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Variations of Intracranial Dural Venous Sinus Diameters from
Birth to 20 Years of Age: An MRV-Based Study

AS. Larson, " G. Lanzino, and ““'W. Brinjikji

ABSTRACT

BACKGROUND AND PURPOSE: The role of the dural venous sinus system in cerebrovascular pathology and the understanding of
normal developmental patterns and sizes of the dural venous sinus system continue to expand. The purpose of this study was to
review MR venograms to elucidate developmental patterns and diameters of the major dural venous sinuses from 0 to 20 years of
age.

MATERIALS AND METHODS: All available MR venograms of patients 0-20 years of age who presented to our institution were ret-
rospectively reviewed. Patient age at the time of image acquisition was noted, and measurements were taken of the diameters of
the major dural venous sinuses. The presence of embryonic sinuses including the persistent falcine sinus and the occipital sinus was
noted. Dominance patterns of the transverse sinus system were determined. Mean diameters of each sinus were plotted as a func-
tion of age. The prevalence of persistent prenatal sinuses and transverse sinus—dominance patterns was compared across ages.

RESULTS: A total of 429 MR venograms from 429 patients were reviewed. All dural venous sinuses demonstrated a maximal growth
rate from 0 to 7 years of age and reached maximal diameters around 5-10 years of age. The prevalence of falcine sinuses and occi-
pital sinuses trended downward across increasing age categories (P =.09 and, <.0001, respectively).

CONCLUSIONS: Dural venous sinuses demonstrate maximal growth between 0 and 7 years of age and reach adult size around 5—
10 years of age. Involution of the prenatal sinuses continues to take place after birth into childhood but is largely absent in early

adulthood.

ABBREVIATIONS: DVS = dural venous sinus; SSS = superior sagittal sinus; VOG = vein of Galen

vidence continues to accumulate supporting the idea that the

dural venous sinus (DVS) system is a plastic, active player in
cerebrovascular pathology rather than a fixed and immutable en-
tity."> As the role that the DVS system plays in cerebrovascular
disease continues to expand, an understanding of the normal de-
velopmental patterns of the DVS system becomes increasingly im-
portant. The fixed anatomy of the DVS system and the prevalence
of certain anatomic variations are relatively well-understood.™*
The developmental patterns of individual components of the DVS
system from birth into adulthood, however, remain relatively
unknown. This study consisted of the following 4 objectives: 1) to
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elucidate the growth patterns of each dural venous sinus from birth
to 20 years of age, 2) to compare the mean size of each dural ve-
nous sinus among ages, 3) to compare the prevalence of persistent
prenatal sinuses among ages, and 4) to determine the prevalence of
transverse sinus—dominance patterns among ages.

MATERIALS AND METHODS

Patients

This was a cross-sectional retrospective study of MRVs obtained
at a single institution. Institutional review board approval was
obtained before the initiation of this study. All included patients
provided written informed consent for involvement in research
activities at our institution. MR venography was chosen as the
imaging technique over CT venography because younger popula-
tions at our institution preferentially undergo MRV over CTV to
mitigate radiation exposure; therefore, a larger population of
patients 20 years of age and younger had available MRV imaging
studies. MR venogram studies of the cerebral venous system that
were obtained between 2017 and 2019 were reviewed. These
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FIG 1. Measurement strategy for determining the diameter of components of dural venous sinuses.
A, The maximal diameter of torcula is obtained. Superior sagittal sinus (B) and bilateral transverse
sinuses (C) are measured (red line) Tcm away from the center of the torcula (yellow line). D, The maxi-
mal diameter of the internal jugular vein is measured at the skull base. £, The maximal diameter of
the vein of Galen is obtained. F, The sigmoid sinuses are measured (red line) 1 cm distal to the trans-
verse sigmoid junction (yellow line). G, The maximal diameter of the straight sinus is obtained. JV indi-
cates jugular vein; SS, sigmoid sinus; St. Sin., straight sinus; TS, transverse sinus; SSS, superior sagittal
sinus; VOG, vein of Galen.

