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Background: The cavernous sinus (CS), being the site of thrombosis, predisposes most patients to life-threatening
diseases of the cavernous sinus and cerebral venous system. The procedure to treat these life-threatening
diseases requires a good anatomical knowledge of CS tributaries owing to their variations in morphological and
drainage patterns.
Materials and methods: One hundred CT images of males and females were used (>13 years). In this study, the
sample drawn from the Black South African population was compared to the sample drawn from the Indian and
White SA population groups. The full length of each vein - the superior and inferior ophthalmic veins (SOV and
IOV), the sphenoparietal sinus (SPS), and the superficial middle cerebral vein (SMCV), were observed and classified
into various types according to their drainage into the cavernous sinus. These types were compared to factors
such as population, age, sex and laterality.
Results: Three morphological variations were observed for the SOV, Type S was the most prevalent in the Indian/
White sample group on both sides, and more common in females. For the IOV, Type A was the most prevalent in
all parameters studied. Regarding the SPS, Type A was the most prevalent, followed by Type B, and Type C was the
lowest recorded. For the SMCV, Type C was the most prevalent, followed by Types A and B, with less frequencies
recorded for Type D. A statistically significant association for the drainage pattern of the IOV was found on the
right side for sex (p = 0.03) only.
Conclusion: The SOV showed less variations and may be an ideal vein to be used for transvenous embolisation.
The use of CT images to study the pattern and variations of these veins is highly recommended before transvenous
embolisation.
Keywords: Superior orbital vein, inferior orbital vein, sphenoparietal sinus, superficial middle cerebral vein,
transvenous embolization.
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BACKGROUND
The cavernous sinus (CS) is known as a frequent
site of thrombosis, which is a process of forma-
tion of blood clots in vessels in response to an
infection from the face or the orbit called cellu-
litis [1,2]. Thrombosis of the CS can result in in-
flammation of the adjacent neurovascular
structures, while diseases such as cavernous
sinus thrombosis (CST), which are life-threaten-
ing, can result in the formation of blood clots in
the CS [2]. The aetiology of these diseases
couldbe as a result of an infection from the face,
sinuses,orbital cellulitis, and pharyngitis, but
theyare predominantly found in patients with
diabetesand thrombophilia [2]. These conditions
are reported to predominantly affect women of
reproductive age [2]. CST can cause long-term
damage to the brain, eyes, and nerves, and with-
out sufficient treatment, may lead to death [2].
The CS is also a site of dural arteriovenous fis-
tulae (dAVF), an abnormal connection between
the internal or external carotid arteries, which
results in the CS being fed by arteries [3]. This
type of malformation is often a result of trau-
matic brain injury, embryological defects, sur-
gery, and/or genetic conditions [3]. This condi-
tion is normally found unilaterally; however, the
majority of females were found to possess bi-
laterality (90%, p = 0.043) of this condition. Al-
though it is also found unilaterally in males
(10%) [3]. Among the life-threatening disorders
affecting the CS is cerebral venous sinus throm-
bosis (CVST), a type of stroke normally found in
women in their reproductive ages [4]. Although
the exact aetiology of the disease is not known,
it is found to affect women on oral contracep-
tives, during pregnancy, and in the peripartum
period [5; 6]. Previous literature has documented
the use of contraceptives in relation to CVST,
and a significant association was obtained,
which confirmed that females are the most vul-
nerable to this disease [4]. A systematic review
study on the CVST in sub-Saharan Africa found
a very high prevalence of women with CVST
(58.6%) [6]. In a case series report of 210 pa-
tients, hemi-craniectomy was successfully done
in one patient (2.1%); meanwhile, ten percent
of the patients died after the surgery, with 46.5%
of the patients recovering either completely or
partially [6].

Surgical interventions to these cerebral venous
sinus diseases in the skull base have resulted
in very high mortality and morbidity rates (10%)
in sub-Saharan Africa [5,6]. This is owing to the
intracranial bleeding caused by the rupture of
veins during these surgical procedures [5-7].
Endovascular embolisation has been the treat-
ment of choice for this condition because it is
safer and possesses low complication rates [3].
The access to the CS when performing the
endovascular embolisation is through the infe-
rior petrosal sinus (IPS), but if it is occluded, the
point of access will be through the facial and
ophthalmic veins [3]. Although the endovascular
embolisation procedure is declared safe and
presents fewer complications, it is important to
note that the veins used in accessing the CS have
numerous variations in their morphology and
drainage patterns to the CS, thus making the
procedure difficult [8].
The CS receives communication from numerous
para-cavernous sinus structures such as the
superior and inferior ophthalmic veins [1; 9; 10].
The superior ophthalmic vein (SOV) runs
between the optic nerve and the superior
rectus muscle and exits the orbit via the supe-
rior orbital fissure to drain into the CS [11,12].
However, Tsutsumi et al. [12] who observed the
course of the SOV from distal to proximal using
magnetic resonance angiography (MRA) found
that morphological variations in terms of later-
ality were evident. The proximal segment of the
SOV was found to be tortuous in seven percent
of the population on the left side and in eleven
percent of the population on the right [12].
Furthermore, the inferior ophthalmic vein (IOV),
which is located in the midorbit slightly supe-
rior to the inferior rectus muscle, was found to
drain into the CS in two different patterns [11].
The IOV either curved upwards laterally and in-
frequently medial to the optic nerve to join the
third part of the SOV and then drained into the
CS, or it drained directly into the CS, bypassing
the SOV [11]. These observations were not com-
pared according to sex, age and laterality.
The sphenoparietal sinus (SPS) is known to
receive blood from the superficial middle cere-
bral vein (SMCV) located in the lesser wing of
sphenoid bone before it emptied into the CS [9].
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MATERIALS AND METHODS

