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OBJECTIVE A N D  IM P O R T A N C E : D u ra l sinus throm bosis can lead to in tra ­
cranial venous hypertension and can be com plicated  by in tracran ia l 
hem orrhage. W e  present a case report o f a patient w h o  u n d e rw e n t  
endovascular recanalization  and stenting o f a throm bosed occip ita l sinus.

C L IN IC A L PRESENTATION: A 13-year-old patient w ith  a history of chronic  
sinus thrombosis refractory to anticoagulant therapy presented w ith  acute  
onset of aphasia and hemiparesis. Com puted tomography and magnetic  
resonance imaging revealed hydrocephalus and cerebral edema. Angiogra­
phy delineated multiple dural arteriovenous fistulae and persistent occlusion 
of the posterior sagittal, occipital, and bilateral transverse dural sinuses w ith  
retrograde cortical venous drainage.

IN TE R V E N TIO N : After em bolization of the dural arteriovenous fistulae, a trans­
venous approach was used to recanalize and perform balloon angioplasty of 
the right internal jugular vein and the occipital and left transverse sinuses, 
resulting in subsequent clinical im provem ent. The patient's condition dete­
riorated 3 days later w ith  reocclusion of both balloon-dilated sinuses. Repeat 
angioplasty and then deployment of an endovascular stent in the occipital 
sinus were performed, and reestablishment of venous outflow  was achieved, 
resulting in a decrease of intracranial venous pressure from 41 to 14 m m  Hg  
and neurological im provement. At the 3-m onth fo llow-up examination, the 
stented occipital sinus remained patent and served as the only conduit for 
extracranial venous outflow; the patient remained neurologically intact at 
the 12-m onth follow-up examination.

C O N C L U S IO N : This is the first report of mechanical recanalization, balloon  
angioplasty, and stent deployment in the occipital sinus to provide sustained 
venous outflow  for the treatm ent of venous hypertension w ith  retrograde  
cortical venous drainage in a patient w ith  dural pansinus thrombosis refrac­
tory to anticoagulant therapy. (Neurosurgery 4 4 :8 9 6 - 9 0 1 ,  1999)
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Ve n o u s  s i n u s  t h r o m b o s i s  c a n  result 
i n  i n t r a c r a n i a l  v e n o u s  h y p e r te n s io n  

a n d  c a n  b e  c o m p l i c a t e d  b y  in t ra c ra n ia l 
h e m o r r h a g e .  T h i s  c o n d i t i o n  u s u a l ly  re­
s p o n d s  t o  s y s t e m ic  a n t i c o a g u la t io n ,  which 
is  r e c o m m e n d e d  e v e n  i n  t h e  p resence  of 
i n t r a c r a n i a l  h e m o r r h a g e  (5 ) .  F o r  patients 
w h o s e  c o n d i t i o n s  f a i l  t o  i m p r o v e  despite 
a n t i c o a g u l a t i o n ,  a n u m b e r  o f  r e p o r ts  have 
d e s c r i b e d  g o o d  c l i n i c a l  s u c c e s s  u s in g  d i­
r e c t  e n d o l u m i n a l  i n f u s i o n  o f  u rok inase 
f o r  r e e s t a b l i s h i n g  s i n u s  p a t e n c y  (9 ,16,18). 
W e  h e r e i n  d e s c r ib e  t h e  f i r s t  case  o f  me­
c h a n i c a l  r e c a n a l i z a t i o n ,  b a l l o o n  angio­
p l a s t y ,  a n d  e n d o l u m i n a l  s te n t  p lacem ent 
w i t h i n  t h e  o c c i p i t a l  s i n u s  f o r  th e  treat­
m e n t  o f  i n t r a c r a n i a l  v e n o u s  h y p e r te n s io n  
i n  a p a t i e n t  w i t h  l o n g - s t a n d i n g  d u r a l  pan­
s in u s  t h r o m b o s i s  a n d  a c u te  c l in ic a l  dete­
r i o r a t i o n  d e s p i t e  s y s t e m ic  a n t ic o a g u la ­
t i o n .  W e  d i s c u s s  t h e  c l i n i c a l  m a n a g e m e n t 
a n d  t e c h n i c a l  a s p e c t s  o f  t h e  case, p ro ­
v i d e  a n g i o g r a p h i c  f o l l o w - u p  a t  3 m onths 
a n d  c l i n i c a l  f o l l o w - u p  a t  1 y e a r ,  a n d  dis­
c u s s  d u r a l  a r t e r i o v e n o u s  f i s t u la  (D A V F ) 
p a t h o g e n e s i s .

C L IN IC A L  PRESENTATIO N
T h i s  1 3 - y e a r - o l d  m a l e  p a t i e n t  had  a 

