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Evaluation by angiography of the lateral dominance
of the drainage of the dural venous sinuses
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Summary. Venous drainage domi-
nance of the dural venous sinuses
may be defined as the drainage only
or mainly into one of the transverse
sinuses, as shown by bilateral carotid
angiography. The aim of this study
was to evaluate the venous drainage
dominance in bilateral carotid angio-
grams of 189 cases retrospectively.
Among these cases 41.3% showed
drainage mainly to the right side,
37.6% showed equal drainage to
each side, 18.5% showed drainage
mainly to the left side, 2.1% showed
drainage only to the right side and
0.53% showed drainage only to the
left side. Cerebral venous drainage
dominance is of great importance
and should be considered before ope-
rations on patients for radical neck
dissection, removal of tumors in the
neck that invade the internal jugular
vein or tumors of the glomus jugula-
re which may require ligation of the
internal jugular vein.
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Evaluation angiographique de la
prédominance du drainage
veineux des sinus dure-mériens

Résumé. La prédominance angiogra-
phique du drainage des sinus veineux
dure-mériens se traduit par le draina-
ge de la substance radioopaque essen-
tiellement ou uniquement par 1’un des
sinus transverses au cours d’angio-
graphies carotidiennes bilatérales. Le
but de ce travail est d’évaluer la pré-

dominance du drainage veineux sur

189 angiographies carotidiennes bila-
térales. Dans 41,3% des cas, on note
une prédominance a droite. Dans
37,6% des cas, le drainage veineux
s’effectue de fagon égale des deux
cotés. Dans 18,5% des cas, il y a pré-
dominance a gauche. Dans 2,1% des
cas le drainage est limité¢ a droite et
dans 0,53% des cas il est limité a
gauche. La connaissance de cette pré-
dominance du drainage veineux céré-
bral est capitale pour le chirurgien
lors de curage cervical radical, lors
d’intervention pour des tumeurs du
cou envahissant la veine jugulaire
interne ou pour des tumeurs du glo-
mus jugulaire nécessitant la ligature
de la veine jugulaire interne.
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The anatomy of the dural sinuses has
bcen extensively studied [3, 4, 7, 12,
13] and recently reviewed by Huang
[10} and by Lasjaunias [15]. After
birth, the dural sinuses may retain
some features of their embryologic
plexiform pattern. The superior sagit-
tal sinus empties into the confluence;
typically, its drainage passes prefe-
rentially towards the right transverse
sinus. The straight sinus also empties
into the confluence; its drainage
typically passes mainly into the left
transverse sinus. The transverse
sinuses connect the confluence to the
sigmoid sinuses. Their initial poste-
romedial portions are variable and
may be either atretic or absent; their
lateral portions are more constant
(Fig. 1A and B) .

Venous drainage dominance of
the dural venous sinuses generally
implies the drainage of the blood
mainly or only from one of the
transverse sinuses. The great varia-
tions and various connections bet-
ween the sinuses contributing to the




Fig. 1A, B
A Schemaiic representation of the confluence of the dural sinuses in frontal view. /, Superior sagittal sinus: 2, straight sinus; 3, lateral sinus; 4, sig-
moid sinus, 3, jugular bulb; 6, medial occipital sinus; 7, marginal sinus; em v, emissary veins, B Late phase of a vertebral artery angiogram in fron-
tal projection. Same legend as A. Figure reproduced from Lasjaunias P, Berenstein A (1990) [ntracranial venous system. In: Surgical neuro-angio-
graphy. Springer, Berlin Heidelberg New York, p 260
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A Représentation schématique du confluent des sinus. Vue frontale. /, Sinus sagittal supericur; 2, sinus droit; 3, sinus transverse: 4, sinus sigmoi-
de, 5, bulbe supérieur de la v. jugulaire; 6, sinus occipital; 7, sinus marginal: em v, vv, émissaires. B Temps veineux d'une angiographie vertebrale.
Vue frontale. Méme légende que la Fig. A. Figure tirées de Lasjaunias P, Berenstein A (1990) Intracranial venous system. In: Surgical neuro-angio-
graphy. Springer, Berlin Heidelberg New York, p 260

formation of the confluence of
sinuses have a significant effect on
venous drainage dominance.