FIG 2. Examples of various transverse venous sinus anatomy patterns. A, Codominance between
the right (solid arrow) and left (dashed arrow) transverse sinuses. B, Right-side-dominant (solid
white arrow) transverse sinus compared with the left (dashed white arrow), with an occipital sinus
noted (black arrow). C, Left-side-atretic transverse sinus (dashed arrow) with flow through the

the sagittal plane. We used the follow-
ing scan parameters: TR = 3.83 ms,
TE = 1.39 ms, section thickness =
0.65 mm, skip = 20%, FOV = 240 mm.

Measurements of the Dural
Venous Sinus System

All measurements were made by a
single author. All measurements were
obtained on a 3D MR venogram
with or without contrast. Measurements
were obtained of the diameter of the fol-
lowing DVS components: superior sag-
ittal sinus (SSS), straight sinus, VOG,
torcular Heterophili, bilateral transverse
sinuses, bilateral sigmoid sinuses, and
bilateral internal jugular veins. The SSS
and transverse sinuses were measured
1 cm from the middle of the torcula as
performed previously.” The maximum
diameters of the straight sinus, VOG,
and torcula were measured. Because the
diameters of the straight sinus and
VOG could be relatively small in some
cases (particularly in younger patients),
the maximum diameter of each was
measured on each study for consistency
and ease of measurement across studies.
The diameters of the sigmoid sinuses
were measured 1cm distal to the trans-
verse-sigmoid junction, and the diame-
ter of the internal jugular vein was

right (solid white arrow).

included both contrast-enhanced and non-contrast-enhanced veno-
grams. The indications for obtaining an MRV included headache,
migraine, ruling out venous sinus thrombosis, seizures, coagulation
defects, papilledema, postconcussive syndrome, or a history of
malignancy. In patients with multiple MR venograms, only the ear-
liest study was included. Studies were excluded if the patient was
found to have 1 of following vascular anomalies: an arteriovenous
malformation involving a draining vein into a dural venous sinus, a
dural arteriovenous fistula, dural venous sinus thrombosis, vein of
Galen (VOG) malformation, or any kind of external compression
of the venous sinuses. Data extracted from each MRV study
included the diameter of the specific components of the DVS sys-
tem, the presence of any persistent prenatal sinus including the per-
sistent falcine sinus or occipital sinus, and the dominance patterns
of the transverse venous system. Patient age at the time of MRV
imaging was obtained. We used the following age categories:
younger than 1, 1-5, 6-10, 11-15, and 16-20 years of age.

Venogram Parameters

Gadolinium bolus MRV examinations were performed on multi-
ple 3T scanners (Discovery M750; GE Healthcare) throughout
our institution using a 64-channel coil. Images were obtained in
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measured at the base of the skull.”
The anatomy of the transverse sinus
system was classified as codominant,
right-side-dominant, left-side-dominant, right-side-atretic, or left-
side-atretic. All measurements were performed in QREADS imag-
ing software (Mayo Clinic). Figure 1 is an example of the measure-
ment process, and Fig 2 shows sample patterns of transverse sinus
anatomy.

Validation of Venous Sinus Measurements

To validate measurements made on 3D MR venograms, we selected
20 patients with available 2D MR venograms and obtained meas-
urements of each DVS component measured on 3D images.
Patients were selected from each age category to represent the age
distributions of the overall population included in the study. The
SSS was measured in the axial plane approximately 1cm from the
torcula. The torcula and internal jugular veins were, likewise, meas-
ured in the axial plane. The largest dimensions of the straight sinus
and VOG were measured in the coronal plane. The bilateral trans-
verse sinuses were measured in the sagittal plane 1 cm from the tor-
cula. The sigmoid sinuses were measured in the axial plane
approximately 1cm from the transverse-sigmoid junction. Mean
values of each DVS component as measured on 2D MR venograms
were calculated and compared with the mean values as measured
on the 3D MR venograms of the 20 patients included.



