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SUMMARY: A comparative study of the morphology of suboccipital cavernous sinus (SCS) using MRI and cast specimens
was performed. The present retrospective study analysed the craniocervical magnetic resonance venography (MRV) imaging data of
61 patients. Three-dimensional reconstruction was performed using Mimics 19.0. The SCS left-right diameter(d1), disthece from t
midline (d2), supero-inferior diameter(d3), anteroposterior diameter (d4), distance from posterior diameter to skin {d&)etard d
of the SCS at different parts (d6-d8) were measured. Comparison between MRV images and cast specimens, the SCS, marginal sinus,
anterior condylar vein, and vertebral artery venous plexus were symmetrical and could be bilaterally displayed, whessamthe pre
of extra condylar vein and posterior condylar vein exhibited different types. The adjacency between the SCS and its cagnmunicati
vessels and changes in its communicating vessels corresponded well with the MRV images and cast specimens. Many types of the
presence of left and right lateral condylar and posterior condylar veins were found in the cast specimens, which coeltiibeodivid
the bilateral presence of posterior condylar and lateral condylar veins, unilateral presence of posterior condylar vélaterahd u
presence of lateral condylar vein. A total of 61 cases analysed using MRV images revealed the bilateral presence ajnmbgearior ¢
and lateral condylar veins (77.1 %), the unilateral presence of posterior condylar vein (18.0 %), and the unilateralfdaéseice o
condylar vein (9.8 %), of which the bilateral presence of posterior condylar and lateral condylar veins accounted fostthe large
proportion. MRV images and cast specimens of the SCS showed its normal morphological structure and adjacency, thus providing
accurate and complete Three-dimensional imaging anatomical data of the SCS and its communicating vascular structungs. This stud
enriches the Chinese SCS imaging anatomy data and may be valuable in clinical practice.
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INTRODUCTION

The craniocervical junction (CCJ) is an areahat is located in the suboccipital region and surrounds the
surrounded by the lower edge of the occipital bone to th@rizontal suboccipital segment (V3) of the vertebral artery
dentata. It consists of vital structures such as meduldéad its branches, the periarterial autonomic plexus, and
oblongata, upper cervical spinal cord, cranial nerve, vertedjacent spinal nerves. SCS is similar to the intracranial
bral artery, and internal carotid artery and vein. Because @dvernous sinus in terms of the anatomical structure,
its complex anatomical structure, performing surgery in thfginction, pathological features, and transitional patterns of
area is associated with substantial risks. SCS, first reportg@ arterial wall of the perforating artery. MRV images dis-
in 1997 (Arnautoviet al, 1997), is a venous plexus structureplay an irregular shape of the SCS, with a long strip or oval
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shape in the coronal and sagittal planes and an irregular setttdy content

tor shape in the transverse plane. Increasing studies on the

SCS have indicated the pivotal physiological role of the SCISThree-dimensional reconstruction of MRV images and

and its surrounding venous structures in cranial venousmeasurement of SCS diameters.

drainage and highlighted their importance in the diagnosis

and treatment of infectious diseases, tumour disseminatieriyleasurement of the SCS coronal left-right diameter (d1),

and dural arteriovenous fistulas in this region (Hiramatsu distance from the midline (d2), and supero-inferior diameter

al., 2015). Therefore, identifying the fine anatomical (d3). Level selection: the most clearly displayed level of the

structure of the SCS in clinical practice, especially for theSCS was measured; for d3, three points were measured, and

protection of blood vessels and the reduction oftheir mean was calculated. There three points were: the exit

complications during craniocervical junction surgery, is of of the vertebral artery from the foramen transversarium; the

great significance. This study enriches the fine anatomicagntrance of the vertebral artery into the dura mater; and the

data of the Chinese SCS and presents morphologicahidpoint of the aforementioned two points.

reference data for the clinical individualised surgical plan

to ensure safety of the surgery. - Measurement of the SCS sagittal anteroposterior diameter
(d4) and the distance from the posterior diameter to the skin
(d5). Level selection: the venous plexus surrounding its

MATERIAL AND METHOD structure was measured at the level of the horizontal segment
(V3) of the vertebral artery.

