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ABSTRACT

BACKGROUND AND PURPOSE: The IJVs are considered to be the main pathway draining the intracranial venous system. There is
increasing evidence for the existence of alternative venous pathways. Studies using extracranial sonography techniques have demon-
strated a nonjugular venous system. In the current study, we used MR images to investigate the NJV drainage system and its components
(vertebral plexus, pterygopalatine plexus). The exact visualization and measurement of the intracranial NJVs could be of diagnostic
importance and may have clinical importance.

MATERIALS ANDMETHODS: A total of 64 participants with no history of neurologic disease were included in the study. All participants
underwent scanning with a 2D time-of-flight, multisection sequence in the supine position. Image processing software was developed to
identify and quantify the size of the IJVs and NJVs in the plane of the internal JF. For evaluation of software accuracy, all images were
reviewed by a neuroradiologist experienced in neurovascular imaging preprocessing and postprocessing.

RESULTS: The CSA of the NJVs correlated inversely with the CSA of the IJVs (r2 � 0.25; P � .0001). An inverse correlation was also
significant when comparing IJV with NJV components (vertebral plexus: r2� 0.19; P� .0004; pterygopalatine plexus: r2� 0.11; P� .0069).
Furthermore, only NJV cumulative CSA correlated inversely with participant age (r2� 0.2; P� .0002).

CONCLUSIONS: Our study indicates that the NJVs might serve as a compensatory drainage mechanism in the intracranial compartment.
This mechanism appears less significant as the age of the patient progresses.

ABBREVIATIONS: CSA� cross-sectional area; IJV� internal jugular vein; JF� jugular foramen; NJV� nonjugular vein

The IJVs are considered to be the main pathway of intracranial

blood drainage. This hypothesis is supported by the anatomic

findings of several cerebral venous vessels draining blood from

the superficial as well as the deep cerebral venous system into the

IJVs.1 However, the clinical observation that bilateral resection of

the IJVs is usually well tolerated suggests the presence of alterna-

tive, nonjugular pathways.2

Studies using angiographic and extracranial sonography tech-

niques have demonstrated an NJV system that is most prominent

with the patient in the supine position.3,4 The vertebral plexus is

considered a major component of this system.5,6 Another less-

studied element is the pterygopalatine plexus.7 Precise quantita-

tive measurements of cerebral veins are scarce. The current study

uses 2D time-of-flight, multisection MR images at the level of the

JF in conjunction with an image-processing algorithm that en-

abled the exact measurement of the IJV and NJV CSA. The pur-

pose of our study was to explore the relationship between IJV and

NJV sizes (CSA) as well as the relationship between the partici-

pant ages and drainage of NJV pathway sizes (CSA).

MATERIALS AND METHODS
MR Image Acquisition
MR imaging was performed with a 1.5T whole-body scanner (Intera;

Philips Healthcare, Best, the Netherlands). Venous angiography was

obtained by use of a 2D time-of-flight, multisection sequence. The

sections were acquired in a sequential single-section mode, by use of

a spoiled fast-field echo with an inferiorly placed presaturation slab to

eliminate the signal from the arterial blood. Scanning plane was set in

parallel to the hard palate and was localized on midsagittal survey.

The scan parameters were TR, 18.0 ms; TE, 4.0 ms; �, 40°; and section

width, 2 mm with a 0.5-mm overlap. The field of view was 230 mm
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with an in-plane resolution of 0.89 mm. The water-fat shift was 1.264

pixels, equivalent to a bandwidth of 171.9 Hz/pixel. The acquisition

time was 4.7 s/section (ie, 1 signal average), and typically, 50 sections

were acquired in a study.

Volume reconstructions were carried out by using maximal

intensity projections on the Extended Workspace workstation

(Philips).

Image Processing
We used Matlab (version 7.0.4.365; January 29, 2005; Math-

Works, Natick, Massachusetts) as the development platform for

our image-processing software. Inputs to the software were axial

MR images in DICOM format.