Statistical Analysis

Means and SDs were calculated for continuous variables. Student’s
2-tailed t test was used to determine significance between mean di-
ameter values in the imaging-validation analysis. Percentages were
calculated for binary/categoric variables. The x> test was used to
determine the significance among categoric variables. To compare
the diameters of individual venous sinuses by age, we plotted meas-
urements against age and applied a trivariate fit to the graph. Any P
value < .05 was considered statistically significant. All calculations
took place in Excel (Microsoft) and SPSS Statistics for Windows
(Version 25.0; IBM).

RESULTS

Patients and Baseline Information

In total, 488 venograms from 477 patients were reviewed. Three
patients had 3 MR venograms included, and 5 patients had 2
venograms included. Fifty-five imaging studies were excluded for

Table 1: Baseline demographics

Demographics

Total MR venograms Included 429
Total patients included 429
No. of MR venograms with IV contrast (%) 327 (76.2)
Age categories (No.) (%) (yr)
0 25(5.8)
1-5 24 (5.6)
6-10 21(4.9)
1115 70 (16.3)
16-20 289 (67.4)
Mean age (SD) (yr) 15.1(5.9)
Male (No.) (%) 129 (30.0)

Table 2: Variations in size measurements of cerebral venous system components by age®

the following reasons: AVM draining into a dural venous sinus
(n = 6), venous sinus compression (n = 1), dural arteriovenous
fistula (n = 3), venous sinus thrombosis (n = 43), and VOG mal-
formation (n = 2). Three patients had multiple venograms: Two
patients had 2 venograms, and 1 patient had 3. After exclusion,
we included 429 venograms from 429 patients. Patient and base-
line information are further summarized in Table 1.

Venous Sinus Diameter by Age
The following data are summarized in Table 2. Regarding the trans-
verse sinuses, the largest mean dimension for the right transverse
sinus was found in the 6- to 10-year age category (8.1 * 2.0 mm),
whereas the largest mean dimension for the left transverse sinus
was found in 6-10 and 11-15 age categories (6.4 * 2.5 mm and
6.4 * 2.4 mm, respectively). The torcula ranged from 8.4 = 4.1 mm
in the younger than 1-year category to 17.4 = 4.1 mm in the 16-20
age category. The SSS ranged from 4.0 = 1.5 mm in the younger
than 1-year category to 8.8 = 1.6 mm in the 6- to 10-year category.
The straight sinus ranged from 3.9 = 1.1 mm in the younger than
1-year category to 54 = 2.7 mm in the 1- to 5-year age category.
The VOG ranged from 3.2 = 0.8 mm in younger than 1-year cate-
gory to 49 = 1.0 mm in the 11- to 15-year age category. Regarding
the right and left sigmoid sinuses, the maximum size was observed
in the 11-15 category (10.1 = 2.4 mm) and the 16-20 age category
(9.0 = 2.1 mm), respectively. Regarding the internal jugular veins,
the maximum mean diameter was observed in the 16-20 age cate-
gory on both right and left sides (10.0 = 2.2 and 8.1 = 2.1 mm,
respectively).

To determine at which specific age the sinuses of the DVS
system reached maximal diameter, we plotted the diameter of
each sinus as a function of age. The

