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INTRODUCTION 

The liver blood flow disorders are usually described under the term 'portal hypertension', which is a well
known syndrome since it has been widely studied for years from a clinical, radiological and therapeutic 
point of view. 

In fact, portal hypertension is only the result of an obstacle to the portal flow, the clinical manifestations 
of which often occur at a late stage of the disease: bleeding esophageal varices, splenomegaly, ascites. 

In addition, it is well known that there is not always a precise relationship between the degree of the 
obstruction, i.e. the decrease of the portal inflow and the level of the portal hypertension. A severe 
obstruction to the portal flow may therefore sometimes remain clinically inconspicuous for a long time. 

For this reason improvement of our knowledge of portal hypertension mainly relies on angiographic 
investigations. Thus, splenoportography permits the discovery of prehepatic obstructions whereas hepa
tic venography permitted the recognition of two different types of intrahepatic obstruction according to 
the pre-sinusoidal or post -sinusoidal site of the obstacle. More recently, arterial hepatic changes could be 
evidenced through arteriography. 

However, these angiographic investigations have not yet allowed for all the problems about portal 
hypertension to be clearly identified. 

There are probably two main reasons for this; first, each angiographic method does not permit the 
documentation of all the vascular structures of the liver so that only partial information is obtained in most 
cases. Second, angiographic abnormalities have been appreciated mainly from a morphological point of 
view whereas too little attention has been paid to the hemodynamical significance of the angiographic 
signs. However, arterioportography appears to be an accurate and reliable method for evaluating hepatic 
blood flow disturbances when considering that every evidenced morphological change does have a precise 
hemodynamical significance. 
Arteriography therefore permits the evaluation of the degree of the decreased portal inflow to the liver 
which is the main abnormality leading to portal hypertension, as well as a demonstration of the site ofthe 
obstruction, its progression rate, and sometimes even its cause. 

Consequently, many obscure points about portal hypertension may be elicited and responses may be 
given to some questions which have up now not been clearly responded to, such as: What does 
splenomegaly mean in portal hypertension? Does portal hypertension without obstruction exist? What is 
the role of the hepatic artery? In the same way, intrahepatic obstructions to the portal flow without portal 
hypertension may be demonstred. Information about hemodynamics resulting from arterioportography is 
all the more useful to the diagnosis, the treatment and a better understanding of portal hypertension as 
few other reliable methods may be resorted to: The clinical manifestations are nonspecific and often 
delayed signs; there is no possibility for the portal flow rate to be measured in clinical conditions; from a 
pathological point of view, the percutaneous or transjugular liver biopsy itself is not always reliable. 

For these reasons, it is worth evaluating as precisely as possible the hemodynamics of the liver blood 
flow on the basis of arterioportography since it may be helpful in anticipating the main features of the 
pathological process involving the liver parenchyma as well as in making the right diagnosis. 
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1. NORMAL HEPATIC CIRCULATION - ANATOMY AND PHYSIOLOGY 

I. The hepatic lobule and its three vascular axes 

On histological sections, the hepatic lobule has 
been described as the anatomical unit of the liver. 
It is made up of cords of liver cells surrounded by 
the blood sinusoids radiating from the periphery of 
the lobule towards a central vein. The sinusoids are 
supplied with blood by portal venules and hepatic 
artery branches running in the interlobular spaces 
or portal tracts at the periphery of the lobules. 

The blood flows through the sinusoids from the 
periphery towards the centre where it drains into 
the central vein. The central veins unit to sublobu
lar veins which, in turn form the roots of the hepa
tic veins and finally join the inferior vena cava. The 
hepatic artery branches give rise to perilobular ar
teries running with the portal venules and biliary 
ductules in the portal triad and draining into the 
peripheral part of the sinusoids. This anatomical 
structure of the hepatic lobule may be documented 
by microangiographic studies, as demonstrated for 
instance by Chenderovitch (1). 

However, when the structure of the liver is con
sidered in a three-dimensional way, it appears, 
according to Elias (2, 3) as a sponge-like wallwork 
of cellular mass tunneled by a communicating sys
tem of cavities which contain the blood capillary of 
the liver. Thus, the sinusoid runs between irregular 
walls made up of a network of one cell-thick liver 
cell plates. 

Therefore, the functional unit of the liver is de
scribed nowadays as the acinus: a mass of hepato
cytes distributed around an axis consisting of a 
terminal hepatic arteriole, portal veinule, bile duct 
and bordered with several terminal hepatic venules 
(central veins) which are supplied with blood from 
several acini 

II. Intrahepatic arterio-portal communications 

While hepatic artery-portal vein shunting within 

the cirrhotic liver is well demonstrated on the basis 
of pathologic and angiographic studies, there is 
controversy as to whether such communications 
exist in the normal liver. According to certain au
thors, presinusoidal hepatic artery-portal vein 
shunting does not exist in the normal liver, the 
terminal arterioles ending into intralobular or per
ilobular sinusoids, and what is more the peribiliary 
arterial plexus does not apparently communicate 
with portal veins (3). However, some anatomical 
studies in humans and experimental works in ani
mals have demonstrated such presinusoidal hepatic 
artery-portal vein shunting to be present in the 
normal liver (4, 5, 6, 7, 8). 

By microangiography Chenderovitch observed 
that injection of contrast medium into the hepatic 
artery results in sinusoidal filling in the same way as 
injection in the portal vein. On some histological 
sections hepatic arterioles are seen to end into the 
sinusoids at the periphery of the hepatic lobule. 
But on some others the perilobular arteriole emp
ties directly into the perilobular portal veins in a 
termino-Iateral way. This is probably the reason 
why a retrograde filling of portal veins is frequently 
seen after injection of contrast medium in the hepa
tic artery on the microangiographic sections (1). In 
addition, hepatic artery-portal vein shunting is fre
quently demonstrated in the subcapsular region of 
the liver where there exists a very dense arterial 
and portal venous network. Finally, Chendero
vitch thinks that peribiliary arterial plexus drains 
into the portal veins. 

In the same way, Platteborse in 1971 and Osteaux 
and Jeanmart in 1976 elicited these arterio-portal 
communications by studying in vivo the hepatic 
microcirculatiun in normal animals by injecting ei
ther colorating substances or contrast medium into 
the blood stream (9, 10). In both cases a hemo

dynamical study could be achieved, demonstrating 
that the arterial blood reached the sinusoids either 
directly (arterio-sinusoidal flow) or indirectly 
through portal venules (arterio-porto-sinusoidal 



2 

Ja 

Fig. I. alb - Schematic drawing of the hepatic microcircula

tion after injecting contrast medium in the hepatic artery ac

cording to Ostcaux and Jeanmart (9) (with permission of Jour

nal de Radiologic) 

la: Arterio-sinusoidal phase. 

Ib: Arterio-porto-sinusoidal phase. 

(P.Y. = portal vein, H.A. = hepatic artery, hep.v. = hepatic 

vcin) 

flow). In some cases the arterioporto-sinusoidal 
flow appeared to be predominant as compared to 
arterio-sinusoidal flow (Fig. 1) (9). 

These works seem to demonstrate that there 
exist arterio-portal anastomoses in the normal 
liver, which were also elicited through anatomical 
and experimental studies (7, 8, 11, 12). From a 
physiological point of view, these arterio-portal 
communications probably have little importance, 
the arterial and portal venous blood flowing to
gether through the sinusoids towards the hepatic 
veins. However, in case a markedly decreased por
tal inflow is associated with an increased arterial 
flow, such anastomoses could give rise to massive 
arterio-portal shunting. This phenomenon has 
been demonstrated in the dog by Lunderquist: 
after obstruction of the portal vein with a balloon 
catheter, selective hepatic arteriography resulted 
in retrograde opacification of the portal vein (13). 

In conclusion, whatever the precise site and 
structure of these anatomical pathways allowing 
the hepatic arterial blood to reach the small intra
hepatic portal veins, these experimental works sug
gest that hepatic artery may play an important role 

in the blood supply to normal hepatic parenchyma 
and account for the relative frequency of arterio
portal shunting as demonstrated by arteriography, 
not only in cirrhosis but in other circumstances such 
as liver trauma (Chapter VIII). 

III. Normal hepatic circulation 

Hepatic circulation is a three-way system: two in
flow ways, the portal vein and hepatic artery and 
one outflow tract, the hepatic veins (Fig. 2). In the 
normal person, 70 to 80 per cent of the total hepatic 
blood flow comes from the portal vein; the re
mainder comes from the hepatic artery. 

Another important feature of the hepatic cir
culation is that a high portal flow rate is associated 
with a low pressure gradient. The normal portal 
pressure which is the same as the wedged hepatic
vein pressure ranges from 4 to 11 mm Hg, while the 
free hepatic vein pressure is the same as the inferior 
vena cava pressure. The gradient between wedged 
hepatic vein pressure and inferior vena cava pres
sure is called the corrected sinusoidal pressure 
(C.S.P.). It ranges normally from 4 to 7mm Hg. 

Despite this low pressure gradient, the portal 
flow rate is as high as 1200 ml/min, which means 
that the intrahepatic vascular resistances are nor
mally very low. As a result, it can be inferred that 
minimal hepatic lesions may be able to increase the 
vascular resistances, giving rise to moderate and 
clinically untraceable portal hypertension, pro
vided the intrahepatic venous bed is diffusely in
volved. 

There is little occurrence of portal hypertension 
associated with minimal intra-hepatic lesions ex
cept in a few cases of liver steatosis or incipiens 
virus hepatitis for instance. However, it is probably 
a frequent but unrecognized condition because ei
ther no clinical sign of portal hypertension is expe
rienced by the patient or percutaneous liver biopsy 
is not always reliable enough. Indeed, when a pa
tient is referred to us with portal hypertension we 
never know exactly when the disease began, and it 
is likely that in many slowly progessive cases the 
first stages of the disease remain for a long time 
clinically unknown. 



S.v.c. 

i.v.c. 

J 
umb.v. ~ 

r 
• 

I. g.v. lL.-
sp l.v. < 
\~ 
i.m.v. 
p.v . 
h.o. 

! 

3 

Fig. 2. Schematic drawing of the liver circulation. Under normal conditions the hepatic lobule has two afferent ways, the portal 

vein and the hepatic artery and one efferent way. In case of post-sinusoidal obstruction it becomes a four-way circulatory system: two 
afferent ways, portal vein and hepatic artery and two efferent ways , hepatic veins and hepatofugal porto-systemic collaterals. (h.a. = 

hepatic artery, p.v. = portal vein, i.v.m. = inferior mesenteric vein, s.m. v. = superior mesenteric vein, spl.v. = splenic vein, I.g.v. = 
left gastric vein, umb.v. = umbilical vein. i.v.c. = inferior vena cava, s.v.c. = superior vena cava) 



2. ANGIOGRAPHIC METHODS 

I. Direct portal venous opacification 

For many years, splenoportography was the pri
mary and only angiographic method used to visual
ize the portal vein. But other methods such as 
umbilical portography, percutaneous transhepatic 
portography, and peroperative ileoportography 
are also available. 

Direct access to the portal venous bed allows for 
the measuring of portal pressure and for better 
opacification of the collateral circulation. These 
are the two main advantages of these methods (14). 
However, the level of the portal pressure is not 
always a reliable criterion to evaluate the severity 
of the disease. It does not closely correlate with the 
increase of intrahepatic vascular resistances but 
depends on the development of the collateral cir
culation as well. 

In advanced cirrhosis, for instance, a severe 
obstruction to the portal inflow may be associated 
with only moderate increase of the portal pressure, 
provided a high hepatofugal flow rate has de
veloped through large porto-systemic collateral 
veins. The collateral circulation is but a con
sequence of portal hypertension and a precise dem
onstration of the whole portal-systemic collateral 
net-work has little practical interest in most cases. 

An evaluation of the hepatofugal flow rate 
through these collateral veins would be more inter
esting but does not seem to be reliable on the basis 
of non-physiological methods. Another drawback 
is the fact that only one of the three vascular axes of 
the liver can be documented by these methods. 
They have therefore only little interest from a he
modynamical point of view. 

II. Hepatic venous study 

It enables the sinusoidal pressure to be recorded 
through a catheter wedged in a peripheral hepatic 
vein, as well as the free hepatic vein pressure. 

Wedged hepatic venous pressure minus free hepa
tic venous pressure is the corrected sinusoidal pres
sure which correlates with intrahepatic vascular 
resistances. 

Hepatic vein opacification provides information 
about the morphological changes of these vessels 
but its value is questionable from a hemodynamical 
point of view. The results of wedged hepatic ven
ography depent greatly on the precise position of 
the catheter tip, the volume of contrast medium, 
and the injection rate (15, 16, 17). For instance, too 
rapid an injection results in reflux of contrast me
dium into portal veins in normal persons, whereas 
this phenomenon is described as a sign of cirrhosis. 

In addition, wedged hepatic venography inves
tigates only a very small part of the liver where the 
lesions are not necessarily the same as in other 
places. 

This is probably why in cirrhotic patients with a 
reversal of the portal flow some discrepancies were 
observed between the results yielded by arteriogra
phy and hepatic venography: the reversed portal 
flow demonstrated by selective hepatic artery in
jection could not be visualized by a wedged hepatic 
venography performed 2 or 3 days later (18). 

Although hepatic venography has heen widely 
used in cirrhosis it seems useful in two main cases: 
either to assess hepatic vein obstruction in Budd
Chiari syndrome, or to demonstrate the pre- or 
post-sinusoidal site of an intrahepatic obstacle. 

III. Arterioportography 

Arterioportography allows for a more complete 
and more physiological evaluation of the liver cir
culation, giving information about the liver mor
phology, the whole portal system and the portal 
flow, the hepatic arterial flow, the spleen and the 
splenic circulation and even in some cases on the 
patency of hepatic veins (15,19,20,21,22,23). 

The portal vein evaluation relies essentially on 
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the venous phase of superior mesenteric arterio
graphy as the mesenteric vein flow rate is much less 
hindered as the splenic venous outflow in portal 
hypertension. 

Injection in the superior mensenteric artery of 60 
to 70 ml of a low viscosity contrast medium with a 
6 ml/sec flow rate allows in most cases for a good 
opacification of the mesenterico-portal axis (22-
25). The better portal vein visualization is obtained 
from 14 to 18 seconds after the beginning of the 
injection. Then it decreases slowly, resulting in a 
dense opacification of the liver parenchyma (portal 
hepatography), well demonstrated in normal per
sons at the 22nd second (Fig. 3). 

The hepatic artery is studied by coeliac arterio-

3a 

graphy (45 ml of contrast medium at 10 mllsec flow 
rate) or selective hepatic arteriography (30 ml of 
contrast medium at a 7 mllsec flow rate). On the 
late films in normal persons only a faint arterial 
hepatography is observed because of the dilution of 
the contrast medium by the non-opacified portal 
blood. 

The spleen and splenic vessels are well docu
mented by coeliac arteriography. In normal condi
tions splenic and portal veins are fairly visualized 
between 7 and 12 seconds. 

Usually, arterioportography gives no informa
tion about hepatic veins. In some cases, however, a 

hemodynamical abnormality is demonstrated, 
which is an indirect sign of obstruction of the hepa-

3b 

3c 

Fig. 3. Normal venous phase of superior mesenteric arteriography (S.M.A.). 

3a: Normal mesenterico-portal axis is opacified 6 sec after the end of the injection of contrast medium. 
3b: 6 sec later: normal portal hepatography. 
3c: Hepatic vein opacification seen 3 sec later is an inconstant finding. 



tic veins, the hepatic artery portal vein shunting 
resulting in the reversal of portal vein blood flow 
within the liver. 

IV. Computed tomography 

Owing to injection of contrast medium, C.T. may 
provide interesting information about the liver 
blood flow (26). The film taken 15 seconds after a 
bolus injection of contrast medium, in an upper 
limb vein corresponding to the arterial phase; the 
hepatic artery can be seen at the level of liver hilum 
but its intrahepatic branches are too thin to be 
visualized in normal persons. A second film taken 
at the 30th second corresponds to the venous phase 
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and demonstrates a dense opacification of the por
tal vein and its intrahepatic branches. The contrast 
medium begins to accumulate within the hepatic 
parenchyma. The denser hepatogram is visualized 
on a third film at the 45th second (about 95 
Hounsfield unit). 

Angioscan has proved to be useful in demon
strating some hemodynamical abnormalities loc
alized in a lobe or a segment of the liver. These 
abnormal angioscan pictures could be misinter
preted as morphological changes but the compari
son with arterioportography permits their hemo
dynamical significance to be clearly understood. In 
addition. some vascular abnormalities such as col
lateral pathways or portal vein thrombosis can 
sometimes be demonstrated by angio-C. T. 



3. THE MAIN ARTERIOGRAPHIC SIGNS OF PORTAL HYPE~TENSION AND THEIR 

HEMODYNAMICAL SIGNIFICANCE 

Three main angiographic elements permit the 
obstruction to the portal inflow to be recognized as 
well as its degree and its progression rate to be 
evaluated. These are: 
- The quality of portal opacification on the venous 

phase of superior mesenteric arteriography; 
- The spleen pattern; 
- The hepatic artery changes. 

I. The mesenterico-portal axis opacification 

In case of intra- or sus-hepatic obstruction. the 
venous phase of superior mesenteric arteriography 
only allows for a reliable evaluation of the portal 
system. As a matter of fact. the venous phase of 
splenic arteriography has little interest from a he
modynamical point of view. as the splenic venous 
outflow decreases. then stops very early during the 
course of portal hypertension. whereas the mesen
teric venous flow is maintained (Fig. 4). 

From a physiological as well as a hemodynamical 
point of view, the superior mesenteric vein which 
carries to the liver the products resulting from in
testinal absorption is truly the main branch of the 
portal vein, whereas the splenic vein seems to be a 
less important collateral vein. Therefore. 'spleno
portal venous axis' is probably an inadequate 
though commonly used term. as such an axis does 
not exist from a physiological point of view. the 
real afferent venous way to the liver being the 
mesenterico-portal axis. 

A faint opacification of the portal vein on the 
venous phase of coeliac arteriography is then often 
one of the first angiographic signs of portal hyper
tension; the more severe the obstruction, the 
slower the splenic venous flow, which can be inter
rupted and even reversed. On the contrary. the 
venous phase of superior mesenteric arteriography 
permits the relative value of the hepatopetal flow 
to be evaluated as compared to the hepatofugal 
flow according to the size of the vessels and the 

density of the opacification in each territory. 
At an early stage of the disease, the normal 

portal hepatography is no more visualized. then 
fewer portal branches are seen within the liver and 
their size decreases whereas the porto-caval 
hepatofugal flow increases. However. the portal 
opacification permits only an approximate evalua
tion of the decrease of hepatopetal portal flow. In 
addition. this evaluation is only possible in case of 
intra- and supra-hepatic obstruction in which the 
portal vein is patent. 

Thus, two other groups of angiographic signs, 
the spleen pattern and the evaluation of the arterial 
blood supply to the liver, seem to be much more 
useful signs. As a matter of fact they are the two 
main arteriographic signs of portal hypertension 
because their evaluation is always possible in every 
case of obstruction whatever its site and cause. 

II. The spleen pattern 

Splenomegaly is a classic sign of portal hyperten
sion but its significance is not yet clearly under
stood, so it is often misinterpreted from a diagnos
tic and physiopathological point of view. A 
moderate splenomegaly may not be detected by 
clinical examination and may remain unknown for 
a long time. On the contrary. a very large spleno
megaly. often associated with hypersplenism, may 
more easily be wrongly related to a hematological 
disease if the portal hypertension is inconspicuous. 
or be considered as the primary cause of the dis
ease, responsible for the portal hypertension. In 
fact. the splenomegaly seems to be only the result 
of the venous stasis upstream of the obstruction 
and its size depends mainly on the degree and the 
evolution of this obstruction. 
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1. Angiographic signs 

The increased size of the spleen is often the first 
sign of portal hypertension. When enlargement of 
the spleen is moderate as it is the case in the early 
stage of the disease, it may not be detected by 
clinical examination and is often demonstrated 
only by arteriography (Fig. 5). 

The measurement of the long axis of the spleen 
at the splenographic phase seems to be a suffi
ciently reliable criterion to estimate the spleen size: 
it is normally shorter than 14 cm. In fact, there are 
relatively large individual variations (7 to 13 cm in 
our experience) so that it is not a very sensitive 
criterion. On the contrary, a long axis of the spleen 
greater than 14 cm is a reliable sign of a spleno
megaly. 

In addition, it seems usuful to appreciate the 
modifications of the splenic vessels and particularly 
of the splenic artery whose size (the mean normal 
diameter is 7 mm) increases together with the 
spleen size. In the same way, the more widened the 
artery, the more lengthened it is. Consequently, 
when the long axis of the spleen is no greater than 
14 cm, widening and lenthening of the splenic ar
tery may be valuable and helpful indirect signs to 
account for a moderate splenomegaly. 

The splenic venous stasis results essentially in a 
faint opacification of splenic and portal veins on the 
venous phase of coeliac arteriography in spite of a 
very dense, homogeneous and more or less long
standing splenography. At the first stage of the 
disease, the splenic vein is well opacified but the 
portal vein and its intrahepatic branches are only 
faintly visualized because of the dilution of the 
contrast medium by the non-opacified mesenteric 
venous blood. In a second stage, the visualization 
of the splenic vein itself is faint and delayed; then in 
case of severe portal hypertension, the splenic vein 
is never visualized. The splenic vein size is variable 
because it depends on the splenic size as well as on 
the venous outflow rate. However, the fact that the 
narrower the splenic vein the slower its blood flow 
rate does not seem questionable. 

Finally, splenic stasis may influence the splenic 
arterial circulation itself, giving rise to a slower 
splenic arterial flow which is sometimes clearly 
apparent on the films taken at different times dur
ing arteriography. In most cases, however, impair-

ment of the splenic arterial flow results in an indi
rect sign, which is the decrease of the caliber of 
splenic artery and its intrasplenic branches which 
become abnormally thin (Figs. 6 & 7). 

In some cases and probably after a long duration 
of the disease, lesions of the arterial wall may occur 
giving rise to aneurysms or medial fibrosis, which 
are probably related to the hemodynamical dis
turbance. These angiographic signs may be associ
ated in a variable way, depending on the degree 
and the progression rate of the obstruction, what
ever its cause. 

2. The four main angiographic patterns of the spleen 

a) Minimal splenomegaly without apparent hemo
dynamical abnomality of splenic circulation 
When the splenomegaly is minimal, the long axis of 
the spleen is slightly increased (14 to 18 cm) but the 
spleen shape remains normal. Intra-splenic vessels 
are regularly disposed and a dense and homoge
neous splenography is visualized. The splenic ar
tery and its branches are slightly dilated. The 
splenic vein is well opacified and sometimes slightly 
widened as well as the artery. A good opacification 
of the portal vein and its main branches within the 
liver is visualized: the venous phase of coeliac ar
teriography is normal. 

That is the pattern of a congestive splenomegaly 
due to a moderate splenic stasis without an impor
tant decrease of the splenic venous outflow. It may 
be due to: 
- either a minimal and recent obstacle related for 

instance to a posthepatitis cirrhosis. It is, how
ever, an uncommonly encountered case as this 
minimal splenic stasis is usually clinically unap
parent (Fig. 5). It corresponds to the early stage 
of the portal hypertension which remains usually 
unrecognized, 

- or a more severe obstruction but perfectly com
pensated by the development of an important 
collateral flow so that portal hypertension is 
minimal and remains clinically unapparent for a 
long time (Fig. 33, 35, 36). 

b) Moderate splenomegaly with splenic venous 
stasis 
A moderate splenomegaly is clearly apparent, the 



spleen becoming round shaped with a long axis 
ranging from 16 to 20 cm. The splenic artery is 
dilated and lengthened but the diameter of its intra
splenic branches, which are more or less stretched, 
remain normal. The splenic vein diameter remains 
normal and is not as widened as it should be accord
ing to the spleen enlargement. The decreased 
splenic venous outflow results in a poor opacifica
tion on the venous phase of coeliac arteriography. 

The portal vein and its intrahepatic branches are 
faintly visualized, whereas a good opacification of 
the splenic vein remains in some cases. Then a faint 
and delayed opacification of the splenic vein is seen 
while its diameter decreases and the hepatofugal 
collateral flow increases. 

This is the common pattern of the decreased 
hepatopetal portal flow, due to a moderate and 
more or less quickly progressive obstruction, re
sulting in a usually moderate portal hypertension. 
The spleen becomes more enlarged as the disease 
responsible for the obstruction is more slowly pro
gressive. This angiographic spleen pattern is com
monly encountered in alcoholic cirrhosis as well as 
in cases of complete portal vein obstructions, with 
too few bridging collaterals to preserve hepatope
tal flow (Fig. 23). 

c) Minimal splenomegaly with slowed arterial 
splenic flow 

In some cases the hepatopetal splenic venous out
flow is very much decreased or even completely 
interrupted. The splenic vein is narrowed and very 

faintly visualized on the delayed films only. In 
some cases, no opacification of the splenic vein can 
be achieved. This interrupted splenic venous out
flow corresponds to a functional obstruction pat
tern, due to high and rapid rise of portal pressure, 
resulting in an impairment of the arterial flow it
self. 

The slowing of splenic arterial flow gives rise to a 
narrowing of the splenic artery better visualized on 
its intrasplenic branches which are abnormally 
thinned whereas the splenography is delayed and 
prolonged. In rare cases the delayed opacification 
of the splenic artery and its branches is clearly 
apparent on the successive films of the coeliac ar
teriography as compared to hepatic arterial opac

ification (Figs. 6-9). In most cases, however, the 
thinning of intrasplenic arterial branches is the best 
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sign of this 'low flow rate pattern' of the sple~n. 
The same angiographic pattern of arterial vas

oconstriction may be seen everywhere in the body 
whenever an acute obstruction of the venous out
flow tract occurs and eventually results in ischemic 
lesions. Arterial vasoconstriction has been well 
demonstrated to occur for instance in the femoral 
artery as a result of 'Phlegmatia coerulaea' as well 
as in the mesenteric artery in case of mesenteric 
ischemia due to mesenteric vein thrombosis (27, 
28). 

It is easy to understand that a markedly reduced 
splenic flow rate hinders the splenomegaly to oc
cur, so that this 'low flow rate pattern' is always 
associated with a normal-sized or near normal
sized spleen. Similarly, atherosclerotic stenoses of 
the splenic artery results in a decreased spleen size 
as commonly seen in elderly patients. 

In the course of portal hypertension it is com
monly found that the more reduced the splenic flow 
rate, i.e. the more severe the portal hypertension, 
the smaller the splenomegaly. This angiographic 
spleen pattern is usually the result of a very tight, 
recent and quickly progressive obstruction to the 
hepatopetal portal flow, resulting in a quick rise of 
the portal pressure. In this condition the splenic 
arterial flow is markedly slowed before the spleen 
can enlarge. 

Budd-Chiari syndrome is the commonest clinical 
condition to determine this angiographic pattern 
(Fig. 10). It can also occur in some case of quickly 
progressive alcoholic cirrhosis associated with an 

unusually poor hepotafugal collateral flow. It is less 
common in prehepatic obstructions (Fig. 29). 

d) Very large splenomegaly 
Splenomegaly may be very large with a maximum 
height greater than 20 cm, occupying the whole left 
hypocondrium and producing a marked displace
ment of the stomach and bowel as well as the left 
kidney. Splenic artery is markedly widened, 

lengthened and tortuous, and its branches, more or 
less stretched according to splenic enlargment, 
have a regular course within the spleen. The 
splenography is dense and homogeneous and the 
splenic vein is widened as well as the portal vein. 

The venous phase of splenic arteriography is 
usually poor, the splenic vein being faintly opac
ified because of the dilution of the contrast medium 



12 

within this huge splenomegaly. Of course the more 
decreased the splenic venous flow, the poorer the 
splenic vein opacification, but portal blood stasis 
and contrast medium dilution within the enlarged 
spleen have the same result, so that it is very diffi
cult to evaluate if the splenic venous outflow is 
normal or not when the spleen is so much enlarged. 

This angiographic spleen pattern seems to be the 
result of a long-standing moderate and slowly pro
gressive obstruction to the hepatopetal portal flow. 
whatever its cause (Figs. 11.12,13,14,15). Indeed, 
as it takes a long time for such a large splenomegaly 
to occur, the disease responsible for the obstruc
tion to the portal inflow must be a very slowly 
progressive one. In addition. the splenic circulation 
should not be too much slowed as a result of the 
decreased portal flow. For this reason the obstruc
tion must be a moderate one. 

A very large spleen is thus the result of a mild, 
long-standing and slowly progressive portal hyper
tension. It may be the only sign of the disease, often 
associated with hypersplenism. It is therefore 
sometimes misinterpreted as the result of a hema
tological disease. In addition, the portal pressure is 
only slightly increased, no higher than 15 to 18 mm 
Hg, in some cases so that portal hypertension may 
be thought questionable. 

These hemodynamical conditions may be ful
filled in many clinical circumstances such as: 
- hepatic fibrosis from unknown origin as well as 

some cases of post-hepatitic cirrhosis (Fig. 11); 
- the rare cases of congenital obstruction of the 

hepatic veins; 
- congenital hepatic fibrosis or cirrhosis (hemo

chromatosis, Wilson's disease) (Fig. 13); 
- every case of moderate obstruction where the 

disease process progression has been stopped or 
slowed either spontaneously or after medical 
treatment or surgical portocaval anastomosis. 
For instance, some cases of long-standing alco
holic cirrhosis (Fig. 14) or Budd-Chiari syn
drome may be associated with a pronounced 
splenomegaly (Fig. 18). 

e) Greatly enlarged spleen associated with splenic 
arterial wall lesions 
The relative frequency of splenic artery aneurysms 
in the course of portal hypertension has been dem
onstrated by Boijsen (29) and Williams (30) who 

stated that they occurred in 15')10 and 31% of the 
cases, respectively. 

The splenic aneurysms are much more frequent 
as the splenomegaly is more pronounced, that is to 
say, the angiographic pattern suggests a long
standing and slowly progressive portal hyperten
sion. According to Williams, splenic artery 
aneurysms frequency could be as high as 43% in a 
group of patients with greatly enlarged spleens. 