h i s t o r y  o f  a  f a l l  f r o m  a t r e e  a n d  had 
p r e s e n t e d  w i t h  h e a d a c h e  a n d  p u ls a t i le  
t i n n i t u s  1 5  m o n t h s  b e f o r e  th e  cu rre n t 
a d m i s s i o n .  A t  t h a t  t i m e ,  m a g n e t ic  reso­
n a n c e  ( M R )  i m a g i n g  a n d  d ia g n o s t ic  an­
g i o g r a p h y  r e v e a l e d  t h a t  t h e  p a t ie n t  was 
s u f f e r i n g  f r o m  s p o n t a n e o u s  d u r a l  pan­
s i n u s  t h r o m b o s i s  o f  t h e  s u p e r i o r  sag­
i t t a l  s i n u s ,  s t r a i g h t  s i n u s ,  b i la te ra l 
t r a n s v e r s e  s i n u s e s ,  a n d  o c c i p i t a l  s inus, 
a n d  h e  u n d e r w e n t  a  l a b o r a t o r y  w o rk u p  
f o r  a  h y p e r c o a g u l a b l e  s ta te ,  th e  resu lts 
o f  w h i c h  w e r e  n e g a t i v e .  H i s  f i r s t  a n g io ­
g r a m  r e v e a l e d  n o  a r t e r i o v e n o u s  shunts. 
H e  w a s  t r e a t e d  f o r  7  m o n t h s  w i t h  a 
r e g i m e n  o f  o r a l l y  a d m i n i s t e r e d  w a r ta rm  
a n d  a s p i r i n  b u t  p r e s e n t e d  a t  th e  t im e  ot 
t h e  c u r r e n t  a d m i s s i o n  w i t h  aphasia, 
r i g h t  h e m i p a r e s i s ,  a n d  e n g o r g e d  scalp 
v e i n s .  M R  i m a g i n g  a n d  c o m p u t e d  to 
m o g r a p h y  s h o w e d  n o  e v id e n c e  o f  co rti 
c a l  i n f a r c t  o r  i n t r a p a r e n c h y m a l  he rn o r 
r h a g e  (Fig. 1) b u t  d e m o n s t r a t e d  d ila tec 
t e m p o r a l  h o r n s  a n d  e f f a c e m e n t  o t the 
b a s a l  c i s t e r n s ,  c o n s i s t e n t  w i t h  h y d ro
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FIG U R E 1. A ,  sagittal T 1 -w e ig h ted  M R  
image o f the head, w ith o u t contrast 
enhancem ent, dem onstrating  edem a in 
the posterior fossa and associated  
tonsillar ectopia , consistent w ith  venous  
hypertension and edem a. B, axial 
T1-w e ig h ted  postgadolin ium  M R  image  
showing d ilated tem poral horns and  
effaced basal cisterns w ith  dilated
cortical veins.

F IG U R E 2. A , lateral pro jection  arteria l
phase digital subtraction angiogram  
(DSA) o f the left in ternal carotid  artery  
( IC A ), showing early  arteriovenous  
shunting from  the m eningohypophyseal 
trunk to a D A V F  in the region o f the
transverse sinus (a r r o w h e a d ).
B, arteria l phase DSA of a left external
carotid  in jection , revealing dural 
arteriovenous shunting from  the  
ascending pharyngeal a rtery  (s h o r t  
a r r o w )  and from  the posterior branch  
of the an te rio r  division o f the m iddle  
m eningeal a rtery  ( lo n g  a r r o w ) .  Late 
venous phase angiograms o f the left
IC A  in the lateral (C )  and  
anteroposterior (E )  projections, the  
right IC A  the lateral pro jection  (D ) ,  and  
the left vertebra l a rtery  in the lateral 
projection  (F )  confirm  venous sinus 
thrombosis in the posterior region o f  
the superior sagittal sinus, both  
transverse sinuses, and the to rcu lar  
herophili. Venous drainage is via 
cortical veins w ith  diversion to the  
deep venous system and diversion  
anterio rly  to the cavernous sinus via  
transcortical pathways. The an te rio r  
fa lc ine sinus is patent.

cephalus and cerebral edem a. di_
venous structures were su and
lated so as to distort the ram  ^  nQ
result in cerebellar ectopia/ hernor-
evidence of intraparenchyma led
rhage. Diagnostic angiograp y  , the 
multiple DAVTs involving sepa y ^
right transverse-sigmoid junction

A a n d  B), t h e  l e f t  t r a n s v e r s e  s in u s ,  t h e  
s u p e r i o r  s a g i t t a l  s in u s ,  a n d  t h e  o c c i p i t a l  
s i n u s .  T h e  r i g h t  t r a n s v e r s e  s i n u s  w a s  
n o t e d  t o  b e  o c c l u d e d ,  a s  w a s  t h e  s u p e r i o r  
s a g i t t a l  s i n u s  a t  i t s  j u n c t i o n  w i t h  t h e  t o r ­
c u l a r  h e r o p h i l i .  V e n o u s  d r a i n a g e  w a s  r e t ­
r o g r a d e  v i a  t h e  a n t e r i o r  p o r t i o n  o f  t h e  
s u p e r i o r  s a g i t t a l  s i n u s  v i a  c o l l a t e r a l  v e ­

n o u s  c h a n n e l s  t o  b i l a t e r a l  c a v e r n o u s  s i ­
n u s e s  a n d  t r a n s o s s e o u s  c h a n n e l s  t o  t h e  
s c a lp  (Fig. 1, C - F ) .  O f  c l i n i c a l  i m p o r t a n c e  
w a s  t h e  p r e s e n c e  o f  r e t r o g r a d e  c o r t i c a l  
v e n o u s  d r a i n a g e  i n t o  a  l a r g e  p o s t e r i o r  
t e m p o r o p a r i e t a l  v e i n ,  w h i c h  m a y ,  i n  p a r t ,  
h a v e  b e e n  r e s p o n s ib le  f o r  t h e  p a t i e n t ' s  l e f t  
h e m i s p h e r i c  i s c h e m ia .  A  c o m b i n a t i o n  o f
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s u p e r s e l e c t i v e  t r a n s a r t e r i a l  a n d  t r a n s ­
v e n o u s  a p p r o a c h e s  w a s  u s e d  t o  e m b o l i z e  
t h e  d u r a l  a r t e r i o v e n o u s  f i s t u l a e ,  w i t h  a 
r e s u l t i n g  d e c r e a s e  i n  t h e  a m o u n t  o f  a r t e ­
r i o v e n o u s  s h u n t i n g .