Approval for this study was obtained from the Ethics Measurement of the transverse diameter of the initial part
Committee for Research of Basic Medical College of Dalian(d6), middle part (d7), and terminal part (d8) of SCS. Level
Medical University. selection: the initial part was the exit of the vertebral artery

from the foramen transversarium; because of the lack of
General information. The imaging data of cranial MRV landmarks, the middle part was considered the midpoint of
performed in the 967 Hospital of the Joint Logistics Supporthe initial part and the terminal part in the coronal plane.
Force between April 2012 and December 2021 wereThe terminal part was the entrance of the vertebral artery
retrospectively analysed, and a total of 61 patients (includingnto the dura mater. The measurement plane was perpendi-
40 males and 21 females), aged 8-72 years, with the meamlar to the vertebral artery.
age of 39.818.2 years, were enrolled. Inclusion criteria:
MRV images without artifacts. 2. Observations and display of the adjacency between SCS
and its communicating vessels (marginal sinus, anterior
Exclusion criteria: (1) significant stenosis of the condylar vein, posterior condylar vein, lateral condylar vein,
suboccipital vertebral artery; (2) venous sinus or venousand vertebral artery venous plexus) and variations in these
thrombosis in the SCS and communicating vessels. communicating vessels.

Scanning equipment and method MRV scanning Cast specimens

parameters: A 1.5T GE magnetic resonance scanner was

used, with TR 3.7 ms/TE 1.3 ms; flip angle of 250V of  Materials. Six fresh non-traumatic head and neck specimens
240 mmx240 mm; matrix of 512512; and level thickness were obtained from the Department of Anatomy, College of
of 2.4 mm. Following the injection of gadoterate megluminBasic Medicine Dalian Medical University. Perfusate materials
(Gd-DOTA) at a dose of 0.1 mmol/kg, scanning wawere: xylene, silica gel, 1.5 %-5 % curing agent, red and blue
performed without intervals. All patients had signed informedil painting pigments (red for arteries and blue for veins), and
consent before the study. warm normal saline.

Mimics three-dimensional reconstruction: The Mimics Methods. Perfusate preparation: To prepare the perfusate,
19.0 image post-processing workstation was used. First, thdene and silica gel were mixed in a 1:1 ratio, to which 2.5 %
original image data were imported for post-processing, awedring agent was added. Subsequently, red and blue oil painting
then, the MRV coronal, sagittal, and cross-sectional imagpgments were added to the mixture separately to the perfusate
were reconstructed. The diameters of the SCS were measuneal 15:1 ratio for distinguishing between arteries and veins.
using its own tools, and the display and changes in the SCS