This frequency of splenic artery aneurysms in 
long-standing portal hypertension associated with 
a pronounced splenomegaly is widely confirmed by 
our own experience. In some cases, the aneurysms 
which did not exist at an early stage of the disease 
were shown to appear a few years later whilst the 
spleen had greatly enlarged (Fig. 10). 

In most cases they are small and often multiple 
aneurysms distally located at the bifurcations of 
intrasplenic arterial branches. In some cases, the 
aneurysm is located on the splenic artery itself. Its 
size is usually moderate (1 to 3 cm) and no clinical 
symptom can be referred to this lesion which is but 
an angiographic discovery (Figs. 15, 16, 59, 63). 
However, a complication is theoretically possible 
and in our experience, it occurred in two cases. In 
one case of alcoholic cirrhosis the splenic artery 
aneurysm ruptured into the peritoneal cavity giving 
rise to hemoperitoneum and was discovered by 
emergency arteriography. In another case of con
genital Budd-Chiari syndrome, large-sized splenic 
artery aneurysms were shown to have ruptured 
into the splenic vein, producing a splenic arterio
venous fistula (Fig. 18). Thus, the fact that portal 
hypertension may influence the development of 
splenic artery aneurysms, mainly in long-standing 
and slowly progressive forms of the disease seems 
unquestionable. 

The arterial wall abnormalities probably result 
from either the widening and the lengthening of the 
splenic artery, which are always associated with the 
spleen enlargement or the hemodynamical changes 
of the splenic blood flow. Indeed, aneurysms are 
well known to occur as the late result of arterial 
widening associated with increased flow rate else
where in the body: for instance, aortic coarctation 
resulting in intercostal arteries aneurysms is an
other example of this phenomenon. 

As few cases have been submitted to histological 
examination, these arterial wall lesions are not very 



well known from a pathological point of view. In 
one of our cases where a splenectomy was per
formed, pathological examination disclosed that 
the aneurysmal wall as well as the splenic arterial 
wall were involved by lesions of medial fibrous 
dysplasia, whereas there were no arteria-sclerotic 
lesions (31, 32). 

f) Splenomegaly and splenic artery fibra-muscular 
dysplasia 
Although very rare, an irregular splenic arterial 
wall looking like the 'string of beads' angiographic 
pattern of the fibro-muscular dysplasia was found 
out in 3 or 4 of our cases of portal hypertension 
associated with a greatly enlarged spleen. One of 
these patients underwent splenectomy and on his
tological examination the splenic artery was shown 
to be involved by the same medial fibrosis as de
scribed in arterial fibro-muscular dysplasia (Fig. 
17). 

The question arose as to whether this splenic 
medial fibrosis could be an acquired lesion of the 
arterial wall probably induced by the haemo
dynamic disorder as suggested for splenic artery 
aneurysms. In order to answer this question. fi
brous replacement of the medial arterial layer was 
searched for systematically by histologic examin
ation of the splenic artery in 37 patients who under
went surgical splenorenal shunts or splenectomy 
for portal hypertension. 

The pathological examination of the excised 
splenic arteries was carried out in many samples 
with special tainting. Thirteen out of the 37 patients 
were shown to have medial fibrosis. In every case 
the arterial wall exhibited an irregular thickness 
due to alternating zones of medial fibrous hyper
plasia and destruction (the latter representing 
mural aneurysms) and alterations of the internal 
elastic lamina which was thick and reduplicated or 
focally absent. Other layers were normal and no 
sign of atheroma was found (31. 32) (Figs. 15.61, 
75). 

Although surprising, these results were con
firmed by several pathologists who agreed with the 
fact that the histologic pattern was exactly the same 
as described in the medial fibroplasia. which is by 
far the most common form of fibromuscular dys
plasia, as described elsewhere in the body and 
mainly in the renal arteries. 
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Only one out of these 13 patients had the typical 
'string of beads' angiographic appearance of the 
splenic artery. In the other 12 patients the splenic 
artery was only dilated and lengthened as in every 
case where the spleen is greatly inlarged, but four 
of them had also a splenic artery aneurysm (Fig. 15 
and 75) (1). 

Such a frequency (35%) of this splenic artery 
medial fibrosis associated with a long-standing por
tal hypertension is quite unexpected. It may be 
compared to the frequency of splenic artery 
aneurysms already described in the same group of 
patients (29, 30). It is then strongly suggested that 
this medial fibrosis may be related to the splenic 
morphological and hemodynamical changes result
ing from a long-standing portal hypertension. 

As these lesions compare exactly with those of 
the fibro-muscular dysplasia the question is raised 
as to whether it may be the same disease or not. In 
the first case, one might wonder if the arterial 
fibro-muscular dysplasia is not at least in some 
cases the result of a hemodynamical disturbance 
such as increased resistance to the blood flow or 
chronic vasoconstriction, which would be of great 
interest from a physiopathological point of view. 

In conclusion, in the course of the obstructions to 
the hepatopetal portal flow, the spleen changes 
seem to ·be essentially related to portal hyperten
sion, depending on its degree and its evolution. 
Enlargement of the spleen is all the less as portal 
hypertension is higher and more quickly pro
gressive. 

Thus. the splenic changes due to portal hyper
tension may be compared to the urinary tract 
changes related to ureteral obstructions: acute and 
severe ureteral obstructions (such as calculous or 
carcinomatous ones) do not result in a pronounced 
ureteral dilatation above the obstruction as dra
matic pressure increase gives rise to an impaire
ment of the renal urinary secretion which is greatly 
decreased. 

On the contrary, in cases of moderate and slowly 
progressive obstruction (such as megaureter or 
uretero-pelvic junction syndrome) a very large di
latation of the urinary tract always occurs above the 
obstruction. In the same way, in mitral stenosis, a 
tight stenosis is often associated with little dilata
tion of the left atrium and a severe venous pulmo
nary hypertension occurs. On the other hand. a 
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mild or moderate mitral stenosis may be associated 

with a great enlargement of the left atrium while 
the venous pulmonary hypertension is less severe. 
Hence, obstructions to the hepatopetal portal flow 
are probably associated or not with a greatly en
larged spleen in the same way as there are urinary 
obstructions with or without great dilatation of the 
urinary tract and mitra stenosis with or without a 
large left atrium. Theoretically, other parameters 
than portal hypertension may of course influence 
the spleen enlargement. 

When associated with portal hypertension, in
fectious or parasitic diseases, as well as haemato

logical and reticulo-endothelial system diseases 
may contribute to splenomegaly. On the contrary, 
splenic artery arteriosclerosis in elderly patients 
may result in a decreased spleen size or hinder a 
portal hypertension to result in splenomegaly. 

In practice, however, these cases seem too rare 

for the value of splenic changes as a witness of 
portal hypertension to be reduced. The angio
graphic spleen pattern truly appears to be essen
tially related in most cases to the degree and the 
progression rate of portal hypertension. 

[II. Hepatic arterial changes 

In most patients with moderate to severe portal 
hypertension the hepatic artery and its branches 
become dilated, which is the result of an increased 
hepatic arterial flow. Indeed, arteries dilate to ac
commodate an increased flow. Furthermore, this 
increased arterial flow is well demonstrated by two 
other associated angiographic signs: the reversed 
flow through the gastro-duodenal artery which 
contributes to feed the liver from the superior mes
enteric artery and the denser arterial hepatography 
as normally visualized on the late films of hepatic 
arteriography. 

However, it may be difficult to recognize this 
hepatic artery widening when it is minimal. The 
common hepatic artery diameter can be measured 
on the films: it is normally no greater than 7 mm in 
most cases. But this measurement is not a reliable 
criterion because of individual variations and fre

quency of multiple hepatic arteries. 
However, hepatic artery dilatation is better ap

preciated on the intrahepatic branches than on the 

arterial stem itself, because the hepatic arterial 

ramifications are usually thin in normal conditions 
mainly at the periphery of the liver. Hence, a di
latation with elongation tortuosity and sometimes a 
duplicated appearance of the peripheral arterial 
branches within the liver associated with a dense 
arterial hepatography are the two main angio
graphic signs suggesting an increased arterial flow 

to the liver. The angiographic evaluation of this 
increased arterial flow is very interesting from a 
hemodynamical point of view as it results from a 
decrease of the hepatopetal portal flow. 

Although it may be difficult to demonstrate une

quivocally this point by flow rate measurements, 
most physiological and angiographic studies permit 
to estimate that there exists a close correlation 
between d~creased portal inflow and increased 
hepatic arterial flow which is frequently and widely 
admitted. Because communications exist within 
the liver between arterial branches and portal ven
ules either through the sinusoids, or probably also 
through presinusoidal shunts, it is likely that the 

hepatic arterial flow increases to compensate for a 
decreased portal inflow. 

A presinusoidal portal obstruction will result in a 
decreased pressure in the downstream located por
tal veins as well as in sinusoids. The pressure gra
dient between these veins and the hepatic arteries 
is then increased, which is likely to determine an 
increased arterial flow. 

In case of post-sinusoidal obstruction the in
creased intrahepatic resistance can probably give 
rise to a severe impairment of the hepatopetal por
tal flow because of the normally low pressure gra
dient between portal veins and hepatic veins. Be
cause arterial pressure is much higher than portal 
pressure, the hemodynamical conditions become 
more favorable to the arterial flow as compared to 
the portal flow. 

By measuring arterial and portal flow rates dur
ing surgery in some patients, Schenk was able to 
prove that the hepatic arterial inflow increases to 
compensate for the lost portal flow. When the por
tal flow was interrupted, he found that the arterial 
flow increased to RO% in patients with normal liver 
and up to 400% in cirrhotic patients (33). 

This relationship between a decreased portal in
flow and an increased hepatic arterial flow has 
been supported for years by arterioportography, 



although this method allows only for a relative 
evaluation of the arterial and portal flow rates as 
compared either to each other or to the normal 
angiographic pattern. However, in some rare cases 
where the portal obstruction either involves only 
some intrahepatic branches while other remain 
patent or varies with time in the same patient, the 
arterial changes documented on arterioportogra
phy may be particularly demonstrative (Figs. 19 & 
20. 

In case of partial, intrahepatic portal vein throm
bosis resulting from an acute pancreatitis, for in
stance, arterioportography demonstrates that in
trahepatic arterial branches dilate in the segments 
where the portal branches are obstructed. while 
they remain normally thin in the segments where 
portal branches remain patent. These arterial 
changes are clearly apparent when the diameters of 
arterial branches are compared to each other. 
However, the increased arterial flow is better dem
onstrated on the late films where an abnormally 
dense arterial hepatography is visualized only in 
the liver segments where portal veins are obstruct
ed. In the other segments where portal veins are 
patent, only portal hepatography is seen on the 
venous phase of superior mesenteric arteriography 
as usually in normal persons. 

In this case, arterial and portal hepatography 
result in a 'mirror image', clearly demonstrating 
that the hepatic arterial inflow increases to com
pensate for the lost -portal flow, the parts of the 
liver parenchyma no longer fed by portal vein flow 
being supplied by arterial blood (Fig. 19). Com
parison of two arterioportographies performed in 
the same patient at different stages of the disease 
also demonstrates the close relationship between 
hepatic arterial changes and the variations of the 
hepatopetal portal flow rate. 

It is the case, for instance, in cirrhotic patients 
treated by surgical porto-caval anastomosis whose 
hepatopetal portal flow is interrupted and even 
sometimes reversed, the portal vein becoming an 
outflow tract.As a result of this a pronounced di
latation of the hepatic artery is seen to occur in 
every case, as compared to the preoperative study. 
In addition, it is suggested from our experience that 
the higher the hepatofugal portal flow the more 
dilated the hepatic artery (18). 

On the other hand, if an obstruction to the 
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hepatopetal portal flow improves so that the portal 
flow rate increases, the hepatic arterial dilatation is 
shown to reduce by arterioportography as com
pared to a previous study. This hemodynamical 
condition may be encountered, for instance, in case 
of portal thrombosis where arterioportography 
performed at an early stage of the disease shows a 
greatly decreased portal inflow because the 
hepatopetal collateral network has not yet de
veloped. At that stage an important dilatation of 
the hepatic artery is demonstrated. 

When arterioportography is repeated a few 
months later, bridging collaterals running parallel, 
the obstructed portal vein may have developed 
(cavernous transformation) and a better, although 
never normal, hepatopetal portal flow can be dem
onstrated with filling of peripheral portal vein 
branches through numerous subcapsular vessels. 
As a result of this the hepatic artery is shown to be 
less dilated than on the previous arteriography 
(Fig. 20). 

Finally, it is perhaps possible for the hepatic 
arterial flow to decrease under normal values in 
case of an abnormally high hepatopetal portal flow 
rate but this rare hemodynamical condition is more 
difficult to demonstrate. However, in an uncom
mon case of diffuse angiodysplasia of the colon in a 
29-year-old man, where arteriography showed a 
pronounced dilatation of superior and inferior 
mesenteric arteries followed by early and massive 
portal venous opacification through large and nu
merous arterio-venous shunts, an unusually thin 
hepatic artery with a poor opacification of its pe
ripheral branches suggested a decreased hepatic 
arterial flow. In this patient a two-fold increase of 
the cardiac output could be measured, which was 
obviously the result of an increased portal inflow. 
The liver was found to be normal at surgery as well 
as the portal pressure. Despite this high portal flow 
rate, there was no portal hypertension (Fig. 21). 

This relationship between the arterial and portal 
flow rates also seems to be well demonstrated by 
studying the results of arterioportography in a 
great number of cirrhotic patients, whatever the 
direction of the portal flow. In a study on the 
spontaneous reversal of intrahepatic portal flow in 
cirrhosis the hepatic arterial dilatation was found to 
be well correlated to the degree of the hepatofugal 
portal flow (18). It must then be admitted that the 
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hepatic arterial dilatation is usually the result of a 
decreased hepatopetal portal flow whatever its 
cause and that there is, in most cases, a good cor
relation between the lost portal flow and the in
creased arterial flow. 

These arterial changes occur in every case of 
presinusoidal obstruction and particularly in portal 
vein thrombosis as well as in most post-sinusoidal 
obstructions once the hepatopetal portal flow is 
sufficiently reduced; this is mainly the case in cir

rhosis. 
There is, however, one exception to this rule. the 

Budd-Chiari syndrome, because the quickly pro
gressive hepatic vein thrombosis gives rise to a 
unique hemodynamical condition which can be 

compared to an ischaemia of the liver from venous 
origin. This is the reason why the hepatic arterial 

flow can not increase. 
To our knowledge the Budd-Chiari syndrome is 

the one case where a dramatic decrease of the 
hepatopetal portal flow does not result in an in
creased arterial flow. This point ought to be 
stressed as it results in a very typical angiographic 
pattern which will be described later. 

Of course, the portal flow rate is not the one 
parameter inducing hepatic arterial changes. which 
may result from many other causes. For instance. 
any hypervascular liver tumor, aneurysm or vascu
lar malformation is associated with a dilated hepa
tic artery and an increased arterial flow but these 
lesions are easily recognized by arterioportography 
and do not raise any diagnostic problem. 

However, some diffuse liver diseases may be 
associated with a dilated hepatic artery whereas 
any specific angiographic sign permits to make the 
right diagnosis. It may be the case in virus infec
tions, inflammatory diseases such as collagen or 
granulomatous diseases involving the liver. as well 
as the 'nephrogenic hepatic dysfunction syndrome' 
(34. 35. 36). These are, fortunately. rare clinical 

conditions, and the hepatic arterial widening is not 
associated with the other angiographic signs of por
tal hypertension. 

Obstructive jaundice is usually associated with a 
pronounced hepatic arterial dilatation which is 
thought as resulting from a decreased portal in
flow. Indeed the biliary stasis in the markedly dil
ated intrahepatic bile ducts could be responsible 
for a compression of intrahepatic portal veins as 
demonstrated by some experimental works (37). 
Thus hepatic artery embolisation in patients with 
obstructive jaundice can result in liver necrosis, as 
already reported. (38). 

Most of these clinical circumstances being either 
infrequent or easily recognized the hepatic arterial 
changes may be considered in most cases as a good 
indirect witness of the hepatopetal portal flow rate. 
Hence the coeliac arteriography enables one to 
evaluate two important factors associated with any 
obstruction to the hepatopetal portal flow what
ever its site and its cause but whose physiopatho
logical significance is quite different: 
- Hepatic arterial changes: indirect result of the 

hepatopetal portal flow decrease. 
- Splenic changes: essentially related to the degree 

and the progressing rate of portal hypertension. 
These two factors are usually associated as portal 

hypertension results from an obstruction to the 
portal inflow, but in some cases only one of these 
factors is present if either a long-standing portal 
hypertension is associated with a near normal 
hepatopetal portal flow or a severe obstruction is 
associated with a near normal portal pressure as in 
some cases where the development of very large 
porto-systemic collaterals occurs (Figs. 35,36,42, 
49). In all cases a simultaneous evaluation of both 
angiographic abnormalities is at any rate necessary 
for the diagnosis and results in a better understand
ing of the disease in every case. 
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4a 
Fig. 4. Severe alcoholic cirrhosis in a 46-year-old female. 
4a: Moderate splenomegaly (18 cm) with relatively thin intrasplenic arterial branches. Despite the selective splenic arterial 

inj ection resulting in a dense splenography the splenic vein is thin and poorly opacified. i.e .. the splenic venous outflow is markedly 
reduced. 

4b 

4b: However. on the venous phase of S.M.A .. the mcsen
terico-portal axis is fairl y well opacified . with hepato fugal fl ow 
through umbilical vein and gastric varices. whereas the nar
rowed and poorly opacified intrahepatic portal branches indi
cate a markedly reduced portal inflow. 
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4c 

4c: Owing to this the hepatic artery and its intrahepatic branches are markedly dilated and result in a dense arterial hepatography. 



Sa 

Fig. 5. Chronic active hepatitis in a 34-year-old male (il17i1). -
virus hepatitis 6 months earlier (2178): ALA T: 1.4()() Ui - Hbs 
Ag+ 
5a: Normal hepatic artery. Moderate splenomegaly (17 cm). 
Widened and lengthened splenic artery. 

Sc 
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Sb 

5n: Normal splenography resulting in good opacification of 
splenic and portal vein. 

5c: Normal venous phase of the S.M.A.: intrahepatic portal branches as well as portal hepatography fairly well visualized. No 
hepatofugal flow. 
Splenomegaly is the one sign of the incipiens portal hypertension. Virus hepatitis confirmed by laparoscopy and liver biopsy 
(moderate liver cell lesions without fibrosis). 
One year later (8179) checking liver biopsy shows more se\'ere li\'er cellicsions and periportal fibrosis. 
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6b 

6b: Slowed splenic arterial flow clearly evidenced as com

pared to the hepatic arterial flow: persistent opacification of the 

intra splenic arterial branches at the 6th sec without visualiza
tion of the splenic vein. 

Fig. 6. 35-year-old female known to have alcoholic hyper
trophic cirrhosis with ascitis for 6 months. Corrected sinusoidal 

pressure: 26 em saline. 

6a: Diffusely enlarged liver with a widened hepatic artery but 

only moderately dilated intrahepatic arterial branches. Minimal 

splenomegaly (15 cm) with very thin intrasplenic arterial 

branches. 

6a 

6c 

6c: Moderately decreased mesenterico-portal flow to the liver 

with the tertiary portal vein branches still visualized but no 

portal hepatography. Hepatofugal flow through the splenic vein 

and short gastric veins thus explaining the functional obstruction 

of the splenic venous outflow. 
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7a 

Fig. 7. Alcoholic cirrhosis with bleeding esophageal varices in a 54-year-old male (23-3-77). 
7a: Dilated hepatic artery accounting for a decreased hepato-petal portal flow. The slowed splenic arterial flow is well evidenced as 

compared to the hepatic arterial flow 1.5 and 4 seconds after the injection. 

7b 

7b: 6 and 12 seconds later, markedly thinned intrasplenic arterial branches remain visualized. Splenography is very poor and the 
splenic vein never opacifies. 
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7c 

7c: A meso-caval interposition shunt performed one month later 

is shown to be normally patent on the venous phase of S.M.A. 

(16-9-77). 

7e 

7e: Since the splenic venous blood drains retrogradely through 

the superior mesenteric vein toward the graft and the inferior 

vena cava, together with the mesenteric blood. 

7d 

7d: On coeliac arteriography (14-9-78) the splenic arterial flow is no longer slowed (Normal intrasplcnic branches and early 

splenography) . 



8a 

Fig. 8. Hypertrophic alcoholic cirrhosis in a 28-year-old 

female (3-5-78) intermittent jaundice. weight loss and weak

ness for 3 months. 

8a: Moderately dilated hepatic artery 
- Spleen size within normal limits (14 cm) with markedly thinned 

out intrasplenic arterial branches. 
- Dense and prolonged splenography with only faint opacifica

tion of the splenic vein. 
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8b 

8b: Good portal vein filling on venous phase of S.M.A. with 

marked thinning of its intrahepatic tertiary branches and retro

grade opacification of inferior mesenteric vein. 

Angiographic pattern of a moderately decreased mesenterico

portal inflow associated with markedly reduced splenic venous 

and arterial flow resulting from a recent and rapidly progressive 

intrahepatic obstruction. 



24 

9a 

Fig. 9. Atropho-hypcrtrophic alcoholic cirrhosis in a 51-vear
old female referred for variceal hleeding (25-5-7lJ). 

9a: Atropho-hypertrophic liver with markedh dilated hepatic 
artery. 
Minimal splenomegaly (15 cm) with yer~ thin and faintly 
opacified intrasplenic arterial hranches. 

9c 

9b 

9h: Dense arterial hepatography. 
Very poor splenography with the splenic vein harely visualized. 

9c: Poor opacification of narrowed intrahepatic portal hranches with retrograde flow in the umhilical vein. 
Angiographic pattern of a markedlv decreased mesenterico-portal no\\' with almost completelY interrupted splcnic hlood now 
resulting from a rapidly progressivc intrahepatic obstruction. 
The obstruction is more severe than in Fig. S as evidcnced also bv the greater dilatation of the hepatic artery. 



25 

lOa 

Fig. JO. Budd-Chiari syndrome due to primary hepatic vein thrombosis in a 15-year-old female. Patient referred for unexplained 

ascitis (1-2-71). 
JOa: Hypertrophy of the left lobe of the liver with stretched and thinned intrahepatic arteries typical for Budd-Chiari syndrome. 

Spleen size within normal limits (14cm) with very thin intrasplenic arterial hranches which signifies the slowed splenic arterial flow. 

lOb 

JOb: Checking arteriography (30--1-76) 5 years after a portocaval anastomosis. 

Owing to the surgical shunt which was shown to he patent. a pronounced splenomegaly (25 cm) with intrasplenic small aneurysms 

developed as a result of the lowered portal hypertension whereas hepatic artery dilated. 
Finally, surgery permitted the markedly reduced hepatic and splenic arterial flow to increase. 
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lla llb 

Fig. JJ. Post hepatitis-cirrhosis in a 51-year-old male referred llb: Splenic vein well opacified. 

for hypersplenism (15-9-~n). Neither known previous history of 

virus hepatitis nor gastro-intestinal bleeding. Only minimal liver 

function test abnormalities - Hbs Ag + - Laparoscopy: Atro-

pho-hypertrophic liver with multiple modules. 

lla: Atrophic right lobe and hypertrophic left lobe of the liver. 

Hepatic artery caliber within the normal limits. Markedly 

enlarged spleen (20cm) with widened and lengthened splenic 

artery. 

lle 

llc: Venous phase of S.M.A. accounting for a relatively good hepatopetal portal flow without hcpatofugal flow. 
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12a 

12b 

Fig. 12. Portal vein obstruction in a 22-year-old female referred for variceal hemorrhage (9-10-75) and probably resulting from 

pylephlebitis during pregnancy 2 years earlier. 

12a and b: Pronounced splenomegaly (20 em) with relatively thin intrasplenic arterial branches accounting for a slowed splenic blood 

flow rate as demonstrated by the prolonged splenography without opacification of the venous outflow. 
Markedly dilated hepatic artery accounting for a greatly reduced hepatopetal portal flow. The faint opacification of the hepatic veins 
(12b - t) permits the prehepatic site of the obstruction to be anticipated. 
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12c 

12c: Complete obstruction of the mesenterico-portal axis with predominant hepatopetal portal flow associated with cavernous 
transformation of the portal vein. 



13a 

Fig. 13. Wilson's disease with moderate, long-standing and 

slowly progressive portal hypertension in a 23-year-old male. 

Patient referred for esophageal varices bleeding (24-5-74). 

Corrected sinusoidal pressure: 12 cm saline. 
13a: Huge splenomegaly (30 cm) with widened and lengthened 
splenic artery and a small intrasplenic aneurysm ( 6) 
Moderate dilatation of the hepatic artery and its intrahepatic 

branches. 
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13b 

I3h: Venous phase of S.M.A. 
Secondary and tertiary intrahepatic portal branches faintly visu
alized, which signifies the moderately reduced portal inflow. 

Very faint opacification of left gastric vein and varices ( t). 
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14a 

Fig. 14. Slowly progressive alcoholic cirrhosis in a 49-year-old female (9-5-83) known to have experienced several episodes of 

variceal hleeding, ascitis and jaundice for 12 years. Hypersplenism. Child's score: B7. 

14a: Huge splenomegaly (26 cm) with dilated and lengthened splenic artery-dense splenography and portal vein well visualized. 

14b 

14h: Atrophic liver with normally thin intrahepatic branches. Good opacification of the portal vein with only minimal retrograde 

flow in the inferior mesenteric vein which signifies a predominant hepatopetal portal flow. 

Typical angiographic pattern for a moderate and slowly progressive intrahepatic obstruction. 

Splenectomy and proximal spleno-renal anastomosis performed on 23-5-83: 

'" Portal pressure: 16cm saline 

* Fihro congestive spleen weighing I,UOO g: 

* Liver biopsy: annular fibrosis with neither inflammatory reaction nor liver cell lesion: 
Pathological pattern of moderate and stationary cirrhosis. 



15a 

Fig. 15. Splenomegaly associated with hypersplenism in a 
39-year-old female originating from North Africa (6-H-75). 
15a: Huge splenomegaly (27 em). Markedly dilated splenic 
artery with somewhat irregular caliher and multiple small 
aneurysms of the intraspienic arterial branches ( i ). 
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15b 

15h: Faint opacification of the markedly dilated spleno-portal 
axis together with very large esophageal varices ( i ). 
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15c 

15c: Selective right hepatic artery opacification: atrophic right lohc and opacification of a markedly hypertrophic left lobe through 

anastomosis between hoth hepatic arteries. 

Splenectomy (29-8-75): 

Portal pressure: 20cm saline. Spleen weight: 920 g. Pathology: 

- Moderate portal fibrosis and diffuse inflammatory reaction in the liver; 

- Fihro-congestive spleen; 

- Splenic arterial wall pattern suggesting fihro-muscular dysplasia. 

16a 

Fig. 16. Atrophic cirrhosis of unknown origin with hypersplenism and hepatic failure in a 57-year-old female. 

1611: Marked atrophy of the liver with moderate dilatation of the hepatic artery. 

Pronounced splenomegaly (19 cm) with large aneurysms of the splenic artery and several smaller ones within the splenic par

enchyma. 
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16b 

16b: The narrowed right portal vein ( t ) signifies the low hepatopetal portal flow whereas a predominant hepatofugal flow through a 

dilated umbilical vein and gastro-csophagcal varices is evidenced. 
- Splenectomy (6-11-79) 

- Portal pressure: 31 cm saline 
- Spleen weight: 475 g 

- Atrophic and micro modular cirrhosis confirmed by liver biopsy. 
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17a 

Fig f7. Hepatic fibrosis of unknown origin in a ol-year-old male referred for esophageal varices bleeding (()-I-oR). 
- Portal pressure measured through splenoportography 2S cm saline 
- Splenectomy was performed (23-I-oR) and the patient died 4 years later from hepatic failure 
- Liver biopsy: mild inflammatory peri-portal fibrosis. 
f7a: - Huge splenomegaly (29 cm) 
- irregularly dilated splenic artery with the 'string of bead' pattern suggesting fibro-muscular dysplasia 
- Normal angiographic liver pattern. 

f7b: Pathological examination of the splenic artery (H.E.S. x 2S - Pr. M. Houcke) 

17b 

- Irregular thickening and fibrosis replacement of the medial layer with invagination of the internal elastic lamella. Pathological 
pattern typical for arterial fibro-muscular dysplasia of the medial type. 



18a 

Fig. 18. Congenital Budd-Chiari syndrome in a 32-year-old 
female originating from West Indees. This patient who never 
experienced any trouble before was found to have splenomegaly 
with hypersplenism following pregnancy (R-5-74). 

18a: Coeliac arteriography: huge splenomegaly occupying the 
whole left half of the abdomen and atrophic liver. 
Sevcral very large splenic artery aneurysms: one of them prox
imally located is seen in front of hepatic artery (0) whereas 
others are located in the splenic hilum and communicate with 
the splenic vein ( i ). 

18c 

18c: Venous phase of S.M.A. shows a patent 
portal vein with a predominant hepatofugal flow 
through left gastric vein. inferior mesenteric vein 
CA.). splenic vein and splenorcnal anastomosis 
(.0). 
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18b 

18b: A few seconds later. the splenic vein opacification resulting 
from this aneurysmal arterio-venous fistula is seen to fill a 
spontaneous spleno-renal anastomosis ( i ) and inferior vena 
cava (0) as well as the splenoportal axis in a hepatopetal direc
tion (.A.). 
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18d 

18d: Hepatic venography: only a small accessory hepatic vein can be catheterized, allowing the main right hepatic vein to be 

opacified through intrahepatic anastomosis. 

The distal end of the right hepatic vein does not open into the inferior vena cava from which it remains separated by a thin lucent 

stripe (6), suggesting a membranous or web-like obstruction. As a result the main right hepatic vein remains opacified for a few 
seconds after the end of the injection. 

Splenectomy: fibro-congestive spleen weighing 2,000 g. 