For each patient, 1 section was chosen at the level of the JF (Fig

1A). The sections were manually selected by a single experienced

neuroradiologist (I.S.), who identified the JF and the jugular

bulbs. The jugular bulbs were defined as the highest point of the

IJVs. Illustrative contrast-enhanced MR venography with 3D re-

construction demonstrating venous drainage of the brain is pre-

sented in Fig 1E.

Before image processing, comparison between JF CSA and jugu-

lar bulbs flow signal CSA was performed in the first 10 participants.

There were no significant differences (results are not presented).

Matrices
The original image was transformed into high-, medium-, and

low-intensity binary matrices, which were used later by the vein

detection algorithm. Each matrix represented pixels above a pre-

defined intensity threshold. The high-intensity matrix was used to

identify the center of the venous lumen; the medium-intensity

matrix, to identify the venous wall; and the low-intensity matrix,

to identify fat tissue. Threshold levels were tuned until veins were

detected correctly. Connected components analysis was per-

formed on each matrix.

Vein Detection Algorithm

High- and medium-intensity matrices. In 2D time-of-flight, MR

image intensity level is directly associated with blood flow. CSA

veins were detected as a high-intensity matrix.

Low-intensity matrix. The low-intensity matrix was used to ex-

clude artifacts and superficial veins that do not have a role in

intracranial drainage. A vein was identified as a high-intensity

object when larger than 3 pixels. For smaller objects, this obser-

vation was not always accurate because, in a few cases, low-inten-

sity tissue included small regions of high-intensity artifacts.

Therefore, before identifying a small object as a vein, the algo-

rithm first examined whether this object was not located inside a

large object in the low-intensity matrix.

Superficial veins were detected and were eliminated according

to their attachment to subcutaneous fat, which was also detected

in the low-intensity matrix.

An example of an outcome of the vein detection algorithm is

depicted in Fig 1B.

Mapping Algorithm

IJVs. The IJVs were measured at the level of the jugular bulb. Two

zones were predefined: 1) zone L for the expected location of the

left jugular bulb and 2) zone R for the expected location of the

FIG 1. Example of vein detection and mapping algorithms in 1 participant. The original phase-contrast MR image at the level of the JF (A) was initially
processed by the vein detection algorithm according to intensity levels (B). Blue represents pixels that surpassed a high-intensity threshold. Yellow
stands for pixels betweenmedium and high-intensity thresholds attached to high-intensity objects. The vein cross-sectional area was determined by
the sum of both blue and yellow areas. Green corresponds to low-intensity subcutaneous fat tissue. Detected veins in this tissue drain the scalp and
thereforewere excluded (white arrow). The resulting imagewas further processed by themapping algorithm according to size and location (C). The 2
most anterior veins were identified as facial veins and thus were excluded. Vessels anterior to the jugular veins (red) were considered to be the
pterygopalatine plexus (purple). Vessels posterior to the jugular veinswere regarded as the vertebral plexus (orange). The level of image acquisition (JF)
is also presented (D). E, Illustrative contrast-enhanced MR venography with 3D reconstruction demonstrates venous drainage of the brain: S.S.S.,
superior sagittal sinus; T.S., transverse sinus; S.S., sigmoid sinus; S.C., sinus cerebella; J.B., jugular bulb; V.P., vertebral plexus.
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right jugular bulb. Because the jugular bulbs were usually the larg-

est veins in the image, the mapping algorithm searched for the

largest vein. If that vein was located inside zone L or R, then it was

mapped as the left or the right jugular bulb, accordingly. In cases

where the largest vessel was not located in any of the predefined

zones, the algorithm continued searching as to whether the next

largest vessel resided in any of the predefined zones. Once the first

jugular bulb was found, the contralateral predefined area was nar-

rowed to increase mapping accuracy. The search was completed

when both the left and the right jugular bulbs were identified, or

when the last vein was checked.