A  t r a n s v e n o u s  a p p r o a c h  w a s  t h e n  u n ­
d e r t a k e n ,  a n d  a d i a g n o s t i c  a n g i o g r a p h i c  
c a t h e t e r  w a s  p o s i t i o n e d  i n  t h e  h i g h  c e r ­
v i c a l  l e f t  i n t e r n a l  j u g u l a r  v e i n  ( I J V )  
w h e r e  m u l t i p l e  a t t e m p t s  a t  c a t h e t e r i z -  
i n g  t h e  l e f t  s i g m o i d  s i n u s  w e r e  u n s u c ­
c e s s f u l .  T h e  c a t h e t e r  w a s  t h e n  p l a c e d  i n  
t h e  r i g h t  I J V ,  a n d  a t t e m p t s  a t  r e c a n a l i z -  
i n g  t h e  r i g h t  s i g m o i d  s i n u s  w e r e  a g a in  
u n s u c c e s s f u l .  A  c h a n n e l  w a s ,  h o w e v e r ,  
f o u n d  i n  t h e  p o s t e r i o r  m e d i a l  r i g h t  j u g u ­
l a r  b u l b .  R e c a n a l i z a t i o n  a l o n g  t h i s  c h a n ­
n e l  u s i n g  a m i c r o w i r e / m i c r o c a t h e t e r  
c o m b i n a t i o n  l e d  t o  t h e  o c c i p i t a l  s i n u s ,  
t o r c u l a r  h e r o p h i l i ,  a n d  t h e n  t o  t h e  l e f t  
t r a n s v e r s e  s i n u s .  M e a s u r e m e n t  o f  t h e  
v e n o u s  p r e s s u r e  y i e l d e d  4 1  m m  H g  i n  
t h e  l e f t  t r a n s v e r s e  s i n u s .  A n  a n g i o p l a s t y  
b a l l o o n  c a t h e t e r  w a s  g u i d e d  o v e r  a n  e x ­
c h a n g e  g u i d e w i r e  a n d  u s e d  t o  b a l l o o n -  
d i l a t e ,  i n  a n  o v e r l a p p i n g  f a s h i o n ,  t h e  
s t e n o t i c  a n d  p a r t i a l l y  t h r o m b o s e d  o c c i p ­
i t a l  s i n u s ,  l e f t  t r a n s v e r s e  s i n u s ,  a n d  a 
s t r i c t u r e  a t  t h e  t r a n s v e r s e - s i g m o i d  j u n c ­
t i o n  (Fig. 3 ) .  A f t e r  a n g i o p l a s t y ,  o c c i p i t a l

s i n u s  v e n o u s  p r e s s u r e  w a s  m e a s u r e d  a t  
2 1  m m  H g  a n d  a n t e g r a d e  f l o w  w a s  o b ­
s e r v e d  d o w n  t h e  o c c i p i t a l  s i n u s  t o  t h e  
r i g h t  I J V  a n d  t h e  l e f t  t r a n s v e r s e  d o w n  t o  
t h e  l e f t  I J V  w i t h  d i s a p p e a r a n c e  o f  t h e  
r e t r o g r a d e  c o r t i c a l  v e n o u s  d r a i n a g e  p a t ­
t e r n .  T h e  p a t i e n t ' s  m e n t a l  s t a t u s  i m ­
p r o v e d  a n d  h e m i p a r e s i s  c l e a r e d  w i t h i n  
1 2  h o u r s  o f  t h e  p r o c e d u r e ,  b u t  h e  d e v e l ­
o p e d  s e v e r a l  t r a n s i e n t  e p i s o d e s  o f  a p h a ­
s ia  3  d a y s  l a t e r ,  p r o m p t i n g  r e e v a l u a t i o n .

R e p e a t  a n g i o g r a p h y  r e v e a l e d  r e o c c l u ­
s i o n  o f  t h e  p r e v i o u s l y  r e c a n a l i z e d  a n d  
d i l a t e d  o c c i p i t a l  s i n u s  a n d  r i g h t  t r a n s ­
v e r s e  s i n u s e s  w i t h  r e t u r n  o f  r e t r o g r a d e  
c o r t i c a l  v e n o u s  d r a i n a g e  p a t t e r n .  A  d e ­
c i s i o n  w a s  t h e n  m a d e  t o  r e p e a t  t h e  
t r a n s v e n o u s  r e c a n a l i z a t i o n  p r o c e d u r e .  
A  9 - F r e n c h  g u i d e  c a t h e t e r  ( C o r d i s  E n ­
d o v a s c u l a r ,  M i a m i  L a k e s ,  F L )  w a s  u s e d  
c o a x i a l l y  o v e r  a  5 - F r e n c h  d i a g n o s t i c  a n ­
g i o g r a p h i c  c a t h e t e r  t o  c a t h e t e r i z e  t h e  
h i g h  s e g m e n t  o f  t h e  r i g h t  I J V .  A  R a p i d  
T r a n s i t  m i c r o c a t h e t e r  ( C o r d i s  E n d o v a s ­
c u l a r )  w a s  u s e d  o v e r  a m i c r o g u i d e w i r e  
t o  t r a v e r s e  a n d  n a v i g a t e  t h e  r e o c c l u d e d  
o c c i p i t a l  s i n u s ,  t o r c u l a r  h e r o p h i l i ,  a n d  
l e f t  t r a n s v e r s e  s i n u s  a n d  i n t o  t h e  l e f t  I J V  
(Fig. 4 ) .  A n  e x c h a n g e  w i r e  w a s  t h e n  i n ­
s e r t e d  o v e r  t h e  m i c r o c a t h e t e r  a n d  a d ­