They found the SPS to drain in three different
patterns using Magnetic Resonance (MR)
images and the patterns were classified into
types, namely: Type A- drained into the anterior
aspect of the CS; Type B- connected with the
sphenoid emissary veins (SEV) or the pterygoid
plexus; and Type C- the hypoplastic (underde-
veloped) SPS drained into the anterior aspect of
the CS.
As mentioned above, the SMCV empties into the
SPS [9]. However, different studies have noted
variations in the drainage pattern of the SMCV
[9; 13]. Suzuki and Matsumoto [13] observed
seven different drainage patterns of the SMCV.
Meanwhile, previous findings by Tanoue et al.
[9] in their study observed only four types: Type
A- the SMCV drained into the SPS, Type B- en-
tered the anterior aspect of the CS, Type C- con-
nected to the SEVs to drain into the pterygoid
plexus and Type D- emptied into the superior
petrosal sinus/transverse sinus. Type A was the
most prevalent, followed by Type B. Two
percent of the subjects presented with mixed
types [9].
Although, there is existing literature regarding
the variations of the CS tributaries, it is impor-
tant to note that variations regarding the age,
sex, laterality in the SA population remain un-
documented. Also, the use of CT images to study
the pattern and variations of these veins is highly
recommended before transvenous embolisation
is performed.  Therefore, the current study,
using CT images aimed to report on the
variable patterns of the CS tributaries in the SA
population with comparison to sex, age, and lat-
erality.

<29, 30-39, 40-49, 50-59, 60-69, 70-79, 80-89,
and >89 years of age. The starting age was con-
sidered because the venous sinuses of the skull
demonstrate their most significant growth be-
tween the ages of zero and seven years and typi-
cally reach adult size around five to ten years of
age [15]. The diseases affecting the dural
venous sinuses were also found to affect women
in their reproductive ages (age > 13 years) [4].
Regarding population, due to the skewness of
data in the CT sample, the White and the Indian
sample groups were merged into one sample
and were compared to the Black sample, ‘Black
SA vs. Other SA sample groups (Indian/White
SA)’.
The composition of the sample for the CT im-
ages were Black (71; 71%) and Indian/White (29;
29%). (Note: Generally, the distribution of the
SA population, Black SA makes up about 79.8%;
White SA makes up about 8.7%, with Indian SA
making up about 11.5%) [16,17].
Materials
A total of 100 CT images from CT venograms
and CT angiograms (with venous phase) were
used in the study. The digital imaging and com-
munications in medicine (DICOM) images were
viewed and analyzed using syngo.plaza viewer
software (version VB10). The morphology and
drainage patterns of the veins were viewed in
axial and sagittal planes.
Scanning protocol
The CT images were acquired using Multi-De-
tector row CT(MDCT) Scanners (Lightspeed CT,
GE Healthcare Medical System, Milwaukee, Wis-
consin, USA, and SOMATOM Definition Flash CT
Scanner, Siemens Healthineers, Forcheim, Ger-
many, both of 1mm and 2 mm slice configura-
tion, respectively). Acquisition number: 18;
CS:.60; Exposure Time:285; KVP:120.00; X-ray
tube Current:425; Feed: 46.00.
Inclusion and exclusion criteria
The inclusion criteria for scans were as follows:
· CT images of patients who were > 13 years of
age, depicting both cerebral hemispheres.
· CT images with a slice thickness of either 1 or
2 mm.