Liver biopsy: periportal sclerosis with acute congestive liver and dilated sinusoids. 
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19a 

Fig. 19. Severe acute pancreatitis with ascitis, severe involvement of the transverse colon and portal vein thrombosis in a 65-year
old male (25-8-77). 
19a: Moderate dilatation of the segmental intrahepatic arterial branches except the artery of the segment 5 which is very thin ( t ). 
(All branches of the coeliac artery are probably narrower than normally because of acute pancreatitis and hypotension.) 

19b 

19b: Venous phase of coeliac arteriography shows the arterial hepatography to be abnormally dense in all hepatic territories where 
the arterial branches are dilated, whereas a normally faint hepatography is seen in the segment 5. 
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19c 

19c: Venous phase of S. M.A. demonstrates a patent portal stern with irregular walls due to incipicns thrombosis. Portal branches of 
the segment 5 remain patent resulting in a normally dense portal hcpatography in this territory, whereas all other intrahepatic 
branches are completely obstructed. 
Arterial and portal hcpatography result in a 'mirror imagc' demonstrating that arterial flow increases to compensate for the lost 
portal flow. 

20a 

Fig. 20. Chronic pancreatitis previously treated by spleno-pancreatectomy in a 41-year-old male. 
Patient referred for a recurrent bout of pancreatitis (20--3-79). 

20a. Markedly dilated hepatic artery which signifies the reduced portal inflow. 



20c 

20c: Venous phase of S.M.A. shows thrombosis of the mesen

terico-portal axis with little hepatopetal collateral flow resulting 

in only faint opacification of the intrahepatic portal veins. 
Two necrotic and infected pancreatic collections are treated by 

surgical external drainage (29-3-79). 
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20b: 5 sec later retrograde filling of the portal vein through 

intrahepatic arterioportal communications is clearly docu

mented (t). 

20b 

20d 

20d: Checking arteriography performed 6 months later (14-

9-79) shows on the venous phase of S.M.A. that the mesen

terico-portal axis is no longer obstructed. Not only is it partially 

patent but a wide hepatopetal collateral way occurred through 

the pancreatico-duodenal veins. Owing to this a good filling of 

the intrahepatic portal venous bed is visualized. 
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20e 

20e: Coeliac arteriography (14--9-79) shows the hepatic artery to he less dilated than previously. mainly when comparing the 

diameter of intrahepatic arterial hranches. which signifies the better portal inflow. 

21a 

Fig. 2]. Diffuse and severe angiodysplasia of the colon in a 29-year-old male. Patient referred for anemia and intestinal hleeding 

(9-11-82). 

21a: S.M.A. shows markedly widened right and left colic arterial hranches with immediate filling of the draining veins through wide 

and numerous arterio-venous fistulae. 
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2Ib 

2Ib: 2 seconds later the portal vein is densely opacified. 

2lc 

2Ie: On coeliac arteriography hepatic artery is abnormally thin and its peripheral intrahepatic branches are not opacified. which 
suggest a decreased hepatic arterial flow. 

A two-fold increase of the cardiac output could be measured. Normal liver and normal portal pressure at surgery. 



4. PRESINUSOIDAL OBSTRUCTIONS 

I. Proper angiographic signs 

Prehepatic obstructions are the most common form 
of pre sinusoidal portal hypertension, usually re
sulting from portal vein or splenic vein thrombosis. 
Unlike postsinusoidal obstructions, a normally low 
pressure portal venous bed is preserved beyond the 
obstacle, which is responsible for some specific 
hemodynamic changes. 

1. Arterial changes 

The portal vein obstruction is known to determine 
the more pronounced hepatic arterial dilatation as 
a result of decreased portal flow (Fig. 12). More
over, it is probably a favorable condition for the 
intrahepatic arterio-portal shunting to develop as a 
pressure drop occurs in the portal veins located 
beyond the obstruction. Indeed portal vein opac
ification through hepatic artery injection of con
trast medium has been documented in some cases 
of portal thrombosis (13). 

It is, however, an uncommon finding in clinical 
circumstances as sinusoidal pressure and blood 
flow rate within the liver are normal. In fact we 
found out this hemodynamic change only as a tran
sient phenomenon at an early stage of a portal 
thrombosis (Fig. 20). 

In most cases, the contrast medium injected into 
the hepatic artery normally flows through the sin
usoids to join the hepatic veins. It is the reason why 
the retrograde filling of the portal venous bed lo
cated beyond the obstruction is an uncommon find
ing of hepatic arteriography in pre-hepatic obstruc
tion. 

On the contrary, the hepatic vein opacification is 
not such an uncommon finding after contrast me
dium injection into the hepatic artery in these 
cases. Indeed, the higher the arterial flow, the 
more the sinusoids filled with a more concentrated 
contrast medium. In addition, the lower the portal 

flow, the less diluted the contrast medium injected 
through the arterial route. 

As a result of this the dense arterial hepatogra
phy is not weakened by the unopacified portal 
blood, and because of the normal blood flow rate 
within the liver, a good opacification of the hepatic 
veins may be seen (Figs. 12, 22, 23). On the con
trary, in case of post-sinusoidal obstruction, the 
increased intrahepatic resistances result in blood 
stasis and dilution of the contrastmedium so that 
the hepatic veins cannot be visualized even though 
the arterial flow is increased. Another indirect sign 
of prehepatic obstructions is the normal mor
phologic appearance of the liver with a normal 
distribution of the intrahepatic branches which can 
be well documented by hepatic arteriography 
(Figs. 12,22,23,24). In conclusion, a normal mor
phologic pattern of the liver associated with a usu
ally pronounced hepatic arterial dilation and occa
sionally hepatic vein opacification is the typical sign 
of a prehepatic obstruction on hepatic arteriogra
phy. 

It must be stressed that the diagnosis of prehepa
tic obstruction may be suggested by C. T. scan with 
bolus injection of contrast medium. Owing to the 
usually pronounced dilatation of the hepatic ar
tery, the intrahepatic arterial branches are often 
widened enough to be seen on the first slice corre
sponding to the arterial phase, whereas they are 
too thin to be visualized in normal persons. More
over, the venous collateral circulation together 
with a thrombus within the portal vein may be also 
documented 20 seconds later (Fig. 23). 

2. Venous changes 

The hepatopetal porto-portal collateral venous cir
culation is typical of pre sinusoidal obstructions 
(Figs. 12, 23, 24, 25). In most cases, the hepatopetal 
collateral flow is predominant as compared to the 
hepatofugal circulation so that portal hypertension 
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is less severe than in post-sinusoidal obstructions, 
and bleeding from esophageal varices is less likely 
to occur. The hepatopetal collateral pathways de
pend on the site of the obstruction. 

Splenic vein obstruction. An occluded splenic vein 
is easily bypassed owing to the left gastric veins 
running along the lesser curvature of the stomach 
as well as the veins ofthe greater curvature (gastro
epiploic veins) so that the splenic venous outflow 
may remain normal or near normal (Fig. 26). The 
splenic venous stasis mainly depends on the length 
of the obstruction so that involvement of the con
fluence of the splenic, mesenteric and portal veins 
always results in a decreased splenic venous out
flow. 

Mesenteric vein obstruction. When the obstacle is 
located in the superior mesenteric vein (in case of 
an enlarged processus uncinatus ofthe pancreas for 
instance) bridging collaterals are usually formed 
over the veins running along the intestine to either 
the right superior colic vein or the first jejunal vein 
which, in some cases, drains into the superior mes
enteric vein juste before it joins the spleno-portal 
axis (Fig. 27). 

Obstruction of the spleno-mesenterico-portal con
fluence. In this case the superior mesenteric venous 
blood drains towards the portal vein through the 
dilated pancreatico-duodenal veins (Fig. 28). 

Portal vein obstruction. Portal vein obstruction 
produces an extensive network of venous channels 
in the hepato-duodenalligament, usually described 
as the cavernous transformation of the portal vein. 
It allows the splenic and mesenteric venous blood 
to reach the intrahepatic portal veins through the 
subcapsular portal venous network (Fig. 29). How
ever, in spite of this porto-portal collateral net
work, the portal flow is markedly decreased and 
hepatofugal porto-systemic collaterals occur as in 
case of post-sinusoidal obstruction. 

It should be noted, however, that a portal vein 
thrombosis associated with a post-sinusoidal 
obstruction, such as cirrhosis, cannot be misin
terpreted as a primary portal vein thrombosis be
cause of the lack of hepatopetal collateral circula
tion (Fig. 25). 

II. The main cause of prehepatic obstructions 

1. Pancreatic diseases 

Pancreatitis and pancreatic carcinoma are the most 
common causes responsible for compression or 
thrombosis of the prehepatic portal system (39). 

On the basis of 400 cases of pancreatitis studied 
by arterioportography, the splenic, portal or mes
enteric venous involvement was found to be as high 
as 55%. However, this venous narrowing or occlu
sion produces only a benign portal hypertension in 
most cases, giving rise to bleeding from esophago
gastric varices in only 4.5% of the patients. 

Splenic vein involvement is the most frequent, 
occurring in 44 % of the cases as the result of lesions 
located in the body and the tail of the pancreas. 
Obstruction of the spleno-mensenterico-portal 
confluence occurs in 28% of the cases and is related 
to a pancreatic isthmus involvement. The superior 
mesenteric vein may be involved (14%) by an 
enlarged processus uncinatus of the pancreas while 
the splenoportal axis remains normal. Portal vein 
occlusion occurs in 14% of the cases due to pan
creatic head involvement (Figs. 19,20,22,23,26, 
27,28,29). 

2. Portal vein thrombosis 

Portal vein thrombosis is less frequent; its etiology 
often remains uncertain although neonatal 
omphalitis is a frequently suspected causative con
dition. In rare cases, acute portal vein thrombosis 
was reported to give rise to mesenteric infarctus. 

3. Other causes 

Numerous and various other causes have been re
ported to involve the prehepaptic portal venous 
system such as: retroperitoneal tumors, lymph 
node tuberculosis (40) (Fig. 30), and chronic vol
vulus of the small bowel (41) (Fig. 31). 

III. Intrahepatic presinusoidal obstructions 

The main causes of intrahepatic pre sinusoidal 



obstructions are: schistosomiasis, biliary cirrhosis, 
congenital hepatic fibrosis (Fig. 32), liver tumor in 
rare cases, and portal fibrois. 

Most of these diseases are very uncommon. The 
most frequent is probably the portal fibrosis, also 
described as idiopathic portal hypertension, which 
raises an interesting diagnostic and physiopathol
ogic problem and will be discussed later. 

Fig. 22. Pancreatitis with portal vein thrombosis in a 45-year

old male. 

Widened intrahepatic arterial branches and dense arterial 

hepatography resulting in good opacification of right hepatic 

vein 12 seconds following selective injection of contrast medium 

in hepatic artery. 

23a 

Fig. 23. Chronic pancreatitis with portal vein thrombosis in a 35-year-old male (1l-3-R3). 
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23a: Normal liver with markedly dilated hepatic artery. Moderate enlargement of the spleen (15 em) with relatively thin intrasplenie 
arterial branches. 
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23b 

23b: Splenic vein is not opacified while hepatic veins are faintly visualized. 

23c 23d 



Fig. 24. Congenital obstruction of the portal vein in a 24-year

old female (9-8-77) treated by splenorenal anastomosis when 
she was 8 years old. 

Angiographic checking for persistent esophageal varices with

out recurrent bleeding. 

Portal vein obstruction well compensated by the development 

of wide hepatopetal collateral veins in the hepatic pedicule 
allowing for a good portal inflow. 

Hepatofugal flow through left gastric vein and varices ( i ). The 
shunt is no longer patent. 

-
23c: Venous phase of S. M. A. shows complete obstruction of the 

mesenterico-portal axis with a poor hepatopetal portal flow. 

23d: Angio c.T. (23-3-83): 15sec after bolus injection. two 

dilated intrahepatic arterial branches are visualized in the upper 
part of the right lobe. The unopacified portal branches arc seen 
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Fig. 25. Portal vem thrombosis associated with a primary 

Budd-Chiari syndrome in a 25-year-old female (23-8-76). 

Complete thrombosis of the portal vein with only hepatofugal 

flow through gastro-epiploic vein and gastro-esophageal varices 
which signifies the post-sinusoidal obstruction. 

as small lucent areas alongside the arterial branches (left gastric 

artery and left branch of the hepatic artery are also opacified as 
compared to arteriography). 

40 seconds later the portal vein is not opacified and a few 

irregular channels within the liver hilum correspond to the 
hcpatopetal collateral circulation. 
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26a 

Fig. 26. Chronic pancreatitis with splenic vein obstruction in a 44-year-old male. 
Patient referred for epigastric pain and upper gastrointestinal bleeding (11-3-76). 

26a: Venous phase of coeliac arteriography: Splenic vein obstruction well compensated by hepatopetal collateral flow through 

widened gastroepiploic veins running along the greater curvature of the stomach and the left gastric and pyloric veins running along 
the lesser curvature as well. 

26b 

26b: Venous phase of S.M.A.: Normal mesenterico-portal axis 
and normal portal hepatography. 
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Fig. 27. Pancreatic pseudo-cyst involving the pancreatic head and the processus uncinatus as well in a 39-year-old male (3-11-76). 

Venous phase of S. M.A.: complete obstruction of the superior mesenteric vein ( ~ ) with a good hepatopetal collateral flow through 
the markedly dilated first jejunal vein. Splenic vein was normal on the venous phase of coeliac arteriography. 

28a 

Fig. 28. Obstruction of the spleno-mesenterico-portal confluence by a pancreatic pseudo-cyst involving the pancreatic isthmus in a 

43-year-old female (26-4--79). 
28a: Obstruction of the distal part of the splenic vein associated with a poor hepatopetal flow and a minimal splenomegaly (14.5 cm). 
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28b 

28b: Narrowing of the mesenterico-portal confluence ( t ) allowing, however, for a food filling of the portal vein. 

29a 

Fig. 29. Splenic and portal vein thrombosis associated with chronic pancreatitis (1-8-75). 

29a: The markedly dilated hepatic artery with an otherwise normal liver suggests a severe obstruction to the portal flow of the 
prehepatic type. Minimal splenomegaly (14.5 cm) with very thin intrasplenic arterial branches signifies the reduced splenic blood 

flow. 



29b 

29b: Obstruction of the splenic vein with very poor venous collateral flow. 

29c 

29c: Venous phase of S. M. A. shows complete obstruction of the 
portal vein with numerous and tortuous hepatopetal collateral 
channels in the hepatic pedicle. 

51 
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Fig. 30. Tuherculosis of the spleen with obstruction of the splenic vein due to tuberculous lymph modes in a 23-year-old female. 

Patient referred for bleeding from gastric varices (24-9-79). 
Short segmental ohstruction of the splenic vein in the splenic hilum well compensated by hepatopetal collateral flow through gastric 

varices (6), widened short gastric veins and left gastric vein ( .... ). 

Fig. 31. Chronic mid-gut volvulus with occlusion of the superior mesenteric vein responsihle for bleeding intestinal varices in a 
25-year-old male (7-6-79). 
Complete ohstruction of the superior mesenteric artery (3Ia) and the superior mesenteric vein (3Ih) (t ) with collateral circulation 
through right colic arterial and venous arcades. 
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32a 

Fig. 32. Congenital fibro-angio-adenonatosis of the liver associated with a choledoceal cyst treated by biliary-digestive ana

stomosis in a 25-year-old female (6-5-75). 

32a: Coeliac arteriography (6-5-75). Diffuse hepatomegaly and marked enlargement of the spleen (22cl11) which signifies the 

long-standing and slowly progressive portal hypertension. 

32b 

32b: Venous phase of S.M.A. (6-5-75). The portal opacifica

tion is relatively good in the right liver lobe while very poor in 
the left one. 
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32c 

32c: Emergency arteriography performed 6 years later (7-1-

81) for massive bleeding from duodenal origin as demonstrated 
by endoscopy. Venous phase of S.M.A. shows atrophy of the 

liver, decreased hcpatopetal now and retrograde opacification 

of large duodenal varices responsible for the bleeding ( ... ). 

32d 

32d: Transhepatic obliteration of the duodenal varices with 

Bucrylat permitted the bleeding to be immediately controlled. 

Obstruction of the pedicle feeding the varices is demonstrated 

('" ). 



5. DIFFUSE POST -SINUSOIDAL OBSTRUCTIONS 

I. Proper arteriographic signs 

In case of intrahepatic obstruction, hepatic ven
ography is the one method allowing the presinusoi
dal or post-sinusoidal site of the obstacle to be 
clearly recognized. In case of presinusoidal ob
struction hepatic venography and wedged hepatic 
vein pressure are normal. On the other hand, an 
increased wedged hepatic vein pressure with het
erogenous sinusoidal filling, narrowing and distor
tion of small hepatic venules on hepatic venogra
phy are typical of a post-sinusoidal obstacle. 

From a hemodynamical point of view, however, 
two specific findings of post-sinusoidal obstruc
tions may be documented on arterioportography. 
- The essentially hepatofugal collateral venous 

circulation without any hepatopetal collateral 
flow is a common finding in every case (Fig. 25). 

- The reversal of intrahepatic portal flow is an 
inconstant finding. 

1. The porto-systemic hepatoJugal circulation 

The development of porto-systemic collateral ana
stomosis probably depends on the degree and the 
duration of portal hypertension as well as the ana
tomical possibilities in every particular case. Thus, 
variable angiographic patterns may be encoun
tered. 

If portal hypertension occurs in a patient where 
the anatomical pathways of such porto-systemic 
anastomosis are already present, the hepatofugal 
collateral flow may be visualized at an early stage 
of the disease even though the obstruction to the 
hepatopetal portal flow is minimal (Fig. 33). These 
anastomoses develop pregressively during the 
course of the disease and the more severe the 
obstruction to the portal inflow the higher the 
hepatofugal flow rate through the porto-systemic 
anastomosis. 

On the other hand, the level of the portal pres-

sure depends, to a certain extent, on the more or 
less important development of these hepatofugal 
collateral pathways. Thus, the higher the hepatofu
gal flow rate, the lower the portal hypertension, 
even though the degree of the obstruction is the 
same. 

By using percutaneous transhepatic portography 
certain authors have noticed that the level of the 
portal pressure did not appear to correlate well 
with the size of the hepatofugal collateral pathways 
(42). 

This is in fact all the less surprising as the portal 
pressure depends also on the degree of the obstruc
tion and the subsequent decrease of the hepatope
tal portal flow which might be very different from 
one case to another. Besides, transhepatic por
tography is certainly a very good method for de
monstrating the various collateral pathways from a 
morphological point of view, depending on the 
positioning of the catheter tip; wheras it is certainly 
less reliable from a hemodynamical point of view. 
It is quite clear that a high flow rate spontaneous 
porto-caval anastomosis enables the portal hyper
tension to remain moderate even though a very 
tight obstruction results in a complete interruption 
of the hepatopetal portal flow. Owing to this un
common hemodynamic condition, some patients 
will never have any digestive bleeding whereas the 
liver disease may remain clinically unapparent until 
the late stage of atrophic cirrhosis associated with a 
severe hepatic failure and encephalopathy is 
reached. Furthermore, if the liver disease responsi
ble for the obstruction to the portal inflow is not 
associated with hepatic failure, the portal hyper
tension may remain totally unknown in spite of a 
totally hepatofugal portal flow (Fig. 38). 

On the contrary, when only a few collateral path
ways allow a poor hepatofugal flow a higher portal 
hypertension will result either in more severe gas
tro-intestinal hemorrhage or ascitis as it is usual in 
the Budd-Chiari syndrome. Another example of 
this hemodynamical condition is the pronounced 
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and the recurrent asci tis occurring in cirrhosis after 
transhepatic embolization of large and high flow 
rate esophageal varices and resulting from the sub
stantial increase of the portal pressure. In fact, the 
hepatofugal collateral flow is a common phe
nomenon in every case of post-sinusoidal obstruc
tion whatever its various anatomical pathways. 

Therefore, angiography must be able to demon
strate whether such a hepatofugal collateral flow 
exists or not. But, from a diagnostic point of view, 
it is not necessary to document as completely as 
possible the morphological pattern of these ana
tomical pathways, whereas it is more useful to 
evaluate its hemodynamical significance, that is to 
say the level of the hepatofugal flow rate. 

Opacification of the porto-caval anastomosis de
pends on the concentration of the contrast medium 
in the portal vein and the hepatofugal flow rate 
through these collateral pathways. The higher the 
shunt flow rate, the larger the amount of contrast 
medium flowing through it. Conversely, the lower 
the flow rate, the smaller the amount of contrast 
medium and the more weakened will be the opac
ification due to dilution by the non-opacified 
blood. This is why some low flow rate porto-sys
temic anastomoses cannot be opacified even 
though the contrast medium is injected directly 
into the portal vein as when using transhepatic 
portography. It is a common situation when por
tography is performed for recurrent bleeding after 
transhepatic embolization of esophageal varices. 

Because the recurrent varices are usually small 
and poorly supplied with blood from short gastric 
veins, their opacification may require a selective 
catheterisation of the feeding vein whereas they are 
not visualized on the portography. Nevertheless, 
the angiographic methods, using a direct opacifica
tion of the portal system (splenoportography, om
bilico-portography, transhepatic portography) are 
obviously the most efficient to document the porto
systemic collateral circulation whatever its 
hepatofugal flow rate. Thus, they are very useful 
from a morphological point of view. However, 
they do not provide as reliable information about 
the hemodynamics of the portal flow, as they are 
not physiological methods. 

As a matter of fact, the contrast medium injec
tion rate into the portal vein may probably give rise 
to transient hemodynamical changes. In addition, 

the portal flow rate and direction may not be the 
same in different areas of the portal system, so that 
the angiographic pattern is likely to depend on the 
precise site where the contrast medium is injected. 

On other hand, arterioportography is a more 
physiological method, allowing for a good visual
ization of the whole mesenterico portal axis which 
is the main afferent way to the liver from a func
tional point of view. The contrast medium is intro
duced into the superior mesenteric artery with a 
low injection rate (6 ml/sec), which is probably 
nearly identical to the physiological blood flow 
rate. Thus, it is likely that the injection of contrast 
medium without any drug-induced vasodilatation 
does not result in significant changes of the normal 
hemodynamics. 

Once the dye has flowed through the capillary 
bed to fill in the superior mesenteric vein, the 
subsequent opacification of the portal venous sys
tem is likely to be a reliable result of the hemo
dynamics of the portal flow. 

Therefore, the venous phase of the superior mes
enteric arteriography may be considered to be the 
best angiographic method to document the portal 
blood flow abnormalities, allowing for the portal 
inflow to be evaluated as compared to the hepato
fugal portal flow. 

It may be though that the higher the flow rate 
through a porto-systemic anastomosis is the more 
dilated and the better visualized on a greater length 
the collateral venous pathway is, since the contrast 
medium is all the less weakened by the non-opac
ified hlood. For this reason, some spontaneous 
high flow rate porto-systemic anastomosis results 
in a dense opacification of the inferior vena cava 
itself (Figs. 35,36,37,38). 

Actually, the low flow rate hepatofugal collat
eral veins are only faintly opacified and may be not 
visualized. The arteriportography may be less effi
cient than other angiographic methods from a mor
phological point of view, while more reliable from 
a physiological one (Fig. 34). 

The hepatofugal collateral circulation may flow 
through many different anatomical pathways al
lowing for a more or less important flow rate. In 
practice, however, they can be divided into two 
different groups according to their frequency and 
their blood flow rate possibilities. The first group 
corresponds to the common anastomosis whose 



flow rate is usually low or moderate. The second 
group is made up of less common and possibly high 
flow rate anastomoses. 

a) The common porto-systemic anastomoses with a 
low or moderate hepatofugal flow rate 

The gastro-esophageal anastomosis. The gastro
esophageal anastomosis through which the blood 
drains from the left gastric vein and the short gas
tric veins toward the azygos vein and the superior 
vena cava have utmost clinical importance as they 
are responsible for bleeding from esophageal vari
ces. 

However, these porto-systemic anastomoses 
have little hemodynamical significance as the 
hepatofugal flow rate through the varices is usually 
relatively low. This may be demonstrated by per
forming transhepatic embolization of esophageal 
varices as, in most cases, the portal pressure in
crease resulting from varices obliteration is only 
moderate: 3 to 5 mm Hg. 

Due to this low hepatofugal flow rate arteriogra
phy allows only for a faint or incomplete visualiza
tion of these gastro-esophageal collateral pathways 
in many cases. Therefore, the development of 
esophageal varices as evidenced by endoscopy or 
baryum swallowing, which results from the blood 
stasis within the submucosal venous plexus, does 
not correlate with their arteriographic opacifica
tion which depends mainly on the hepatofugal flow 
rate through these varices (Fig. 34). 

Hemorrhoidal anastomosis. The development of 
communications between inferior mesenteric vein 
and inferior vena cava through the rectal veins is a 
common finding in portal hypertension but these 
anastomoses have no hemodynamical significance. 
However, retrograde opacification of the inferior 
mesenteric vein is one of the commonest angio
graphic feature to account for the hepatofugal flow 
in portal hypertension. 

Retroperitoneal anastomoses. Porto-caval ana
stomoses may occur wherever the gastro-intestinal 
tract lies in close contact with veins that are tribu
taries to the inferior vena cava, i.e. in the retro
peritoneal space. 
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In normal conditions, such anastomoses occur 
mainly in the anterior para-renal space where the 
intestinal veins draining the blood from the right 
and left colon may drain towards the inferior vena 
cava either through the lumbar veins (Retzius ana
stomosis) or the perirenal and gonadal veins (Fig. 
33). Similarly the splenic and gastric venous blood 
may drain through diaphragmatic and retroperi
toneal veins towards the inferior vena cava, 
through the gastro-phrenic and spleno-renal liga
ments. 

Unusual porto-systemic communications may 
incidentally occur through abnormal adhesions re
sulting from previous abdominal surgery. Al
though the hepatofugal flow rate through these 
anastomoses is usually low, it may induce the de
velopment of varices in unexpected sites. An exam
ple of this phenomenon is demonstrated in patients 
treated for biliary obstruction by a surgical ana
stomosis between the common bile duct and a jeju
nal loop. On account of this portal hypertension 
may result in either duodenal or jejunal varices 
leading to lower gastro-intestinal bleeding (Fig. 32) 
(43). 

Although an exceptional finding, hematuria 
from bladder varices may probably result from 
post-surgical adhesions between the ileal loops and 
the urinary bladder. Finally gastro-esophageal, 
hemorrhoidal or intestinal anastomoses usually 
have little hemodynamical value but great clinical 
importance due to their potential for gastro-intesti
nal hemorrhage. 

b) Spontaneous and potentially significant porto
systemic shunts 
Some portocaval anastomoses are less common as 
they probably result from pre-existing anatomical 
channels such as embryonic ones which widen and 
elongate on account of portal hypertension, thus 
allowing for a relatively high hepatofugal flow rate. 
They are mainly the umbilical or paraumbilical 
vein, the spleno-renal collateral and the meso
gonadal anastomoses. As a matter of fact, these 
porto-systemic anastomoses are not so rare when 
associated with a low or moderate hepatofugal flow 
rate. They are then identical to the common porto
systemic anastomoses from a hemodynamical point 
of view and do not deserve special mention. 

In a few cases, however, the hepatofugal blood 
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flow rate through these markedly widened collat
eral veins is so high that the portal pressure is either 
only slightly increased or even normal or near nor
mal, in spite of a severe obstruction to the portal 
inflow which is markedly reduced. As a result, 
spontaneous porto-systemic anastomosis may 
hinder the forming of esophageal varices and pre
vent bleeding as well as ascitis, so that the disease 
may be clinically inconspicuous, mainly in non
cirrhotic patients, (Fig. 38). 

Some cases of cirrhosis may remain unknown for 
many years until the liver is atrophic enough to give 
rise to severe hepatic failure at a late stage of the 
disease. However, these high flow rate porto-caval 
anastomoses often induce some peculiar clinical or 
biological disorders such as diabetes. hemo
chromatosis, peptic disease. and encephalopathy. 

Umbilical and paraumbilical anastomosis is the 
most common. It arises from the left portal vein 
main branch, then runs to the umbilical area and 
joins the epigastric veins to communicate with the 
inferior or occasionally superior vena cava. The 
higher the flow rate through this anastomosis, the 
more widened the left portal vein branch and the 
umbilical vein and the denser their opacification. 
As a result, the inferior vena cava itself may be 
clearly visualized a few seconds later (Fig. 35). 

In some cases the splenic vein is also seen drain
ing through this umbilical anatomosis so that the 
inferior vena cava may be visualized on the venous 
phase of splenic arteriography as well. However, 
the opacification of the inferior vena cava is always 
weakened by the non opacified blood flow from the 
superior mesenteric vein. 

A relative value of the increased hepatofugal 
flow rate can be performed in relation with the 
decreased hepatopetal one. The relative value of 
the hepatofugal and hepatopetal flow rate may be 
evaluated after the widening in diameter of the left 
portal vein branch contrasting with the narrowing 
of the right one. 

Spleno-renal and gastro-renal anastomoses usually 
link the splenic vein with the left renal vein via the 
left adrenal vein through the short gastric veins and 
the left inferior phrenic vein. The communicating 
channels may be relatively short in a few rare cases 
but they usually run through a long and tortuous 

network of dilated gastric veins, often responsible 
for gastric varices, whereas there are no or only few 
esophageal varices. 

In spite of the risk of severe bleeding associated 
with gastric varices, this spontaneous spleno-renal 
anastomosis sometimes permits the level of the 
portal pressure to be lowered and the complica
tions of portal hypertension to be prevented for a 
time. In the same way a dense and early filling with 
contrast medium of the left renal vein and inferior 
vena cava is well documented on the venous phase 
of the superior mesenteric arteriography and the 
coeliac arteriography as well. 

Unlike this collateral venous pathway the portal 
vein and its intrahepatic branches are narrowed 
and faintly opacified which accounts for a markedly 
decreased hepatopetal portal flow as compared to 
the high hepatofugal flow rate. Coeliac arteriogra
phy clearly demonstrates this very peculiar hemo
dynamical status by documenting a markedly wide
ned hepatic artery, which means that hepatopetal 
portal flow is very poor. It also elicits a normal or 
near normal splenic pattern accounting for a nor
mal or near normal portal pressure. 