Variations of venous drainage
dominance are of great importance
and should be considered prior to
extended craniectomy. radical neck
dissection, removal of tumors in the
neck that invade the internal jugular
vein and tumors of the glomus jugu-
lare that require ligation of the inter-
nal jugular vein.

Former studies of venous draina-
ge dominance have been mainly limi-
ted to cadaver dissections {3, 4, 12,
22]. There have also been studies in
which the evaluation of venous drai-
nage dominance was made by angio-
graphy [6, 13]. In this study, bilateral
carotid angiograms, without any dia-

gnosed cerebral venous pathology,
were evaluated for dominance.

Material and methods

Cerebral angiograms of 206 cases,
with no proven pathology in the dural
venous system, were re-evaluated
retrospectively. Cerebral angiography
was performed by selective transfe-
moral catheterization of right and left
internal carotid and vertebral arteries.
All the angiograms were obtained
using the DSA imaging system
(Angioskop-C angiography unit and
Digitron II digital imaging system).
In all angiographies, 512 x 512 x 10
byte matrix, an image intensifier of
25 cm, and a focal spot size of 0.6
mm were used.

In carotid angiographies, 7 ml
non-ionic contrast medium was
injected at a rate of 4-5 ml/s into each
internal carotid artery and images
were acquired at a rate of 2 frames/s.
Imaging was continued from the
beginning of the arterial phase until
the end of the venous phase. Opacifi-
cation of the internal jugular veins
was observed in all cases.

Seventeen of the 206 angiogra-
phies were found to be inappropriate
for evaluation because of inadequate
image quality or lack of standardized
projections.

For the evaluation of venous drai-
nage dominance with respect to the
venous phase of each carotid angio-
graphy, a classification was made to
describe drainage patterns, and five
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Table 1. Classification of venous drainage types

Classification des types de drainage veineux

Venous Drainage Types Number of
Cases
Equal Drainage 71

Drainage Limited to the Right Side 4
Drainage Limited to the Left Side 1
Drainage Mainly From Right Side 78
Drainage Mainly From Left Side 35
Total 100

types were established as follows:

1) right=left: equal amount of
drainage from right and left transver-
se sinuses.

2) ipsilateral only: the drainage is
limited to the same side only.

3) contralateral only: the drainage
is limited to the contralateral side only.

4) mainly ipsilateral: the drainage
is mainly ipsilateral, but poor contra-
lateral drainage also exists.

5) mainly contralateral: the drai-

%

376

2.
0.5
413
18.5

100%

nage is mainly contralateral, but there
is also poor ipsilateral drainage.

As bilateral carotid angiograms
were used for the evaluation of domi-
nance, two numbers were obtained
for each case, such as 1/1, 2/5. The
first number indicates the type of
drainage during the venous phase of
right carotid angiography while the
second number indicates the type of
drainage during the venous phase of
left carotid angiography.
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Figs. 2a, b, 3a, b

2a Equal drainage in
venous phase of right
carotid angiography. b
Equal drainage in venous
phase of left carotid
angiography. 3a Draina-
ge limited to the right
side in venous phase of
right carotid angiogra-
phy. b Drainage limited
to the right side in venous
phase of left carotid
anglography

2a Drainage symétrique
lors du temps veineux
d’une angiographie caro-
tidienne droite. b Draina-
ge symétrique lors du
temps veineux d'unc
angiographie carotidienne
gauche. 3 a Drainage
limité du coté droit lors
du temps veineux d'une
angiographic carotidienn-
ne droite. b Drainage
limité du c6té droit lors
du temps veineux d’une
angiographie carotidienne
gauche

Results

Venous drainage patterns of bilate-
ral carotid angiograms were asses-
sed together and 5 different groups
were obtained (Table 1):

A- Equal drainage: This group
involves 1/1, 4/4 types of drainage
patterns. Venous blood drains equal-
ly through the venous sinuses of
each side and there is no dominance.
71 of the cases showed equal draina-
ge and 68 of these were 1/ type
(Fig. 2a and 2b) and 3 were 4/4 type.