Sample size: This was a retrospective analysis
of 100 CT scans of adult individuals (56 males,
44 females). The left and right sides were as-
sessed separately, amounting to a total of 200
sides. The CT images were obtained from a ter-
tiary hospital, the Inkosi Albert Luthuli Central
Hospital (IALCH) in Durban, Kwa-Zulu Natal,
South Africa.
Age classification and population: The CT
images were of 13 years of age and above. The
age categories were classified according to
Biwasaka et al. [14] as follows:
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The exclusion criteria for scans were as fol-
lows:
· Scans with observable pathologies affecting
the venous system, e.g., the arteriovenous mal-
formation, dural arteriovenous fistula, brain
tumours, and veno-occlusive diseases, were
excluded from the study.
Ethical clearance
Ethical clearance was obtained from the Bio-
medical Research Ethics Committee (BREC) at
the University of KwaZulu-Natal (BREC/
00005683/2023). Permission to access CT scans
and conduct this research was sought and ap-
proved by the institution (UKZN) and the Depart-
ment of Health, KwaZulu-Natal.
Study procedure: The DICOM images were
viewed on the syngo.plaza viewer software (ver-
sion VB10). The morphology and drainage pat-
terns of the CS tributaries were viewed in two
views/planes (axial and sagittal), and each tribu-
tary was analyzed as follows:
Superior ophthalmic vein (SOV): The morphol-
ogy (tortuosity) of the SOV was observed from
its confluence with the supraorbital and angu-
lar veins to its entrance in the CS. To observe
the course of the SOV, axial CT images were
used. To identify the SOV, the location of the
frontal bone (FB) and frontal sinus (FS) were
used as landmarks in identifying the SOV be-
cause the FS is drained by the SOV, which en-
ters the orbit through the superior orbital fora-
men (SOF) [18]. They were also found to course
laterally to the lamina papyracea under the su-
perior rectus muscle [18]. These two landmarks
(FB and FS) were used, and the SOV was clearly
observable at this level. To identify tortuosity, a
tortuous pattern was assessed on the anterior
and posterior ends of the SOV.
Inferior ophthalmic vein (IOV): The drainage
pattern of the IOV was observed from the ante-
rior part of the floor of the orbit to its entrance
in the SOV or directly into the CS. To identify the
IOV, sagittal CT images were used. The floor of
the orbit and the optic nerve were used as land-
marks. This is because the IOV travels at the
floor of the orbit inferior to the optic nerve until
it enters the middle cranial fossa through the
superior orbital fissure just inferior to the com-
mon tendinous ring [11].

Sphenoparietal sinus (SPS): The SPS was ob-
served from the junction of the frontal and tem-
poral bone (pterion) to its entrance in the CS or
at a point where it converges with the SEVs. To
observe the presence of the SPS, axial CT im-
ages were used, and the sinus usually appears
as a curved and contrast-enhancing structure.
The posterior edge of the lesser wing of the
sphenoid bone was used as a landmark as the
SPS travels inferior to this structure to enter the
CS [9].
Superficial Middle Cerebral Vein (SMCV): The
drainage pattern of the SMCV was observed from
the temporal region of each hemisphere to its
drainage in the CS, SPS, and the superior petro-
sal/transverse sinus, as well as the SEVs. To
identify the SMCV, axial CT images were used.
To trace the path of the SMCV, the insula was
used as the landmark since the SMCV courses
on the lateral sulcus (Sylvian fissure), which is
found lateral to the insula. It moves in a poste-
rior-anterior direction and curves anteriorly at
the tip of the temporal lobe to drain into the SPS
or directly into the CS [13]. Hence, the insula
was used as a landmark.
Statistical analysis:
The Stata version 17 (StataCorp, College Station,
Texas, USA) statistical software was used for
analysis. Statistically significant level was set
at p<0.05. Descriptive statistics were used to
summarise the data. Frequencies and percent-
ages were used for categorical data. Chi-square
tests were used to identify demographic char-
acteristics (population, sex and age) associated
with the CS. The Mann-Whitney (2 variables) and
Kruskal-Wallis (more than 2 variables) non-para-
metric test were used.

RESULTS

1. The superior ophthalmic vein (SOV)
This study assessed the morphology of the SOV
from the confluence of the supraorbital and an-
gular veins to its entrance in the CS. Three mor-
phological patterns of the SOV were observed:
(a) Type S: the SOV was straight from anterior
to posterior, (b) Type T-A: the SOV was tortuous
anteriorly just posterior to the eyeball, and (c)
Type T-P: the SOV was tortuous posteriorly, to-
wards its entrance in the CS. The left and right
sides were assessed separately.
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Table 1: Showing CTs with the same configuration of the
superior ophthalmic vein on the left and right sides (%).

Left S T-A T-P Total

S 38 6 10 54

T-A 14 7 10 31

T-P 9 1 5 15

Total 61 14 25 100

Right

Out of the 100 individuals assessed in the study, some individuals showed the same pattern on
the left and right side. Thirty-eight percent of CTs accounted for Type S, seven percent accounted
for Type T-A and five percent accounted for Type T-P. These percentages amounted to 50% of the
population, meaning that 50% of the population had a mixture of either Type S, T-A and T-P.

Fig. 1: Axial CT images showing the different morphological patterns of the superior ophthalmic vein; S Type –
straight from proximal to distal; Type T-A – tortuous anteriorly (distally); and Type T-P – tortuous posteriorly (proxi-
mally) (images by Cele et al., 2026).
Key: FS -frontal sinus; SOV – superior ophthalmic vein; FB - frontal bone; SOF – superior orbital foramen; LP – lamina
papyracea; A – anterior; P – posterior; L – left; R – right.

Table 2: The morphology of the SOV compared to population, sex, age, and laterality.