Age Category (Years)

plots are shown in Figs 3 and 4. The

SSS, torcula, straight sinus, and VOG

<1 L= Sal0 Ut (520 all reached maximal diameter by 7-10
No. 25 24 21 70 289 .
f age. Both th t and left
Right transverse sinus diameter (mm) 3.7 (2]) 54(28) 81(20) 71(22) 7.6(2)) years of age. bo ? right an hed
Left transverse sinus diameter (mm) 31(22) 5931 6425 64(24) 61(2.0) trans.V€rse ) venous  sinuses  reache
Torcula 84(41) 133(45) 154(34) 165(41) 17.4(4)) maximal size around 5-7years of age.
Superior sagittal sinus 40(5) 7425 88(.6) 86(9) 87(.6) The left sigmoid sinus reached maxi-
Straight sinus 3.9 (1) 54(27) 5.2(6) 5215  4.8(3) mal diameter around 7-10 years of age,
Vein of Galen 32(08) 44()  48(09) 49(10) 4.8(.0) while the richt siemoid sinus reached
Right sigmoid sinus 50(1) 67(14) 86(24) 101(24) 100 (19) € the nght sig
Left sigmoid sinus 40(20) 73028 802 88(25 90() maximal size around 12.5 years of age.
Right internal jugular vein 44015 68(14) 9022 99(2 100(22) The right and left internal jugular veins
Left internal jugular vein 3.9 (].4) 6.8 (28) 7.4 (].7) 7.8 (22) 8.1 (21) reached maximal size around 7-
®Data are mean diameters (SD). 10 years of age.
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FIG 3. Variations in venous size by age in the torcula (A), superior sagittal sinus (B), straight sinus (C), and vein of Galen (D). SSS indicates superior

sagittal sinus; St. Sinus, straight sinus; VOG, vein of Galen.
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FIG 4. Variations in venous sinus size by age in the left (A) and right (B) transverse venous sinuses, left (C) and right (D) sigmoid sinuses, and left

(E) and right (F) internal jugular veins.

Validation of Venous Sinus Measurements

The age distribution of patients included in the validation analysis
was as follows: One patient (5%) was younger than 1 year of age,
1 patient (5%) was between 1 and 5 years of age, 1 patient (5%)
was between 6 and 10 years of age, 3 patients (15%) were
between 11 and 15 years of age, and 14 patients (70%) were
between 16 and 20 years of age. For all components of the DVS
system, there were no differences between the mean values of
the measurements made on 2D MR venograms compared with
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the mean values of measurements made on 3D MR venograms.
These data are summarized in the On-line Table.

Persistent Prenatal Sinuses by Age Category

The following data are summarized in Table 3. A persistent fal-
cine sinus was observed in 8.0% of the younger than 1-year age
category. This percentage trended downward to 1.4% of the 16-
to 20-year age category, yet the difference between groups did not
reach statistical significance (P=.09). A similar downward trend



Table 3: Persistence of postnatal sinuses by age

20 years of age. Three important find-

Age Category (Years)

ings are evident: First, dural venous

sinuses, in general, demonstrated maxi-

<1 1-5 6-10 1-15 16-20 P Value
No 25 2 N 70 289 — mal growth between 0 and 7 years of
Persistent falcine sinus (NoJ) (%) 2(8.0)  2(83) 1(48 2(29) 4(14) 09 age, and most sinuses reached adult
Occipital sinus (No.) (%) 6(240) 6(250) 1(48) 6(87) 8(2.8  <.0001 size around 7-10years of age. This
Note:—— indicates that no P-value was calculated. ﬁnding emphasizes the postnatal plas-

FIG 5. Examples of embryonic sinuses. Persistent falcine sinus in a 2-month-old infant seen on
3D-MRV (A) and a sagittal section of 2D-MRYV (8B, arrows). C, Occipital sinus (arrow).

Table 4: Transverse venous sinus anatomy patterns by age

ticity of the DVS system. Second, a
higher prevalence of the persistent pre-
natal sinuses was found in younger age
categories compared with older catego-
ries, implying that involution of these
sinuses continues to take place after
birth into childhood but largely ceases
in early adulthood. Finally, we found
no difference in patterns of transverse
venous sinus drainage across age cate-
gories, suggesting that transverse ve-
nous sinus dominance patterns are
maintained into early adulthood.

The main finding from our study
is that postnatal growth of the DVS
system continues until 10 years of age

Age Category (Years)

after which diameters remain stable.