NJVs. All vessels that were not excluded and were not mapped as

IJVs were considered to be NJVs. The nonjugular system was fur-

ther separated into its components. All NJVs anterior to the IJVs

were considered to be the pterygopalatine plexus, whereas those

posterior to the IJVs were regarded as the cephalic termination of

the vertebral plexus.

Sides. For comparison between the left and the right cerebral

vessel size, the image was divided symmetrically by a sagittal line

between the IJVs.

Vein exclusion. The algorithm excluded veins that did not take

part in intracranial drainage according to vessel location: 1) facial

veins identified as the most anterior veins in a predefined area,

and 2) veins at the level of the pterygopalatine fossa lateral to the

IJVs (ie, retromandibular veins).

An example of the outcome of the vein-mapping algorithm is

depicted in Fig 1C.

Manual Intervention
After the veins were automatically detected and mapped, our soft-

ware enabled us to perform manual intervention. This interven-

tion allows the user to remove veins that do not take part in in-

tracranial drainage and are not automatically excluded (eg, the

software cannot identify a superficial vein if it is attached to a thin

or fragmented layer of subcutaneous fat). It also enables the user

to restore veins that were falsely removed because of location cri-

teria, and add veins that were not initially detected because of the

intensity level being lower than the high-intensity threshold. For

example, a vessel that had direct contact with a major sinus was

not considered as a posterior scalp vein and was added to the CSA

of the NJVs manually.

Vein Size Measurements
Vein CSA was defined as the amount of

pixels in the vein converted to millime-

ters. Vein size was calculated according to

its CSA. The size of the IJVs was calculated

as the CSA sum of the left and right inter-

nal jugular bulbs. The size of the NJVs was

defined as the CSA sum of all included

veins, excluding the jugular veins.

Patient Population
A total of 73 consecutive participants with

no history of neurologic disease enrolled

in the study. All MR imaging scans were

performed as a part of a normal clinical work-up for various rea-

sons. Of those, 5 participants were excluded because of low-qual-

ity MR images: 3 were excluded because the plane was not parallel

to the hard palate, and 2 were excluded because the presaturation

(rest) slab did not eliminate signals from the arteries. Four addi-

tional participants were excluded because the MR images were

not acquired at the correct anatomic level. The final number of

participants was 64 (22 men and 42 woman; age range, 16 –76

years; mean age, 48.4 years).

All MR routine clinical images were reviewed by a neuroradi-

ologist to exclude participants with intracranial abnormality,

congenital anomaly, venous thrombosis, tumor, or previous cra-

niotomy. The local ethical committee approved our study, and

the participants gave their informed consent.

Statistical Analysis
We used GraphPad software (San Diego, California), version 4.01

(2004), to analyze the data. We used Pearson correlation analysis

to investigate the correlation between the CSA of the IJVs and

NJVs and to examine the effects of the left vs the right side and

participant age. The effect of sex on vein CSA was analyzed with

the unpaired t test.

RESULTS
CSA measurements of the intracranial venous drainage system

and its components were performed at the level of the JF (Fig 2).

The mean IJV CSA was 96.99 mm2 (SD, 33.06 mm2), whereas the

mean NJV CSA was 60.08 mm2 (SD, 46.95 mm2). Regarding the

components of the NJVs, the mean CSA of the vertebral plexus

was 47.01 mm2 (SD, 41.21 mm2), and the mean CSA of the ptery-

gopalatine plexus was 13.06 (SD, 17.01 mm2).

To explore the relationship between the IJVs and NJVs, we

compared the CSA of both systems. An inverse correlation was

identified between the IJVs and NJVs (r2 � 0.25; P � .0001) (Fig

3A). Then, the association between the IJVs and each component

of the NJVs was further investigated. There was an inverse corre-

lation between the IJVs and the vertebral plexus (r2 � 0.19; P �

.0004) and between the IJVs and the pterygopalatine plexus (r2 �

0.11; P � .0069) (Figs 3B, -C).