Thus the utterly different significance of these 
two angiographic signs, i.e. the hepatic arterial and 
splenic changes, is clearly pointed out, together 
with the possibility for a severe intrahepatic ob
struction to be associated with slight portal hyper
tension. In this circumstance, the unusual discre
pancy between both signs enables one to anticipate 
the existence of a high flow rate porto-systemic 
anastomosis on the basis of the arterial phase of the 
coeliac arteriography only (Fig. 36). 

Meso-gonadal anastomoses are less frequent but 
may sometimes carry a high hepatofugal blood flow 
rate (43). They usually link the superior mesenteric 
vein with the right gonadal vein through the dilated 
and elongated ileo-colic veins forming a tortuous 
venous network in projection of the right iliac crest 
(Fig. 33). Less commonly this anastomosis links the 
inferior mesenteric vein to the left gonadal vein. 

The gonadal vein may be dilated enough to allow 
for a high hepatofugal flow rate, in such a way that 
the inferior vena cava itself is well documented on 
the late venous phase of superior mesenteric ar
teriography (Figs. 37, 43). In addition, the ileo
colic veins may also drain towards the perirenal 



veins which are always connected with the gonadal 
veins (Lejars's anastomosis) (Fig. 37). Other ana
tomical pathways than gonadal and perirenal veins 
may allow the mesenteric blood to drain toward 
inferior vena cava, although the former are by far 
the most commonly encountered. 

In a probably very unusual case, a wide and 
relatively direct retroperitoneal anastomosis was 
seen to unite the superior mesenteric vein to the 
left renal vein, probably through the middle colic 
vein. In this non-cirrhotic patient, portal hyperten
sion was inconspicuous in spite of a completely 
interrupted hepatopetal portal flow (Fig. 38). Al
though relatively rarely encountered, this spon
taneous porto-caval anastomosis may be clinically 
interesting as it is usually not associated with the 
formation of intestinal varices and consequently 
with potential risk of bleeding. 

Finally, the clinical course of the disease in most 
patients with a high flow rate porto-caval ana
stomosis proves the efficiency of such spontaneous 
shunts to prevent or delay the complications associ
ated with portal hypertension. This is why the dis
ease may long remain clinically unrecognized. 

However, such porto-caval anastomoses are rel
atively rare and although they allow the level of the 
portal pressure to be reduced, they are unable to 
lower it to normal level in any case. As a matter of 
fact, the hepatofugal collateral flow should be con
sidered as resulting mainly from the decreased 
hepatopetal portal flow which is closely correlated 
to the increased intra-hepatic resistances. It is com
monly found that a high hepatofugal flow rate is 
always associated with a markedly decreased or 
even completely interrupted hepatopetal portal 
flow. 

Whatever the degree of portal pressure lowering 
they are responsible for, these overdeveloped 
porto-systemic anastomoses seem to be the result 
of a severe and probably long-standing obstacle to 
the hepatopetal portal flow, which is the primary 
causative factor from a physiopathological point of 
view (42). 

2. Reversal of intrahepatic portal flow 

Intrahepatic portal flow reversal is a relatively un
common hemodynamic abnormality resulting from 
a post-sinusoidal obstruction. It was initially docu-
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men ted by hepatic venography in cirrhotic patients 
who had undergone surgical porto-caval ana
stomoses (44). However, reversal of the intrahepa
tic portal flow may occur spontaneously in any case 
of post-sinusoidal obstruction, whatever its cause 
and its site. 

It is now well known that this phenomenon may 
be ~videnced by arterioportography in some cases 
of cirrhosis (15, 18, 45, 46) and Budd-Chiari syn
drome as well (47, 48). In addition it is also the 
main sign allowing for a segmental intrahepatic 
obstruction without portal hypertension to be re
cognized by arterioportography (49, 50) as it will be 
discussed later (Chapter VIII). 

The occurrence of reversed intrahepatic portal 
flow in the right lobe of the liver after surgical 
ligation of a ruptured right hepatic vein in a case of 
abdominal contusion serves to demonstrate that 
hepatic vein occlusion results in reversal of portal 
flow in the corresponding area of the liver (51). 
This reversed portal flow is due to an increased 
arterial flow resulting from the interruption of the 
hepatopetal portal flow and probably the develop
ment of intrahepatic arterio-portal shunting as 
well. 

As a matter of fact, the tighter the obstruction, 
the more slowed the portal inflow and the higher 
the arterial flow rate. Owing to the progressive 
increase of intrahepatic resistances, and the de
velopment of hepatofugal porto-systemic ana
stomoses, a more important part of the arterial 
blood feeding the liver will flow backward through 
the intrahepatic portal branches to drain towards 
the porto-caval anastomoses. 

Thus the cirrhotic liver which was a four-way 
circulatory system (two afferent ways the portal 
vein and the hepatic artery and two efferent ways: 
the hepatic veins and the porto-systemic ana
stomosis) (Fig. 2) becomes a two-way system (one 
afferent way: the hepatic artery and one efferent 
way the portal vein) when the hepatic venous bed 
obstruction is severe enough (Fig. 39). 

The angiographic demonstration of this reversed 
intrahepatic portal flow relies on the visualization 
of a retrograde opacification of the intrahepatic 
portal branches through the injection of contrast 
medium into the hepatic artery, i.e. an arterio
portal reflux. It will be all the more easily evi
denced as the arterial flow rate is higher, the intra-
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hepatic arterio-portal shunting more developed 
and the hepatofugal portal flow rate more in
creased. 

In fact, even though arterio-portal communica
tions do exist in normal liver as suggested by some 
experimental works (Chapter 1), they could not be 
demonstrated by arteriography since the potential 
opacification of small portal branches through 
these shunts is immediately weakened by the thrice 
higher non-opacified portal blood flow. Con
versely the more slowed the portal inflow, the 
higher the arterial flow and the more concentrated 
is the contrast medium injected into the hepatic 
artery flowing back through the intrahepatic portal 
veins, so that they can be visualized. 

The intrahepatic arterio-portal communications 
which are well known to develop in cirrhosis, as 
demonstrated first by the experimental works of 
Herrick in 1907 (52), constitute a favorable con
dition for the reversal of intrahepatic portal flow to 
occur. 

Many authors have confirmed such arterio-por
tal shunting in the cirrhotic liver on the basis of 
experimental (4, 5) anatomical (6, 7) and phys
iological works using isotopic scanning (53) or oxy
gen concentration measurement in the portal vein 
blood (54). 

By using arterioportography, the demonstration 
of this hemodynamic abnormality is supported by 
three angiographic signs: one direct sign and two 
indirect signs: 
- The direct sign consists of the visualization of a 
retrograde opacification of the intrahepatic portal 
branches following injection of contrast medium 
into the hepatic artery. 

It is then better demonstrated by selective hepa
tic arteriography since there is no risk for this retro
grade opacification of the portal branches to be 
confused with the antegrade one occurring nor
mally on the venous phase of the coeliac or superior 
mesenteric arteriography. However, the coeliac ar
teriography is often reliable enough to document 
this angiographic anomaly as the retrograde opac
ification of the intrahepatic portal branches occurs 
at a relatively early phase (5 to 6 seconds after the 
injection) whereas the venous phase of coeliac 
arteriography is always very faint and delayed in 
the cases of severe post-sinusoidal obstruction. In 
addition, even though the spleno-portal axis is visu-

alized on the late films of the venous phase of 
coeliac arteriography, it may be noticed that 
opacification of some intrahepatic portal branches 
is not only earlier but denser than the opacification 
of the portal stem itself, which may only result from 
retrograde filling through the arterial route. 

Nevertheless this angiographic pattern is proba
bly difficultto recognize and it is likely for the 
reversal of intrahepatic portal flow to be missed if a 
selective hepatic arteriography is not performed at 
least in cases of low intrahepatic hepatofugal flow 
rate, which is probably less uncommon than usually 
thought. 

- An increased arterial flow in the liver area 
where the portal flow is seen to be reversed con
stitutes a common indirect sign. In cirrhosis arterial 
flow is usually diffusely increased, giving rise to a 
dense arterial hepatography often hindering the 
retrograde filling of small intrahepatic portal 
branches to be clearly visualized. As a result of this 
retrograde opacification of the portal stem is only 
visualized on the late films of selective hepatic 
arteriography in many cases. 

- The main indirect sign is documented by the 
venous phase of superior mesenteric arteriogra
phy, that is, the lack of opacification of those intra
hepatic portal branches in which the blood flow is 
reversed. 

The contrast medium stops at the point where 
both opposite blood flows meet, giving rise to a 
functional obstruction angiographic pattern. Un
like the true anatomical obstructions, the inter
rupted portal veins are seen to end unsharply as the 
contrast medium is diluted by the non-opacified 
retrograde blood flow. 

At any rate the retrograde opacification of those 
interrupted portal veins through a selective injec
tion of contrast medium into the hepatic artery will 
account for the functional origin of this obstructive 
pattern. 

It appears that in cirrhosis, the more developed 
the porto-systemic anastomosis, the higher is the 
reversed intrahepatic portal flow rate. Con
sequently the reversed portal flow rate remains 
relatively low as far as the hepatofugal flow rate 
through the porto-systemic collateral pathways is 
only moderate. Thus some intrahepatic portal 
branches are only opacified by selective hepatic 
arteriography whereas no retrograde filling of the 
portal stem itself is seen. 



On the contrary, the portal vein is opacified in a 
normal way on the venous phase of superior mes
enteric arteriography while the intrahepatic portal 
branches are only faintly or partly visualized (Fig. 
40). 

This angiographic pattern means that the rever
sal of intrahepatic portal flow involves either cer
tain areas of the liver only or the whole liver par
enchyma but with too Iowa hepatofugal flow rate 
for the hepatopetal flow to be completely inter
rupted in the portal vein itself. Under these circum
stances a bidirectional flow could be demonstrated 
in the portal vein in some cases (Fig. 41). This 
corresponds to a partial reversal of the portal blood 
flow (Fig. 39a.) 

Owing to the progression of the intrahepatic 
obstruction and the development of the porto-sys
temic collateral pathways, a completely hepatofu
gal blood flow will occur through the portal vein. 
Thus a retrograde filling of the portal vein itself is 
documented on selective hepatic arteriography 
whereas the venous phase of superior mesenteric 
arteriography demonstrates a functional obstruc
tive pattern of this vein (Figs. 39b, 42, 43, 44). 

It is interesting to note that C. T. scan allows for 
the reversed intrahepatic portal flow to be clearly 
demonstrated, owing to rapid intravenous injec
tion of contrast medium. On the first film corre
sponding to the arterial phase, early opacification 
of the intrahepatic portal branches in which the 
flow is reversed is visualized and the angio C.T. 
pattern compares similarly to the arteriographic 
pattern (Fig. 45). Indeed, partial and complete 
reversal of the intrahepatic portal flow are only two 
different stages of the same hemodynamic phe
nomenon, which probably depends mainly on the 
hepatofugal flow rate through the portocaval ana
stomosis. 

However, the reversed intrahepatic portal flow 
does not result from the porto-systemic ana
stomosis even though the hepatofugal flow rate is 
all the more increased as the porto-caval collateral 
pathways are more developed. As a mattcr of fact, 
reversal of intrahepatic portal flow may occur after 
a surgical end-to-side porto-caval anastomosis in 
which the hepatic end of the portal vein has been 
ligated as demonstrated by hepatic venography 
(55, 56). 

Because the portal vein is no more patent in 
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these cases the reversed intrahepatic portal flow 
drains through small porto-mesenteric hepatofugal 
collateral veins which develop within the hepatic 
pedicle. In addition, the intrahepatic portal flow 
may be reversed even though the porto-systemic 
anastomoses are poorly developed (Fig. 40). In
deed this hemodynamic abnormality results essen
tially from the obstruction to the portal inflow and 
the development of intrahepatic arterioportal 
shunting. In cirrhosis it seems to be the result of a 
severe or quickly progressive alteration of the liver 
parenchyma. 

In our own experience, arterioportography dem
onstrated the intrahepatic portal flow to be re
versed in 45 cirrhotic patients, i.e. in about 5% of 
the cases of cirrhosis studied by arteriography. One 
third of these patients had a completely hepatofu
gal portal flow (Figs. 42, 43, 44) whereas in two
thirds of the cases a partial and perhaps intermit
tent (57) reversal of the intrahepatic portal flow 
was evidenced (Fig. 40, 41, 45). Therefore this 
hemodynamic anomaly is a rare but not uncommon 
arteriographic finding in cirrhosis. 

It may be a useful sign not only for the diagnosis 
but mainly because it accounts for the existence of 
severe hepatic lesions as it could be demonstrated 
in some cases by liver biopsy (Fig. 40). However, 
the reversed intrahepatic portal flow per se has not 
always a poor prognostic significance. 

Although it is the result of a severe obstruction of 
the intrahepatic venous bed, it probably allows for 
a relatively good blood supply of the liver par
enchyma to the maintained. As a matter of fact, in 
some cases of non-alcOholic cirrhosis and idio
pathic portal fibrosis as well a complete reversal of 
the intrahepatic portal flow was seen to be associ
ated with a long survival provided the liver cell 
function was preserved (Figs. 38, 44). 

By using hepatic venography, diffuse and severe 
obstruction of the hepatic venous bed within the 
liver may be evidenced whereas the reversed intra
hepatic portal flow may be documented through 
wedgcd hepatic venography. However, this 
method seems to be less reliable than arteriopor
tography since it is not as physiological a method 
and furthermore it permits to explore only a small 
area of the liver parenchyma. It is probably the 
reason why we observed a few discrepancies be
tween the results of both methods: hepatic ven-
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ography being sometimes unable to demonstrate 
the reversed intrahepatic portal flow, which was, 
however, well documented a few days earlier by 
arterio-portography. 

The intrahepatic arterio-portal shunting which 
gives rise to portal flow reversal mainly in cirrhosis 
must not be misinterpreted as an intrahepatic ar
terioportal fistula, which is a more rare vascular 
lesion resulting in most cases from liver trauma. In 
case of fistula, there is usually only one arterio
portal communication whose opacification occurs 
very early, between one to two seconds after con

trast medium injection. The communication itself 
is visualized as well as the draining vein running 
alongside the corresponding arterial branch. 

Unlike the fistula, the arterio-portal commu
nications associated with the reversal of the intra
hepatic portal flow are multiple and more or less 
diffusely located within the liver. Their opacifica
tion is relatively delayed, occurring between 4 to 7 
seconds after contrast medium injection, following 
a dense and more or less heterogeneous arterial 
hepatography. For this reason neither the arterio
portal communication itself nor the small draining 
vein are visualized in most cases whereas only the 
retrograde filling of either some segmental intra
hepatic portal branches or the portal vein itself is 
demonstrated. 

Therefore, the angiographic patterns of the in
trahepatic arterioportal fistulas and the reversal of 
the portal flow are quite different and should not 
be confused. Indeed, in the case of portal flow 
reversal the communications between the hepatic 
arteries and the portal veins are probably much 
thinner and more distally located than in case of 
fistula. However, in some cases of cirrhosis or idio
pathic portal fibrosis arterioportal communications 
associated with portal flow reversal may liken ar
terioportal fistula since they are probably more 
proximally located. Although rarely encountered, 
these cases raise the question as to whether an 
intrahepatic arterio-portal fistula may result from 
the cirrhotic lesions of the liver parenchyma or not 
(see Chapter 8). 

II. Evaluation of the intensity of the obstruction 

Portal pressure has always been considered the 
basic element of the hemodynamic classification of 

portal hypertension. Viamonte proposed a three
stage classification based on the corrected sinusoi
dal pressure: mild portal hypertension, from 6 to 
14 mm Hg; moderate, from 15 to 30 mm Hg, and 
severe, above 30mm Hg (22-23). 

This interesting classification is insufficient be
cause portal hypertension is not only a conse
quence of an obstruction to the portal flow but also 
dependent on the development of a collateral net
work. For this reason, Reuter has classified the 
post-sinusoidal obstructions as a function of the 
decrease of the hepatopetal portal flow (15). This 

decrease in hepatopetal portal flow correlates well 
with the intensity of the obstruction and therefore 
with the severity of the primary disease. 

By injecting contrast medium of low viscosity 
(60 ml in 10 seconds) in the superior mesenteric 
artery, the venous phase is almost always of high 
quality. Arterial portography evaluates the de
crease in hepatopetal portal flow directly by the 
poor quality of opacification of intrahepatic portal 
branches and portal hepatography, and indirectly 
by two signs: the development of a hepatofugal 
porto-caval circulation and the hepatic arterial cir

culation. 
At the venous phase of superior mesenteric ar

teriography, venous flow can be considered as pro
portional to the diameter of the vessels and to the 
density and the extent of opacifition in the corre

sponding territory. 
In physiologic conditions, with a normal hepato

petal portal flow, the portal trunk and the intra
hepatic portal branches are clearly opacified, pro
ducing a good portal hepatography at the 16th 
second. Under pathologic conditions the relative 
values of the hepatopetal and hepatofugal portal 
flows can be evaluated by the diameter of the ves
sels and the quality of opacification in the diverse 
territories. 

The dilatation of the hepatic artery and especi

ally that of its segmental intrahepatic branches and 
the increase in arterial hepatography is also pro
portional to the decrease in hepatopetal portal flow 
except in the Budd Chiari syndrome, with its par

ticular hemodynamic changes and its characteristic 
angiographic pattern. It is then possible for the 
post-sinusoidal portal hypertensions due to intra
hepatic obstruction to be classified according to the 
degree of the obstruction. Four stages can be dis
tinguished. 



1. Minimal obstructions 

Minimal obstructions are responsible for little or 
no decrease in hepatopetal portal flow. Thus, dur
ing the superior mesenteric venous phase the intra
hepatic portal branches are well opacified and 
sometimes the portal hepatography persists at the 
15th second. However, at this stage, the decrease in 
portal flow can be detected by the persistence of 
the opacification of the intrahepatic portal 
uranches which normally are no longer visible. At 
the same time, the hepatofugal porto caval deriva
tions are not opacified and the caliber of the hepa
tic artery is normal. 

Under these conditions, the portal hypertension 
is minimal, and usually clinically latent. The an
giographic diagnosis is based on the splenic pattern 
which varies according to both the portal pressure 
and the duration and progression rate of the ob
struction. 

If the portal pressure is only slightly elevated or 
even subnormal, the spleen can be normal. This 
situation can only arise as a consequence of spon
taneous functional pre-existing portocaval ana
stomoses which must be visible on the venous 
phase of the superior mesenteric arteriography. It 
is possible that the spleen remains normal in these 
conditions, even with a tight obstruction to the 
hepatopetal portal flow. This is even more likely if 
the obstruction is minimal, but this is quite rare in 
practice (Fig. 33). 

If the obstruction is recent, a moderate spleno
megaly with a slightly dilated and elongated splenic 
artery can be observed. The intrasplenic circula
tion is more or less normal and the splenic vein is 
opacified correctly. The dilution of the contrast 
medium is the only sign of a moderate splenic stasis 
(Fig. 5). 

In case of long-standing and stationary obstruc
tion a voluminous splenomegaly can be observed. 
The splenic artery is very dilated as well as the 
splenic vein, the opacification of which is all the 
more weakened as the spleen is more enlarged. 
This is the angiographic pattern found most fre
quently. The moderate and slowly progressive 
obstructions remain clinically latent for many years 
until they are discovered by finding a voluminous 
splenomegaly often associated with signs of hyper
splenism (Figs. 15, 17, 59, 60, 61, 62, 63). 
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In our experience, these voluminous spleno
megalies seem to be the constant result of an old 
minimal and slowly progressive obstruction, re
gardless of the etiology. Two essential conditions 
seem to be required for the development of a stasis 
related voluminous splenomegaly. The venous 
stasis must be minimal; it must not slow down the 
intrasplenic circulation too much: and it must be of 
long duration: the voluminous splenomegaly prob
ably needs years to develop. 

2. Moderate obstructions 

The decrease in the hepatopetal portal flow can be 
seen by the absence of portal hepatography on the 
late films of the superior mesenteric venous return 
and by the poor opacification of the distal intra
hepatic portal branches. Only the segmental portal 
branches and a few of their collaterals are well 
opacified. This decrease of the hepatopetal portal 
flow inside the liver is usually diffuse and homoge
nous (Fig. 46) but it can also be non homogenous 
and irregularly distributed in the various hepatic 
segments. Some segmental portal branches are 
more opacified than others, and the late films dem
onstrate a nonhomogenous hepatography (Fig. 
47). At the same time, the hepatofugal collateral 
circulation most often appears as a moderate reflux 
in the inferior mesenteric and left gastric veins 
whose diameter remains normal or only slightly 
dilated (Fig. 46). 

At this stage with a moderate hepatofugal flow, 
the opacification of the porto-caval derivations 
vary especially as a function of each patient's ana
tomical potential, and it seems obvious that the 
portal hypertension will be greater as these collat
erals are less developed. It is thus posssible that the 
retrograde opacification of the left gastric vein is 
not visible on arteriography even if there exists 
voluminous esophageal varices if the hepatofugal 
flow of these varices remains low. In these condi
tions, an important dilation of the intestinal veins, 
which are tributaries of the superior mesenteric 
veins, indicates a venous stasis which involves not 
only the splenic territory but also the mesenteric 
one (Fig. 34). However, the decrease in hepatope
tal portal flow is confirmed by the moderate dila
tion of the hepatic artery, which can be well visu-
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alized at the intrahepatic branch level. 
In these cases the splenomegaly is quite variable 

depending on the duration of the disease and the 
level of the portal hypertension, the latter partially 
depending on the development of a collateral 
hepatofugal circulation. If the disease is of long 
duration and the collateral circulation well de
veloped, the splenomegaly can be quite volu
minous; if the collateral circulation is poorly de
veloped with a greater portal hypertension, the 
splenic circulation is slowed due to the stasis and 
the splenomegaly remains moderate. 

3. Severe obstructions 

If the intrahepatic obstruction is more severe, the 
hepatopetal portal flow is greatly diminished: the 
portal vein remains well opacified but the intra
hepatic portal branches are quite thinned out, only 
the large intrahepatic portal branches are opacified 
and their diameter is decreased. 

Otherwise the collateral hepatofugal circulation 
is well visible with retrograde opacification of the 
inferior mesenteric vein, the dilated left gastric 
vein, and sometimes even the splenic vein. The 
diameter of the left gastric vein approximates that 
of the portal vein which is decreased. On the 
whole, the collateral circulation is better opacified 
than the hepatic territory; this suggests that the 
hepatofugal circulation dominates the hepatopetal 
circulation (Fig. 48). 

The hepatic artery and its intrahepatic branches 
are quite dilated and the arterial hepatography is 
dense. Under these conditions, the selective hepa
tic arteriography can demonstrate a retrograde 
opacification in one or more intrahepatic portal 
branches. This corresponds to the first stage of the 
inversion of the intrahepatic portal flow. In these 
circumstances the splenomegaly is usually minimal 
or moderate because the intrasplenic circulation is 
greatly reduced (Figs. 4,4(48). 

4. Very severe obstructions 

The complete interruption of the hepatopetal por
tal flow is demonstrated by the absence of intra
hepatic portal branch opacification. The portal 

vein itself may either remain visible to the level of 
the hilus or not be opacified at all. Therefore, the 
portal flow is completely hepatofugal. This is dem
onstrated by the presence of voluminous varices 
opacified via the very dilated gastric veins and 
often by the spontaneous and functional portocaval 
anastomoses. The opacification of these ana
stomoses can sometimes be followed all the way to 
the inferior vena cava. 

The liver is vascularized only by the hepatic ar
tery which is extremely dilated, and the retrograde 
opacification of the intrahepatic portal branches is 
frequent following the dense arterial hepatogra
phy. In certain cases the obstruction is so severe 
that most of the arterial blood drains in a retro
grade manner into the portal vein which is totally 
hepatofugal: the inversion of the portal blood flow 
is complete (Figs. 42, 43, 44, 45). 

This type of obstruction usually corresponds to 
rapidly progressive lesions which precociously in
terrupt the splenic blood flow. Generally, the 
splenomegaly is quite minimal. However, owing to 
a high flow rate porto-caval anastomosis a severe 
obstruction may be associated with a minimal por
tal hypertension. As a result of this the angio
graphic spleen pattern may be normal (Fig. 49). 

III. Etiological diagnosis 

Post-sinusoidal obstructions are caused by dif
ferent processes. Their etiological diagnosis is 
often quite difficult on the basis of clinical, or even 
histological criteria. 

Alcoholic cirrhosis is the most frequent cause, 
and this diagnosis is evoked from the start, some
times incorrectly in patients who may be con
sidered alcoholics. On the other hand, arteriopor
tography is frequently performed after discovery of 
a hepatic anomaly or signs of portal hypertension 
(esophageal varices, splenomegaly or ascites) with
out knowing the exact nature of the illness. Ar
tcrioportography can contribute to the etiological 
diagnosis by demonstrating the location of the 
obstruction and sometimes even its nature. 

Concerning the location of the obstruction, it is 
relatively easy to distinguish between the intra
hepatic obstructions and the suprahepatic obstruc
tions whose hemodynamic consequences are dif-



ferent. In the first case, the obstruction is progres
sive and usually incomplete. It is associated with 
diffuse hepatic lesions. In the second case, how
ever, the obstruction is most often complete and 
appears rapidly on an otherwise normal liver; the 
modifications observed on arterioportography are 
therefore completely different. 

1. Suprahepatic obstructions 

Suprahepatic obstructions are caused by obstruc
tion of the large hepatic veins (Budd-Chiari syn
drome) and more rarely by an obstruction of the 
small intrahepatic veins (veino-occlusive disease) 
or by cardiac lesions responsible for an inferior 
caval hypertension (constrictive pericarditis). 

Hemodynamically, Budd-Chiari syndromes are 
differentiated according to whether or not the 
obstruction of the hepatic veins is associated with 
the obstruction of the inferior vena cava. When it is 
associated, the Budd-Chiari syndrome is second
ary either to a hepatic tumor or to a retroperitoneal 
tumor (cancer of the right kidney, for example), or 
to a web of the inferior vena cava presumably of 
congenital origin. 

The obstruction of the hepatic veins can be iso
lated and due to a thrombosis or associated with a 
myelo-proliferative disease or the taking of oral 
contraceptives, or of unknown etiology. These 
Budd-Chiari syndromes with isolated thrombosis 
of the hepatic veins, sometimes called primitive 
Budd-Chiari syndrome, seem to be the most fre
quent. Of the 15 cases we have explored, 12 corre
spond to an isolated thrombosis of the hepatic veins 
and 3 to a congenital obstruction of the inferior 
vena cava. The Budd-Chiari syndromes which are 
secondary to tumors are less interesting diag
nostically because the signs of the responsible tu
mor usually predominate. 

Arterioportography is quite interesting in the 
diagnosis of the isolated thrombosis of the hepatic 
veins because this diagnosis is often difficult using 
clinical and biological information. 

The methods of morphologic exploration, e.g., 
scintiphotography and ultrasound, can be mislead
ing. However, the discovery on ultrasonography of 
a large sonolucent caudate lobe is at the present 
time a good sign of orientation. Biopsy can show 
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signs of congestion and of centro-lobular necrosis 
which can evoke the diagnosis. However, it is usu
ally confirmed only by hepatic phlebography, 
which shows the characteristic spider's web pattern 
of the collateral venous network. 

Certain authors have stressed the particular an
giographic anomalies, such as a thinning and a 
stretching of the intrahepatic arterial ramifications 
(47, 50, 58, 59) or an inversion of the portal flow 
(47). However, the diagnostic reliability of ar
teriography in this syndrome has not been stressed 
enough. 

The angiographic pattern is quite characteristic 
and constant in all cases because of the special 
circulatory changes which are the consequence of 
the isolated thrombosis of the hepatic veins. Be
cause the obstruction of the hepatic veins is usually 
rapidly progressive, the sinusoidal pressure in
creases dramatically so that not only the hepatope
tal portal flow is completely interrupted but the 
hepatic arterial flow is also decreased and the intra
hepatic arterial ramifications remain abnormally 
thin. This angiographic pattern corresponds hemo
dynamically to the syndrome of hepatic ischemia of 
venous origin. It is identical to what can be ob
served everywhere else in the organism when a 
significant obstruction of an efferent vein leads to 
ischemia in the corresponding territory. For exam
ple, this can be observed in case of intestinal isch
emia (27,28) as well as in some cases of lower limbs 
phlebitis (phlegmasia caerulea). 

The angiographic pattern of the Budd-Chiari 
syndrome is quite characteristic. To our knowl
edge, it is the only circumstance where a complete, 
or almost complete, obstruction of the hepatopetal 
portal flow is not associated with a compensatory 
increase in the hepatic arterial flow. The following 
signs in arterio-portography are typical of this diag
nosIs: 

a) The portal vein is usually patent, although portal 
thrombosis may be associated to the hepatic vein 
thrombosis in approximately 20% of the cases. In 
such cases (2/12 cases in our experience), the eval- , 
uation of the decrease of the hepatopetal portal 
flow is of course impossible (Fig. 25). 

In most cases, however, the poor opacification of 
the intrahepatic portal branches corresponds to a 
severe or very severe obstruction, while the hepa-
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tofugal flow is usually poorly developed. The con
trast medium stagnates in the dilated intestinal or 
gastric veins because the arterioportography is usu
ally performed at an early stage of the disease. 

The obstruction to hepatopetal portal flow is 
either diffuse throughout the hepatic territory 
when all the hepatic veins are obstructed or pre
dominates in certain territories while a certain por
tal flow persists in the other territories. which 
sometimes leads to the persistence of a portal 
hepatography in certain segments (Fig. 55). The 
caudate lobe drains directly into the inferior vena 
cava by small accessory hepatic veins which usually 
remain patent, explaining the compensatory hy
pertrophy of this segment. In fact, it is normal that 
the portal flow persists where the hepatic drainage 
persists and when the hepatic venous thrombosis is 
partial or incomplete, we have always obtained an 
excellent correlation between the findings of hepa
tic phlebography and portography. 

b) Hepatic arteriography demonstrates a diffuse 
hepatomegaly which often predominates on the 
left lobe. sometimes with a pseudo-tumoral aspect, 
with a downward displacement of the hepatic ar
tery trunk, when an important hypertrophy of the 
caudate lobe exists. It is essential to note that the 
hepatic artery is not dilated and the intrahepatic 
arterial ramifications are on the contrary elong
ated, stretched and regularly spread apart from 
each other. The regular passive distension of the 
hepatic parenchyma is due to the diffuse dilation of 
the sinusoidal capillaries secondary to blood stasis 
(Figs. 10,50,51). 