P These findings track closely with the

<1 -5 6-10 115 16-20  Value rates of head circumference growth as

No. patients in each age category 25 24 21 289 - well as growth of the intracranial

Codominant (NO of patients) (% 12 (480) 12 (500) 8 (38]) 37 (529) 177 (6]2) 14 arteries across time.(’ There are impor.

of age group) tant clinical implications to under-
Right-dominant 8(320) 4(167) 9(429) 22(314) 76(263) .18 tandi th te of ch £ th

Left-dominant 3(20) 6(250) 3(43) 9(129) 23(80) standing the rate of change of the

Right-atretic 140) 142 0(00) 1(14) 3(1.0) 81 cerebral venous system across time.

Left-atretic 1400 1(42) 1(48) 104 10(34) For example, with the growing use of

Note:—— indicates that no P-value was calculated. venous sinus stent placement for treat-

was noted with the occipital sinus, which was present in 24.0% of
the younger than 1-year population and trended downward to
2.8% of the 16- to 20-years of age category (P <.0001). A sample
MRV of a persistent falcine sinus and occipital sinus is demon-
strated in Fig 5.

Transverse Sinus Anatomy Patterns by Age Category
Regarding the anatomic makeup of the transverse sinus system,
codominance was observed most commonly in all age categories
except the 6- to 10-year category, in which right-sided transverse
sinus dominance was most commonly observed. Right-sided
dominance was more commonly seen than left-sided dominance
in all age categories except ages 1-5. There was no difference in
the prevalence of codominance across age categories (P=.14).
There was no difference in the prevalence of left-versus-right-
sided dominance across age categories (P=.18). This was also
true when comparing left-versus-right-sided atresia (P=.81).
These data are summarized in Table 4.

DISCUSSION
Our study of 429 MR venograms demonstrates the patterns of de-
velopment of the major sinuses of the DVS system from birth to

ment of idiopathic intracranial hyper-

tension in adults, there have been

several reports in the literature describing venous sinus stent
placement to treat pediatric patients.”” An understanding of nor-
mal age-related venous sinus diameters would be important for
device sizing and treatment planning in these patients. There are
also growing reports on mechanical endovascular recanalization
of venous sinus thrombosis in the pediatric population, and
again, having an understanding of the normal venous sinus diam-
eters would be important for sizing of thrombectomy devices.'""
Our data suggest a gradual involution of the occipital and per-
sistent falcine sinuses from birth to 20 years of age. The occipital
sinus originates from the torcular plexus and is discernable as
early as the third gestational month.'>'> Secondary to increased
hemodynamic burden within the developing posterior fossa, the
occipital sinus demonstrates a rapid expansion in the fourth and
fifth gestational months, followed by diminution in the sixth and
seventh months.'>'® The presence of an occipital sinus in post-
natal life is, therefore, less commonly observed. Similar to the pat-
tern observed in the current study, Widjaja and Griffiths® found
an occipital sinus in 9 of 50 patients (18%), most of whom were
younger than of 2years of age, and none were found in those
older than 9 years of age. Additionally, Mizutani et al'* found
that 6 of 13 infants (46.2%) had an occipital sinus, compared with
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only 3 of 35 adults (8.6%), suggesting that persistent occipital
sinuses largely regress by adulthood.

Persistent falcine sinuses are exceptionally rare and are typically
present in the context of absent, hypoplastic, or occluded venous
outflow tracts.'>'® This observation implies that alterations in cere-
bral venous flow dynamics may result in recanalization of the fal-
cine sinus. In the current study, we observed a trend in which the
prevalence of the persistent falcine sinus decreased across age cate-
gories; this trend may suggest that venous outflow dynamics nor-
malize with increasing age, thereby prompting involution of the
falcine sinus. One separate study found no difference in the preva-
lence of persistent falcine sinuses between infants and adults."*
This finding is likely due to small sample sizes, however, given that
persistent falcine sinuses have an exceptionally low prevalence
overall. The findings of the current study relating to the prevalence
of the falcine and occipital sinuses demonstrate the dynamic nature
of the DVS system in younger age categories.