v a n c e d  t o  t h e  l e v e l  o f  t h e  in n o m in a te  
v e i n .  A  b a l l o o n  w a s  t h e n  p a s s e d  over 
t h e  e x c h a n g e  w i r e  a n d  u s e d  t o  p e r fo rm  
b a l l o o n  a n g i o p l a s t y  o f  t h e  e n t i r e  venous 
p a t h w a y  f r o m  t h e  r i g h t  I J V ,  o c c ip ita l 
s i n u s ,  l e f t  t r a n s v e r s e  s i n u s ,  a n d  le f t  IJV. 
T h e  v e n o u s  p r e s s u r e  m e a s u r e m e n t  re­
v e a l e d  a v a l u e  o f  2 1  m m  H g .  A n  8 X 
4 0 - m m  S c h n e i d e r  W a l l S t e n t  (S ch n e id e r 
I n c . ,  P l y m o u t h ,  M N )  w a s  t h e n  inse rted  
o v e r  t h e  g u i d e w i r e  a n d  d e p l o y e d  in  the 
o c c i p i t a l  s i n u s .  T h e  s t e n t  w a s  th e n  post­
d i l a t e d  u s i n g  a n  O p t r a  5  b a l l o o n  a n g io ­
p l a s t y  c a t h e t e r  ( C o r d i s  E n d o v a s c u la r ) ,  
a f t e r  w h i c h  v e n o u s  p r e s s u r e  w a s  mea­
s u r e d  a t  1 4  m m  H g .  A f t e r  t h e  d e p lo y ­
m e n t  o f  t h e  s t e n t ,  t h e r e  w a s  e v id e n c e  of 
b l o o d  f l o w  t h r o u g h  t h e  p a t e n t  o c c ip ita l 
s i n u s  o u t f l o w  w i t h  d i s a p p e a r a n c e  o f  ret­
r o g r a d e  c o r t i c a l  v e n o u s  d r a in a g e  (Fig. 4C). 
T h e  p a t i e n t  m a d e  a n  u n e v e n t f u l  recovery 
f r o m  th e  p r o c e d u r e  a n d  r e m a in e d  neuro- 
l o g i c a l l y  in t a c t .

T h e  p a t i e n t  w a s  d i s c h a r g e d  h o m e  on 
w a r f a r i n ,  t i c l o p i d i n e ,  a n d  a s p i r in .  The 
p a t i e n t  r e t u r n e d  3  m o n t h s  la t e r ,  a n d  re­
p e a t  a n g i o g r a p h y  r e v e a l e d  th e  pe rs is ­
t e n t  p > a te n c y  o f  t h e  o c c i p i t a l  s in u s  stent 
a s  t h e  m a j o r  e x t r a c r a n i a l  o u t f l o w  p a th ­
w a y ,  w i t h  n o  e v i d e n c e  o f  c o r t ic a l  ve-

%

FIG U R E 3. A, recanalization using a 
fem oral transvenous approach of the 
occipita l and left transverse sinuses. 
A nteroposterior projection  
f luorographic  o f the cranium, revealing 
the m icrocath e ter course from the right 
in ternal jugular to the occipital sinus, 
to rcu lar heroph ili, and left transverse 

j A  sinus. R, distal in jection of the
m icrocath e ter in the left transverse 

sinus, revealing m in im al flow  through the largely 
throm bosed left transverse sinus. An exchange guidewire 
was used to ca theterize  the left l)V  from  a right internal 
jugular venous approach and was used to perform balloon 
angioplasty ot the occip ita l sinus and the left transverse 
sinus. C, postangioplasty venous in jection revealing the 
significant im provem ent in venous outflow .
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^ *}; F IG URE 4. Patient was taken back to

r. the neuroangiography suite 3 days
after undergoing angioplasty and  
experiencing worsening episodes of  
aphasia despite continued intravenous  
anticoagulation . Angiography revealed  
reocclusion o f the previously balloon-  
dilated segments (not shown).

^  A, fem oral transvenous approach was
again undertaken to pass a gu idew ire  

through the occipital sinus and to the left transverse and  
sigmoid sinuses and dow n into the IJV. B, 8  x  4 0 -m m  
Schneider W allS tent was then deployed in the occipital 
sinus over the gu idew ire . C, DSA of the left ICA , obtained  
during the late venous phase, dem onstrating patency of the  
occipital sinus and passage of angiographic contrast to 
the right IJV.

. i
1

i

i

J L .

" ° US d r a in a g e  (Fig.5) .  N o  n e w  D A V F s

D a v e ^0111^ -  A l l  p r e v i o u s l y  t r e a t e d
s w e r e  c lo s e d ,  e x c e p t  f o r  o n e  i n -

v o l v i n a  f u  •  ,  r6  m e  r i g h t  t r a n s v e r s e  s i n u s ,

w h i c h  u n d e r w e n t  r e p e a t  t r a n s a r t e r i a l  
e m b o l i z a t i o n  u s i n g  a b s o l u t e  e t h a n o l  v i a  
i t s  a s c e n d i n g  p h a r y n g e a l  a n d  p o s t e r i o r  
d i v i s i o n  o f  t h e  l e f t  m i d d l e  m e n i n g e a l

FIG URE 5. Fo llow -up  diagnostic DSA, 
obtained at 3 months during the late  
venous phase, o f the right (A  and C )  
and left (B  and D )  ICAs in the lateral 
and anteroposterior projections, 
respectively. The angiograms  
dem onstrate continued patency o f the  
stented occip ita l sinus, w h ich  
constitutes the sole o u tf lo w  am ong the  
m ajor venous sinuses. N o te  that the  
previously ba lloon-d ila ted  but 
nonstented left transverse sinus is 
occluded.