The intrahepatic arterial ramifications are thin 
and the arterial hepatography is quite weak. There 
is no increase in arterial flow to compensate the 
decrease in portal flow. 

Because the obstruction of the hepatic veins is 
not always complete and that a collateral porto
hepatic circulation can develop mainly from the 
sub capsular portal venous network. some hepatic 
territories may remain better perfused than others. 
This explains the nonhomogenous pattern of the 
arterial hepatography. with some dense nodular 
opacities. These have been reported to simulate 
metastatic nodules (60) (Fig. 51). 

In two cases we have been able to observe a very 
particular hepatographic pattern characterized by 

the opacification of the outline of the liver by a thin 
stripe of contrast medium. This may be due to 
passage of the contrast medium injected arterially 
into the subcapsular venous portal network. This 
may confirm the existence of subcapsular arterial
portal anastomoses described by Chenderovitch 
using micro-angioradiography (1) (Fig. 52). 

Arterio-portal communications can bring about 
an inversion of the intrahepatic portal flow and can 
be observed in the Budd-Chiari syndrome, as well 
as in all other severe post-sinusoidal obstruction~ 
regardless of their cause or location. However, the 
inversion of the portal flow is much more discrete 
and much less apparent in Budd-Chiari syndrome 
than in cirrhosis as it depends equally on three 
factors: 1) the increase of hepatic arterial flow; 2) 
the development of intrahepatic arterio portal 
communications; and 3) the hepatofugal portal 
flow. 

Cirrhosis perfectly fulfills all three of these con
ditions, while on the contrary, during the Budd
Chiari syndrome the arterial flow is not increased, 
there are no abnormal intra-hepatic arterio-portal 
communications, and the hepatofugal portal flow is 
often not very developed. Thus this sign is quite 
inconsistent (7/12 cases) and discrete, especially at 
the beginning of the evolution, and limited to the 
retrograde opacification of a few intrahepatic por
tal branches. If the portal trunk is opacified, its 
opacification is quite weak and may remain un
known (Figs. 53 & 54). 

If the patient survives, which depends on the 
possibilities of the development of the collateral 
circulation, the hepatic arterial flow increases pro
gressively, as does the hepatofugal portal flow. The 
inversion of the intrahepatic portal flow then be
comes evident (Fig. 55). 

c.) The splenic pattern is just as peculiar: because 
the supra-hepatic obstruction is quite severe and 
rapidly constituted, the thrombosis of the hepatic 
veins is complete in a few days or weeks; the rapid 
increase of portal pressure leads to an almost com
plete interruption of the splenic circulation. Thus, 
the spleen is only slightly hypertrophied, or not at 
alL and the splenic artery, especially the intra
splenic ramifications, is particularly thin. This cor
responds to the low flow rate pattern of the spleen, 
which finds its most characteristic example in the 



Budd-Chiari syndrome (Figs. 10,50,53,55). 
Of course, the splenomegaly is more minimal as 

the evolution is more recent and more acute. On 
the contrary, if the patient survives after, for exam
ple, a surgical portocaval anastomosis, which al
lows the venous portal blood to drain again, a very 
large splenomegaly will develop after a few years 
(Fig. 10). 

Finally, because of the large decrease of the 
hepatic arterial flow and of the splenic arterial 
flow, the celiac arteriography will also often dem
onstrate abnormally dense opacification of the gas
tric and pancreatic territories (Fig. 50). 

Similar angiographic modifications have been 
observed in the 12 cases of isolated obstructions of 
the hepatic veins confirmed by hepatic phlebogra
phy. We feel that arterio-portography is a very 
reliable method for the diagnosis of the Budd
Chiari syndrome. 

These anomalies of intrahepatic circulation dur
ing the Budd-Chiari syndrome by isolated throm
bosis of the hepatic veins are sometimes well dem
onstrated by computed tomography with vascular 
injection (61, 62). We have observed this in four 
cases. 

The inversion of the intrahepatic portal current 
is shown by the early opacification of the intrahepa
tic portal branches at the arterial stage, that is, on 
the first section 10 seconds after the rapid intra
venous injection of the contrast medium (Fig. 54). 
On the contrary, 10 to 20 seconds later, at a stage 
where normally the intrahepatic portal branches 
are opacified, these portal veins are no longer visi
ble and there is no portal hepatography. 

This angio-C.T. pattern of the inversion of the 
intrahepatic portal flow is particularly obvious 
when this inversion of the portal flow is localized, 
or at least predominates in certain segments. This is 
frequent in the Budd- Chiari syndrome. The early 
opacification of certain intra-hepatic portal 
branches contrasts with the absence of visibility of 
the portal veins in the other territories. Of course, 
the arteriography confirms this hemodynamic 
anomaly by demonstrating a perfect correlation 
between the early film of the angioscan and the 
hepatic arteriography film 4 to 7 seconds after in
jection (Fig. 54). 

The computed tomography sections taken 20 to 
40 seconds after injection and corresponding to the 
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stage of portal opacification are the most interest
ing ones. On these sections, we can evaluate the 
modifications of the intrahepatic hepatopetal por
tal flow more precisely than on the venous phase of 
the superior mesenteric arteriography. 

Sometimes the portal hepatography is absent or 
homogeneously weak, which corresponds to a 
complete obstruction of all the hepatic veins. More 
often, the portal hepatography persists at the hy
pertrophied caudate lobe, while it is lacking in the 
other territories (Fig. 54). In other cases, some 
segments of the left lobe remain opacified as well, 
while the portal hepatography of the right lobe is 
completely absent. This indicates that the obstruc
tion of the hepatic venous system is complete on 
the right and partial on the left, which can be 
confirmed by hepatic venography (Fig. 53). 

In other cases, the hepatography is completely 
nonhomogeneous, which corresponds to a com
plete obstruction of the hepatic veins with an inter
ruption of the hepatopetal portal flow whereas 
collateral circulation persists in some territories 
giving rise to a stagnation of the contrast medium. 
This pattern probably has the same significance as 
the nonhomogeneous arterial hepatography visible 
on the late films of the celiac arteriography (Figs. 
56 & 57). Finally, the hepatic veins are never visible 
on the sections passing by the superior part of the 
liver. 

In the four observations where a computed to
mography was performed, there was an excellent 
correlation with the angiographic explorations. We 
feel that computed tomography is quite useful for 
the diagnosis of the Budd-Chiari syndrome be
cause it details precisely both the morphologic and 
hemodynamic hepatic modifications. 

When the obstruction of the hepatic veins is 
associated with an obstruction of the inferior vena 
cava, e.g., in congenital Budd-Chiari syndrome, 
we have observed the same arteriographic modi
fications of the liver and of the spleen as in the 
preceding cases. However, the obstruction of the 
hepatic veins is by definition complete and the 
intrahepatic circulation depends essentially on the 
development of the collateral circulation between 
the inferior vena cava and the superior vena cava. 
The hepatopetal portal flow is completely blocked, 
including the caudate lobe. On the computed to
mography sections the hepatography can be either 
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homogeneous or slightly nonhomogeneous, but 
the diagnosis can be suggested by the abnormal 
opacification of the perirachidial veins which corre
sponds to a collateral circulation between the in
ferior and superior vena cava systems. 

The cardiac lesions responsible for an inferior 
vena caval hypertension create a functional obsta
cle to the hepatic efferent flow. The resulting he
modynamics are similar to those of congenital 
obstructions of the inferior vena cava. 

In one case of constrictive pericarditis we have 
been able to verify that the angiographic modifica
tions are identical to those observed in the Budd
Chiari syndromes. The pattern of the liver in par
ticular is characterized by a diffuse hepatomegaly. 
The intrahepatic arterial ramifications are thin, 
taut, elongated, and regularly spread out. The fact 
that these two patterns are identical proves that 
they are a consequence of the passive distension of 
the normal hepatic parenchyma secondary to the 
stasis in the sinusoid capillaries (Fig. 58). The diag
nosis is easily confirmed by the hepatic venogra
phy, which demonstrates that the hepatic veins are 
not obstructed but dilated. 

2. Intrahepatic obstructions 

Contrary to the Budd-Chiari syndrome whose an
giographic pattern is quite characteristic, intra
hepatic obstructions arise from multiple causes and 
do not present a particular angiographic pattern. 
However, on arterio-portography we can recog
nize that the obstruction is intrahepatic when the 
angiographic pattern is not that of the Budd-Chiari 
syndrome, and the portal vein is patent. It is of little 
use for the etiological diagnosis which depends 
essentially on the histological study of the hepatic 
parenchyma. 

It must be understood, however, that precise 
etiological diagnosis of the intrahepatic obstruction 
is often quite difficult on the basis of the clinical, 
biological, and even the histological data. Liver 
biopsy is sometimes insufficient to lead to a precise 
diagnosis (63). 

Of course, alcoholic cirrhosis is the most fre
quent cause and it is usually clinically evident by 
the association of the signs of portal hypertension, 
hepatic insufficiency, and alcoholic intoxication. It 

is probable that alcoholic cirrhosis is overdiag
nosed. A systematic histological study of the liver 
in alcoholic patients has demonstrated that some 
hepatic lesions have a different etiology (64). In 
fact, numerous hepatic lesions, some of which are 
poorly known, can be revealed by signs of portal 
hypertension which often evolve slowly without 
serious repercussions on the hepatic cellular func
tion. For this reason, and because of the discretion 
of certain histological lesions of the liver, portal 
hypertension has sometimes been considered as 
idiopathic. 

At the present time, these non-cirrhotic hepatic 
lesions seem more frequent. Some are better 
known, but the diagnosis remains quite difficult. 
For these reasons the angiographic patterns should 
be discussed, even if they are of limited interest. 
They are useful in the orientation of the diagnosis 
and for the physiopathology. 

From a practical point of view, these lesions can 
be classified in three groups: (a) alcoholic cirrhosis 
and post-necrotic cirrhosis, (b) other well-individu
alized hepatopathies, and (c) peri-portal fibrosis 
(idiopathic non-cirrhotic portal hypertension). 
Some of these lesions do not correspond to a post
sinusoidal obstruction, but rather to a pre-sinusoi
dal or mixed obstruction. However, there is no 
correlation between the angiographic patterns and 
the intrahepatic site of the obstruction, which can 
be demonstrated only by hepatic venography with 
the measurement of pressures. 

a) Alcoholic and post-necrotic cirrhoses 
There is no specific angiographic sign of these di
verse causes of intrahepatic obstruction, or of the 
cirrhoses in particular. The angiographic pattern is 
principally a function of the degree and the evolv
ing nature of the obstruction. 

However, during the cirrhoses, the liver rarely 
maintains a normal morphology; it is either hyper
trophied, atrophied, or atropho-hypertrophied. 
The intrahepatic arteries are more or less tortuous 
depending on the degree of liver atrophy and the 
peripheral arterial network is often well devel
oped, the distal ramifications are usually numerous 
and sometimes seem duplicated. 

However, in most of these cases, the angio
graphic patterns of these alcoholic cirrhoses and 
those of post-hepatitis cirrhoses differ on two 



points: splenic volume and the pattern of the liver 
and the hepatic artery. 

The splenomegaly is in fact of more consequence 
during post-necrotic cirrhoses than during alco
holic cirrhoses. This was originally reported by 
Abeatici and confirmed by our experience. In 280 
cases of alcoholic cirrhosis, the long axis of the 
spleen averages 16 cm, while in a group of 26 post
hepatitis cirrhoses, it averages 19 cm (65). Of 
course, this very large splenomegaly is accom
panied by a dilation of the splenic vessels and par
ticularly of the splenic vein and the portal vein, 
while the splenic vein is often normal or dilated 
very little in alcoholic cirrhoses. Several observa
tions of post-hepatitis cirrhoses which were dis
covered late because of an apparently primitive 
splenomegaly associated to a hypersplenism have 
been reported in the literature (66, 67, 68, 69). The 
hypersplenism has been considered a frequent se
quela of epidemic hepatitis. 

This more serious splenomegaly signifies that the 
evolution of the obstructive intra-hepatic lesions is 
slower and usually less severe during post-hepatitis 
cirrhoses than during alcoholic cirrhoses. This 
agrees with various authors who have noted that 
the functional liver alteration is quite moderate, 
and that the cirrhosis occurs quite late after the 
initial episode of hepatitis (70). 

In terms of the liver, post-hepatitis cirrhoses are 
also distinguished from alcoholic cirrhoses by the 
fact that the hepatic artery is slightly dilated or not 
at all, and that the liver is severely atrophied. 

The dilation of the hepatic artery is quite con
stant and often serious during alcoholic cirrhoses, 
while in many post-hepatitis cirrhoses the caliber of 
the hepatic artery remains within normal values 
and can sometimes be thinner than normal. 

Liver atrophy is also an interesting sign of post
hepatitis cirrhoses, but when it is diffuse, this atro
phy can also be observed in alcoholic cirrhoses. In 
this case, however, the diffuse atrophy of the liver 
is observed especially at a late stage of the disease 
and is accompanied by a serious dilation of the 
hepatic artery, which is not the usual case during 
post-hepatitis cirrhoses. However, the partial or 
segmental atrophy seems more characteristic of 
post-hepatitis cirrhoses. In this disease, an ex
tremely serious atrophy of certain lobes or hepatic 
segments can be observed, while other parts of the 

69 

liver are normal or, on the contrary, hypertrophied 
(Figs. 59,63). Contrary to alcoholic cirrhosis, this 
liver atrophy is not always accompanied by portal 
hypertension, or else this portal hypertension is 
moderate, clinically latent, and remains unknown. 
Thus, it is often a source of error of interpretation. 
For example, when the atrophy of the right lobe is 
accompanied by an upward and outward displace
ment of the gallbladder, which is habitual, this 
abnormal location (aberrant gall bladder) can be 
wrongly considered as a congenital anomaly associ
ated to a hypoplasia of the right lobe of the liver. 

In summary, these angiographic differences 
seem to correspond principally to a different pro
gression of the intrahepatic obstruction: the alco
holic cirrhoses correspond more often to a tight 
intrahepatic obstruction which evolves rapidly, 
while post-hepatitis cirrhoses frequently present 
the pattern of a minimal or moderate intra-hepatic 
obstruction which evolves slowly (Figs. 11,60,61). 

However, it is possible that the anatomic lesions 
of post-hepatitis cirrhosis are responsible for the 
atrophic alterations and the limited development 
of the arterial circulation. 

These angiographic differences are, of course, 
inconsistent, and their practical interest is debata
ble. In the large series we have observed, however, 
they are frequent enough to merit attention. 

b) Other well-individualized hepatopathies 

Numerous hepatic diseases can lead to portal hy
pertension during their evolution. The portal hy
pertension is often moderate and late, and does not 
create diagnostic problems because the responsible 
illness is easily identified by its own symptomatol
ogy. 

1. Hemochromatosis and Wilson's disease can 
lead at a late stage to a cirrhosis whose progress is 
usually slow and benign. The portal hypertension is 
late and often well tolerated. Its primary sign is a 
splenomegaly which is often very large (Fig. 13). 

2. Pure hepatic steatosis has also been described 
as a possible cause of portal hypertension by an 
intrahepatic block, whether it is pre- or post-sin
usoidal (71, 72, 73, 74). 

3. Sarcoidosis is also a rare cause of portal hyper
tension whose mechanism is not known (73, 75). 

4. Chronic hepatitis following viral hepatitis and 



70 

chronic active hepatitis are also accompanied by 
portal hypertension. Certain authors have demon
strated that a moderate, latent portal hypertension 
appears frequently at an early stage of post-viral 
chronic hepatitis (76, 77). 

On angiography, these are indicated only by a 
discrete splenomegaly; the increase in volume can 
be seen in successive examinations. 

5. Acute viral hepatitis is frequently accom
panied by portal hypertension. which is usually 
regressive in the patients who survive (78). 

6. Acute alcoholic hepatitis is equally a classic 
cause of portal hypertension. 

7. Some hepatic tumors, diffuse hepatic meta
stases in particular, can also lead to an obstruction 
of the hepatopetal portal flow. 

In all these cases the portal hypertension is usu
ally moderate and secondary to the signs of the 
responsible illness. Angiography usually indicates 
a pattern of minimal or moderate portal hyperten
sion which evolves slowly. The hepatic artery is 
slightly dilated, or not at all. a hepatofugal collat
eral circulation which is not well-developed. a 
more or less large splenomegaly which corresponds 
to the duration of the disease, and a diffuse hepa
tomegaly. 

8. Partial nodular transformation of the liver is 
also a rare disease which is accompanied by portal 
hypertension in 50'Yo of the cases. The diagnosis is 
difficult and depends on the biopsy. which demon
strates nodular transformation. These nodules are 
not surrounded by disseminated fibrosis but are 
found irregularly in the hepatic parenchyma. This 
disease is often latent and is not accompanied by 
signs of hepatocellular insufficiency. I t can be asso
ciated to another disease such as Felty's syndrome 
or myeloid selenomegaly (63. 79, 80). 

c) Idiopathic non-cirrhotic portal hypertension 

This group of diseases corresponds to cases where 
the arterioportography suggests an intrahepatic 
obstruction which may correspond to a cirrhosis. 
Neither the diagnosis of cirrhosis nor that of other 
known hepatic diseases can be confirmed by the 
clinical and biological data and the hepatic biopsy. 
These cases have been described by different 
authors in different countries under a variety of 
names: idiopathic portal hypertension (8\), hepa-

toportal sclerosis (82), essential portal hyperten
sion (83), portal or periportal fibrosis (84, 85), 
Banti's disease, cirrhosis of splenic origin (86), and 
Mediterranean cirrhosis (87). 

At first, these diseases were described mainly in 
the Mediterranean region. They were revealed by a 
very large splenomegaly associated to hypersple
nism and later by digestive hemorrhaging. How
ever, the liver seemed functionally and histo
logically normal. For these reasons, certain authors 
thought that it was a 'forward pressure' portal hy
pertension of splenic origin. 

However, after a relatively long evolution, 
Banti's disease always leads to a hepatic insuffi
ciency associated to fibrotic lesions or even a true 
hepatic cirrhosis. Some authors have thought that 
these hepatic lesions were a consequence of the 
splenomegaly, even though splenectomy has never 
prevented the evolution of the disease and the 
aggravation of the hepatic lesion (Fig. 62). 

On the contrary, because of our experience, we 
think that the very large splenomegaly is only the 
late consequence of a minimal intrahepatic ob
struction which progresses slowly and which can 
easily escape the hepatic biopsy 

Different authors have noted that these portal 
hypertensions of unexplained origin without histo
logical signs of cirrhosis are accompanied by lesions 
of hepatic fibrosis. These fibrotic lesions are usu
ally moderate and have a periportal location. Their 
role as an etiology of portal hypertension has been 
questioned. This is why these cases have been re
ported under a variety of names. 

Some authors have felt that these lesions were 
too discrete to have hemodynamic significance and 
that the liver was normal or almost normal histo
logically. They concluded that the portal hyperten
sion was without obstruction and identified these 
cases as 'essential portal hypertension' or 'portal 
hypertension of splenic origin.' 

On the contrary, other authors using the terms 
'idiopathic portal hypertension' or 'non-cirrhotic 
portal fibrosis' considered the hepatic lesions to be 
responsible for the portal hypertension in deter
mining a pre-sinusoidal obstruction. This obstruc
tion has been demonstrated either by angiographic 
methods, i.e., trans-hepatic portography, which 
can demonstrate a pattern of distortion and am
putation of the small intra-hepatic portal branches, 



or by anatomical studies which have shown after 
post-mortem injection of the liver anomalies which 
evoke microthrombosis of the small intrahepatic 
portal veins (81, 88, 89, 90). 

In our experience, these histological lesions of 
periportal fibrosis are frequently found at hepatic 
biopsy in non-alcoholic patients who present a por
tal hypertension whith a very large splenomegaly 
and few signs of functional hepatic alteration. In 
these patients there are frequently serious differen
ces between the angiographic and macroscopic pat
terns of the liver and the histological lesions dem
onstrated by hepatic biopsy. In some cases the 
periportal fibrotic lesions are very discrete, and the 
histological pattern of the liver seems almost nor
mal, while arteriography demonstrates a serious 
hepatic atrophy, whether diffuse or segmental, and 
during surgical exploration an additional micro- or 
macronodular pattern can be observed. On the 
contrary, in other cases the liver can appear normal 
or only slightly, modified macroscopically, while 
the biopsy demonstrates serious lesions of peripor
tal fibrosis. 

As the atrophic patterns of the liver are par
ticularly frequent in these patients, these angio
graphic signs which demonstrate the existence of 
serious hepatic lesions must be emphasized, while 
the liver can appear histologically normal, or al
most normal. This discrepancy can perhaps be ex
plained by the hepatic transformation which is 
often atropho-hypertrophic. The biopsy has a 
greater chance to select the hypertrophic rather 
than the atrophic segments which are more deeply 
situated in the liver. The histological lesions of the 
hypertrophic segments are likely to be less severe 
than on the atrophic segments (Fig. 63). 

In an earlier study (65) including these cases of 
periportal fibrosis as well as a few observations of 
cirrhosis of unknown origin, we noted that patients 
can be classified into three different groups accord
ing to their clinical context. The first group corre
sponds to the diseases of Mediterranean origin, 
especially North African, whose clinical picture is 
similar to that of Banti's disease. The second group 
corresponds to patients who have presented in 
their antecedents an episode of viral hepatitis so 
that we are led to believe that these fibrotic lesions 
or lesions of hepatic cirrhosis are a long-term com
plication of the earlier hepatitis. In a third group of 
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cases no explanation can be found for the origin of 
the portal hypertension which is apparently idio
pathic. 

In these three groups of patients artcrioporto
graphy demonstrates the same patterns of minimal 
or moderate portal hypertension with a very large 
splenomegaly. The liver is often atrophic and the 
hepatic artery is either slightly dilated or, on the 
contrary, thinner than usual. These patterns re
semble those which are observed in most cases of 
post-hepatitis cirrhosis. In addition, in about 30% 
of the patients in the first and third groups we find 
anatomical anomalies (macronodular pattern of 
the liver) or biological anomalies (Hb As +) which 
suggest also that these lesions could be of viral 
origin. These results suggest that it is possible in 

certain cases, apparently idiopathic portal hyper
tensions are in fact sequelae of an unknown may be 
anicteric viral hepatitis which occurred previously. 

The frequency of anicteric forms of viral hepati
tis has been stressed by numerous authors, as well 
as the delayed onset of the cirrhogenous evolution 
(76). Finally, the frequency of viral hepatitis in 
Mediterranean countries is well known, and cer
tain authors, studying the histological pattern of 
the liver in some of these SUbjects, healthy carriers 
of Australia antigen, have demonstrated that there 
is often a periportal fibrosis which they consider as 
the probable sequela of the previous viral disease 
(91). 

Finally, a great number of medications can cause 
a toxic hepatitis which may be capable of evolving 
toward chronicity. The products incriminated most 
often are: oxyphenisatin, alphamethyldopa, nitro
furantoin, and chlometacin (92). Thus it is proba
ble that certain drug intoxications are a frequent 
cause of chronic hepatitis and certain authors be
lieve that 20 to 40'10 of chronic hepatitis with nega
tive Australia antigen are in fact caused by drugs 
(93). 

A few cases of periportal fibrosis secondary to 
arsenic intoxication or exposure to vinyl chloride 
have been reported by authors who suggest that 
idiopathic portal hypertension could be related to 
domestic or industrial exposure to hepatotoxins 
(90) 

Idiopathic portal hypertension after renal trans
plantation probably due to hepatotoxicity of immu
nosuppressive drugs was also reported. This would 
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create a peri sinusoidal fibrosis which would be in
visible under light microscopy but always present in 
electron microscopy. This could be the very early 
stage of hepatoportal sclerosis (84, 85). 

Finally, the partial nodular transformation of the 
liver is often associated to a periportal fibrosis and 
its angiographic pattern is identical to that of idio
pathic portal hypertension. In particular the hepa
tic artery is often thinner than normal (80, 88). 
Therefore, according to Shedlofsky, it is possible 
that these entities correspond to two anatomical 
expressions of the same pathological process. 

Even though this problem is still poorly under
stood, it seems that most cases of idiopathic portal 
hypertension reported in different countries under 
various names include numerous similarities clin
ically, angiographically, and anatomically. It is 
probable that they belong to the same group of 
diseases. 

The typical clinical pattern is that of a moderate 
portal hypertension which evolves slowly and is 
revealed either by a splenomegaly or by digestive 
hemorrhaging in relation to esophageal varices. It 
is always accompanied by a very large spleno
megaly, sometimes associated to a hypersplenism. 
The liver is often atrophic or atropho-hypertrophic 
and the hepatic artery is slightly dilated or some
times even thinner than normal. 

The functional hepatic tests remain normal or 
slightly disturbed. The increase of portal pressure 
is moderate, usually inferior to 20 mm of mercury. 
The study of hepatic vein pressures shows that the 
obstruction can be either pre- or post-sinusoidal, or 
both pre- and post-sinusoidal. 

Anatomically, the surface of the liver can be 
either macro- or micronodular, as in cirrhosis, or 
can appear almost normal. Histologically, the only 
sign can be a periportal fibrosis. when the histologi
cal lesions are discrete, they may be visible only on 
a surgical biopsy, the needle biopsy often being 
considered normal or nearly normal. If in these 
conditions the right lobe of the liver is very atro
phied, which is not rare in our experience, it is 
understandable that with the normal or nearly nor
mal results of the functional hepatic tests and of the 
hepatic biopsy the portal hypertension is incor
rectly considered to be due to a congenital hypo
plasia of the right lobe of the liver. In fact we 
believe that it is unlikely that congenital hypoplasia 

of one hepatic lobe could lead to a portal hyperten
sion due to the regenerative capacity of the other 
lobe. In addition a right hepatectomy in adults does 
not lead to portal hypertension. 

On the contrary we have frequently observed 
this segmental atrophy of the liver during idio
pathic portal fibrosis and hemodynamically it is 
probable that a portal fibrosis, even if it is very 
discrete, is capable of leading to a minimal portal 
hypertension because the portal system is one of 
high flow and weak pressure gradient. 

Until we understand more thoroughly the phys
iopathology and the etiologies of the acquired idi
opathic periportal fibrosis, they should be grouped 
according to their angiographic pattern, which 
seems interesting diagnostically and physiopa
thologically. 

Diagnostically, the angiographic pattern some
times suggests a cirrhosis and it is the biopsy which 
demonstrates that it is in fact a non-cirrhotic pe
riportal fibrosis. 

However, in a number of cases arterioportogra
phy demonstrates a pattern of minimal or moder
ate portal hypertension by a longstanding intra
hepatic obstruction which evolves slowly with a 
very large splenomegaly and a liver which is either 
normal or, more often, atrophied. The dilation of 
the hepatic artery could be absent because the 
hepatopetal portal flow is only slightly decreased; it 
could also be in part a consequence of the particu
lar anatomic lesions of this periportal fibrosis. This 
would explain why the intrahepatic arterial rami
fications are sometimes abnormally thin. 

The evocative character of this angiographic pat
tern should be emphasized because the histological 
diagnosis is often difficult. The lesions of hepatic 
fibrosis can escape the needle biopsy. There is 
often an important discrepancy between the mac
roscopic and microscopic anatomical patterns; the 
hepatic biopsy may appear almost normal, while 
angiography demonstrates a serious atrophic or 
atropho-hypertrophic transformation of the liver. 

Physiopathologically, because these angio
graphic patterns are similar to those observed dur
ing post-necrotic cirrhosis, it is suggested that some 
of these periportal fibroses can be the sequelae of a 
previous viral hepatitis. Other authors have re
ported cases of idiopathic portal hypertension 
which may be attributed to toxic hepatitis. 



Thus it is reasonable to believe that according to 
a classical mechanism everywhere else in the or
ganism, this periportal fibrosis is only the late se-

33a 
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quela of an inflammatory reaction following vari
ous aggressions but principally viral-, toxic-, and 
drug-related. 

Fig. 33. Chronic hepatitis in a 68-year-old female: recurrent jaundice one year after virus hepatitis: Hb As + Liver biopsy: 

minimal liver cell lesions. steatosis, mild periportal fibrosis (9-9-81). 
33a: Normal hepatic artery. The spleen size is within normal limits (14 em) but the splenic artery is probably some what lengthened 

and widened. Arterial and venous splenic blood flow seem to bc normal. 
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33b: A relatively good portal flow to the liver is associated 

with a hepatofugal flow through a wide spontaneous mesen

terica-gonadal anstomosis (.a.), thus explaining the normal pat

tern of coeliac arteriography. Recent and minimal intrahepatic 
obstruction resulting in probably very low portal hypertension 
owing to the spontaneous porto-systemic shunt. 

33b 

34a 

Fig. 34. Alcoholic cirrhosis in a 49-year-old female with mas

sive and recurrent gastro-intestinal bleeding for 2 years (31-

5-74). 
34a: Large and widespread esophageal varices on Baryum 

examination. 
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34b 

34b: Dilated hepatic artcry which signifies the reduced portal inflow. 

Moderate splenomegaly (19cm) with thin intrasplcnic arterial branches (inadvertent opacification of the left adrenal gland). 

34c 

34c: Very faint splenic vein opacification accounting for a pronounced splenic stasis. 
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, . , 

34d: Venous phase of S.M.A.: the relatively poor opacifica

tion of narrowed intrahepatic portal branches suggests a mark

edly reduced portal inflow. Neither retrograde opacification of 
the esophageal varices nor any other hepatofugal way is visu

alized. As a result. the small intestinal veins are markedly dil

ated. 

34d 

35a 

Fig. 35. A 56-year-old female known to have alcoholic cirrhosis with minimal esophageal varices for one year. 

The patient never bled and was referred for neurologic disorders (28-8-81). 