Prenatal formation of the transverse venous sinuses is charac-
terized by rapid expansion in the fourth fetal month, which is fol-
lowed by contraction to a relatively stable diameter at 7-8
months of fetal life.'>'>'” Much variation exists within the ana-
tomic patterns of the transverse venous system. Although many
individuals have a codominant transverse venous system, a large
proportion of the population exhibits unilateral dominance, typi-
cally on the right, suggesting that a single transverse sinus is suffi-
cient in providing outflow for the superficial venous system.'>'®
Nevertheless, changes in transverse sinus dimensions to compen-
sate for altered flow mechanics may occur.'” Our data here dem-
onstrate that transverse sinus patterns do not change as a result
of increasing age, suggesting that the in utero establishment of a
transverse sinus-dominance pattern is sufficient for maintaining
adequate venous drainage from birth into adulthood. Our study
may be limited in the conclusions that may be drawn in this
regard; however, the transverse sinuses were found to be codomi-
nant in every age group other than the 6- to 10-year-old patients,
suggesting that the dural venous sinuses are still developing in
younger children and that 1 transverse sinus becomes unilaterally
dominant by 6-10 years of age. If this scenario were the case, how-
ever, this pattern of transverse sinus dominance would be preva-
lent in adulthood as well. Given that this pattern was not found to
be prevalent, this issue suggests a potential sampling error in our
study. Further study is, therefore, warranted to more fully elucidate
developmental patterns of the transverse sinus system.

Fetal development of the cerebral DVS system is highly com-
plex and begins early in fetal development.>'? The findings from
our study highlight the incredibly dynamic nature of the dural ve-
nous sinus system with rapid growth of some sinuses and regres-
sion of others in postnatal life and into early childhood. The
dynamic character of the cerebral venous system and its role in
the pathogenesis of various intracranial vascular malformations
has only recently been acknowledged.”> For example, several
reports of de novo formation of vascular malformations with ve-
nous components imply active pathogenetic involvement of the
venous system.””>* Our understanding of the role of the venous
system in various pathologic states continues to evolve.

Important limitations of this report must be considered. Our
study population was heavily skewed toward those 16-20 years of
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age; therefore, the prevalence of embryonic sinuses may be
underestimated in the younger age categories. Our study is prone
to selection bias for 2 reasons: All those who had MRV studies
had a clinical indication for imaging, and the patient population
was obtained from a single quaternary referral center.

Most important, a minority of studies (n = 23.8) were not per-
formed with contrast, possibly resulting in suboptimal measure-
ments. Our measurements were made on 3D MR venograms,
which may make it difficult to ascertain the true diameter of a 2D
structure (ie, the diameter of the lumen of a given venous sinus).
Ideally, measurements would be made on a 2D image on which
the image section is perpendicular to the long axis of the vessel.
However, our validation analysis found no differences between
measurements made on 3D and 2D; therefore, our measurement
protocol was sufficient for the purposes of this study. Future
studies should adopt stringent quality control measures with
regard to the technical aspects of each study because various
physiologic and imaging-based parameters may potentially affect
the measured diameter of each DVS system component. Future
studies should also consist of multiple measurements made by
multiple authors for validation purposes.

CONCLUSIONS

We studied 429 MR venograms to demonstrate patterns of devel-
opment of the DVS system from birth to 20 years of age. In gen-
eral, dural venous sinuses demonstrated maximal growth between
0 and 7 years of age, which demonstrates postnatal plasticity of the
cerebral venous system. Involution of persistent prenatal sinuses
continues to take place after birth into childhood but largely ceases
in early adulthood. Transverse venous sinus dominance patterns
are likely maintained throughout the aging process.

Disclosures: Giuseppe Lanzino—UNRELATED: Board Membership: Superior Medical
Editing, Nested Knowledge.
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