a r t e r y  f e e d e r s .  A f t e r  s t e n t  p la c <  
t h e  p a t i e n t  r e m a i n e d  w i t h o u t  n e i  
i c a l  s y m p t o m s  o r  d e f i c i t s  a t  1 y 
c l i n i c a l  a n d  n e u r o l o g i c a l  f o l l o w - i
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D IS C U S S IO N
D u r a l  s i n u s  t h r o m b o s i s  is  u s u a l l y  

t r e a t e d  u s i n g  s y s t e m i c  a n t i c o a g u l a t i o n ,  
e v e n  i n  t h e  p r e s e n c e  o f  i n t r a p a r e n c h y -  
m a l  h e m o r r h a g e  ( 5 ) .  A  n u m b e r  o f  r e ­
p o r t s  h a v e  a ls o  d e s c r i b e d  t h e  u s e  o f  s u ­
p e r s e l e c t i v e  i n f u s i o n  o f  t h r o m b o l y t i c s  
t h r o u g h  a n  i n d w e l l i n g  c a t h e t e r  v i a  b o t h  
a t r a n s j u g u l a r  a n d  t r a n s v e n o u s  a p ­
p r o a c h ,  w i t h  g o o d  s u c c e s s  (2 ,  9 ,  1 6 ,  1 8 ) .  
A l t h o u g h  s u p e r s e l e c t i v e  t h r o m b o l y s i s  
u s i n g  u r o k i n a s e  ( A b o k i n a s e ;  A b b o t t  
L a b s ,  C h i c a g o ,  I L )  w a s  c o n s i d e r e d  f o r  
t h e  c u r r e n t  p a t i e n t ,  t h e r e  w a s  s i g n i f i c a n t  
c o n c e r n  r e g a r d i n g  i t s  p o t e n t i a l  e f f i c a c y ,  
c o n s i d e r i n g  t h e  p a t i e n t ' s  e x t e n s i v e  a n d  
l o n g - s t a n d i n g  v e n o u s  s i n u s  t h r o m b o s i s .  
A l t h o u g h  t h e  p a t i e n t ' s  s y m p t o m s  i n i ­
t i a l l y  i m p r o v e d  w i t h  e m b o l i z a t i o n  o f  
t h e  m u l t i p l e  D A V F s ,  h e  s u f f e r e d  r e c u r ­
r e n c e  o f  d y s p h a s i a ,  m o s t  l i k e l y  a s  a r e ­
s u l t  o f  i s c h e m i a  p r o d u c e d  b y  d o c u ­
m e n t e d  v e n o u s  h y p e r t e n s i o n .  T h i s  is  
e m p h a s i z e d  b y  t h e  o b s e r v e d  c l i n i c a l  i m ­
p r o v e m e n t  a f t e r  m e c h a n i c a l  r e c a n a l i z a ­
t i o n  a n d  a n g i o p l a s t y  o f  t h e  o c c i p i t a l  a n d  
l e f t  t r a n s v e r s e  s i n u s e s .  T h e  v a l u e  o f  
s t e n t  d e p l o y m e n t  i n  t h i s  p a t i e n t  w a s  e v ­
i d e n t  a f t e r  r e c a n a l i z a t i o n  w i t h  b a l l o o n  
a n g i o p l a s t y  a n d  s y s t e m i c  a n t i c o a g u l a ­
t i o n  f a i l e d  t o  m a i n t a i n  t h e  p a t e n c y  o f  t h e  
o c c i p i t a l  a n d  l e f t  t r a n s v e r s e  s in u s e s  f o r  
l o n g e r  t h a n  3  d a y s .

I n t r a v a s c u l a r  s t e n t s  a r e  b e i n g  u s e d  i n ­
c r e a s i n g l y  f o r  t h e  t r e a t m e n t  o f  e x t r a c r a ­
n i a l  a n d ,  i n  s e le c t  c a s e s ,  i n t r a c r a n i a l  a r ­
t e r i a l  a b n o r m a l i t i e s ,  i n c l u d i n g  c a r o t i d  
a n d  v e r t e b r a l  s t e n o s i s  a n d  d i s s e c t i o n  
( 2 2 ) ,  a n d  a s  a s c a f f o l d  f o r  c o i l  e m b o l i z a ­
t i o n  o f  f u s i f o r m  a n e u r y s m s  (8 ) .  S t e n t  
p l a c e m e n t  i n  t h e  v e n o u s  s y s t e m  is  le s s  
p r e v a l e n t  b e c a u s e  o f  t h e  r i s k  o f  l o n g ­
t e r m  t h r o m b o s i s ,  c o n s i d e r i n g  t h e  t h r o m -  
b o g e n i c i t y  o f  a f o r e i g n  b o d y  i n  a n o n ­
a n t i c o a g u l a t e d  p a t i e n t .  I n t r a v a s c u l a r  
s t e n t i n g  i n  t h e  v e n o u s  s y s t e m  h a s  b e e n  
l i m i t e d  t o  c a s e s  o f  d i a l y s i s  f i s t u l a  s t e n o ­
s is  ( 1 5 ) ,  a x i l l a r y - s u b c l a v i a n  t h r o m b o s i s  
( 1 7 ) ,  a n d  f r e s h  v e n o u s  t h r o m b u s  s u c ­
c e s s f u l l y  ( 2 1 ) .  S t e n t  p l a c e m e n t  i n  t h e  i n ­
t r a c r a n i a l  v e n o u s  s y s t e m  h a s  b e e n  p r e ­
v i o u s l y  r e p o r t e d  i n  t h e  t r e a t m e n t  o f  
s t e n o s i s  o f  t h e  t r a n s v e r s e  s i n u s  b u t  n o t  
f o r  t r e a t m e n t  o f  a n  o c c l u d e d  s i n u s  a f t e r  
r e c a n a l i z a t i o n  ( 1 2 ) .