Next, we evaluated the correlation between CSA of the left and

right cerebral vessels. Most participants had asymmetric IJVs. The

right jugular bulb was larger than the left in 64% of participants

(mean size, 57.38 mm2 for right jugular vs 39.61 mm2 for left jugular;

P � .0019). Furthermore, an inverse correlation was found between

FIG 2. CSA measurements of the cerebral veins.
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the dominant jugular bulb and its contralateral equivalent (r2 �

0.088; P � .017). In contrast to the IJVs, nonsignificant asymmetry

was demonstrated between the left and the right NJVs (right

NJV mean size, 31.85 mm2; left NJV mean size, 28.22 mm2).

Moreover, a positive correlation was identified between the left

and the right NJV CSA size (r2 � 0.356; P � .0001).

We further examined the effects of age and sex on CSA of the

IJVs and NJVs. Correlation between age and NJV size was signif-

icant and showed CSA reduction with advancing age (r2 � 0.2;

P � .0002) (Fig 4). In contrast, IJV size was not associated with

age. Also, IJV and NJV CSA yielded no significant differences

between men and women.

We explored the accuracy of vein detection by the automated

algorithm before manual intervention. To calculate false-positive

and false-negative rates, we referred to the neuroradiologist’s vein

selection as the reference standard. A false-positive rate was

1.64%, and a false-negative rate was 3.02%.

DISCUSSION
Our study indicates that an inverse correlation exists between the

CSA of the IJVs vs the surrounding intracranial NJVs measured at

the level of the JF.

In the classic sense, cerebral venous drainage occurs mostly

through the cortical system and the deep cerebral veins. The 2

systems have a final common pathway directed via the confluence

sinus toward the sigmoid sinuses and into the jugular veins.1,8

Although the IJVs are considered to be the main venous outflow

system, increasing evidence in the literature suggests the existence

of alternative nonjugular pathways.9 The NJVs at the level of the

JF consist of veins mainly at the cephalic termination of the ver-

tebral plexus and, to a lesser extent, at the pterygopalatine plexus.

The vertebral plexus drains blood from the condyloid veins, em-

issary veins, and through segmental connections.10 It is important

to keep in mind that the anterior and lateral condyloid veins may

also be connected to the jugular bulb via the anterior condyloid

confluent, preferentially in the upright position.10 Blood from the

cephalic termination of the vertebral plexus can continue its flow

through the vertebral plexus or be directed to the posterior para-

vertebral veins, which are located in the soft tissue of the neck. The

pterygopalatine plexus receives blood from the cavernous sinuses

and from the superior longitudinal sinus and drains into the ex-

traspinal system.11 Quantification of jugular and nonjugular ve-

nous vessels has focused mainly on extracranial venous flow mea-

surements.12-14 The deep regions of the intracranial nonjugular

venous system are difficult to visualize. Subsequently, study and

quantization of this additional system have been reportedly

sparse. However, we were able to visualize and measure the CSA

of the IJVs and the intracranial NJVs at the level of the JF. We

quantitated the CSA by using an image-processing tool devel-

oped by our team. Our results demonstrated that the smaller

the IJVs, the larger the CSA of the NJVs. Furthermore, com-

parison of IJV CSA to the vertebral and pterygopalatine plex-

uses separately demonstrated an inverse correlation, which

was significant for each component individually. It is notewor-

thy that correlation with the IJVs was most prominent when

the NJVs were regarded as a whole system. These observations

may imply that the NJVs are a drainage mechanism counter-

balancing the IJVs and that each of their components contrib-

utes to blood outflow separately.

The choice of drainage predominance is position dependent.