and its communicating vessels were observed under the thiregfusion processCommon carotid artery, vertebral artery,
reconstruction levels. and internal jugular vein were catheterised and washed with
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approximately 500 mL of warm normal saline. The perfusateeasurement results are shown in Table I. Analysis of the
was injected into the common carotid artery, vertebral arterpeasurements using the paired sample T-test showed no
and internal jugular vein on one side in turn, withsignificant difference between the left and right sides
approximately 60 mL of total arterial perfusion and 80 mi(P>0.05).
of venous perfusion. When perfusate exudation was observed
in the common carotid artery, vertebral artery, and intern&8hgittal diameter of the SCSThe sagittal measurement
jugular vein on the other side and resistance in pushing tinelicators of the SCS included d4 and d5 (Fig. 1B). The
syringe, the filling of head and neck vascular perfusate waseasurement results are shown in Table II. Analysis of the
performed. measurements using the paired sample T-test indicated no
significant difference between left and right sides (P>0.05).
Corrosion and treatment: After approximately 48h and com-
plete solidification of the casting filler, the specimens wer&ransverse diameter of the SCSThe transverse
immersed in concentrated hydrochloric acid solution in theeasurement indicators of the SCS included d6, d7, and
upright position for corrosion to ensure that the position @f8. The initial part was the exit of the vertebral artery from
each structure does not change during the preparation of castimg transverse foramen. The middle part was considered
specimens. The specimens were then taken out and rinsed dftermidpoint of the initial part and the terminal part on the
2 weeks and trimmed as appropriate. Thereafter, the adjacenoyonal plane because of the lack of landmarks. The termi-
of the SCS and its communicating vessels and changes inn&d part was the entrance of the vertebral artery into the
communicating vessels were observed on these cast specimdosa mater, which should be perpendicular to the vertebral
artery as far as possible during the measurement (Fig. 1C-
Statistical analysis.The measured data were analysed using). The measurement results are shown in Table IlI.
SPSS 26.0 statistical software, and the results are expresAadlysis of the measurements using the paired sample T-
as the meatstandard deviation @S). The SCS left-right test displayed no significant difference between the left and
diameter values were compared using a paired sampleright sides (P > 0.05); One-Way ANOVA analysis of
test and the transverse diameters of the initial, middle, amdriance showed a statistically significant difference
terminal parts of the SCS were compared using One-Whgtween d6, d7, and d8 of the SCS (P<0.05) (Table IV),
ANOVA analysis. A p value of less than 0.05 indicated with the thinnest diameter in the initial part and the thickest
statistically significant difference. diameter in the middle part.

SCS and communicating vessels in MRV images.
RESULTS

1. Observations of SCS adjacency to its communicating

vessels in MRV imagesThe SCS, marginal sinus, verte-
Coronal diameter of the SCSThe coronal measurementbral artery venous plexus, anterior condylar vein, posterior
indicators of the SCS included d1, d2, and d3 (Fig. 1A). Tle®ndylar vein, and lateral condylar vein were completely

Table I. Comparison of SCS Coronal Measurements between Left and Right (unit: mm).

Item Mean + SD T value P value
L eft-right diameter (d1) Right 20.49 £0.93 - 0414 0.680
Left 2052 +1.29
Distence fromthemidline (d2) Right 11.40 + 0.98 1.470 0.147
Left 1121 +1.06
Supero-inferi or diameter (d3) Right 7.11+0.46 - 0.999 0.322
Left 7.13+0.55

Note: P<0.05 in the paired sample T-test indicate a significant difference.

Table 1l. Comparison of SCS Sagittal Measurements between Left and Right (unit: mm).

Item Mean + SD T value Pvaue
Antero-posterior diameter (d4) Right 12.94+0.71 1.145 0.257
Left 12.85+0.53
Distance from the posterior Right 39.21+1.90 -0.580 0.564
diameter Left 39.31+2.09

Note: P <0.05 in the paired sample T-test indicate a significant difference.
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seen in the MRV images (Fig. 2). The
SCS was connected to: the anterior
condylar vein through its superomedial
aspect (Figs. 2B and D); the lateral
condylar vein through its anterolateral
aspect (Fig. 2A); and the jugular bulb
through the posterior condylar vein

(Figs. 2B and D). It extended inferiorly

to the vertebral artery venous plexus
(Figs. 2B and D).

2. Observations and comparison of
61 cases of three-dimensional
reconstructed cranial MRV images
with those of cast specimensThe
SCS, marginal sinus, vertebral artery
venous plexus, and anterior condylar
vein can be completely seen in the
MRV images. However, the posterior
condylar vein and lateral condylar vein
can be displayed unilaterally or
bilaterally, which led to the following
difference in the MRV images: the bi-
lateral display was called the bilateral
presence of posterior condylar and la-
teral condylar veins (77.1 %), whereas
the unilateral display was called the uni-
lateral presence of posterior condylar
vein (18.0 %) and the unilateral
presence of lateral condylar vein (9.8
Fig. 1. Measured values for the MRW»%). The bilateral presence of posterior
images of the SCS. A: Coronal d1: Lefteondylar and the lateral condylar veins
right diameter d2: Distance from theaccounted for the largest proportion.
midline d3: Supero-inferior diameter.