M o r e  r e c e n t l y ,  a c a s e  o f  t r a u m a t i c  b i ­
l a t e r a l  i n t e r n a l  j u g u l a r  v e n o u s  t h r o m b o ­

s is  h a s  b e e n  d e s c r i b e d  i n  w h i c h  s t e n t  
p l a c e m e n t  i n t o  t h e  l e f t  I J V  r e s u l t e d  i n  
s i g n i f i c a n t l y  d e c r e a s e d  i n t r a c r a n i a l  p r e s ­
s u r e  (4 ) .  A l t h o u g h  w e  d i d  n o t  d i r e c t l y  
m e a s u r e  i n t r a c r a n i a l  p r e s s u r e  a n d  d i d  n o t  
r e s o r t  t o  c e r e b r o s p i n a l  f l u i d  d i v e r s i o n  f o r  
t h e  c u r r e n t  p a t i e n t ,  p r e v i o u s  w o r k  h a s  e s ­
t a b l i s h e d  t h a t  i n c r e a s e d  v e n o u s  i n t r a c r a ­
n i a l  p r e s s u r e  r e s u l t s  i n  i n c r e a s e d  i n t r a ­
c r a n i a l  p r e s s u r e .  A l t h o u g h  s p o n t a n e o u s  
t h r o m b o s i s  o f  t h e  s t e n t e d  s e g m e n t  r e ­
m a i n s  a r i s k ,  i t s  c o n t i n u e d  p a t e n c y  m a y  
n o t  o n l y  b e  t h e  r e s u l t  o f  s y s t e m i c  a n t i ­
c o a g u l a t i o n  b u t  a l s o  m a y  b e  b e c a u s e  i t  
c a r r i e s  a v e r y  h i g h  f l o w  r a t e .  H i g h  f l o w  
a n d  a s s o c ia t e d  s h e a r  s t r e s s  i n d u c e  i n ­
c r e a s e d  e n d o g e n o u s  r e le a s e  o f  p r o s t a c y ­
c l i n  ( 7 )  a n d  n i t r i c  o x i d e  ( 6 ) ,  b o t h  o f  
w h i c h  d e c r e a s e  p l a t e l e t  a c t i v a t i o n ,  a n d  
i n c r e a s e d  p r o d u c t i o n  o f  t i s s u e - t y p e  
p l a s m i n o g e n  a c t i v a t o r  ( 3 ) ,  w h i c h  m a y  
c o n t r i b u t e  t o  i n  d i s s o l u t i o n  o f  f o r m e d  
c l o t .

T h i s  c a s e  i l l u s t r a t e s  t h e  h y p o t h e s i z e d  
l i n k  b e t w e e n  v e n o u s  s i n u s  t h r o m b o s i s  
a n d  t h e  r e s u l t i n g  v e n o u s  h y p e r t e n s i o n  
a n d  s u b s e q u e n t  d e v e l o p m e n t  o f  D A V F  
(1 3 ,  1 4 , 1 8 ). T h i s  p a t i e n t  h a d  p r e s e n t e d  15  
m o n t h s  b e f o r e  t h e  c u r r e n t  a d m i s s i o n  w i t h  
a d i a g n o s i s  o f  d u r a l  s i n u s  t h r o m b o s i s  t h a t  
w a s  n o t  a s s o c ia te d  w i t h  a n y  d u r a l  a r t e r i o ­
v e n o u s  s h u n t i n g .  C o n s i s t e n t  w i t h  p r e v i ­
o u s  r e p o r t s  (1 ,  1 4 ) ,  i t  is  p o s s ib le  t h a t  t h e  
v e n o u s  s i n u s  t h r o m b o s i s  m a y  h a v e  le d  t o  
t h e  d o w n s t r e a m  d e v e l o p m e n t  o f  D A V F s .  
A l t e r n a t i v e l y ,  D A V F s  m a y  f o r m  a s  a c o n ­
s e q u e n c e  o f  v e n o u s  h y p e r t e n s i o n  a lo n e ,  
p e r h a p s  b y  f o s t e r i n g  t h e  g r o w t h  o f  a r t e ­
r i o v e n o u s  s h u n t s  f o u n d  w i t h i n  n o r m a l  
p a c h y m e n i n g e s .  I n d u c e d  v e n o u s  h y p e r ­
t e n s i o n  w i t h o u t  t h r o m b o s i s  h a s  b e e n  
s h o w n  t o  p r o d u c e  D A V F s  i n  r a t s ,  p e r ­
h a p s  m e d i a t e d  b y  a n  a n g i o g e n i c  f a c t o r  
( 1 0 ,  1 9 , 2 0 ) .  I n  t h e  c a s e  r e p o r t e d  h e r e i n ,  
t h r o m b o s i s  o f  d u r a l  s i n u s  w a s  p r e s e n t  
f o r  s o m e  t i m e  w i t h  c o n c o m i t a n t  s y s ­
t e m i c  a n t i c o a g u l a t i o n  b e f o r e  t h e  D A V F s  
f o r m e d ,  s u g g e s t i n g  v e n o u s  h y p e r t e n s i o n  
a s  a c o n t r i b u t i n g  f a c t o r .  I t  is  p o s s ib le  t h a t  
t h e  p l a c e m e n t  o f  t h e  o c c i p i t a l  s t e n t  a n d  
t h e  d o c u m e n t e d  c o n s e q u e n t  d e c r e a s e d  
v e n o u s  s i n u s  p r e s s u r e  m a y  h a v e  a ls o  c o n ­
t r i b u t e d  t o  s p o n t a n e o u s  D A V F  t h r o m b o ­
s is  a n d  t h e  d e c r e a s e  in  D A V F  p r o m i n e n c e  
r e v e a le d  b y  t h e  3 - m o n t h  f o l l o w - u p  a n ­
g i o g r a p h y  (1 1 ) .  I t  is  c le a r  t h a t  n o  n e w  
D A V F s  f o r m e d  d u r i n g  t h i s  i n t e r v a l .