B- Drainage limited to the right
side: This group involves 2/3 drai-
nage pattern. In all of these cases
the left transverse sinuses were not
visualized and dominance was right
sided. There were 4 cases in this
group (Fig. 3a and 3b).

C- Drainage limited to the left
side: This group involves 3/2 type
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of drainage pattern. In such a case
the right transverse sinus was not
visualized and dominance was left
sided. There was only one case in
this group (Fig. 4a and 4b).

D- Drainage mainly from the
right and poorly from the left side:
This group involves 2/5, 4/5, 2/1,
4/1 and 2/4 drainage patterns. In
these cases there was either poor or
no drainage from the left side in one
of the right or left carotid angiogra-
phies and dominance was right
sided. Seventy eight cases showed
this type of drainage, where 44 of
them were 2/5 type (Fig. 5a and 5b),
22 were 4/5 type, 8 were 2/1 type, 3
were 4/1 type and one was 2/4 type.

E- Drainage mainly from the left
and poorly from the right side: This

Fig. 4a, b

a Drainage limited to the left side
in venous phase of right carotid
angiography. b Drainage limited
to the left side in venous phase of
left carotid angiography

a Drainage limit¢ du c6té gauche
lors du temps veincux d'une
angiographie carotidienne droite.
b Drainage limité du c6t¢ gauche
lors du temps veineux d'une
angiographie carotidienne gauche

group involves 5/4, 5/2, 1/4, 1/2 and
4/2 drainage patterns. In these cases
there was either poor or no drainage
from the right side in one of the right
or left carotid angiographies and
dominance was left sided. Thirty five
cases showed this type of drainage; 19
of them were 5/4 type, 9 were 5/2

Table 2. Distribution and percentages of
venous drainage dominance
Distribution et pourcentages des prédomi-
nances de drainage veineux

Dominance Number of Yo
Cases

Right 82 43.4

Left 36 19

Right=Left 71 37.6

Total 189 100%
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type (Fig. 6a and 6b), 4 were 1/4 type,
2 were 1/2 type and one was 4/2 type.

Among the 189 cases, 82
(43.4%) showed right dominancy
(B. D), 36 (19%) showed left domi-
nancy (C, E) and 71 (37.6%) sho-
wed equal amount of drainage to
each side (A) (Table 2).

Discussion

Although the value of dissection
studies on cadavers can not be dis-
puted, we believe that bilateral caro-
tid angiography is a better method to
demonstrate the variations of the
venous drainage dominance.

The venous drainage of the
radiocontrast medium injected from
one carotid artery may show diffe-
rences when compared with the
injection from the contralateral side.
As it is thought that this might
cause misleading findings. We stu-
died the venous phase of both caro-
tid angiographies during the evalua-
tion of dominance.

Venous drainage dominance
was analysed in 189 cases. In most
of the symmetrical forms of
confluence of sinuses the drainage
patterns corresponded to A type
(right=left). Moreover, in cases that
had right or left dominance, the
drainage type of confluence of
sinuses showed deviation to the
dominant side. The confluence of
sinuses must not be regarded simply
as the drainage site of the superior
sagittal sinus and straight sinus or
the origin of transverse sinuses but
rather must be considered as a com-
plex system of anastomosing
sinuses [8,19]. The importance of
this view point is shown by the for-
mation of venous drainage patterns.
Thus the drainage variations of
dural venous sinuses into the
confluence of sinuses is an impor-
tant variable that determines the
venous drainage dominance.