B: sagittal d4: Anteroposterior diameter Observations of the cast
d5: Distance from the posteriorspecimens showed that the SCS, ante-
diameter to the skin. C-E: Transverseor condylar vein, and vertebral artery
d6: Diameter of the initial part d7:venous plexus can be bilaterally
Diameter of the middle part d8:displayed, whereas the posterior
Diameter of the terminal part. condylar vein and lateral condylar vein
can be unilaterally or bilaterally
displayed, which led to the following
difference in the cast specimens: the

Table 1ll. Comparison of SCS Transverse Measurements between Left and Right (unit: mm).

Item Mean + SD T vdue Pvdue
Diameter of theinitid part(d6) Riaght 8.20+0.36 0.769 0.445
Left 8.17+0.33
Diameter of the middle part(d7) Right 10.68+0.48 - 0.627 0.533
Left 10.71£0.57
Diameter of theterminal part(d8) Right 9.14+0.54 0.601 0.550
L eft 9.12+0.57

Note: P<0.05 in the paired sample T-test indicate a significant difference.
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bilateral display was called the bilateral presence of post#sr condylar vein and the unilateral presence of lateral
rior condylar and lateral condylar veins, whereas the urdendylar vein. This observation is consistent with the
lateral display was called the unilateral presence of postiservations of the SCS MRV images. We selected cast

Fig. 2. Suboccipital cavernous sinus (SCS) magnetic resonance venography (MRV) images. A (coronal view): The SCS
communicates with the lateral condylar vein through its anterolateral aspect. Fig.B (coronal view): The SCS communicates
with the anterior condylar vein through its superomedial aspect and the posterior condylar vein through its superolateral
aspect. It extends inferiorly to the vertebral artery venous plexus. Fig. C (transverse view): The irregular shape of SCS.
The marginal sinus, vertebral artery, internal jugular vein, and internal carotid artery are seen in the transverse plane. Fig.
D (sagittal view): The SCS communicates with the anterior condylar vein through its superomedial aspect and with the
posterior condylar vein through its superolateral aspect. It extended inferiorly to the vertebral artery venous plexus. SCS:
suboccipital cavernous sinus. ACV: anterior condylar vein; VAVP.Vertebral arterial venous plexus. PCV. posterior condylar
vein. LCV. lateral condylar vein. IVJ: internal jugular vein; VA:vertebral artery; MS:marginal sinus; ICA:Internal carotid

artery.

Table IV. Correlation Analysis of SCS Transverse Measurements in Each Group (unit: mm)

Item Mean 95% confidence interval P value
Diameter of the initial part Right 8.11-8.29
Left 8.09-8.25
Diameter of the middle part Right 10.56-10.80
Left 10.57-10.86
Diameter of the terminal part Right 9.00-9.28
Left 8.97-9.27
Group comparison Right 0.00
Left 0.00

Note: P<0.05 in One-Way ANOVA analysis of variance indicate a significant difference.
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Fig. 3. Suboccipital cavernous sinus (SCS) cast specimens. A: The medial part of SCS communicates superiorly
with the anterior condylar vein and inferiorly with the vertebral artery venous plexus. The lateral part of SCS
communicates superiorly with the posterior condylar vein and anterolaterally with the vertebral venous plexus
through the lateral condylar vein. B: The medial part of SCS extends intracranially through the superior
anterior condylar vein and inferiorly with the vertebral artery venous plexus. C: The lateral part of SCS
communicates superiorly with the posterior condylar vein. D: The lateral part of SCS communicates superiorly
with the posterior condylar vein and anterolaterally with the lateral condylar vein. SCS: suboccipital cavernous
sinus; ACV: anterior condylar vein; VAVP: vertebral arterial venous plexus; PCV: posterior condylar vein;
LCV: lateral condylar vein; IVJ: internal jugular vein; VA: vertebral artery; TS: transverse sinus; VVP:
vertebral venous plexus.