35a: Atrophic liver with markedly dilated hepatic artery which signifies the poor portal intlow. 
Minimal splenomegaly with early splenography suggesting a normal splenic blood tlow rate. 
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35b 

35b: Venous phase of S.M.A.: Very thin right portal vein and intrahepatic portal branches. The portal tlow is essentially 

hepatofugal through a markedly dilated umbilical vein (D) resulting in a dense opacification of the inferior vena cava ("'). 

36a 

Fig. 36. A 55-year-old female known to have alcoholic cirrhosis with intermittent variceal bleeding asci tis and jaundice for 4 years 

(21-2-77). 
Patient referred for neurologic disorders. 

36a: Markedly dilated hepatic artery and minimal splenomegaly (15 cm) with a normal pattern of the splenic blood tlow (early 
dense sp\enography). Angiographic pattern typical of a markedly decreased portal intlow associated with minimal or moderate 

portal hypertension. 
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36b 

36b: Venous phase of S.M.A.: Very thinned intrahepatic portal branches. Hepatofugal flow through markedly widened left 
gastric vein and splenic vein draining towards left renal vein ( t ) and inferior vena cava (6) via huge gastric varices. Spontaneous 
spleno-renal anastomosis. 
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Fig. 37. Alcoholic cirrhosis with spontaneous mesocaval anastomosis in a 42-year-old male. 

Venous phase of S.M.A. shows a patent portal vein with a poor hepatopetaillow whereas a dense opacification of the inferior vena 
cava is evidenced through retroperitoneal anastomosis uniting the dilated right colic vein ( i ) to the right gonadal vein ("') and 

perirenal veins (L'I). 
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38a 

Fig. 38. A 28-year-old healthy female thought to have one hepatic tumor in the right lobe and another one in the left lobe on the 
basis of ultrasound examination performed for mild epigastric pain. No sign of portal hypertension. 
Surgical biopsy suggests either focal nodular hyperplasia or liver adenoma-Normal function liver tests except alkaline phosphatasis 
(1000 u.i). 
38a: Venous phase of S.M.A. (17-5-84). 

Superior mesenteric vein seems to be completely interrupted ( l' ). Totally hcpatofugal flow through a wide retroperitoneal vein 
probably originating from middle colic vein (A) and resulting in opacification of left renal vein and inferior vena cava ("'). 
This angiographic pattern can not be explained by portal vein thrombosis as there is no hepatopetal collateral flow. In fact. portal 
vein was proved to be patent during surgical exploration. A functionnal obstruction of the portal vein associated with an intrahepatic 
obstacle is then likely. 



38b: Venous phase of coeliac arteriography: the splenic ven

ous outflow (.) also drains through the meso-renal ana

stomosis (L.) together with the superior mesenteric venous 
blood. 

38b 

38c 
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38c: Arterial widening compensating for the lost portal flow. Hypertrophic left lobe and segment 8 without tumoral pattern 
associated with a marked atrophy of the segments 5, 6 and 7 of the right lobe. 
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38d 

38d: Hepatic venography (S-6-K4). 

The lack of tumoral pattern is confirmed. 

Wedged hepatic pressure: 10 mm HI'. Pseudo-tumoral regenerative modules associated with a presinusoidal obstruction seems more 

likely than true hepatic tumors. 

39a 

Fig. 39: Schematic drawing of the hepatic circulation in case 

of reversal of intrahepatic portal flow. 

39a: Partial reversal of the intrahepatic portal !low. Because 

of a relatively low hcpatofugal flow rate a bidirectional !low in 
the portal vein itself can be documented by arterio-portography. 

39b 

39b: Complete reversal of the intrahepatic portal flow. 
A more severe post-sinusoidal obstruction results in a com

pletely hepatofugal flow through the extrahepatic portal vein. 
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40a 

Fig. 40: Partial reversal of the intrahepatic portal flow in a 47-year-old alcoholic patient referred for epigastric pain thought to be 
due to pancreatitis (3-1-77). 

40a: Coeliac arteriography: Normal sized spleen (14 cm) with thinned intrasplenic arterial branches which signifies a slowed 

intrasplenic blood flow. 

Hepatomegaly and dilated hepatic artery which signifies the reduced portal inflow. 
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40b 

40b: 7 seconds later the splenic vein is not opacified whereas a 

dense arterial hepatography is visualized as well as retrograde 

filling of a small intrahepatic portal hranch ( 1'\. ). 

40c 

40c: Venous phase of S.M.A.: Hepatofulgal flow in the in
ferior mesenteric vein. Narrowed and poorly opacified intra

hepatic portal branches with no portal opacification in the lower 

part of the right lobe where the intrahepatic portal flow was 

shown to be reversed (Segment 5). 

Angiographic pattern of a severe and quickly progressive intra

hepatic obstruction. Liver biopsy (12-1-77): Highly evolving 

cirrhosis. 
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41a 

Fig. 41. Cirrhosis probably of the post-hepatitis type in a 40-year-old female with reversed intrahepatic portal flow (no history of 
alcohol intake - virus hepatitis 20 years earlier) (16-9-75). 

41a: Selective hepatic arteriography: hepatomegaly with marked dilatation of hepatic artery. 

41b 

41b: Retrograde opacification of the portal vein clearly demonstrated at the 8th second. 



86 

41c 

41c: Venous phase of S. M.A.: opacification of the portal vein 

together with few thin intrahepatic branches (bidirectional 

flow). 

Predominant hepatofugal flow through splenic vein and right 

gonaldal vein ( l' ) (Spontaneous meso-gonadal anastomosis). 

--Fig. 42. Alcoholic cirrhosis known for one year in a 36-year-

old female. Diagnosis confirmed by laparoscopy and liver bi
opsy (very dense collagen sclerosis) (14-9-76). 

42a: Selective hepatic arteriography (2nd sec): markedly dil

ated hepatic artery with early dense opacification of some areas 
of the right liver. 

42b: Retrograde opacification of the portal vein at the 7th 

second with left gastric vein and splenic vein faintly visualised. 

which signifies the completely hepatofugal flow through portal 
vein. 

42c: Venous phase of S.M.A.: progressive weakening of por

tal vein opacification with no hepatopetal flow (functional 
obstruction) . 

Essentially hepatofugal flow through widened splenic vein. left 
gastric vein and varices. 

42a 

42b 

42c 



42d 

42d: Hepatic venography: multiple stenosis of the right hepa

tic vein branches. Wedged hepatic venography: 22 cm saline. 
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43a 

Fig. 43. Aleoholic cirrhosis with complete reversal of the 

intrahepatic portal flow in a 4R-year-old female, referred for 

lower intestinal bleeding (10--7-80). (Total colectomy for ul

cerative colitis to years previously.) 

43a: Selective hepatic arteriography: markedly dilated hepa

tic artery resulting in dense arterial hepatography. 

43b 

43b: Retrograde opacification of the portal vein, then the left 

gastric vein ( i ) and the inferior mesenteric vein ( i ) 5 sec later, 
which signifies the totally hepatofugal portal flow. 
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43c 

43d 

43c- 43d: Venous phase of S.M.A.: functional obstruction of 

the portal stem and retrograde flow in the inferior mesenteric 

vein and intestinal varices ( i ) draining toward right and left 

iliac veins ( ""' ) and inferior vena cava through both gonadal 
veins (.). 
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44a 

Fig. 44. Cirrhosis of unknown origin in a 38-year-old male referred for intermittent jaundice. weight loss, diabetes, hemo

chromatosis and mild liver function test abnormalities (26--3-76). 

44a: Markedly widened hepatic artery suggesting a very low hepatopetal flow. Splenomegaly (19 cm) wiih widened and 

lengthened splenic artery. 

Splenic vein draining through a spontaneous spleno-renal anastomosis. 
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) 

44b 

44b: Venous phase of S.M.A.: Portal vein not visualized. The superior mesenteric vein drains through the wide and tortuous 

spleno-renal anastomosis towards the inferior vena cava (. ). 
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44c 

44c: Wedged hepatic venography: marked retrograde filling of the portal vein, which signifies the hepatofugal portal flow 

responsible for the lack of portal vein opacification on the venous phase of S.M.A. 

In spite of the totally hepatofugal portal flow this patient is still doing well 6 years later (26-5-R2) and experienced neither digestive 

bleeding nor ascistis. 

45a 

Fig. 45. Alcoholic cirrhosis with partial rcvcrsal of the intra

hepatic portal flow in a 52-year-old male. 

45a: Coeliac arteriography (1-R-82). 

Splenomegaly (lR em) with thin intrasplenic arterial branches 

and poor opacification of the splenic vein on the late films. 

Dilated left hepatic artery with dense arterial hepatography in 

the segment 4 and early retrograde filling of the left portal 
branches (5th sec) ("). 
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45b 

45b: Angio C. T. (12-8-82). On arterial phase the dilated left hepatic artery is visible ( t ) as well as several intrahepatic vessels in 
the segment 4 corresponding to the arterio-portal shunting. 
20 seconds later, portal vein is seen in the hepatic hilum and portal hepatography as well. 



46a 

Fig. 46. Slowly progressive post-hepatitis cirrhosis in a 

53-year-old female. 

Several episodes of jaundice for 30 years. 
First variceal bleeding 2 years ago. 

Hypersplenism (13-5-81). 
46a: Pronounced splenomegaly (20 em) with normal 

splenography. visualization of the splenoportal axis and faint 
opacification of gastric varices through a short gastric vein. 

Slightly dilated hepatic artery with normal intrahepatic 

branches. 
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46b 

46h: Venous phase of S.M.A.: Normal mesenterico-portal 

axis with realively good opacification of slightly narrowed intra
hepatic portal branches evidencing an atrophic right lobe associ
ated with a hypertrophic left one. 
Minimal retrograde filling of the inferior mesenteric vein. An

giographic pattern suggesting a moderate and slowly pro

gressive intrahepatic obstruction. 
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47a 

47b 

Fig. 47. Alcoholic cirrhosis with heterogeneous intrahepatic 

portal flow in a 33-year-old female referred for ascitis and 

esophageal varices bleeding (25-10-77). 
47a: Splenomegaly (19 em) and moderate widening of some 

intrahepatic arterial branches. 

47b: Venous phase of S.M.A.: good visualization of several 

intrahepatic portal branches resulting in dense opacification of 

some areas of the liver parenchyma whereas other territories are 

not opacified. so that a heterogeneous portal hepatography is 

seen on the late films. Hepatofugal collateral ways are not 

visualized. 

Following a meso-caval interposition shunt (12177) the patient 
remains well 6 years later. 
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48b 

Fig. 48. Alcoholic cirrhosis with severe obstruction to the 

portal inflow in a 51-year-old female (20-12-R2). 

Portal pressure: 30 mm Hg. 

48a. Minimal splenomegaly (15 cm) with thin intraspknic ar

terial branches (low flow rate pattern). 

Atrophic liver with markedly dilated hepatic artery which sig

nifies the greatly reduced portal inflow. 

48b: Venous phase of S.M.A.: very poor filling of portal vein 

and few intrahepatic branches. 

Dense opacification of a wide left gastric vein and esophageal 

varices. 
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49a 

49b 

Fig. 49. Alcoholic cirrhosis with a complete obstruction to the 

portal flow associated with minimal portal hypertension in a 

5K-year-old female (21-3-79). 
49a: V cry dilated hepatic artery suggesting a markedly re

duced portal flow associated with a normal sized spleen (13 cm) 

with early and dense splenography. This normal splenic pattern 

signifies the portal pressure is normal or only minimally and 

recently increased. 

4%: Venous phase of S.M.A.: Completely hepatofugal mes

enteric venous flow draining towards a high flow rate spon

taneous spleno-renal anastomosis and inferior vena cava 

through the widened left gastric vein and splenic vein. 

Functional obstruction of the portal vein (which was faintly 

opacified on the venous phase of coeliac arteriography). De

spite the completely interrupted hepatopetal portal flow the 

portal pressure was only slightly elevated: 25 cm saline. 

Ii months earlier a first hemorrhage was thought to be due to 

peptic disease and this severe cirrhosis was unrecognized. 
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SOb 
Fig. 50. For legend see next page. 
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SOc 

50c: Hepatic venography (8-12-76): ohstruction of the hepa

tic veins with the characteristic spider's weh pattern. 

Fig. 50. Budd-Chiari svndrome in a 36-year-old male (16-

11-76). Hepatomegaly. asci tis. liver function tests anomalies. 

Portal pressure: 32 cm saline. 

Sla 

5011: Hepatomegaly with marked enlargement of the left lohe SIb 
resulting in downward displacement of the hepatic artery. Intra-

hepatic arterial hranches arc thin. stretched and regularly 

spread apart one from the othcr. 

Normal sized spleen with extremely thinned intrasplenic arterial 

hranches (low flow raie splccn pattern). 

50h: Venous phase of coeliac arteriography: very faint hcpato

graphy and splenography without visualization of the splenic 

vein. 

Owing to the markedly reduced hepatic and splenic hlood flows 

a greater amount of contrast medium enters the gastric arteries 

resulting in dense opacification of gastric veins and esophageal 

varices. 

Fig. 51. Budd-Chiari syndrome known for 2 years in a 25-year

old male (82-11-82). 

Complete ohstruetion of the hepatic veins with a patent inferior 

vcna cava confirmed hy hepatic venography on 30-9-80. 

5111: Pronounced hepatomegaly with very large left lohe. The 

intrahepatic arterial branches are stretched. thinned and reg

ularly spread apart from each other: Typical pattern of the 

Budd-Chiari syndrome. 

51h: Faint and non-homogeneous arterial hepatography with 

a few dense patchy areas which should not be confused with 

metastasis. 



Fig. 52. Budd-Chiari syndrome due to primary hepatic vein 

thrombosis in a 15-year-old female. Same patient as in Fig. 10. 

Venous phase of coeliac arteriography (1-2-1971). Very faint 

and heterogeneous arterial hepatography (the splenic vein was 

not opacified) with a thin stripe of contrast medium outlining 
the liver margin ( i ). 

53a 

Fig. 53. Budd Chiari syndrome in a 53-year-old female known to have polycythemia for 6 months (12-9-80). 

53a: Minimal splenomcgaly (15 cm) with the 'low now rate pattern of the spleen.' 
Hepatomegaly with stretched and thinned intrahepatic arterial hranches and downward displacement of hepatic artery by the 

enlarged left lobe. 
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53b 

53b: () see later: retrograde filling of some intrahepatic portal branches accounting for the reversal of intrahepatic portal flow (6). 



53c: Angio C.T. (12-9-80): Before contrast medium injection 
a slight hypodensity of the right lobe is visuali;>:ed as compared to 

the hypertrophic left lobe and caudate lobe. 30sec after bolus 
injection of the contrast medium, normal hepatography in seen 

only in the caudate lobe and a part of the left lobe whereas the 

right lobe is not opacified. 

53c 

53d 
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53d: Hepatic venography (15-9-80): The right hepatic vein is completely occluded while partial patency of the left hepatic vein is 
evidenced. 
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54a 

54b 

54c 

54d 

Fig. 54. Budd-Chiari syndrome due to polycythemia in a 

40-year-old female. 

Patient referred for hepatomegaly and ascitis (lS--3-RO). 

54a: Selective opacification of the left hepatic artery: enlarge

ment of the left lobe with stretched and thinned intrahepatic 

arterial branches. 

54b: 3 sec later. massive arterio-portal shunting within the left 

lobe with hepatofugal flow through a para-umbilical vein. 

54c: Venous phase of S.M.A.: Very poor flow through the 

narrowed right portal vein branch. The left portal branch is 

wider and result in a dense opacification only of the caudate 

lobe. 

54d: Angio c.T. (21- 3- RO) IOsec after bolus injection of 

contrast medium the arterial phase demonstrates an early filling 

of the intrahepatic portal branches within the left lobe. evidenc

ing the arterio-portal shunting. 

30 sec later, the venous phase shows that portal hepatography is 

restricted to the caudate lobe. Owing to this, right and left 

hepatic veins should be completely occluded as it was confirmed 

by hepatic venography. 



55a 

55b 

Fig. 55. Budd-Chiari syndrome in a 39-year-old female 
treated for breast carcinoma (22-10--76). 

55a: Moderate splenomegaly (18 cm) with thin intrasplcnic 
arterial branches and faint opacification of the splenic vein on 
the late films suggesting a relatively severe portal hypertension. 
Marked and diffuse enlargement of the liver with very thinned 
and stretched intrahepatic arterial branches. 

55b: Venous phase of S.M.A.: Poor and non-homogeneous 
portal inflow, some intrahepatic portal hranches resulting in 
patchy opacification of the liver parenchyma. while most others 
are not or only faintly visualized. 
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SSe SSd 

SSe 

55c: 21 months later, arteriography is performed again after a 

massive bleeding from esophageal varices (10-7-78). Owing to 

the development of some porto-systemic collateral pathways, 
the hepatic artery dilated. 

55d: Increased arterial now resulted in massive arterioportal 
shunting 4 sec later. 

55e: Functional obstruction of the portal vein resulting from 
the reversed intrahepatic portal flow. 
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56b 

56a 

Fig. 56. Budd-Chiari syndrome due to complete thrombosis of hCJlatic veins and inferior vena Cava in a 34-year-old female (1:\-

12-83). 

56a: Angio C.T.: Minimal ascitis and slightly heterogeneous liver hdore injection. After bolus injection the venous phase sholVs 
the distribution of the contrast medium within tbe rigbt liver lobe to be non-homogeneous. 

56h: Percutaneous hcpatography: Percutaneous puncture of an intrahepatic hepatic vein demonstrates a dense collatL'ral venous 
network mainly through the diaphragmatic and internal mammary \cins. thus cxplaining the relatively good portal hepatography 
documented by angio C.T. Obstruction of the inferior vena cava also visualized. 

Fig. 57. Budd-Chiari syndrome due to complete thrombosis of the hepatic veins with a patent inferior vena cava in a 4-ycar-old 
child. 
C.T. scan (29-4-82) shows non-homogeneous pattern of the liver and ascitis. 
After intravenous injection of contrast medium a markedly heterogeneous hepatography is evidenced. 
A typical pattern of the Budd-Chiari syndrome was also demonstrated by arterio portography (23-4-82). 
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Fig. 58. Portal hypertension resulting from constrictive pericarditis (Pick's Syndrome) in a 17-year-old male referred for ascitis 

from unknown origin (13-10-81). 

- Coeliac arteriography shows the typical pattern of Budd-Chiari syndrome. i.e. an enlarged liver with thinned and stretched 

intrahepatic arterial branches which are regularly spread apart from each other. 

- However, a greater splenomegaly (l9cm) without the usual 'low flow rate pattern' of the spleen signifies the less severe portal 

hypertension. 



59a 

59b 

Fig. 59. Atropho-hypertrophic cirrhosis from unknown origin 

in a 24-year-old male originating from North Africa. Patient 

referred for variceal hemorrhage (7-7-77). 
59a: Markedly enlarged spleen (20 em) with two small intra

splenic aneurysms (D) associated with an atrophy of the right 

lobe of the liver. 

The intrahepatic arterial branches have a normal caliber. 

59b: Good opacification of the portal vein and its intra-hepa

tic branches which signifies a relatively good hepatopetal flow 

whereas a faint visualization of the inferior mesenteric vein 

accounts for a very poor hepatofugal flow. 

Atrophy of the right lobe of the liver results in narrowing of the 

right portal branch ( t ) as compared to the dilated (-0) left one 

which indicates that the left liver lobe is hypertrophied. 
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60a 

60b 

Fig. 60. Cirrhosis probably of the post-hepatitis type in a 32-year-old male. 

- Patient referred for splenomegaly. variceal bleeding and jaundice (19-9-7R). 

- Two previous episodes of virus hepatitis at the age of 6 years and 30 years. 
- Corrected sinusoidal pressure: 37 em saline. 

60a: - Huge splenomegaly (2R em) with dilated and lengthened splenic artery suggesting a slowly progressive and long-standing 

portal hypertension. 

- Diffuse and moderate hepatomegaly without dilatation of the hepatic artery accounting for a minimal obstruction. 

60b: - Venous phase of S.M.A.: Normal or near normal opacification of the intrahepatic portal branches which signifies the good 

hepatopetal portal flow. whereas only a faint opacification of the inferior mesenteric vein is seen. 
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61a 

61h 

Fig. 61. For legend see next page. 
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61c 

Fig. 6/. Post-hepatitis cirrhosis (or liver fibrosis) in a 3R-year
old male. 
- Patient referred for splenomegaly. known since 1961. mild 
jaundice and asthenia (6-10-75) 
- Two previous episodes of virus hepatitis in 195R and 1962. 

6/a: - Huge splenomegaly (2R em) with dilated and length
ened splenic artery. 
- Normal patte rn of the liver and normal sized hepatic artery. 

6Jh: - Dense and homogeneous splenography with dilated 
and faintly opacified splenic vein. 

6Je: Venous phase of S.M.A. : 
Normal portal vein resulting in dense portal hcpatography 
which signifies the normal or Ilear normal hepatopetal portal 
flow. No hepatofugal flow is visualized. 
- Splenectomy is performed (29-IO-7S). 
- portal pressure 22 cm saline lowered to IR cm saline after 

ligation of splenic artery. 
- fibrocongestive spleen weighing 1.400 g. 
- histological pattern suggesting a fibm-muscular dysplasia of 

splenic artery. 
- liver biopsy: periportal fibrosis. 
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62a 

Fig. 62. Cirrhosis from unknown origin in a 29-year-old female. 

Patient found to have splenomegaly with hypersplenism during pregnancy (7-12-73). 

62a: Huge splenomegaly (27 cm) with dilated and lengthened splenic artery and normal liver. 

62b 

62b: Dense and homogeneous splenography with very poor opacification of the splenic vein and faint visualization of dilated and 

tortuous short gastric veins indicating a splenic hlood stasis. 

- splenectomy performed in fins. Liver hiopsy: mild periportal fihrosis. 
- esophageal varices hleeding 4 years later. 



62c 

62c: Coeliac arteriography (9-10-79). 

Atrophy of the liver and minimal dilatation of the hepatic artery. 

62d 

62d: Venous phase of S. M.A.: relatively good opacification of slightly narrowed intrahepatic portal hranches with retrograde flow 

in the left gastric vein which signifies the moderately decreased portal inflow. Liver biopsy: cirrhosis. 
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63a 

Fig. 63. Presinusoldal intrahepatic obstruction revealed by splenomegaly with hypersplenism in a 62-year-old female from Spain 
(10-5-84). 

63a: Very large spleen (23 cm) with widened and lengthened splenic arte ry and a small intrasplenic aneurysm (A): typical pattern 

for a long-standing and slowly progressive portal hypertension. 
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63b 

63b: Thin right hepatic artery with slightly tortuous small intrahepatic branches in the upper part of the right lobe suggesting 
segmental atrophy of the liver. The upward displacement of the right kidney also accounts for atrophy of the right lobe of the liver. 
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63c 

63c: Venous phase of S.M.A.: widened portal vein with moderately decreased portal inflow and minimal reflux in the inferior 

mesenteric vein ( l' ). 
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63d 

63d: Wedged hepatic venography (15-5-84): retrograde opacification of the intrahepatic portal veins demonstrating atrophy of 
the upper right lobe of the liver. The corrected sinusoIdal pressure is normal: 4 mm Hg. Liver biopsy was not conclusive. This 
angiographic pattern suggests idiopathic portal fibrosis. 



6. ARE THERE PORTAL HYPERTENSIONS WITHOUT OBSTRUCTION? 

Three essential factors can cause portal hyperten
sion: (a) an increase in circulatory resistances (b) 
inefficiency of the compensatory collateral circula
tion, and (c) an increase of the portal vein flow. 
The most frequent cause, of course, is the increase 
of the intrahepatic resistances, which leads to a 
decrease in the hepatopetal portal flow. 

An abnormal increase of the portal flow can only 
aggravate the portal hypertension due to a pre

existing obstruction. However, certain authors 
have hypothesized that an isolated increase of the 
portal flow without any increase of the circulatory 
resistance can sometimes be the only cause of por
tal hypertension. This has caused controversy in 
the field of portal hypertension because it is diffi
cult in practice on the one hand to measure the 
portal flow and on the other hand to verify the 
integrity of the liver; some minimal hepatic lesions 
can escape the percutaneous biopsy. 

This forward pressure portal hypertension has 
been discussed in two different circumstances, 

whether the increase in portal flow can be at
tributed to a very large splenomegaly or to the 
existence of an arteriovenous fistula. 

I. Portal hypertension of splenic origin 

The hypothesis that a very large splenomegaly with 
increased splenic venous flow can cause portal 
hypertension originates from the description of 
Banti's disease. It has subsequently been described 
in the European literature under the name of for
ward pressure portal hypertension (96) and more 
recently in the American literature under the name 
of hyperkinetic or active portal hypertension (97, 
98). 

At the beginning this concept came from the 
clinical observation of a portal hypertension associ
ated with a very large splenomegaly and an appar
ently normal liver. In fact the role of the spleen in 
this portal hypertension has never been demon-

strated because in most cases neither the perfect 
integrity of the liver nor the increase of the 
hepatopetal portal flow had been clearly proven. 

In most ofthe reported cases, in fact, the hepatic 
biopsy usually demonstrates periportal fibrotic le
sions. In certain cases where the liver is described 
as normal it is possible that discrete lesions have 
escaped the needle biopsy, as has been stressed by 
certain authors. 

In our experience we have frequently observed a 
discrepancy between the histological and angio
graphic patterns of the liver. The hepatic biopsy 
shows a normal or almost normal pattern of the 
parenchyma while the arterioportography demon
strates a serious atrophic or atropho-hypertrophic 
transformation. This tends to confirm that the nee
dle biopsy does not always demonstrate these 
hepatic lesions, especially when they are chronic, 
long-lasting and stationary lesions. 

Finally the fact that splenectomy does not inhibit 
the slow aggravation of these lesions and the evolu

tion toward hepatic insufficiency, tends to prove 
that in these patients there exists hepatic lesions 
(Figs. 17, 62). These are probably unknown at the 
beginning because they are discrete and progress 
very slowly. 

The existence of arteriovenous shunts in these 
very large splenomegalies has never been demon
strated. These hypothetical shunts would have 
caused an increase of the splenic venous flow. Even 
if we can demonstrate an increase of the splenic 
venous flow, the origin of the splenomegaly re
mains completely unknown. However, in practice, 
a very large splenomegaly essentially results from a 
minimal and slowly progressive obstruction to 
hepatopetal portal flow, whatever its cause. This 
explains why these cases of portal hypertension 
with very large splenomegaly do correspond to an 
increase of the intrahepatic circulatory resistances 
and fall into the classification of idiopathic non
cirrhotic portal hypertension. 

Via monte has demonstrated, however, that it is 
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possible that an increase of the splenic venous flow 
associated with a very large splenomegaly can play 
a certain role in the origin of the portal hyperten
sion (97). In fact, even if the splenomegaly is pri
marily the consequence of an obstruction to hepa
topetal portal flow, the increase of the splenic size 
is not uniquely the result of a passive dilation of the 
intra-splenic vascular spaces due to stasis. The hy
perplasia of splenic parenchyma can also be ac
companied by an increase of the blood flow, as is 
suggested by the simultaneous dilation of the 
splenic artery and vein. 

It is not surprising that a moderate venous stasis 
promotes this splenic hyperplasia. There are other 
examples in the human body where a venous stasis 
facilitates the increase and hypertrophy of the cor
responding territory. In particular the Klippel-Tre
naunay syndrome is an example of a case where the 
hypertrophy of a limb seems to be the consequence 
of the agenesis of the corresponding deep venous 
trunks. 

Even if the increase in the size of the spleen is 
accompanied by an increase in the circulating 
blood volume, it is possible that the splenic venous 
flow remains normal if the circulation is decreased 
because of stasis. It is equally possible that an 
increase of the splenic venous flow is associated 
with a decrease of the mesenteric venous flow so 
that the hepatopetal portal flow remains un
changed. During these portal hypertensions with a 
very large splenomegaly we have never observed 
any angiographic pattern which could evoke an 
increase in the mesenteric or splenic venous flow. 
Certainly the poor quality of the venous phase of 
splenic arteriography can be explained by the dilu
tion of the contrast medium in the spleen. How
ever, the venous phase of the superior mesenteric 
arteriography always demonstrates poor opacifica
tion of the intrahepatic portal branches and an 
absence of portal hepatograph y which is in relation 
to a decrease of the hepatopetal portal flow. 

However, Viamonte has demonstrated that if 
the suppression of the splenic blood input leads to a 
clear decrease of the portal pressure, then the in
crease in splenic venous flow may be responsible, 
at least in part, for the portal hypertension. In fact, 
in one case the wedged hepatic pressure. which was 
between 32 and 37 mm of mercury. decreased to 13 
to 15 mm of mercury after occlusion of the splenic 

artery by a balloon catheter. This result seems to 
prove that an increase of the splenic blood flow is 
capable of strongly aggravating a minimal portal 
hypertension due to a discrete increase of intra
hepatic resistance. 

Therefore, it is possible that these minimal hepa
tic lesions e.g., a discrete periportal fibrosis, lead to 
a moderate increase of the portal pressure. which is 
capable of compensating for the increase of intra
hepatic resistance so that the hepatopetal portal 
flow remains practically normal (15). 

If these lesions progress slowly or not at all, they 
will be clinically latent for a long time and can be 
revealed late by a very large splenomegaly. At this 
stage, it is certainly possible that the increase of the 
circulating splenic volume leads to an increase of 
the splenic venous flow even if the circulatory 
speed remains normal. This could explain the 
so-called hyperkinetic portal hypertension. 

II. Portal hypertension and arteriovenous fistulas 

A certain number of portal arteriovenous fistulas 
have been reported as the origin of portal hyper
tension in patients whose liver was apparently nor
mal. These fistulas are usually congenital or more 
often of traumatic origin. They are located at the 
level of the mesenteric, gastric, and splenic vessels, 
or even within the liver. In these cases the increase 
of portal flow is strongly suggested by the angio
graphic pattern as well as by the increase of the 
B. S. P. clearance, and sometimes proven by mea
suring the flow. 