In this study the percentages of
right and left dominancy was found
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to be 43.4% and 19% respectively.
37.6% showed equal type of draina-
ge (Table 1). Woodhall, in a post-
mortem study involving 100 cases,
observed that the incidence of cases
with right dominance was 39%, left
dominance 13% and equal drainage
48% [22]. In another postmortem
study of 100 cases, Browning found
these percentages to be 51, 29 and
20 respectively [4]. In a study on 25
cadavers, Edwards gave his results
as 50%, 42% and 8% [7]. Gibbs, in
a study on 25 cadavers, gave the
values as 52%, 24% and 24%. The
findings of Edwards and Gibbs were
not found to be statistically reliable
by the authors [4]. Although our
results are close to those of Wood-
hall, those of the latter two studies
are controversial. Woodhall obser-

ved that the majority of the cases
showed equal drainage to either
side, whereas in our study, cases
with right dominance constituted the
largest group.

We have not found any report
that classified the venous drainage
dominance in the same way as in
this study (Table 1). It seems that
such a classification is more useful
because of its surgical aspects.

Knowledge of variations of the
venous drainage dominance has par-
ticular importance for the patients
who will undergo a radical neck dis-
section. Furthermore, removal of the
tumors in the neck that invade the
internal jugular vein and tumors of
the glomus jugulare that require
ligation of the internal jugular vein
on the dominant side may cause

Figs. 5a, b, 6a, b

5a Drainage mainly from
right side in venous phase
of right carotid angiogra-
phy. b Drainage mainly
from right side in venous
phase of left carotid
angiography. 6a Drainage
mainly from left side in
venous phase of right
carotid angiography. b
Drainage mainly from left
side in venous phase of
left carotid angiography

5a Drainage prédominant
du coté droit fors du temps
veincux d'une angiogra-
phie carotidienne droite.
b Drainage prédominant
du cité droit lors du temps
veineux d’une angiogra-
phie carotidienne gauche.
6a Drainage prédominant
du c6té gauche lors du
temps veineux d’une
angiographic carotidienne
droite. b Drainage prédo-
minant du coté gauche
lors du temps veineux
d’une angiographic caroti-
dienne gauche

important complications. We think
that such surgical approaches have a
higher complication rate especially
in patients with B or C types of
venous drainage.

There are numerous studies in
the literature concerning the post-
operative complications of radical
neck dissection. Marr reported that
pseudotumor cerebri may be seen
after the ligation of the internal
jugular vein [16]. It is also reported
that extensive edema and cyanosis
of the head and neck regions, hea-
dache, pupilledema, blurred vision,
blindness, loss of conciousness,
confusion, convulsion and hemipa-
resis are other complications that
may be observed after the ligation
of the internal jugular vein [1, 5, 11,
12, 17, 20, 21]. Nagao, in an experi-
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mental study, showed that there is a
risk of transtentorial and/or tonsillar
herniation if the pressure of intra-
ventricular and cervical subarach-
noid cerebrospinal fluid exceeds 10
mmHg [18]. There are controversial
viewpoints among authors regarding
the postoperative status after radical
neck dissection. Some authors have
proposed that adaptation to the new
anatomical condition readily deve-
lops within a few days [2, 5. 9. 20].
Moreover, there are some cases in
which sufficient venous drainage is
provided through the vertebral
venous plexus after bilateral remo-
val of the internal jugular veins [1].
However, some authors support the
idea that adaptation to the new
venous drainage type depends great-
ly on the variations in the venous
system and ligation of dominant or
non-dominant sides {11, 12, 16, 17].

Some radical neck dissections
require bilateral removal of the
internal jugular veins. After bilateral
removal development of postopera-
_ tive complications is more frequent
when compared with unilateral
removal [17].

The findings of this study and a
review of the literature reveal that
there are many variations of venous
drainage dominance. In some cases,
specific intracranial venous channels
may exhibit anomalies or lack of
development which may not safely
permit the ligation of internal jugular
veins [17]. Sugarbaker reported a
patient who underwent ligation of
the internal jugular vein in which the
right transverse sinus was found to
be underdeveloped during the post-
mortem examination [20]. Unless
venous drainage from the ipsilateral

hemisphere can drain via the vein of
Labbé through the torcular to the
opposite jugular system, the cerebral
hemisphere, especially the posterior
temporal lobe, will be at risk of
venous infarction [14].

The question of venous drainage
dominance has clinical importance
and should be reviewed especially
prior to operations on patients who
will undergo radical neck dissection
and require ligation of the internal
jugular vein.