specimens without venous variation, and all vessels weand anterolaterally with the internal vertebral venous plexus
visualised intact (Fig. 3A) he bilateral SCS was displayedthrough the lateral condylar vein (Fig. 3D).

intact, which was irregular. It surrounded the venous structure

of the horizontal segment (V3) of the vertebral artery and The MRV imaging results of SCS were consistent with
its branches. The medial part of the SCS communicatétbse of the cast specimens. The venous changes were divided
superiorly with the anterior condylar vein and inferiorly withinto the following three types: Type I|: The bilateral presence
the venous plexus of the vertebral artery (Fig. 3B). The latef posterior condylar and lateral condylar veins; Type II: The
ral part of the SCS communicated superiorly with the postenilateral presence of posterior condylar vein; Type lll: The
rior condylar vein and the sigmoid sinus (Fig. 3C and D)nilateral presence of lateral condylar vein (Fig. 4).
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Fig. 4. Comparison between the magnetic resonance venography (MRV) images of the suboccipital cavernous
sinus (SCS) and the cast specimens. A. Comparison between the MRV images and the cast specimens. Type I: The
bilateral presence of posterior condylar and lateral condylar veins. B. Comparison between the MRV images and
the cast specimens. Type II: The unilateral presence of posterior condylar vein (*indicates the unilateral posterior
condylar vein (PCV) was not shown). C. Comparison between the MRV images and the cast specimens: Type Il
The unilateral presence of lateral condylar véin ( indicates the unilateral lateral condylar vein (LCV) was not
shown). SCS: suboccipital cavernous sinus. ACV: anterior condylar vein; VAVP: vertebral arterial venous plexus.
PCV. posterior condylar vein. LCV: lateral condylar vein. IVJ: internal jugular vein; VA: vertebral artery; TS:
transverse sinus; VVP: vertebral venous piexus; SS: sigmoid sinus.

DISCUSSION

The morphological characteristics and clinical artery and its branches, the periarterial autonomic plexus,
significance of SCSThe CCJ that is located between theand the adjacent spinal nerves (Arnautaical, 1997).