S T-A T-P p-value T-A T-P

Indian/White SA 18 (62.1%) 6 (20.7%) 5 (17.2%) 19 (65.5%) 7 (24.1%)

Black SA 36 (50.7%) 25 (35.2%) 10 (14.1%) 42 (59.2%) 18 (25.4%)

Sex

Female 27 (61.4%) 9 (20.5%) 8 (18.2%) 29 (65.9%) 10 (22.7%)

Male 27 (48.2%) 22 (39.3%) 7 (12.5%) 32 (57.1%) 15 (26.8%)

Age (yrs)

<=29 13 (56.5%) 7 (30.4%) 3 (13.0%) 12 (52.2%) 6 (26.1%)

30-39 17 (56.7%) 8 (26.7%) 5 (16.7%) 18 (60.0%) 7 (23.3%)

40-49 8 (40.0%) 11 (55.0%) 1 (5.0%) 12 (60.0%) 6 (30.0%)

50-59 10 (76.9%) 1 (7.7%) 2 (15.4%) 8 (61.5%) 3 (23.1%)

60-69 3 (33.3%) 3 (33.3%) 3 (33.3%) 6 (66.7%) 3 (33.3%)

70-79 2 (50.0%) 1 (25.0%) 1 (25.0 %) 4 (100.0%) 0 (0.0%)

≥80 1 (100.0%) 0 (0.0%) 0 (0.0%) 1 (100.0%) 0 (0.0%)

3 (10.3%)

11 (15.5%)

9 (16.1%)

5 (11.4%)

0 (0.0%)

2 (15.4%)

0 (0.0%)

0 (0.0%)

5 (21.7%)

5 (16.7%)

2 (10.0%)

Laterality

0.76

0.65

0.95

0.36

0.13

0.24

   Population
Left   N (%) Right   N (%)

S p-value 

Thembelihle Cele, et al. Exploring the Variations of the Cavernous Sinus Tributaries in the South African Population.



Int J Anat Res 2026, 14(3):9584-98.    ISSN 2321-4287 9589

The prevalence of SOV and Population: The Black sample group was compared to the Indian
and White sample groups (for the purposes of convenience, the Indian/White sample was com-
bined). The sides (left and right) were assessed separately. Type S was the most prevalent in both
sample groups on both sides with the Black sample accounting for 50.7% on the left side and
59.2% on the right side, whistle the Indian/White sample accounted for 62.1% on the left and
65.5% on the right side. Type T-A was the second most prevalent on the left side and Type T-P on
the right side for both sample groups. There was no statistical significance found on either side as
indicated in Table 2.
Prevalence of SOV and Sex: Type S was the most prevalent on both the right and the left sides
and in both sexes. Females presented with a high incidence of Type S compared to males on both
sides. Type T-A was the second most prevalent on the left side, and Type T-P on the right side for
both males and females. However, males presented with high incidence of Type T-A on the left
side and Type T-P on the right side compared to females. Overall, there was no statistical signifi-
cance association between the SOV types and sex.
Prevalence of SOV and Age: The age groups were divided into seven groups with a 10-year age
gap. A trend was noted amongst the three types and the age groups, where the prevalence was
high in the first three age groups; the prevalence of each type decreased with increasing age on
both the left and the right sides, it increased again with age advancement. No statistical signifi-
cance was found for age as indicated by Table 2.
2. The inferior ophthalmic vein (IOV)
The study looked at the drainage pattern of the IOV. Two drainage patterns were found: Type A-
the IOV drained into the SOV before draining into the CS, Type B- the IOV drained directly to the
CS, bypassing the SOV.

Fig. 2: Sagittal CT images showing the different drainage patterns of the inferior ophthalmic vein; Type A – drains
into the superior ophthalmic vein before draining into the cavernous sinus; Type B – drained directly into the
cavernous sinus bypassing the superior ophthalmic vein (images by Cele et al., 2026).
Key: IOV – inferior ophthalmic veins; SOV – superior ophthalmic vein; OT - optic nerve; CS - cavernous sinus; red
arrowhead and circle – indicates the convergence of the SOV and IOV; yellow circle – indicates the location of the
cavernous sinus; A – anterior; P- posterior; I – inferior; P- posterior.
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Table 3: Showing patients with the same pattern of the
inferior ophthalmic vein on the left and right sides (%).

Left A B Total

A 42 16 58

B 18 24 42
Total 60 40 100

Right

Out of the 100 individuals assessed in the study, 42% of individuals presented with Type A on both
sides, while 24% presented with Type B on both sides. This makes 66% of the population, and the
remaining 34% of the population had a mixture of both Type A and B on the left and right sides.

Table 4: The drainage pattern of the
IOV compared to population, sex,
age, and laterality.

Population A B p-value A B p-value

Indian/White SA 17 (58.6%) 12 (41.4%) 20 (69.0%) 9 (31.0%)

Black SA 41 (57.7%) 30 (42.3%) 40 (56.3%) 31 (43.7%)

Sex

Female 26 (59.1%) 18 (40.9%) 21 (47.7%) 23 (52.3%)

Male 32 (57.1%) 24 (42.9%) 39 (69.6%) 17 (30.4%)

Age

<=29 16 (69.6%) 7 (30.4%) 19 (17.4%) 4 (4.0%)

30-39 17 (56.7%) 13 (43.3%) 19 (36.7%) 11 (11.0%)

40-49 10 (50.0%) 10 (50.0%) 9 (55.0%) 11 (45.0%)

50-59 6 (46.2%0 7 (53.8%) 7 (53.8%) 6 (46.2%)