However, the exact role of these arterioportal 
fistulas as the cause of a portal hypertension re
mains debatable because the liver is not always 
strictly normal histologically. After correction of 
the fistula, the portal pressure decreases but does 
not always return to normal (99). Finally, a certain 
number of these arterioportal fistulas are unaccom
panied by portal hypertension even though the 
portal flow is clearly increased (100) (Fig. 21). 

Maillard et aI., in reviewing 53 arterioportal 
fistulas reported in the literature, have noted that 
23 cases are accompanied by a portal hypertension 
but that it is usually in relation with associated 
lesions. Four of these cases of portal hypertension 
seem to be solely due to the fistula (100). More 



recently, Puglionizi et aI., reviewing 179 cases in 
the literature, have noted the association to portal 
hypertension in 50% of the cases (101). The portal 
hypertension existed in 82.9% of the splenic ar
teriovenous fistulas, in 54,5% of the fistulas involv
ing the hepatic artery, and in 29.4% of the mesen
teric fistulas. 

These authors add that normally the portal flow 
uses only a part of the intrahepatic venous bed so 
that the portal flow can increase significantly (be
tween two and three times) without modification of 
the portal pressure. Therefore, theoretically a for
ward pressure portal hypertension can only be the 
consequence of a very large increase in the hepato
petal portal flow. 

In our experience of more than 1000 cases of 
portal hypertension explored by arteriography, we 
have observed only three cases of arterioportal 
fistulas. In one case, multiple and very large con
genital mesenteric arteriovenous fistulas in a 
30-year-old male were unaccompanied by portal 
hypertension despite the clear increase of cardiac 
output. In the other two cases the intra-hepatic 
arterioportal fistulas were associated with cirrhosis 
(Chapter VIII). 

It has been suggested that in the long term the 
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arterialization of portal flow can lead to periportal 
and perisinusoidal sclerotic lesions, which could in 
fact explain the portal hypertension (102, 103, 104). 
Some authors have noted that these lesions were 
primarily visible on electron microscopy (105) but 
these experimental results seem inconsistent. 

The existence of portal hypertension by isolated 
increase of portal flow without any associated 
obstruction still remains controversial. If such ob
servations exist, they seem to be quite rare and the 
association to an increase of portal flow of a dis
crete increase of the intrahepatic resistances some
times secondary to the arterialization of the portal 
blood cannot be strictly eliminated. 

However, the increase of the hepatopetal portal 
flow does aggravate a moderate portal hyperten
sion and in fact reveal these minimal intrahepatic 
lesions. These lesions would have been too mini
mal to lead to a significant reduction of the portal 
flow and would have remained clinically latent or 
else revealed only quite late by a very large spleno
megaly. This is probably the case of most of the 
portal arteriovenous fistulas as well as certain cases 
of portal hypertension with very large spleno
megaly reported under the name of hyperkinetic 
portal hypertension. 



7. CONTRIBUTION OF ARTERIOPORTOGRAPHY TO THE TREATMENT OF PORTAL 

HYPERTENSION 

Surgical porto-caval anastomoses were for a long 
time the main therapeutic method of portal hyper
tension, allowing for a limitation in the risk of 
bleeding from esophageal varices. 

Angiographic studies are, of course, necessary 
preoperatively to evaluate the possibility for the 
planned surgical shunt to be performed and post
operatively to check the shunt patency. Several 
angiographic methods may be tried but arteriogra
phy is particularly useful since it permits the eval
uation of the morphological pattern of the shunt 
together with the resulting blood flow changes. 

Three different problems will be discussed: 
- The checking of surgical porto-caval ana

stomosis by arterioportography; 
- The role of the preoperative hemodynamical dis

turbances in the choice of the therapeutic 
method; 

- The possibilities of interventional radiology. 

I. Checking of surgical porto-caval anastomosis by 
arterioportography 

Direct opacification of the portal system or selec
tive shunt catheterisation through the inferior vena 
cava may be more reliable methods than arterio
portography to check the patency of a surgical 
porto-caval shunt. This is undoubtedly true from a 
morphological point of view since opacification of a 
porto-caval anastomosis either spontaneous or sur
gical, through arterioportography depends on its 
blood flow rate. Thus a patent surgical porto-caval 
anastomosis may not be visualized by arteriopor
tography when narrowed enough for the blood 
flow rate through it to be markedly reduced. 
Therefore arteriography permits a better apprecia
tion of the hemodynamical efficiency of the shunt, 
which is obviously the most important point, to
gether with the induced changes in the hepatic and 
splenic blood flow (111). 

Two different groups of surgical shunts may be 

performed: standard shunts, their main drawback 
being that they result in a markedly reduced hepa
topetal flow; selective shunts, such as Warren's 
distal spleno-renal anastomosis, whose aim is to 
drain esophageal varices while preserving the por
tal inflow to the liver. 

1. Standard shunts 

After a standard porto-caval shunt (side-to-side or 
end-to side porto-caval anastomosis, proximal 
spleno-renal anastomosis or meso-caval shunt) the 
shunt patency is well demonstrated by evidencing 
opacification of the shunt together with inferior 
vena cava wheras the hepatofugal flow towards 
esophageal varices is no longer visualized (Figs. 
64-69). Conversely, the lack of visualization of the 
shunt and inferior vena cava while opacification of 
the esophageal varices persists, proves that the 
shunt is not functioning either because it is oc
cluded or markedly narrowed. 

The shunt flow rate may be evaluated through 
arterioportography depending on its width and the 
degree of opacification of the inferior vena cava as 
compared to the portal vein opacification. The 
blood flow rate through the shunt is all the higher 
as the veins flowing toward it are more dilated and 
more densely opacified and the hepatopetal portal 
flow more reduced. 

- Following a side-to-side porto-caval ana
stomosis interruption of the hepatopetal portal 
flow has been widely evidenced either by hepatic 
venography or arterioportography (112). It is asso
ciated with a widened hepatic artery and an atro
phic liver. In fact, not only is the portal flow inter
rupted but it is reversed as the portal vein becomes 
a completely hepatofugal channel flowing towards 
the porto-caval shunt. Complete reversal of the 
intrahepatic portal flow is known to be a common 
finding following side-to-side porto-caval ana
stomosis. 
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Although the hepatic arterial flow rate is appar
ently all the more increased as the hepatofugal 
portal flow is higher, this reversed intrahepatic 
portal flow probably results in a decreased blood 
supply to the liver parenchyma, which might be 
responsible for the atrophy of the liver as well as 
the cases of post-operative hepatic failure which 
have been reported. 

- Proximal spleno-renal anastomosis theore
tically results in the same hemodynamical man
ifestations. However, due to its usually narrower 
diameter and its lower flow rate, it should be re
sponsible for a lesser and more progressive reduc
ing of the hepatopetal portal flow (Fig. 64). 

In some cases, where successive arterioporto
graphic checking may be performed, the portal 
inflow may be seen to decrease progressively, then 
to reverse a few months or years later whereas the 
increasing splenic vein diameter seems to accom
modate to a progressive increase of the shunt flow 
rate (Fig. 65). Therefore, the proximal splenorenal 
anastomosis is perhaps less hazardous for the liver 
cell function since it probably allows for a better 
and more progressive adaptation of the liver blood 
flow to the new hemodynamical conditions. 

- Meso-caval interposition shunt was proposed 
by Drapanas who anticipated that only the mesen
teric venous blood would be diverted through the 
anastomosis whereas the splenic blood would con
tinue to flow towards the liver (113, 114). It is, 
however, well demonstrated nowadays that such 
an anastomosis does not cause less hepatofugal 
portal outflow than a standard shunt (115, 116, 117). 

Among 14 patent surgical mesocaval shunts 
checked by arterioportography the hepatopetal 
portal flow was found to be completely interrupted 
in 10 whereas the mesenteric and the splenic venous 
blood flowed through the shunt and then the in
ferior vena cava (Fig. 66). In one of these patients 
whose preoperative splenic blood flow rate was 
shown to be markedly slowed, the post-operative 
checking evidenced that the splenic circulation pat
tern returned to normal since the mesocaval shunt 
opened a new outflow tract for the splenic blood 
(Fig. 7). 

In addition, 3 out of these 10 patients had a 
reversed intrahepatic portal flow demonstrated by 
retrograde opacification of the portal vein through 
a selective hepatic arteriography, which means that 

the arterial flow to the liver itself was partly diver
ted through the shunt together with the mesenteric 
and splenic venous blood (Fig. 67). In the four 
other cases, the portal vein was faintly opacified on 
the venous phase of splenic arteriography whereas 
the intrahepatic portal branches were not or nearly 
not visualized, which corresponds to a very poor or 
probably nearly interrupted portal flow. There
fore, the meso-caval interposition shunt seems to 
behave as a well-functioning side-to side porto
caval shunt, permitting the mesenteric and splenic 
blood and sometimes the hepatofugal portal flow 
as well to drain towards the inferior vena cava. 

According to some authors it could induce a 
lesser risk of hepatic failure than a truncular ana
stomosis. However, two-thirds of the patients op
erated on experienced more or less severe signs of 
encephalopathy (117). 

Owing to its relatively high hepatofugal flow 
rate, the effectiveness of the surgical mesocaval 
shunt on preventing variceal hemorrhage is un
questionable. Therefore it could be postulated that 
a post-operative recurrent bleeding from eso
phageal varices results from occlusion of the shunt. 
Although this is probably true in most cases it is 
interesting to notice that a left-sided segmental 
portal hypertension has been encountered follow
ing meso-caval interposition shunt allowing for 
esophageal varices to be fed again from the splenic 
blood flow in spite of a perfectly patent shunt. In 
two patients who rebled shortly after a surgical 
meso-caval shunt, Witte et al. (118) by using an
giography and pressure recording in the superior 
mesenteric vein and the splenic vein demonstrated 
effective decompression of the greater splanchnic 
venous system but continued gastro-splenic venous 
hypertension responsible for persistent esophageal 
varices. As a result of this, splenectomy permitted 
control of bleeding in both cases. 

It is then demonstrated once more that contrary 
to what could be anticipated, hemodynamical 
changes resulting from an intrahepatic obstruction 
are not necessarily identical in the splenic vein as in 
the mesenterico-portal axis. On the contrary as 
already stated, the splenic venous flow rate is usu
ally much more reduced than the superior mesen
teric one when the total portal outflow is reduced. 

In case of left-sided segmental portal hyperten
sion, the mesocaval shunt flow rate is not high 



enough to drain the whole portal outflow so that 
the mesenterico-portal blood only is diverted 
through the shunt. This results in a functional 
obstruction of the splenic vein responsible for a 
persistent splenic hypertension, forcing the splenic 
blood to flow away through short gastric veins and 
esophageal varices. 

In three patients who had recurrent bleeding 
several months following a meso-caval interposi
tion shunt, a left-sided segmental portal hyperten
sion was clearly demonstrated by arterioportogra
phy (Fig. 68). Under these circumstances, the 
venous phase of superior mesenteric arteriography 
demonstrates the shunt to be normally patent 
whereas on coeliac arteriography the spleen pat
tern corresponds to a severe portal hypertension 
with a slowed splenic arterial flow. The spleno
megaly remains moderate or minimal whereas its 
size usually progressively increases following sur
gery since the portal pressure is usually markedly 
lowered but not reduced to normal value by the 
porto-caval anastomosis. The arterial branches 
within the spleen are thin, the splenography is de
layed and prolonged and the splenic vein is faintly 
visualized. The gastro-esophageal varices arising 
from the splenic hilum through short gastric veins 
are more or less faintly opacified since they usually 
have a low hepatofugal flow rate ( Fig. 68) but this 
angiographic spleen pattern corresponding to a se
vere portal hypertension is quite unusual in a pa
tient with a patent surgical meso-caval shunt and 
may be considered as typical for a left-sided seg
mental portal hypertension. 

This gastro-splenic portal hypertension may ex
ist immediately following surgery as in the cases 
reported by Witte. It is also likely to occur pro
gressively as the result of the increasing intrahepa
tic resistances together with the hepatofugal portal 
flow rate. As a matter of fact, as soon as both 
superior mesenteric and portal hepatofugal flow 
rates are equal to the maximal shunt flow rate, a 
functional obstruction of the splenic vein occurs, 
giving rise to left-sided segmental hypertension. 

Although probably very rare this segmental gas
tro-splenic hypertension deserves to be recognized 
so as to explain the possibility of recurrent bleeding 
despite a patent porto-caval shunt and the need for 
splenectomy as a therapeutic procedure. 
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2. Selective decompression shunts 

The distal spleno-renal shunt described by Warren 
et al. (119) aims to decompress the esophago-gas
tro-splenic sector of the portal bed by permitting 
the varices to drain through short gastric veins and 
splenic vein towards the left renal vein while pre
serving the hepatopetal portal flow through the 
mesenterico-portal axis. Indeed the interruption of 
the portal flow to the liver is considered as the main 
cause of post -operative encephalopathy. As a mat
ter of fact, the Warren anastomosis has proved to 
be as efficient as the standard anastomosis to pre
vent further bleeding from the esophageal varices 
without inducing such a high risk of liver insuffi
ciency or neuropsychiatric disorders (119, 120). 
This is why this selective shunt is actually prefered 
by most authors. 

The shunt patency is easily checked by the ven
ous phase of splenic arteriography evidencing a 
good opacification ofthe left renal vein and inferior 
vena cava through the shunt since the splenic vein 
ends laterally into the left renal vein (Fig. 69). On 
the other hand, there is theoretically no modifica
tion of the mesenterico-portal axis as compared to 
the preoperative status. 

Several works have shown that the distal spleno
renal shunt resulted in most cases in a progressively 
decreased hepatopetal portal flow (120, 121, 122, 
123). According to Maillard, mean total hepatic 
blood flow was found at only 63% of preshunt 
level, 2 to 5 weeks after surgery, and collateral flow 
to the esophago-gastro-splenic sector had recurred 
in 17 of 18 patients (120). Other authors noticed that 
the portal vein flow was found to be hepatofugal in 
6 of 16 patients checked by arterioportography 
(121). 

It is then demonstrated that in most cases, new 
hepatofugal collateral pathways develop allowing 
for the portal blood to drain through gastric veins 
towards the spleno-renal anastomosis. These col
lateral veins uniting the left gastric vein to the left 
renal vein through short gastric veins are clearly 
documented on the venous phase of superior mes
enteric arteriography several months or years fol
lowing surgery (116, 122, 123). 

Therefore, the Warren shunt appears to result in 
the long run in the same hemodynamical changes as 
the standard porto-caval anastomosis. However 
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the increased hepatofugal flow rate, as well as the 
decreased hepatopetal portal flow occur more pro
gressively, accounting probably for a better adap
tation of the liver blood supply. It is probably the 
reason why the incidence of encephalopathy re
mains low in all the series reported. 

In fact, the Warren procedure aims to disconnect 
the high pressure mesenterico-portal axis, from a 
left-sided gastro-splenic axis where the pressure 
returns to normal following surgery. Because of 
the high pressure gradient between both venous 
systems, it is then normal for a collateral circulation 
to develop more or less quickly, even though the 
left gastric vein has been surgically ligated. 

As a matter offact, it was demonstrated by using 
hepatic venography that following an end-to-side 
porto-caval anastomosis, a hepatofugal collateral 
flow might occur from the hepatic end of the portal 
vein towards the superior mesenteric vein through 
the cystic and pancreatico-duodenal veins, permit
ting the intrahepatic portal blood to join the porto
caval anastomosis. (55,56). 

Since such hepatofugal collateral pathways may 
spontaneously develop following an end-to-side 
porto-caval anastomosis while the hepatic end of 
the portal vein is occluded. it is, of course, much 
more likely to occur when the portal vein is patent 
as is the case after a Warren procedure. 

II. Treatment of portal hypertension according to 
hemodynamical changes 

Two different groups of therapeutic methods may 
be used for the treatment or prevention of eso
phageal varices hemorrhage: 
- lowering of portal hypertension by performing a 

surgical porto-caval shunt, or 
- occluding venous collateral circulation feeding 

the varices by using endoscopic sclerosis, trans
hepatic embolization or various surgical pro
cedures of devascularization. 
Surgical porto-caval anastomoses have becn 

widely used thus far and have proved to be effi
cient. The porto-caval shunt's efficacy to prevent 
recurrent bleeding is also well demonstrated in 
some cases of cirrhosis associated with a high flow 
rate spontaneous porto-caval anastomosis running 
through anatomical pathways other than gastro
esophageal veins. 

The patients are prevented from bleeding at least 
for a long time and portal hypertension may remain 
inconspicuous despite a severe obstruction and a 
completely interrupted portal inflow. Owing to 
this, hepatic failure and encephalopathy appear to 
be the first signs of the disease at a late stage of 
atrophic cirrhosis. Unfortunately this result on 
variceal bleeding is obtained at the cost of dimin
ished liver perfusion and an increased incidence of 
death due to liver insufficiency. 

The vascularization of the cirrhotic liver par
enchyma seems to depend greatly on the variations 
of the portal pressure and it is likely that a relatively 
high portal pressure is needed for a correct blood 
supply to the liver cells to be maintained. It may be 
then anticipated that any surgical procedure should 
induce as minimal changes as possible in the hemo
dynamics of the liver blood flow. Therefore, it is 
probably worth documenting as precisely as possi
ble the preoperative hemodynamical abnormalities 
and particularly the portal flow rate and direction 
(124, 125, 126, 127). 

1. Portal hypertension with moderately decreased 
portal inflow 

In the cases where hepatic artery diameter is nor
mal or near normal and the intrahepatic portal 
branches remain well opacified on the venous 
phase of S.M.A, an end-to-side porto-caval ana
stomosis which would result in immediate interrup
tion of the portal flow to the liver is probably 
hazardous and should be avoided. Other standard 
porto-caval shunts are likely to have the same 
drawbacks although the portal inflow probably de
creases more progressively following these surgical 
procedures. The Warren distal spleno-renal shunt 
seems then to be the most suitable procedure as 
generally agreed, since it preserves the hepatopetal 
portal flow, at least for a time. 

2. Portal hypertension with markedly reduced por
tal inflow 

The venous phase of S.M.A. shows a decreased 
opacification of the intrahepatic portal branches 
associated with a predominant hepatofugal flow 



whereas hepatic artery diameter and arterial hepa
tography are greatly increased. Since the portal 
inflow is so much reduced that the liver paren
chyma blood supply comes essentially from the 
hepatic artery one may wonder if the end-to-side 
porto-caval anastomosis is not a suitable procedure 
to be proposed. 

Although the intrahepatic portal pressure may 
be somewhat reduced immediately following sur
gery, it is likely for the whole intrahepatic venous 
bed to be quickly filled from the arterial route 
through the arteria-portal shuntings. which are 
known to develop in cirrhotic liver. In certain 
cases, porto-splanchnic hepatofugal collateral 
pathways are seen to develop in the hepatic pedicle 
permitting some of the arterial blood supply of the 
liver to flow away through the porto-caval shunt 
(55,56). It is then proved that owing to increased 
arterial flow rate, a high portal pressure persists 
within the liver following an end-to-side porto
caval anastomosis. 

Such a hemodynamical situation closely likens 
the one resulting from a Warren shunt. when col
lateral pathways progressively develop allowing 
for the portal blood to drain towards the distal 
spleno-renal anastomosis through short gastric 
veins. However, the hepatofugal portal flow rate 
through this collateral network is probably lower 
following an end-to-side porto-caval shunt than 
after the Warren procedure since the portal vein is 
interrupted in the first case whereas it remains 
patent in the second. 

For the lost portal inflow resulting from the end
to-side portocaval anastomosis to be compensated. 
an arterialization of the intrahepatic portal vein 
was proposed to be associated with the shunt pro
cedure (128, 129). However, when an increased 
hepatic arterial flow compensates for a markedly 
reduced portal inflow as commonly seen in cir
rhosis the usefulness of such a surgical arterializa
tion of the portal vein appears to be questionable. 
In addition, by using arteriography to check the 
patency of this surgical arterio-portal shunt. Ham
mers reported the intrahepatic portal branches to 
have narrowed and a hepatofugal porto-splanchnic 
collateral circulation to have developed in most 
cases (128). Owing to these findings, it may be 
assumed that arterialization of the portal vein re
sulting in an improvement of the portal perfusion 
of the liver seems unlikely. 
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In the case of very poor hepatopetal portal flow 
the end-to-side portocaval anastomosis should per
haps be preferred to the other standard shunts 
through which a hepatofugal portal flow is more 
likely to occur because the portal vein patency is 
preserved. Under these circumstances a marked 
widening of the hepatic artery is seen to occur but 
one may wonder whether the arterial flow in
creases sufficiently for the hepatofugal portal flow 
through the surgical shunt to be compensated. It is 
then possible in some cases for a side-to-side porto
caval anastomosis to result in a 'steal syndrome' 
provided the intrahepatic arterioportal communi
cations are developed enough to allow for a high 
hepatofugal portal flow rate. 

3. Portal hypertension with hepatofugal portal flow 

Once the intrahepatic portal flow is reversed, the 
portal vein turning out to be the main outflow tract 
of the liver, the risk for a surgical shunt to result in 
an impairment of the blood supply of the liver 
parenchyma is probably higher. As a matter of fact, 
either a side-to-side porto-caval anastomosis or a 
meso-caval or proximal spleno-renal shunt should 
result in an increased hepatofugal flow rate. 

An end-to-side porto-caval anastomosis is prob
ably less hazardous in case of low hepatofugal flow 
rate. However, when the hepatofugal flow rate is 
high, the surgical interruption of the portal vein 
may probably induce a quick rise of the intrahepa
tic portal pressure resulting in a decreased hepatic 
arterial flow and sometimes in hepatic ischemia. In 
fact. most of the cases associated with a completely 
hepatofugal portal flow correspond to a late stage 
of the disease associated with a pronounced liver 
insufficiency as evaluated by Child's classification. 
For this reason many of these patients are con
sidered poor candidates for shunt surgery. 

Since the liver blood flow disturbances essen
tially depend on the anatomical lesions involving 
the liver it may be thought that in cirrhosis the more 
damaged the liver parenchyma, the more severe 
the hepatic failure and the more reduced the hepa
topetal portal flow. This is probably why most 
patients considered as good candidates for surgery 
according to Child's classification belong to the 
group where the Warren procedure seems to be the 
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most suitable since they have a persistent hepato
petal portal flow. 

The relationship between the portal flow direc
tion and the Child's classification was studied in a 
group of 234 cirrhotic patients treated by per
cutaneous trans hepatic embolization of esophageal 
varices. A statistically significant correlation (X2 = 
22.7) was found to exist between either the per
sistent hepatopetal portal flow and Child's class A 
and B, or the reversed flow in the portal vein and 
Child's class C13, 14, 15. Conversely, there was no 
statistically significant correlation between the por
tal flow direction and Child's class ClO, 11, 12 (130). 

It is then demonstrated that in cirrhosis a com
pletely hepatofugal portal flow signifies a severe 
hepatic failure. 

In any case the chances of survival of a patient 
with a portocaval shunt depends not only on the 
hemodynamical changes but on the degree of hepa
tic insufficiency as well. 

According to some authors, angiographic eval
uation of the portal flow rate and direction has not 
proved as valuable as clinical signs and liver func
tion tests in predicting the optimal shunt procedure 
and the chance of complications following surgery 
(98,126). As a matter offact, important circulatory 
changes such as either a completely interrupted 
portal flow or a reversed one may sometimes be 
well tolerated by the liver provided the patholog
ical process results in little involvement of the liver 
cells. 

In two patients with idiopathic portal fibrosis an 
interrupted or reversed portal flow was seen to be 
associated with few liver function tests abnor
malities and a long survival (Fig. 44). In cirrhosis, 
however, it always seems possible for a quick 
change in the hemodynamics of the liver blood flow 
to result in a worsened liver cell insufficiency. The 
results of shunt surgery are therefore often con
sidered as discouraging and devascularization pro
cedures are gaining ground (131, 132, 133). 

Various surgical procedures aiming to suppress 
the blood flow through the varices have been advo
cated - esophageal transection, gastro-esophageal 
resection, Sugira procedure, resection-anasto
mosis of the supracardial esophagus associated 
with left gastric vein and splenic artery ligation. By 
using this procedure a 55% five-year survival was 
reported, post-operative deaths excluded (133, 

134). Finally, splenectomy might be advocated 
when a high splenic blood flow rate is supposed to 
playa role in portal hypertension. 

It might be the case when a pronounced spleno
megaly associated with either a post-hepatitis cir
rhosis or a portal fibrosis raises the discussion 
about a 'hyperkinetic' portal hypertension. In fact, 
gastro-esophageal varices are sometimes seen to 
opacify only on the venous phase of coeliac ar
teriography whereas they are not visualized 
through the venous phase of S.M.A. which sug
gests they are fed mainly from the splenic venous 
outflow (Figs 70 & 71). 

The left-sided segmental portal hypertension fol
lowing a meso-caval interposition shunt is another 
condition when the need for splenectomy is advo
cated. However splenectomy is rarely resorted to 
in portal hypertension. In addition, according to 
some authors it could induce a risk of portal vein 
thrombosis (127). 

III. Interventional radiology and portal hyperten
sion 

Owing to the liver failure, many cirrhotic patients 
are poor candidates for surgery. It is particularly 
true in actively bleeding patients and Child's class 
C patients in whom surgical treatment is often 
considered as contra-indicated because of a high 
post-operative mortality rate. For this reason, vari
ous non-surgical therapeutic procedures have been 
developed, the aim of which being either to sup
press the flow through esophageal varices or to 
reduce the splenic blood flow or even to lower the 
portal pressure. 

1. Transhepatic obliteration of esophageal varices 

Described by Lunderquist in 1974 (35), this method 
seemed at first promising, then appeared to result 
only in a temporary occlusion of the varices in most 
cases. In addition, it was reported as technically 
difficult to perform and carrying a significant com
plication rate so that dissatisfaction with this pro
cedure seems now widespread. 

According to a recent report, transhepatic em
bolization of esophageal varices permits neither 



the immediate or long-term mortality rate nor the 
recurrent bleeding rate to be reduced (136). In fact, 
results relying on too few cases are likely to explain 
such a pessimistic opinion since the results of this 
procedure depend greatly on the degree of the 
hepatic failure as is the case for every therapeutic 
method in cirrhosis. Other authors reported this 
procedure to be relatively efficient in the manage
ment of esophageal varices bleeding (137, 138). 

After performing 370 transhepatic obliteration 
of esophageal varices in 326 patients for five years 
this method proved to be useful as a palliative 
treatment of variceal bleeding in cirrhotic patients 
(140). Due to increasing experience, technical 
failure rate and severe complications decreased by 
about 13% in 1980 to 2.5% in 1983. 

Among 169 actively bleeding patients, the bleed
ing stopped in 85% of the cases (93.5% in Child's 
class Band 80% in Child's class C patients) so that 
immediate result on the bleeding is not question
able. However, some patients die within the first 
ten days from recurrent bleeding or liver failure so 
that 80% of the patients only survive at that time, 
the mortality rate depending essentially on the de
gree of hepatic failure (6% in Child's class B, 28% 
in Child's class C10-11-12, 48'/,0 in Child's class 
C13-14-15) (Figs. 32,70-71). 

Results on recurrent bleeding may appear dis
couraging as 56% of the patients rebleed within the 
first 6 months following embolization, with great 
variations according to the stage of the cirrhosis: 
46.5% in Child's class B, 63% in Child's class CIO-
11-12, 86% in Child's class Cl3-14-15 patients). 
However, in about half the cases, recurrent bleed
ing is benign, responding well to medical care, so 
that 68% of the patients are alive at 6 months and 
52.5% after one year (88% and 72% in Child's 
class B, 53% and 40% in Child's class C10-11-12, 
50% and 32% in Child's class C13-14-15). 

Transhepatic embolisation of esophageal varices 
may therefore be a relatively simple and safe pro
cedure provided its technical difficulties are over
come by increasing experience. Its immediate effi
ciency on bleeding is unquestionable. The recur
rent bleeding rate depends greatly on the stage of 
the disease and the degree of hepatic failure (140). 

Unlike many other therapeutic procedures, 
transhepatic embolization of esophageal varices 
can be performed in every actively bleeding pa-
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tient. It permits the amount of blood transfusion to 
be reduced and the worsening of hepatic insuffi
ciency commonly resulting from bleeding to be 
checked. In patients considered good candidates 
for surgery, interruption of the hemorrhage allows 
for the patient to be operated on under better 
conditions. In inoperable cases embolization ap
pears as an emergency procedure allowing for im
mediate and sometimes long-term survival, al
though rebleeding from recurrent varices does 
occur within a variable and often unpredictable 
period of time. For these reasons, transhepatic 
embolization remains according to some authors 
and in our opinion, a valuable tool for the treat
ment of esophageal varices bleeding. 

2. Splenic artery embolization 

Splenic artery embolization which results in non
surgical splenectomy may be theoretically useful 
either to alleviate symptoms of hypersplenism or to 
control bleeding from esophageal varices by reduc
ing the portal flow rate. According to some au
thors, splenic flow does contribute approximately 
20 to 40% of portal flow. Removal of this inflow 
might reduce portal pressure (141, 142). In fact, 
surgical splenectomy as well as ligation or embol
ization of the splenic artery have been reported to 
control bleeding in certain patients with cirrhosis 
(143,144,145,149). 

However, in early reported cases splenic artery 
embolization appeared to induce a high risk of 
splenic abscess (150). The technique of partial 
splenic embolization was therefore advocated. 
Using sequential splenic embolization some au
thors reported minor complications in comparison 
to those undergoing complete embolization of the 
spleen (146, 147). 

An occlusion similar to a surgical ligation was 
reported to be obtained by using Bucrylat, owing 
to its rapid polymerization and solidification (148). 
However, the same result seems easier to achieve 
by placing a stainless steel coil in the splenic artery. 
As a result of this, peripheral arterial branches in 
the spleen remain patent and function as channels 
for collateral circulation from gastric arteries. This 
collateral flow may be sufficient to reduce the pos
sibility of an ischemic condition great enough to 
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precipitate anaerobic bacterial abscess formation. 
Splenic artery embolization allowed Goldmann 

et al. to control variceal bleeding immediately in 
four cases of splenic vein thrombosis and eight 
cases with generalized portal hypertension. How
ever, wedged hepatic pressure obtained in 12 pa
tients immediately before and after arterial occlu
sion showed no changes (148). 