C O N C L U S IO N

I n  c o n c l u s i o n ,  t h e  c a s e  presented 
h e r e i n  i l l u s t r a t e s  t h e  v a l u e  o f  s te n t  place­

m e n t  i n  a  r e c a n a l i z e d  a n d  b a l lo o n -d i la te d  
t h r o m b o s e d  d u r a l  s i n u s  a f t e r  reocclus ion 
a s  a m e a n s  o f  p r o v i d i n g  a lo w -re s is ta n ce  
o u t f l o w  p a t h w a y  f o r  v e n o u s  hypertens ion .
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COM M ENTS

M a le k  e t  a l.  d e s c r i b e  a c a s e  o f  a  1 3 -  
year-old p a t ie n t  w i t h  a  h i s t o r y  o f  c h r o n i c  

| lnus th r o m b o s is  r e f r a c t o r y  t o  a n t i c o a g u -
ar|t therapy w i t h  a s s o c ia te d  f o c a l  n e u r o -  
°gical d e f ic i t s  r e la t e d  t o  v e n o u s  h y p e r -  
ens io n . T h e  a u t h o r s  p r e s e n t  t h e i r  

rTlanag e m e n t  o f  a n  e x t r e m e l y  d i f f i c u l t  
^ase w ^ h  a n  e x c e l le n t  o u t c o m e .  I n  a d d i -  
J )n, th is  f u r t h e r  e m p h a s i z e s  a n d  i l l u s -  

ates the  p re s e n c e  o f  c h r o n i c  v e n o u s  h y ­

p e r t e n s i o n  a s  a c a u s e  o f  f o c a l  n e u r o l o g i c a l  
d e f i c i t s .  R e d u c t i o n  o f  p r e s s u r e  f r o m  41 to  
14  m m  H g  a f t e r  r e c a n a l i z a t i o n  is  f u r t h e r  
o b j e c t i v e  e v i d e n c e  o f  t h e  c a u s e  o f  t h i s  
p r o b l e m .  T h i s  c a s e  a ls o  i l l u s t r a t e s  t h a t ,  
c o n t r a r y  t o  p o p u l a r  t h o u g h t ,  s t e n t s  c a n  b e  
d e p l o y e d  i n  a r e a s  o f  l o w  f l o w  o n  t h e  v e ­
n o u s  s id e ,  a l t h o u g h  I s u s p e c t  t h a t  a s  t h e  
n u m b e r  o f  c a s e s  in c r e a s e ,  t h e  i n c i d e n c e  o f  
s t e n t  t h r o m b o s i s  m i g h t  b e  h i g h e r .  T h a t  
b e i n g  t h e  c a s e ,  s u c h  a n t i p l a t e l e t  a g e n t s  a s  
R e o p r o  m a y  b e  a d v a n t a g e o u s .  A s  t e c h ­
n o l o g y  i m p r o v e s ,  a p p l i c a t i o n  o f  e n d o v a s ­
c u l a r  t e c h n i q u e s  t o  i n t r a c r a n i a l  a n d  
v e n o u s  d is e a s e  w i l l  b e c o m e  m o r e  c o m ­
m o n p l a c e ,  a n d  th e s e  a u t h o r s  i n t r o d u c e  i t  
f o r  d is e a s e  o n  t h e  v e n o u s  s id e .

Robert H. Rosenwasser
Philadelphia, Pennsylvania

T h i s  a r t i c l e  s h o w s  a n  i n n o v a t i v e  a p ­
p r o a c h  t o  d u r a l  s i n u s  t h r o m b o s i s .  P la c e ­
m e n t  o f  a  s t e n t  i n  t h i s  s e t t i n g  w a s  p r o b ­
a b l y  t h e  o n l y  w a y  p a t e n c y  o f  t h e  s i n u s  
c o u l d  b e  m a i n t a i n e d .  T h i s  c a s e  h a s  a l l  t h e  
e l e m e n t s  o f  d is e a s e  a f f e c t i n g  t h e  d u r a l  s i ­
n u s e s ,  a n d  t h e  a u t h o r s  p r e s e n t  t h e i r  e x c e l ­
l e n t  m a n a g e m e n t  a n d  d o c u m e n t a t i o n .

Stanley L. Barnwell
Portland, Oregon

T h e  a u t h o r s  p r e s e n t  a  t e c h n i c a l  c a s e  
r e p o r t  o f  a  1 3 - y e a r - o l d  p a t i e n t  w i t h  a 
h i s t o r y  o f  c h r o n i c  s i n u s  t h r o m b o s i s  r e ­
f r a c t o r y  t o  a n t i c o a g u l a n t  t h e r a p y  w i t h  
t h e  a c u t e  o n s e t  o f  a p h a s ia  a n d  h e m i ­
p a r e s i s .  T h e  p a t i e n t  h a d  a t r a n s v e r s e  s i ­
n u s  d u r a l  a r t e r i o v e n o u s  f i s t u l a ,  w h i c h  
w a s  e m b o l i z e d  w i t h  t r a n s v e n o u s  a n d  
t r a n s a r t e r i a l  a p p r o a c h e s .  A  s u b t o t a l  e m ­
b o l i z a t i o n  w a s  a c h i e v e d ,  a n d  c o r t i c a l  
v e n o u s  d r a i n a g e  a n d  v e n o u s  h y p e r t e n ­
s i o n  r e m a i n e d .  I t  w a s  t h e r e f o r e  n e c e s ­
s a r y  t o  r e c a n a l i z e  t h r o u g h  a n g i o p l a s t y  
o f  t h e  d u r a l  s i n u s  d r a i n a g e  i n v o l v i n g  
t h e  o c c i p i t a l  s i n u s ,  t o r c u l a ,  a n d  l e f t  
t r a n s v e r s e  s i n u s .  T h e  p a t i e n t  i m p r o v e d  
c l i n i c a l l y  w i t h i n  1 2  h o u r s ,  a n d  a n g i o -  
g r a p h i c a l l y ,  t h e  c o r t i c a l  v e n o u s  d r a i n ­
a g e  r e s o l v e d .  H o w e v e r ,  w i t h i n  3  d a y s ,  
n e u r o l o g i c a l  s y m p t o m s  r e t u r n e d  a n d  
r e p e a t  a n g i o g r a p h y  r e v e a l e d  r e o c c l u ­
s i o n  o f  t h e  p r e v i o u s l y  r e c a n a l i z e d  o c c i p  
i t a l  s i n u s  a n d  r i g h t  t r a n s v e r s e  s i n u s  
w i t h  r e t u r n  o f  c o r t i c a l  v e n o u s  d r a i n a g e .  
T h e  a u t h o r s ,  a t  t h a t  t i m e ,  r e d i l a t e d  t h e