60-69 8 (88.9%) 1 (11.1%) 3 (33.3%) 6 (66.7%)

70-79 1 (25.0%) 3 (75.0%) 2 (50.0%) 2 (50.0%)

≥80 0 (0.0%) 1 (100.0%) 1 (100.0%) 0 (0.0%)

Left N (%) Right N (%)

Laterality

0.94

0.84

0.14 0.07

0.24

0.03

The drainage pattern of the IOV and
Population: The Black sample group presented
with high incidence of Type B, while the Indian/
White sample group presented with high
incidence of Type A on the left and right sides.
There was no statistical significance found
between population and sides. Overall, Type A
was the most prevalent on both sides in both
sample groups compared to Type B as illustrated
in Table 4.
The drainage pattern of IOV and Sex: Type A
had a higher incidence on the left side for both
sexes, with males having more Type B and less
Type A compared to females. Similarly on the
right side, females presented with a high
prevalence of Type B and less of Type A. There
was a statistically significant association found
on the left side regarding sex, p = 0.03.
The drainage pattern of IOV and Age: A high
prevalence of Type A was noted in the < 29 years
and 30-39 years age groups on the left side
compared to the right side. Fifty percent of Types
A and B were found in the 40-49 years age group
on the left side, and in the 70-79 years age group
on the right side. Only 1 CT was found in the

>80 years age group, and the CT accounted for
100% of Type A on the right and Type B on the
left side as shown in Table 4.
3. Sphenoparietal sinus (SPS)
The drainage pattern of the SPS was assessed
and three types were observed: Type A- the long
SPS drained into CS only; Type B- the SPS drained
into the CS and the pterygoid plexus, and Type
C- the SPS was hypoplastic (poorly formed).
Table 5: CTs with the same configuration of the
sphenoparietal sinus on the left and right sides (%).

Left A B C Total

A 37 22 3 62

B 13 15 1 29

C 5 2 2 9

Total 55 39 6 100

Right

A total of 100 individuals were assessed in the
study. Regarding CTs that presented the same
veins on both sides; 37% accounted for Type A,
15% individuals accounted for Type B, and two
percent accounted for Type C. This makes up
54% of the total population; the rest of the CT
had a mixture of either Type A, B, or C.
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Fig. 3: Axial CT images illustrating the different drainage patterns of the sphenoparietal sinus; Type A – drained into
the lateral aspect of the cavernous sinus; Type B – it connected to the cavernous sinus and the sphenoid emissary
veins; Type C – is hypoplastic (images by Cele et al., 2026).
Key: red arrow (on CT images) – sphenoparietal sinuses (SPS); blue arrow – CS (cavernous sinus); yellow arrow –
posterior edge of the sphenoid bone; red arrowhead – branch of the SPS connecting to the SEV/pterygoid plexus;
orange arrow – pterygoid plexus; SPS – SPS (sphenoparietal sinus); Red circle fig C(1) - indicates no visibility of the SPS
under the lesser wing of the sphenoid bone; SEV – sphenoid emissary vein; FO – foramen ovale; CS – cavernous sinus;
SPS – sphenoparietal sinus; A – anterior; P – posterior; L - left; R – right.

Table 6: The drainage pattern of the sphenoparietal sinus compared to population, sex, age, and laterality.

A B C p-value A B C p-value

Indian/White 21 (72.4%) 8 (27.6%) 0 (0.0%) 16 (55.2%) 13 (44.8%) 0 (0.0%)

Black 41 (57.7%) 21 (29.6%) 9 (12.7%) 39 (54.9%) 26 (36.6%) 6 (8.5%)

Sex

Female 27 (61.4%) 12 (27.3%) 5 (11.4%) 23 (52.3%) 18 (40.9%) 3 (6.8%)

Male 35 (62.5%) 17 (30.4%) 4 (7.1%) 32 (57.1%) 21 (37.5%) 3 (5.4%)

Age

<=29 17 (73.9%) 5 (21.7%) 1 (4.3%) 14 (60.9%) 7 (30.4%) 2 (8.7%)

30-39 19 (63.3%) 9 (30.0%) 2 (6.7%) 16 (53.3%) 13 (43.3%) 1 (3.3%)

40-49 10 (50.0%) 8 (40.0%) 2 (10.0%) 11 (55.0%) 7 (35.0%) 2 (10.0%)

50-59 7 (53.8%) 4 (30.8%) 2 (15.4%) 7 (53.8%) 5 (38.5%) 1 (7.7%)

60-69 6 (66.7%) 1 (11.1%) 2 (22.2%) 5 (55.6%) 4 (44.4%) 0 (0.0%)

70-79 3 (75.0%) 1 (25.0%) 0 (0.0%) 2 (50.0%) 2 (50.0%) 0 (0.0%)

≥80 0 (0.0%) 1 (100.0%) 0 (0.0%) 0 (0.0%) 1 (100.0%) 0 (0.0%)

    Population Left N (%) Right N (%)