Although the jugular veins are the predominant system with the

person in the supine position, the vertebral plexus is the major

outflow pathway in the erect position.3,15,16 Our study in-

volved participants only in the supine position in which the

expected major outflow is through the jugular veins. Thus, our

finding of an inverse correlation between IJV size with the

participants in the supine position and NJV CSA is even more

remarkable. Our finding may imply that the NJVs are used not

only in the upright position but also in the supine position. It

FIG 3. Relationship between the CSA of the IJVs and the CSA of the NJVs. Initially, the NJVs were regarded as a complete drainage system. This
system was then further divided to its components (vertebral plexus and pterygopalatine plexus). The most significant correlation was found
when the IJVs were compared with the NJVs as a whole system (A). When the NJVs were divided into their components — vertebral plexus (B)
and pterygopalatine plexus (C) — the correlation was still significant though less prominent.

FIG 4. Scatterplot demonstrating the relationship between age and
NJV cumulative CSAs.
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should be considered that the vertebral veins and IJV flows

were measured extracranially in previous studies,3,13,14 but our

study evaluated CSA of the intracranial vessels. Thus, our ex-

planation remains speculative.

Another point of discussion is that we used an axial image at the

level of the JF where the IJVs are attached to the surrounding bone.17

Thus, we chose this locus to eliminate jugular size variation because

of the Valsalva effect or respiratory influence. The acquisition plane

was axial to surmount measurement inaccuracy resulting from vas-

cular flow in parallel planes to that of MR imaging sections. There-

fore, to accurately measure the CSA of the vein, we measured veins in

which the flow was rostrocaudal. Measurements of the cerebral ves-

sels whose major anatomy is in the horizontal plane represent length

rather than surface due to posteroanterior flow.

The venous drainage system of the brain might use compen-

satory mechanisms to assure blood outflow. One of them could

possibly stem from asymmetry between sides.18 Our observation

concerning the right IJV being usually the dominant side con-

firms previous observations.19,20 We observed an inverse correla-

tion between the CSA of the right and left jugular veins. This

inverse association may imply a lateralization effect in which one

side compensates for the other. Whether the lateralization effect

also exists in the NJVs was further explored. We found a positive

correlation between the CSA of the left and right NJVs, which can

imply that this drainage system works as a whole and not neces-

sarily in a lateralized fashion.

Documented morphologic changes in the cerebral vasculature

of the aging brain include, among other things, thinning of the

endothelium, reduction in the diameter of the capillary lumen,

and a decreasing number of capillary endothelial cells. The differ-

ent behavior of the cerebral venous system in advanced age com-

pared with that of the young brain is not yet understood.11,21 By

means of different techniques, several studies have shown that

blood flow and velocity in the sinuses of the brain decrease with

age.22-24 Our results demonstrated that NJV CSA decreased with

age. However, no reduction was noted in IJV CSA. To establish a

relationship between age and cumulative drainage vessel size, fu-

ture prospective studies are needed.

It is noteworthy that our measurements assessed CSA and not

flow volume. Although a correlation exists between vessel CSA and

blood volume, it is not an accurate measurement of blood flow. Bet-

ter-combined techniques are needed to quantify blood flow to im-

prove our understanding of the complexity of this system.

Larger cohorts are needed to verify the widespread applicabil-

ity of our software because of the heterogeneity in vein locations

and other confounding abnormal structures that are mapped by

the software. It is unclear whether our findings reflect a spectrum

of normal anatomic variation. An interesting next topic of re-

search would be the quantification of NJV CSA in patients with

pathologic conditions vs our findings in healthy participants. This

setting would enable us to elucidate the extent of the NJVs poten-

tially compensatory abilities in situations such as sinus vein

thrombosis, normal pressure hydrocephalus, etc. It may also help

us favor more aggressive treatment options in participants who

have small compensatory reserves vs more conservative options

for patients with large reserves.

CONCLUSIONS
The current study indicates that NJVs might serve as a compen-

satory drainage mechanism to the main IJVs system in the intra-

cranial compartment. The results demonstrate that the CSA of the

NJVs are inversely correlated with the CSA of the IJVs. This com-

pensatory drainage mechanism appears to be less significant as

age progresses. A failure of this compensatory mechanism might

be an important co-factor for increased ICP.
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