a b o v e  m e n t i o n e d  v e n o u s  p a t h w a y s  a n d  
p l a c e d  a W a l l S t e n t  ( S c h n e i d e r  I n c . ,  M i n ­
n e a p o l i s ,  M N )  i n  t h e  r e c a n a l i z e d  o c c i p ­
i t a l  s i n u s .  T h e  p a t i e n t  r e m a i n e d  w i t h o u t  
n e u r o l o g i c a l  s y m p t o m s  o r  d e f i c i t s  a t  t h e  
1 - y e a r  c l i n i c a l  a n d  n e u r o l o g i c a l  
f o l l o w - u p  e x a m i n a t i o n s .

I n  s u m m a r y ,  t h i s  r e p o r t  i l l u s t r a t e s  t h e  
v a l u e  o f  s t e n t  p l a c e m e n t  i n  a t h r o m ­
b o s e d  d u r a l  s i n u s  a s  a  m e a n s  o f  p r o v i d ­
i n g  a l o w  r e s i s t a n c e  o u t f l o w  p a t h w a y  
f o r  v e n o u s  h y p e r t e n s i o n .  I n d i c a t i o n s  f o r  
s t e n t  p l a c e m e n t  w e r e  j u s t i f i e d  i n  t h i s  
p a t i e n t  f o r  w h o m  m o r e  t r a d i t i o n a l  a n d  
c o n s e r v a t i v e  t h e r a p y  h a d  f a i l e d .  T h e  a u ­
t h o r s  u s e d  a l o g i c a l  a n d  s y s t e m a t i c  
t r e a t m e n t  a p p r o a c h  t h a t  r e s u l t e d  i n  a n  
a l m o s t  i m m e d i a t e  r e d u c t i o n  o f  v e n o u s  
h y p e r t e n s i o n .  I n  a d d i t i o n ,  t h e  a u t h o r s  
p r e s e n t  a n  i n t e r e s t i n g  d i s c u s s i o n  o f  t h e  
u s e s  o f  a n g i o p l a s t y  a n d  s t e n t i n g  o f  t h e  
d u r a l  s in u s e s .

I n  o u r  e x p e r ie n c e  w i t h  t w o  p a t i e n t s  
w i t h  d u r a l  s i n u s  s te n o s e s  w i t h  a n d  w i t h ­
o u t  t h r o m b o s i s ,  t h e  s t e n t e d  s in u s e s  e i t h e r  
r a p i d l y  r e s t e n o s e d  o r  o c c lu d e d .  T h e  a u ­
t h o r s '  e n t h u s i a s m  f o r  t h i s  t e c h n iq u e  
s h o u l d  b e  t e m p e r e d  b y  t h e  k n o w l e d g e  
t h a t  s t e n t e d  v e in s  ( i n  b o d y  i n t e r v e n t i o n a l  
c a s e s )  h a v e  v e r y  r a p i d l y  r e s t e n o s e d .  
P e r h a p s  i n  t h e  f u t u r e ,  s o m e  t e c h n i q u e  
s u c h  a s  i n t r a l u m i n a l  b r a c h y t h e r a p y  m a y  
h e lp  t o  r e d u c e  th e s e  p o s t v e n o u s - s t e n t i n g  
r e s te n o s e s .

A s  a t e c h n i c a l  n o t e ,  w e  h a v e  f o u n d  
t h e  f l e x i b i l i t y  a n d  t r a c k a b i l i t y  o f  t h e  
7 - F r e n c h  s h e a t h  ( A r r o w  I n t e r n a t i o n a l ,  
I n c . ,  R e a d i n g ,  P A )  t o  b e  s l i g h t l y  s u p e ­
r i o r  t o  t h e  9 - F r e n c h  g u i d e  c a t h e t e r  ( C o r ­
d i s  E n d o v a s c u l a r )  u s e d  b y  t h e  a u t h o r s  
i n  t h i s  r e p o r t .  T h i s  s h e a t h  m a y  b e  o b ­
t a i n e d  i n  u p  t o  a  9 0 - c m  l e n g t h  a n d  w i t h ­
o u t  a  p r o x i m a l  h e m o s t a t i c  v a l v e ,  e n ­
a b l i n g  t h e  i n t e r v e n t i o n a l i s t  t o  p a s s  o t h e r  
d e v i c e s ,  s u c h  a s  W a l l S t e n t  d e l i v e r y  s y s ­
t e m s ,  c o a x i a l l y  o r  t h e  u s e  o f  d i a g n o s t i c  
c a t h e t e r s  a n d  m i c r o c a t h e t e r s  f o r  a n  e f ­
f e c t i v e  t r i a x i a l  s y s t e m .  W e  h a v e  f o u n d  
t h i s  d e v i c e  t o  b e  e x t r e m e l y  u s e f u l  f o r  
c a r o t i d  s t e n t i n g ,  a s  w e l l  a s  f o r  g u i d e  
c a t h e t e r  a c c e s s  t o  t h e  j u g u l a r  v e n o u s  
s y s t e m .

Donald W. Larsen
George P. Teitelbaum
Interventional Neuroradiologists
Los Angeles, California
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