skull base and the upper cervical spine contains importéirgery is effective for tumours, vascular diseases, and
structures such as the medulla oblongata, upper cervidalgenerative diseases at the craniocervical junction. The V3
spinal cord, cranial nerve, vertebral artery, and internaégment of the vertebral artery can directly or indirectly
carotid artery and vein. The SCS that is located at tiparticipate in the blood supply and infection of tumours at
craniocervical junction is a venous plexus that surroundse craniocervical junction. The V3 itself is also involved in
the horizontal suboccipital segment (V3) of the vertebraliseases such as a tumour, infections, and malformations,
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which can easily result in V3 segment injury during surgemrough the anterolateral aspect. SCS communicated with
and cause fatal bleeding. Even if the V3 segment is wélie jugular bulb through the posterior condylar vein and
exposed, opening the posterior atlanto-occipital membraagtended inferiorly to the vertebral artery venous plexus.
close to the V3 segment can often cause bleeding in tBd&servation of the cast specimens suggested changes in the
surrounding SCS (Cheset al, 2015; Moroteet al, 2017). posterior condylar vein and lateral condylar vein. The
The V3 segment, SCS, and the communicating vasculgranges in the communicating vessels of the SCS were
structures and their adjacency level can help develop a salesided into the following three types: Type I: The bilateral
surgical approach at the craniocervical junction. This caresence of posterior condylar and lateral condylar veins.
effectively reduce intraoperative bleeding and postoperatidgpe Il: The unilateral presence of posterior condylar vein.
complications. Type llI: The unilateral presence of lateral condylar vein.
These variation types well corresponded with those in the
The MRV imaging technique is mostly used foiMRV images. This observation enriches the anatomical and
imaging studies of cranial veins (Faimal, 2021). SCS and imaging data of SCS and communicating vessels.
communicating vessels can be well displayed in MRV
images via direct imaging of the cranial veins. Thereforémaging characteristics of the communicating vessels and
the data measurement and image observation of SCS by usiligical significance of the variations in the lateral and
MRV are highly precise. SCS displayed a larg@osterior condylar veins.The morphology of the anterior,
morphological variation in MRV images, that is, a long striposterior, and lateral condylar veins and marginal sinuses in
or oval shape in the coronal and sagittal planes and an ifkéRV images showed that these structures were irregular in
gular sector shape in the transverse plane. Because ofshape and varied greatly. SCS, marginal sinus, vertebral
uneven thickness of the transverse SCS, measuring only amntery venous plexus, and the anterior condylar vein were
diameter will not be standard. Therefore, three positiongisualised. We observed differences in the posterior condylar
namely the initial, middle, and terminal parts, should bend lateral condylar veins, which were not seen in 27 % of
selected for the measurement. The measurement plane shtidposterior condylar vein and 33 % of the lateral condylar
be perpendicular to the vertebral artery (Zhao Bibo 2015yein reported in previous studies (Takahasthal, 2005;
Tanoueet al, 2010). These changes exhibit great clinical
To the best of our knowledge, this study is the first teignificance. The lateral condylar vein is the main drainage
reconstruct and measure 61 cases of cranial SCS MRwte for some dural arteriovenous fistulas at the CCJ as a
images by using the MRV imaging technique andenous route during vascular interventions. Neurosurgeons
Mimics19.0 three-dimensional reconstruction technique. Th@ace immense importance to their anatomical variations
supero-inferior diameter, left-right diameter, anteroposterigMiyachi et al, 2008; Matsushimat al, 2015). The poste-
diameter of SCS, and distance from the midline and the skior condylar vein can be considered an intraoperative
were measured to obtain three-dimensional MREndmark for performing surgical procedures via the
measurements of the SCS. We observed no significasupracondylar or condylar fossa approach (@fex, 1997;
difference between the left and right sides in eackMatsushimeet al, 2001), and its anatomical variations are
measurement value for the SCS in the transverse, cororddlimmense importance to surgeons.
and sagittal views. However, the diameters of the initial,
middle, and terminal parts of the SCS in the transverse view  Recent studies have reported that in the upright
were found to differ significantly, which suggested that SCBuman state, the jugular vein is depressed due to intrathoracic
was present on both left and right sides of the suboccipitalessure, and the vertebrovenous system becomes the main
region, with a small two-headed, thick middle structure. Owmenous outflow channel in the brain (Epsteiral, 1970).
results have an important reference value for determinifithe anterior, lateral, and posterior condylar veins are
the clinically safe surgical range. considered important for the communication between the
intracranial venous plexus and the vertebral venous plexus.
Comparison of SCS venous communication between the They become important drainage channels for the intracranial
imaging data and cast specimend.he structural position veins in the upright human state. Koswgial (2020)
of SCS and its communicating vessels did not change durirgported the importance of SCS and communicating vessels
fabrication of the cast specimens, which was strictly followeid the craniocervical venous communication in the human
in the present study. We compared the location of SCS amgright state. This study describes the classification of late-
its adjacency with the communicating vessels and founda condylar and posterior condylar vein variations, which
good corresponding relationship between them. SQ®t only enriches the fine anatomy of SCS but also facilitates
communicated with the anterior condylar vein through itsetter understanding of the craniocervical blood circulation
superomedial aspect and the with lateral condylar vein the human upright state.
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