Laterality

0.25

0.88

0.980.64

0.75

0.11
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The drainage pattern of the sphenoparietal sinus and Population: A high prevalence of Type A
was found on the left side for the Black and Indian/White sample groups. The Indian/White sample
had a high prevalence of Type A and B, and none of the CTs presented with Type C in this sample
group on the right side. The Black sample showed consistency in terms of presence in each type.
No statistical significance was found on the left and right sides about population p = 0.11 and
0.25, respectively, as shown in Table 6.
The drainage pattern of the sphenoparietal sinus and Sex: Type A was the most prevalent on
the left and right sides in both sexes. Type B was the second most prevalent in both sexes and on
both sides, with Type C being the lowest prevalence. Males had a higher prevalence of Type A
compared to females. There was no statistically significant association found on the left and right
sides regarding sex.
The drainage pattern of the sphenoparietal sinus and Age: High prevalences of Types A and B
were noted from the < 29 years to 40-49 years age groups; however, from the 50-59 years age
group, a decrease in prevalence on both sides was observed. Furthermore, one CT was found in
the > 80 years age group, and the CT accounted for 100% of Type B on both sides as shown in
Table 6. There was no statistically significant association found for age.
a) Superficial middle cerebral vein (SMCV)
The drainage pattern of the SMCV was examined, and four patterns were observed: Type A- the
SMCV drained into the SPS before draining into the CS; Type B- the SMCV drained laterally into the
CS; Type C- the SMCV connected to the SEV and drained into the pterygoid plexus of veins; and
Type D- the SMCV drained into the superior petrosal/transverse sinus posteriorly. These types are
indicated in the Table below:

Out of 100 CT images, seven percent presented with Type A on both sides, three percent presented
with Type B, 20% presented with Type C, and six percent presented with Type D. This makes 36%
of the total population, the rest of the population had a mixture of either Types A, B, C or D.

Left A B C D Total
A 7 2 6 4 19
B 5 3 8 3 19
C 9 15 20 3 47
D 2 3 4 6 15

Total 23 23 38 16 100

Right 

Table 7: Showing CT with the same pattern of the
superficial middle cerebral vein (%).

A B C D p-value A B C D p-value

Indian/White 3 (10.3%) 7 (24.1%) 14 (48.3%) 5 (17.2%) 10 (34.5%) 6 (20.7%) 11 (37.9%) 2 (6.9%)

Black 16 (22.5%) 12 (16.9%) 33 (46.5%) 10 (14.1%) 13 (18.3%) 17 (23.9%) 27 (38.0%) 14 (19.7%)

Sex

Female 8 (18.2%) 8 (18.2%) 23 (52.3%) 5 (11.4%) 11 (25.0%) 14 (31.8%) 14 (31.8%) 5 (11.4%)

Male 11 (19.6%) 11 (19.6%) 24 (42.9%) 10 (17.9%) 12 (21.4%) 9 (16.1%) 24 (42.9%) 11 (19.6%)

Age

<=29 4 (17.4%) 5 (21.7%) 8 (34.8%) 6 (26.1%) 8 (34.8%) 4 (17.4%) 8 (34.8%) 3 (13.0%)

30-39 5 (16.7%) 5 (16.7%) 14 (46.7%) 6 (20.0%) 4 (13.3%) 6 (20.0%) 11 (36.7%) 9 (30.0%)

40-49 9 (45.0%) 3 (15.0%) 7 (35.0%) 1 (5.0%) 4 (20.0%) 6 (30.0%) 9 (45.0%) 1 (5.0%)

50-59 0 (0.0%) 2 (15.4%) 10 (76.9%) 1 (7.7%) 0 (0.0%) 5 (38.5%) 6 (46.2%) 2 (15.4%)

60-69 1 (11.1%) 2 (22.2%) 5 (55.6%) 1 (11.1%) 5 (55.6%) 0 (0.0%) 3 (33.3%) 1 (11.1%)

70-79 0 (0.0%) 1 (25.0%) 3 (75.0%) 0 (0.0%) 2 (50.0%) 2 (50.0%) 0 (0.0%) 0 (0.0%)

≥80 0 (0.0%) 1 (100%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (100%) 0 (0.0%)

Left N (%) Right N (%)

Laterality

Population

0.51

0.75

0.18

0.21

0.2

0.06

Table 8: The drainage pattern of the superficial middle cerebral vein compared to population,
sex, age, and laterality.
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Fig. 4: Axial CT images illustrating the different drainage patterns of the superficial middle cerebral vein: Type A –
the superficial middle cerebral vein drained into the sphenoparietal sinus; Type B – it drained into the lateral
aspect of the cavernous sinus; Type C – it connected to the sphenoid emissary veins draining into the pterygoid
plexus of veins; and Type D – it drained into the superior petrosal sinus and the transverse/sigmoid sinus  (images
by Cele et al., 2026).
Key: red arrow – SMCV; yellow arrow – SPS; blue arrow – CS; blue circle – SEV/pterygoid plexus; orange arrow – superior
petrosal sinus; orange circle – indicates the connection of the SMCV and the superior petrosal/transverse sinus; red
arrowhead – indicates the location of the insula; SMCV – superficial middle cerebral vein; SPS – sphenoparietal sinus; CS
– cavernous sinus; FO – foramen ovale; SEV – sphenoid emissary veins.
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DISCUSSION