References

1. Barber KW, Beahrs OH (1961) Bilateral
radical dissection of the neck. Arch Surg
83 :388-394

2. Batson OV (1944) Anatomical problems
concerned in the study of cerebral blood
flow. Fed Proc Fed Am Soc Exp Biol 3 :
139-144

3. Bisaria KK (1985) Anatomic variations of
venous sinuses in the region of the torcu-
lar Herophili. J Neurosurg 62 : 90-95

4. Browning H (1953) The confluence of
dural venous sinuses. Am J Anat 93 : 307-
329

5. Cook AW, Freund HR. Browder EJ
(1958) Venous patterns following occlu-
sion of the jugular system as demonstra-
ted by jugular venography. Surgery 44 :
338-344

6. Di Chiro G (1962) Angiographic patterns
of cerebral convexity veins and superfi-
cial dural sinuses. Am J Roentgenol 87:
308-321

7. Edwards EA (1931) Anatomic variations
of cranial venous sinuses. Arch Neurol
(Chicago) 26 : 801-814

8. Gibbs EL, Gibbs FA (1934) The cross
section arcas of the vessels that form the
torcular and the manner in which flow is
distributed to the right and to the left late-
ral sinus. Anat Rec 59 : 419-425

9. Gius JA, Grier DH (1950) Venous adap-
tation following bilateral radical neck dis-
section with excision of the jugular veins.
Surgery 28 : 305-319

10. Huang YP, Okudera T, Ohta T, Robbins
A (1984) Anatomic vaniations of the dural

B Durgun et al : Venous drainage dominance

venous sinuses. In: Kapp JP, Schmidek
HH (eds) The cercbral venous system and
its disorders. Grune and Stratton, Orlan-
do, pp 109-167

11. Jones RK (1951) Increased intracranial
pressure following radical neck surgery.
Arch Surg 63 : 599-603

12. Kaplan HA, Browder J, Knightly JJ, Rush
BF, Browder A (1972) Variations of the
cerebral dural sinuses at the torcular
Herophili. Am J Surg 124 : 456-461

13. Krayenbuhl HA, Yasargil MG (1968)
Dural sinuses. In: Cerebral angiography.
Butterworth Heinemann, Oxford, pp 113-
121

14. Lanzieri CF, Sacher M. Duchesneau PM.
Rosenbloom SA, Weinstein MA (1987)
The preoperative venogram in planning
extended craniectomies. Neuroradiol 29 :
360-365

15. Lasjaunias P, Berenstein A (1990) Intra-
cranial venous system. In: Surgical neuro-
angiography. Springer. Berlin Heidelberg
New York. pp 258-265

16. Marr WG, Chambers RG (1961) Pseudo-
tumor cerebri syndrome; following unila-
teral radical neck dissection. Am J Optha-
mol 51 : 605- 611

17. Mortit M, Cleveland H (1958) Permanent
increased intracranial pressure following
unilateral radical neck dissection. Arch
Surg 76 : 713-719

18. Nagao S. Sunami N, Tsutsui T, Honma Y,
Momma F. Nishiura T, Nishimoto A
(1984) Acute intracranial hypertension
and brain-stem blood flow. J Neurosurg
60 : 566-571

19. Hacker H (1974) Superficial supratento-
rial veins and dural sinuses. In: Newton
TH, Potts DG (eds) Radiology of the skull
and brain. Angiography. Mosby, Saint
Louis, pp 1851-1877

20. Sugarbaker ED, Wiley HM (1951) Intra-
cranial pressure studies incident to resce-
tion of the internal jugular veins. Cancer 4
1 242-250

21. Torti RA, Ballantyne AJ, Berkeley RG
(1964) Sudden blindness after simulta-
ncous bilateral radical neck dissection.
Arch Surg 88 : 271-274

22. Woodhall B (1936) Varations of the cranial
venous sinuses in the region of the torcular
Herophili. Arch Surg 33 : 297-314

Received March 31, 1992 / Accepted in final
form January 25, 1993




