if it is sacrificed. In

all surgical cases, the intraoperative anatomy correlated well with

the findings of the preoperative MR imaging. In 1 case, a large SPV

of 2.1 mm had to be sacrificed, and the visible anastomosis in-

creased in size at follow-up examinations.

CONCLUSIONS
This study shows that with dedicated high-resolution MR an-

giography of the posterior fossa, one can identify the size, lo-

cation, and presence of anastomoses of the SPV. This proce-

dure permits the preoperative identification of patients at risk

for postoperative complications if the SPV is sacrificed. Our

data support the hypothesis that the combination of a large-

diameter SPV and the absence of sufficient anastomoses might

be a risk factor for complications after intraoperative sacrifice

of the SPV.

FIG 5. Intraoperative views of the tumor (A, white arrow) and after removal of the tumor (B and
C): T1-weighted postcontrast scan (D) and axial (E) and sagittal (F) MIP reconstructions of the MR
imaging. Nerves VII and VIII (asterisk) are seen directly below the tumor. A single large SPV (white
arrow in B–D; purple colored in E,F) drains a large portion of the cerebellum and enters the SPS
just in front of the tumor (type II). With a diameter of �2 mm and no visible collaterals in the MRA
and intraoperatively, fibrous arachnoidea and tumor (arrowhead) sticking to the SPV were not
removed due to the high risk of obliteration.
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