The drainage pattern of the superficial middle
cerebral vein and Population: Type C was the
most prevalent on both the left and the right
sides in both sample groups, with Type D being
the lowest recorded. Type A was the second
most prevalent on the right side and Type B on
the left side as shown in Table 8.  There was no
statistical significance found on the right or the
left side regarding population.
The drainage pattern of the superficial middle
cerebral vein and Sex: A high prevalence of
Type C was found on both sexes and on both
sides. Equal numbers for Types A and B were
found for males (19.6%) and females (18.2%)
on the left side. Females presented with equal
numbers of Types B and C (n= 31.8%) on the
right side. Furthermore, females presented with
the same incidence for Type D on both sides
(11.4%), with males also presenting with the
same percentage of Type C on both sides (42.5%)
as shown in Table 8. No statistically significant
association was found on both sides for sex.
The drainage pattern of the superficial middle
cerebral vein and Age: Among all the types,
Type C was the most prevalent on the left and
right sides. Type B showed consistency in terms
of prevalence across all age groups with Type D
having the lowest frequencies recorded. The 70-
79 years age group presented with 50% of Types
A and B. No statistical significance was found
on the left and right-side regarding age.

Diseases of the dural venous sinuses, such as
the CST and CVST, are life-threatening disorders
that result in the formation of blood clots in the
CS [3,4,19]. These diseases have been linked to
high morbidity and mortality rates [5].
Additionally, the CS is also a site of dAVF that
are said to be treated with endovascular
embolisation [20]. This is the safest and most
effective method for managing CS diseases that
require surgical intervention [20]. The
transvenous type of embolisation uses the IPS
to access the CS [21]. However, if the IPS is
obstructed, the SOV may be used as an
alternative [21,22].
a) The superior ophthalmic vein: Several
studies have observed the tortuosity of the SOV,
which sometimes becomes an obstruction in the

access of the CS using the transvenous approach
[12,14,22-24]. The study by Kurata et al. [22]
observed the tortuosity of the SOV in three of
the ten patients who were examined. The
tortuosity of the SOV was observed distally on
the left side in those three patients [22]. This is
in line with the current study, as the left side
had a high incidence of SOV with Type T-A
(tortuous anteriorly) compared to the right side
in sex, population, and age. Both sides can have
different morphological patterns of the SOV;
therefore, assessment of the SOV is crucial
before performing transvenous embolization.
In a study by Wolfe et al. [23], out of the ten
patients that were studied, one CT presented
with tortuosity of the SOV on the left side, which
resulted in the rupture of the vein during the
direct surgical SOV approach as well as the
retrograde transvenous embolization procedure.
Despite this incident, they still recommend the
use of the SOV as an alternative in accessing
the CS by direct surgical cannulation if the IPS,
superior petrosal sinus, and the intercavernous
sinus are obstructed [23]. This agrees with the
present study as the tortuosity of the SOV both
anteriorly and posteriorly was less compared to
the straight pattern of the SOV. This implies that
the SOV can be used for transvenous
embolisation in the SA population as this will
limit the amount of venous rupture and
intracranial bleeding during surgery.
Additionally, the study by Tsutsumi et al. [12]
observed the whole course of the SOV, and its
proximal part was found to be variable. Out of
46 patients examined, five (11%) patients had a
tortuous proximal segment on the right side, and
three (6.5%) patients presented with a tortuous
proximal segment on the left side. This also
agrees with the present study, as variations
between the left and right sides were evident.
This suggests that each CT may present with
different patterns of the SOV on the left and right
sides.
b) The inferior ophthalmic vein: Venous
sinuses are often assumed to facilitate the spr-
ead of infection from extracranial to intracranial
by the SOV and IOV to the CS, which in turn leads
to life-threatening septic cavernous thrombosis
[26-28]. The IOV is said to converge with the
SOV before draining into the CS [11,26,29].
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Zhang and Stringer [26] observed a similar
drainage pattern of the IOV in their study;
however, the prevalence of these findings was
not reported. Cheung and McNab [11] also
observed a similar pattern in three out of ten
orbital dissections.
This is in agreement with the current study as
the prevalence of Type A was high when
compared to Type B in both population groups
and both sexes, with a statistical significance
of p = 0.03 found on the right for sex. It is worth
noting that Cheung and McNab (2003) observed
the IOV draining directly into the CS, bypassing
the SOV in two orbital dissections. Similar to the
current study, low incidents of Type B were
obtained for population, sex, and age. This
implies that most individuals in SA are likely to
present with Type A, and this can result in
complications like embolisation of unintended
areas as well as damage to surrounding
structures like rupture of the SOV.
c) The sphenoparietal sinus: The SPS has been
identified as a venous channel found under the
lesser wing of the sphenoid bone, and it receives
drainage from the SMCV [30; 31]. The
relationship between the SPS and the SMCV in
terms of their drainage has been studied
previously [9,13,30]. However, these studies
were more concerned about the drainage of the
SMCV and less on the SPS.
Tanoue et al. [9] observed three different
patterns of the SPS which were also observed in
the current study. Out of the 37 patients that
were assessed, Type A (72%) was the most
prevalent, followed by Type C (14%), and Type B
(4%) was the least prevalent in the Japanese
study [9]. The current study agrees with the
Tanoue et al., [9] as Type A was the most preval-
ent in all the parameters (population, sex, and
age) studied on both the left and right sides.
However, Type A was followed by Type B, and
fewer incidences were recorded in the present
study for Type C. It is important to note that the
Indian/White sample group did not present with
Type C on both the left and right sides. This
assumes that it is possible to access the CS
using the SPS in the Indian/White sample group,
as the course of the SPS was observed in most
patients coursing from the pterion along the
lesser wing of the sphenoid to its termination in

the CS (Type A).
d) The superficial middle cerebral vein: The
SMCV is one of the venous channels essential
in the transvenous embolisation of the cavernous
sinus dural arteriovenous fistula (CSDAF) [31].
It has been observed in previous studies, and it
was said to drain either to the SPS before
draining into the CS or just directly to the CS (9;
13; 31]. However, some authors have noted
several drainage patterns of the SMCV to the
CS. A study of 24 patients observed four drainage
patterns where the SMCV drained into the
anterolateral aspect of the CS in 35.4% of the
patients; drained into the foramen ovale in
10.4% of the patients; 16.7% of the population
had their SMCV draining into the lateral aspect
of the CS and in 35.4% of the population they
could not identify the SMCV [31]. Suzuki and
Matsumoto [13] and Ikushima et al. [33]
observed seven drainage patterns of the SMCV,
which were classified according to their
termination points as SPS, CS, Superior petrosal
sinus, basal type, squamosal type, as well as
the underdeveloped type.
The studies by Suzuki and Matsumoto [13] and
Ikushima et al. [33] observed a high prevalence
of the SPS type in their studies - 58% and 54%
respectively. Tanoue et al. [9] observed four
drainage patterns of the SMCV as observed by
the present study and were classified into Type
A - SPS, Type B - CS, Type C – SEV, and Type D -
Superior petrosal sinus. Type A was the most
prevalent in their study with Type D being the
least recorded [9]. Contrary to the present study,
Type C was the most prevalent, but Type D was
the least recorded similar to previous studies,
with notable differences on the left and right
sides.
There were similar findings for Types A and B
for females and males on the left side (18.2%
and 19.6%, respectively). Similarly, in previous
studies, patients with the same or mixed types
on the left and right sides were observed as
indicated in Table 7 [9]. This implies that the
pattern of the SMCV may be challenging to use
for transvenous access to the CS as it is small
and variable. It can pose a high risk to
surrounding structures like the middle meningeal
artery, but it can be used as a potential access
point for malformations and CSDAF.
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However, this will depend on individual patients’
anatomy as the SMCV may not drain directly to
the CS but drain to the pterygoid plexus through
the SEVs and to the superior petrosal sinus/
transverse sinus.
Knowledge of the drainage patterns of the
tributaries draining into the CS is essential in
the transvenous embolisation of diseases
affecting the CS. The SOV may be used for
transvenous access to the CS, as it presented
with less variations in terms of morphology.
However, if not assessed properly, it may result
into serious clinical complications. Therefore,
adequate CT analysis must be done before
attempting to access the CS using the SOV. The
IOV may be used depending on an individual’s
venous anatomy. If it has a high incidence of
Type A, it could cause embolisation of the SOV
and neighbouring structure if it is used to access
the CS. To prevent cortical venous reflux into the
CS during transvenous embolisation, it is
important for clinicians to be aware of the
drainage patterns of the SMCV as well as its
connection with SPS.
Variations of the CS tributaries were noted
across different population groups, sex, as well
as age. Therefore, the use of CT images in the
assessment of cerebral venous anatomy and
diagnosis of venous sinus diseases is essential
in clinical settings before deciding on the
appropriate treatment method. Although there
was a slight difference with regards to sex across
all the veins studied, it was statistically
significant: IOV (p = 0.03). These variations must
be considered in the diagnosis and treatment
of venous sinus diseases. One CT in the > 80
years age group was found to have variations
on the left and right sides. However, this CT
presented with same pattern for the SOV (S
Type) and SPS (Type B) on the left and right sides.
However, for the IOV and the SMCV, the same
CT presented with different patterns on the left
and right sides: IOV (left - Type B: right – Type
A) and SMCV (left – Type B: right – Type C). This
shows that different veins may be used to access
the CS for the same patient, as there may present
with variations of the same vein on both sides.
CONCLUSION

variability, posing a risk of clinical complications
during transvenous embolisation. Unless a
patient’s specific anatomy is uniquely
favourable, these vessels are generally
unsuitable targets. Conversely, the SOV demon-
strated greater consistency and remains a more
viable option. Regardless of the target vessel,
the use of pre-procedural CT imaging is highly
recommended to map individual venous patterns
and mitigate risks.
Limitations: This study was limited by
population diversity owing to the use of a single
public hospital. Future studies can be done on
the course and drainage patterns of the CS
tributaries by collecting from different hospitals
to allow for population diversity.

In this study population, the IOV, SPS, and
SMCV exhibited significant anatomical
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