In four out of seven cirrhotic patients who under
went splenic artery embolization with steel coils 
because of recurrent bleeding following transhepa
tic obliteration of esophageal varices, this pro
cedure proved to be useful (Fig. 70). In some cases, 
however, it was impossible to obtain a complete 
occlusion of the splenic artery by using emboliza
tion with stainless steel coils (Fig. 71). 

Three patients survived 18 to 21 months follow
ing embolization without recurrent bleeding. In the 
fourth patient frequency and severity of variceal 
hemorrhage was greatly reduced with an 18 month 
follow up. 

The procedure was not beneficial in three other 
patients. One of them died from hepatic failure and 
in the two others endoscopic sclerosis or surgery 
were performed because of recurrent bleeding. 

Splenic ischemia resulting from splenic artery 
embolization varies, depending on the spleen size 
as well as the development of the collateral circula
tion. It is likely that splenic ischemia will be all the 
more important as the spleen becomes more en
larged, as the collateral flow is relatively less effi
cient. 

Under these circumstances, embolization may 
induce a prolonged left flank pain and a transient 
renal insufficiency, but no infectious complication 
was encountered (Fig. 70). Therefore, splenic ar
tery embolization may probably be useful in the 
treatment of esophageal varices bleeding but only 
in the cases where varices development proves to 
result mainly from the splenic outflow. Indeed, this 
is a relatively rare hemodynamical condition as in 
portal hypertension, the splenomegaly results from 
portal blood stasis and the splenic blood flow rate 
all the less decreased as the portal hypertension is 
higher. 

Splenic artery embolization may be advocated 
when arterioportography demonstrates the splenic 
venous outflow feeding the varices, which corre
sponds to four main circumstances: 

l. Segmental splenic venous hypertension resulting 
from either splenic vein thrombosis or throm
bosis of a surgical distal spleno-renal shunt (148). 

2. Left-sided segmental portal hypertension fol
lowing a meso-caval interposition shunt (ll8). 

3. Hyperkinetic portal hypertension which usually 
corresponds to a minimal and long-standing in
trahepatic obstruction allowing for a pro
nounced enlargement of the spleen. It is then 
possible for an increased splenic venous outflow 
to determine a slight increase of the portal pres
sure. In fact, arterioportography may prove the 
mesentericoportal flow to be essentially hepato
petal on the venous phase of S.M.A. whereas 
varices are opacified only through the venous 
phase of splenic arteriography (Figs. 68, 70, 71). 

From these arteriographic findings it may be 
concluded that owing to the reduced intrahepa
tic venous bed, only the mesenteric blood is able 
to flow away through the liver while the splenic 
venous blood does find collateral hepatofugal 
ways through esophageal varices. 

This hemodynamical condition is exactly the 
same as the left-sided segmental portal hyper
tension described after a meso-caval interposi
tion shunt. 

4. Recurrent bleeding following transhepatic oblit
eration of esophageal varices when resulting 
from development of new varices through short 
gastric veins. Since these veins join the splenic 
vein close to the splenic hilum it is likely for the 
splenic venous outflow to contribute to feed 
these varices. Splenic artery embolization may 
then be performed as a complementary pro
cedure to the transhepatic embolization of the 
varices as was done in seven patients (Figs. 70 & 
71). 
Finally, the cases when splenic blood flows 

through esophageal varices at such a rate as to 
influence variceal bleeding seem relatively rare. 
However, when such a hemodynamical condition 
is suggested through arterioportography, splenic 
artery embolization may be performed, as it seems 
to be efficient in some cases, although there has 
been little experience with this method so far. 



3. Other non-surgical therapeutic methods 

Two other methods can be used for the manage
ment of variceal bleeding 1) Vaso-pressin infusion 
in the superior mesenteric artery, which by de
creasing the portal flow control the bleeding in 
70% of the cases according to some authors (152); 
and 2) Endoscopic sclerosis of esophageal varices 
(153, 154). 

More recently, formation of intrahepatic porto
systemic shunts using a balloon dilatation catheter 
was reported as a feasible procedure (155), but this 
method probably carries a significant venous 
thrombosis rate and its long-term efficacy is not yet 
proved. 
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Finally, many surgical or non-surgical therapeu
tic methods were advocated to control hemorrhage 
in portal hypertension. The choice of the most 
suitable one is contigent on three main factors: the 
primary disease, the degree of hepatic failure and 
the changes in the hemodynamics of the liver blood 
flow. 

Non-surgical procedures are useful either as a 
palliative procedure in patients considered to be 
poor surgical candidates or as a preoperative 
method in actively bleeding patients. It is some
times beneficial for these various procedures to be 
associated as they act through different mecha
nisms. 
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64a 

Fig. 64. Angiographic checking of a proximal splcno-rcnal anastomosis performed 5 years earlier (1973) for post-hepatitis cirrhosis 
in a 63-year-old female. 

64a: Coeliac arteriography (I6-S-7S) 

Atrophic liver with dilated hepatic artery and retrograde opacification of the portal vein seen 5 sec later which signifies the reversed 
intrahepatic portal flow. 



64b 

64b: Venous phase of S.M.A. 

Hepatofugal flow through the markedly widened splenic vein 

and the spleno-renal shunt towards inferior vena cava ( i ). 
- Portal vein nearly not visualized. 

65a 

Fig. 65. Proximal spleno-renal anastomosis performed in Jan

uary 1973 in a 58-year-old female with atrophic alcoholic cir

rhosis. 

65a: Angiographic checking 5 months following surgery (15-

6-73). 
Opacification of the inferior vena cave accounting for patency of 

the surgical shunt ( i ). 
The portal vein remains visihle hut hepatoportal flow is proha

bly very poor. 
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65b 

65b: Angiographic checking:; years later (2-12-78): 
- The portal vein is no longer visualized (hepatic arteriography 

showed the intrahepatic portal flow to he reversed). 

- Completely hepatofugal portal flow through the spleno-renal 

shunt with widening of the splenic vein as compared to the 

previous checking (0-). 

- The patient is still healthy II years following surgery. 
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66a 

Fig. 66. Meso-caval interposition shunt performed in May 

1976 in a 57-year-old female known to have alcoholic cirrhosis 

for 5 years. Corrected sinuso'idal pressure: clOcm saline. 

66a: Preoperative coeliac arteriography (l(r-cl-76) shows a 

good blood flow through a moderate splenomegalv (16 em) as 

the splenic and portal veins arc well opacified. accounting for a 

probably moderatc obstruction. 

66b 

66b: Post-operative angiographic checking 1112 years later 
O~-ll-77) (venous phase of coeliac arteriography). Hepatopetal 

flow is no longer present. 
The splenic vein drains retrogradely through the superior mes

enteric vein (6,) to join the meso-caval shunt (-0) and inferior 

vena cava (-'-). 
Owing to the probably high splenic outflow rate through the 

shunt, the splenomegaly decreased (13 cm). 

67a 

Fig. 67. Meso-caval interposition shunt performed in December 1976 in a 26-year-old male with post-hepatitis cirrhosis. 

67a: Preoperative coeliac arteriography (1-12-76). Pronounced splenomegaly (20 cm) associated with atrophic liver and very thin 
intrahepatic arterial branches. i.e. the common angiographic pattern of post-necrotic cirrhosis. 



67b: Post-operative angiographlc checking 3 months later 

(16-3-77). 
Patency of the shunt (6) is documented by the venous phase of 

superior mesenteric arteriography with a dense opacification of 

the inferior vena cava ("'). 

67b 

67c 

67c: Coeliac arteriography shows a marked dilatation of the 

hepatic artery to have occurred together with a massive arterio

portal shunting seen at the 4th sec. 

Complete reversal of the intrahepatic portal flow. Moderate 

decrease of the spleen size (17 cm). 
The patient is doing well 4 years following surgery. 
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68a 

Fig. 68. Left-sided segmental portal hypertension after a 

meso-caval interposition shunt performed in January 1976 for 
alcoholic cirrhosis in a 30-year-old male. 

68a: Preoperative arteriography (12-9-75). 

Minimal splenomegaly (15 cm) with thin intrasplcnic arterial 
branches and faint opacification of the splenic vein associated 

with hepatomegaly and markedly dilated hepatic artery. 

Angiographic pattern of a severe and rapidly progressive intra

hepatic obstruction. 

68b 

68b: Venous phase of S.M.A. shows a poor hepatopetal 

portal flow and massive retrograde filling of gastro-esophageal 
varices through a wide left gastric vein (12-9-75). 

68c 

68c: Angiographic checking for massive recurrent bleeding 

from esophageal varices 4 years later (January 1979). 
Venous phase of S.M.A. (26-1-79) demonstrates the meso

caval shunt to be patent with dense opacification of the graft 

( t ) as well as the inferior vena cava. 

68d 

68d: Coeliac arteriography (26-1-79) shows marked atrophy 

of the liver and increased widening of the hepatic artery. 

The low flow rate pattern of the spleen persists without any 

change as compared to the preoperative period (Fig. 68a) 

(spleen size: 15 cm and faint opacification of the splenic vein). 

However, gastric varices are shown to opacify, probably from 
short gastric-veins ( 6). 
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Fig. 69. Warren's distal spleno-renal shunt performed in April 

1978 in a 52-year-old cirrhotic patient. 

Angiographic checking 8 months later (20--12--7H). 

69a: Coeliac arteriography 

-- only minimal dilatation of the hepatic artery 

-- near normal-sized spleen (14.5 cm) while the pre-operative 

size was 16 cm 

-- the splenic vein drains towards left renal vein and inferior 

vena cava demonstrating the shunt to be normally patent. 

69b 

69b: Venous phase of S.M.A.: relatively good opacification 

of the narrowed intrahepatic portal branches which signifies the 

moderately reduced portal inflow. 

However, new hepatofugal collateral pathways are seen to de

velop ( i ). 
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70a 

Fig. 70. Post-hepatitis cirrhosis in a 56-year-old male from 

North Africa. Patient referred for splenomegaly. hypersplenism 

and large gastric varices (l6--IO--N2). 

70a: Huge splenomegaly with dilated and lengthened splenic 

artery associated with atrophy of the liver and very thin intra

hepatic arterial branches. Angiographic pattern suggesting a 

long standing and slowly progressive portal hypertension due to 

either post-hepatitis cirrhosis or periportal fibrosis. 

70b 

70b: Faint opacification of the markedly widened splenic vein 

and retrograde flow through the left gastric vein and varices 

faintly visualized ([\.). 
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70c 

70e 

70d 

70c: Venous phase of S.M.A.: hepatopetal flow through the 
dilated portal vein whereas no hepatofugal flow is seen. The left 
gastric vein is not visualized whereas it was opacified on the 

venous phase of splenic arteriography. 

For this reason and because of hypersplenism, splenic artery 

embolization with three steel coils was performed (I5-11-R2). 

70d: Angio c.T. Scan (l3-12-R2) demonstrates partial in

farctus of the spleen following emholization. 

70e: Because of recurrence of bleeding four days later, per

cutaneous trans hepatic obliteration of esophageal varices is per

formed (20-12-82). 

Plain film of the abdomen following varices embolization shows 

the hucrylat mixed with lipiodol occluding the left gastric vein 

( ... ) as well as the steel coils in the splenic artery (-6). 
Bleeding and hypersplenism remain controlled one year later 
(12-1-R4). 



7ta 

Fig. 71. Alcoholic cirrhosis in a 48 year-old male treated by esophageal varices and splenic artery embolization. 

71a: Percutaneous transhepatic portography performed as an emergency procedure (15-4-82) (actively bleeding patient belonging 

to Child's class C13). 

Hepatofugal flow through a wide left gastric vein and esophageal varices. 

7tb 

7Ib: Following embolization with bucrylat mixed with Iipiodol the \eft gastric vein is occluded. 

Patient's condition and Child's score improved (89) but a moderate variceal bleeding recurred 5 months later. 
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7lc 

7Ie: Arteriography (14-9-82) shows a dilated hepatic artery and a moderate splenomegaly (19 em). 

71d 

7Id: On the venous phase, the splenic vein is not visualized 
and the splenic outflow is seen to drain towards gastric veins and 
esophageal varices (6). 
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71e 

7Ie: Splenic artery embolization with 3 steel coils is then performed (19-2-82). Two coils are in the intrasplenic branches and the 

third one in the main stem of the splenic artery. The patient remains well since that time and no variceal bleeding has recurred for 21 

months. 

71f 

71[: Angiographic checking 21 months later (28-6-84). The 

spleen size is only slightly reduced (17 cm) and the splenic artery 

remains patent in spite of the previous embolization. 

The steel coil within the splenic arterial trunk results only in a 

minimal narrowing (t) without impairment of the splenic 

blood flow. 

The splenic vein is well opacified whereas it was not visualized 

on the previous arteriography and the hepatic artery is a little 

less widened. 

Therefore it is likely for the relatively good result in this patient 
to be due mainly to an improvement of the intrahepatic obstruc
tion. 



8. SEGMENTAL INTRAHEPATIC OBSTRUCTIONS WITHOUT PORTAL HYPERTENSION 

Intrahepatic lesions involving a lobe or one or sev
eral segments of the liver may sometimes deter
mine a compression of the surrounding hepatic 
venous bed severe enough to result in an interrup
tion of the portal inflow in the corresponding area. 
Under these circumstances, there is no portal hy
pertension since a normal portal flow persists in the 

other hepatic territories. 
The above-mentioned segmental intrahepatic 

obstructions have no consequences from a hemo
dynamic point of view and would remain unknown 
if angiographic methods did not demonstrate their 
existence due to the reversed intrahepatic portal 
flow resulting from them. Indeed. owing to the 
very low pressure gradient which normally exists 
between the portal system and the hepatic venous 
system, an increased sinusoidal pressure rapidly 
results in a slowed then interrupted portal flow in 
the corresponding area. 

As a result, hepatic arterial flow increases to 
compensate for the loss of portal flow and intra
hepatic arterio-portal communications develop al
lowing the arterial blood to flow back through the 
portal veins as soon as the obstruction is tight 
enough. 

Once the reversed portal blood flow reaches a 
collateral portal vein feeding a normal hepatic ter
ritory where the portal inflow is normal. it drains 
through this portal branch in the hepatopetal direc
tion. 

This segmental reversal of the intrahepatic por
tal flow is an interesting phenomenon not only 
from a physiopathological point of view but also as 
far as diagnosis is concerned, for three reasons: 
- It gives rise on arterioportography as well as on 

dynamic C.T. to abnormalities which might be 
wrongly attributed to morphologic changes. 

- It should not be misinterpreted as an intrahepa
tic arterioportal fistula, the angiographic pattern 
and the causes of which are different. 

- In some cases it may represent the one angio
graphic sign allowing for an intrahepatic focal 
hypovascular lesion to be diagnosed. 

I. Segmental reversal of the intrahepatic portal 
flow: angiographic pattern 

Although involving only a segment or a lobe of the 
liver the angiographic pattern of the segmental 

reversal of the intrahepatic portal flow is exactly 
the same as in cirrhosis (Chapter 5). 

1. Direct sign 

The direct sign is an early retrograde opacification 
of the intrahepatic portal veins in the involved area 
on selective hepatic arteriography. Unlike intra
hepatic fistulae, this arterio-portal shunting is rela
tively delayed, occurring not immediately but 4 to 6 
seconds after the injection of contrast medium into 
the hepatic artery. 

I t involves several small intrahepatic portal 
branches but the arteriovenous communications 
proper are too small and too distally located to be 
visualized. Furthermore, visu;J li7ation of the small

est intrahepatic portal branclws is in most cases 
hindered by a dense arterial hepatography so that 
only segmental portal branches are clearly evi
denced. 

Retrograde filling of the intrahepatic portal 
braches is all the better as the blood flow rate 
through the arterio-portal shunts is higher. which 
probably depends on the degree and location of the 
intrahepatic venous obstruction. In some cases. 
retrograde portal opacification involves one liver 
lobe completely and the contrast medium is seen to 
reach the portal bifurcation (Fig. 77), whereas in 
other cases it is restricted to a few small and distal 
portal branches (Figs. 78, 81-86). 

2. Indirect signs 

Two indirect signs may be helpful for the diagnosis: 
The first one is the demonstration of an arterial 
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hypervascularisation in the involved area on hepa
tic arteriography. Segmental arterial branches are 
dilated. This is mainly evidenced at their distal ends 
which are widened, with unsharp margins and 
sometimes duplicated which might correspond to 
an early opacification of some portal venules (Figs. 
72,81,85). This distal hypervascular pattern associ
ated with an increased arterial hepatography in the 
corresponding area is usually easy to recognize as 
compared to the normal neighbouring territories. 

The second indirect sign is of course the lack of 
opacification of the intrahepatic portal branches in 
which the blood flow is reversed on the venous 
phase of superior mesenteric arteriography (Fig. 
72c). 

This functional obstruction pattern at the site 
where the two opposite blood flows meet is associ
ated with a lack of portal hepatography in the same 
area. 

Unlike a true obstruction the interrupted portal 
vein ends unsharply because the contrast medium 
is progressively diluted by the reversed non-opac
ified portal blood flow. 

The functional origin of this portal venous ob
struction is of course confirmed by the retrograde 
filling of the lacking portal branches through selec
tive hepatic arteriography (Figs. 77,78,82,83,85). 

This segmental reversal of the intrahepatic por
tal flow is then easily documented by arteriopor
tography. However, it can be evidenced through 
dynamic c.T. using intravenous bolus injection of 
contrast medium as already demonstrated in cir
rhosis (Fig. 45) and Budd-Chiari syndrome (Fig. 
54). 

This hemodynamic abnormality, once demon
strated, raises two main problems: 1) it must not be 
misinterpreted as an intrahepatic arterioportal 
fistula, and 2) it results from various hepatic lesions 
which must be recognized. 

II. Differential diagnosis of segmental reversal of 
intrahepatic portal flow: arterio-portal fistulae 

Segmental reversal of the intrahepatic portal flow 
seems to have been wrongly interpreted as an ar
terio-portal fistula in many cases, as both abnor
malities are often described as 'hepatic arterio
portal shunt'. They are, in fact, two different phe-

nomen a whose angiographic pattern and causes are 
different. 

An intrahepatic arterioportal fistula is usually a 
unique and relatively proximal arterioportal shunt 
due to a lesion of the hepatic parenchyma, resulting 
in an abnormal tract between an arterial branch 
and the corresponding portal vein. 

On hepatic arteriography the very early opacifi
cation of an intrahepatic portal vein, 1 to 2 seconds 
after the injection of contrast medium, is typical of 
an arterio-portal fistula. Since the shunt is usually 
proximally located on segmental or subsegmental 
vessels, the communication itself is clearly visible 
(Fig. 73). 

This angiographic pattern is quite different from 
that of the reversal of the intrahepatic portal flow 
due to a post-sinusoidal obstruction. On the con
trary, the same functional obstruction of the portal 
branches involved by the shunt is seen in both cases 
on the venous phase of S.M.A. 

However, unlike the reversal of the intrahepatic 
portal flow, the portal vein opacified through a 
fistula fills in both hepatopetal and hepatofugal 
directions on hepatic arteriography, which is some 
times better appreciated by dynamic C.T. As a 
matter of fact, dynamic C.T. using intravenous 
bolus injection of contrast medium permits these 
arterio-portal fistulae to be demonstrated (156, 
157, 158, 161) through an early opacification of an 
intrahepatic portal vein at the arterial phase of the 
injection (Fig. 76). Arterioportography as well as 
C.T. can also show other abnormalities associated 
with the cause of the fistula which is usually easily 
recognized. 

1. Traumatic arteria-portal fistulae 

Injury to the liver parenchyma either due to trauma 
or iatrogenic, resulting from percutaneous biopsy, 
portography or cholangiography is the main cause 
of intrahepatic arterio-portal fistulae (158, 159). 

The arteriographic pattern is that of an early, 
unique and relatively proximal shunt, without any 
associated change, easy to differentiate from the 
segmental reversal of the intrahepatic portal flow 
(Fig. 73). 

On dynamic C. T., direct visualization of the 
shunt at the arterial phase ofthe injection is associ-



ated with a dense opacification of a triangle-shaped 
area of the hepatic parenchyma due to the in
creased blood flow through the fistula. 

It signifies that the sinusoidal filling from the 
arterial route is increased, since the hepatopetal 
blood flow through the normal liver parenchyma is 
preserved in case of fistula (158). 

2. Tumoral arteria-portal fistulae 

Arterio-portal fistulae are well known to occur in 
cases of primary liver carcinoma. They result from 
involvement of the portal venous system by tu
moral growth, and their angiographic pattern was 
well described in many reports. 

Tumoral arterio-portal fistulae are easily recog
nized as they are always associated with a large 
hypervascular tumor within the liver parenchyma. 
They are also well documented through dynamic 
C.T., as already demonstrated (157,160). 

3. Congenital arteria-portal fistulae 

Hemangiomas, arterio-venous aneurysms and ar
terial aneurysms ruptured into the portal system 
can be responsible for an intrahepatic arterio-por
tal fistula but these congenital vascular lesions are 
in fact very rare. 

4. Arteria-portal fistula, cirrhosis and portal vein 
thrombosis 

Some rare cases of arterio-portal fistula associated 
with cirrhosis and portal vein obstruction were pre
viously reported (162, 163, 164, 165). As a matter of 
fact, these two diseases are known to be favorable 
conditions for the development of intrahepatic ar
terioportal shunts. 

In the case of portal vein thrombosis such shunts 
may result from the sudden drop of portal pressure 
in the patent intrahepatic portal veins located 
downstream the thrombus (Chapter IV), while in 
cirrhosis they are induced by the specific pathologic 
changes of the liver parenchyma (Chapter V). The 
association of both conditions might therefore be 
expected to give rise to more important arterio-
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portal communications than usual. 
However, although cirrhosis and portal vein 

thrombosis can be associated with arterio-portal 
shunting resulting in the reversal of the intrahepa
tic portal flow, they are not known to be responsi
ble for the development of true arterioportal 

fistulae. 
Bookstein et al. reported seven cases of cirrhosis 

associated with a portal obstruction due to throm
bosis in one and end-to-side porto-caval ana
stomosis in six. Indeed, in most of these cases the 
angiographic pattern of the arterioportal shunting 
was that of the reversal of the intrahepatic portal 
flow (162). However, in two out of the seven cases 
the shunt was proximally located and the portal 
vein filled very early in a hepatopetal direction so 
that the angiographic pattern was that of a fistula. 

A large arterioportal fistula associated with 
a portal vein thrombosis was reported by 
McLoughlin et al. in a case of a cholangiocar
cinoma of the liver complicating hemochromatosis 
(163). This fistula was shown to be due to the portal 
vein thrombosis and not to the liver carcinoma, 
which was an hypovascular tumor. 

In the case reported by Sniderman et aI., an 
arterioportal fistula resulted from hepatic schisto
somiasis associated with a post-sinusoidal obstruc
tion and portal vein thrombosis (164). 

Lastly we reported a case of alcoholic cirrhosis 
associated with portal vein thrombosis in which an 
arterioportal fistula involving the left portal branch 
was evidenced through arteriography. This patient 
who had undergone neither liver biopsy nor per
cutaneous transhepatic radiological exploration 
died rapidly from hepatic failure. 

The diagnosis was confirmed by autopsy and no 
other lesion than micro-nodular atrophic cirrhosis 
which might have accounted for the arterio-porta1 
fistula was found through careful anatomical exam
ination of the liver. In particular, a liver carcinoma 
associated with the cirrhosis could be excluded 

(165) . 
It is interesting to note that in that patient hepa

tic arteriography evidenced not only a large ar
terioportal fistula proximally located in the left 
lobe, but also a few smaller, more distally located 
and later visualized arterioportal shunts in the right 
lobe resulting in the typical angiographic pattern of 
the reversal of the intrahepatic portal flow (Fig. 
74). 



144 

It is anticipated that these rare cases of arterio
portal fistulae reported in cirrhosis associated with 
a portal vein obstruction might be due to an over
development of one of the numerous and usually 
smaller and more distally located arterioportal 
communications which are well known to occur 
commonly in cirrhosis and result in reversed intra
hepatic portal flow. As a matter of fact. one can 
expect a portal vein thrombosis to be responsible 
for an increased flood flow rate through any pre
existing arterioportal communication since it re
sults in a decreased venous pressure in the intra
hepatic portal venous bed beyond the obstruction. 

It is then suggested that various types of ar
terioportal shunts might occur in cirrhosis, result
ing in either the angiographic pattern of the rever
sal of the intrahepatic portal flow or that of a true 
fistula. In other words, arterioportal communica
tions are either mUltiple, distally located too small 
to be visualized, or more proximally located, and 
wide enough to be clearly visible, likening a true 
fistula, 

The occurrence of either type of arterioportal 
shunt might depend on either hemodynamical fac
tors such as those resulting from portal vein throm
bosis for instance or anatomical ones such as spe
cific pathological changes of the liver parenchyma 
related to the various types of cirrhosis or hepatic 
fibrosis. 

In some cases an intermediate angiographic pat
tern between that of the reversed intrahepatic por
tal flow and an arterio-portal fistula may be en
countered: the arteriovenous communications 
involve the segmental vessels and are visualized 
two seconds after the beginning of the injection of 
contrast medium in the hepatic artery. As a result. 
most of the segmental portal veins opacified in a 
retrograde direction are visible at the arterial phase 
alongside the corresponding arteries (Fig. 75). 

Two such cases have been encountered in non
alcoholic patients in whom a diffuse intrahepatic 
obstruction was associated with a pronounced atro
phy of the liver. One of them had a periportal 
fibrosis from unknown origin associated with por
tal vein thrombosis and responsible for an intra
hepatic presinusoidal obstacle as hepatic venogra
phy and wedged hepatic vein pressure were normal 
(Fig. 75). 

Owing to the portal vein thrombosis, the con
trast medium filling the intrahepatic portal 
branches in a retrograde direction through the ar
terioportal shunts was seen to flow in a hepatofugal 
way through collateral pathways running into the 
hepatic pedicle as was reported by Reuter and 
Novak (55, 56) following an end-to-side porto
caval anastomosis (Chapter 7,2-2) (Fig. 75). 

It is then demonstrated that the development of 
intrahepatic arterio-portal shunts leading to a re
versed portal flow can occur not only in the case of 
post-sinusoidal obstruction but in the case of intra
hepatic pre-sinusoidal obstruction as well. It is 
however, a surprising and probably very uncom
mon situation which implies that the arterio-portal 
shunts need to be much more proximally located 
than in cirrhosis since they are of course situated 
upstream the pre-sinusoidal obstacle. In other 
words, this curious hemodynamical condition im
plies that an obstruction involving the distal end of 
the intrahepatic portal veins between the arterio
portal shunts and the normal sinusoids does exist. 

This type of arterioportal communication that 
developed within a periportal sclerosis probably 
results from the specific pathological changes re
lated to this peculiar disease although the portal 
vein thrombosis can also playa role in their occur
rence. 

Finally, although the reversal of the intrahepatic 
portal flow and the arterioportal fistulae usually 
corresponds to different lesions on the basis of their 
angiographic pattern as well as from a physio
pathological and etiological point of view, both 
types of arterio-portal shunts and intermediate 
forms can probably occur in some cases of cirrhosis 
or periportal fibrosis. 

The multiple small and distal arterio-portal 
shunts responsible for the angiographic pattern de
scribed as the reversal of the intrahepatic portal 
flow are by far the commonest. 

The wider, more proximal, early opacified ar
terio-portal shunts, likening a true fistula may 
probably occur in some rare cases depending on 
either hemodynamical factors such as those result
ing from portal vein thrombosis or anatomical fac
tors such as fibrosis and atrophy of the liver par
enchyma even in the case of a presinusoidal ob
stacie. 



5. Arteria-portal fistula and cirrhosis 

As arterioportal shunting is a common finding in 
cirrhosis and since the shunts may sometimes have 
the angiographic pattern of a true fistula when 
associated with portal vein thrombosis, one may 
wonder whether the cirrhotic pathologic changes 
themselves can give rise to a true intrahepatic ar
terioportal fistula, even though the portal vein re
mains patent. As a matter offact. the association of 
a cirrhosis with an intrahepatic arterioportal fistula 
is a rare condition, which raises interesting ques
tions from a physiopathologic as well as from a 
diagnostic point of view. 

When portal hypertension is not known to be 
related to cirrhosis because either the c1ininical 
background is misleading or the pathological 
changes are considered not specific enough on liver 
biopsy, the arterio-portal fistula may be wrongly 
interpreted as responsible for portal hypertension. 
However, the possibility for an arterioportal fistula 
to give rise to portal hypertension is questionable 
(Chapter VI), and it seems difficult to anticipate 
that a liver cirrhosis could result from such a fistula. 

Two other possibilities have then to be dis
cussed: either there is no relationship whatsoever 
between cirrhosis and fistula or the intrahepatic 
arterioportal fistula results from the cirrhotic 
changes of the liver parenchyma. 

Although this question cannot be clearly an
swered the previously reported cases enable one to 
estimate the second hypothesis as a possible one. 
Indeed, it is conceivable that a pronounced atrophy 
of a liver segment associated with a marked de
struction and fibrous replacement of the hepatic 
lobules may all the more induce the development 
of intrahepatic arterio-portal shunts in this segment 
as atrophy of the liver parenchyma is more impor
tant. 

In a patient known to have had a liver cirrhosis 
probably due to alcohol for eight years and referred 
for recurrent bleeding from esophageal varices, an 
arterioportal fistula was evidenced through ar
teriography in segment 8 ofthe right liver lobe (Fig. 
76). The fistula was also visualized through dy
namic C.T., which demonstrated an unusually pro
nounced shrinking of this segment (Fig. 76B). 

This patient, of course had undergone neither 
liver biopsy nor percutaneous transhepatic explo-
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ration in the past and the diagnosis of cirrhosis was 
confirmed through surgical exploration. 

Therefore, it is suggested that in cirrhosis a pro
nounced segmental atrophy might induce the de
velopment of a true arterioportal fistula within this 
area. This hypothesis is all the more probable as 
abnormal arterio-portal shunts can occur in case of 
segmental atrophy of the liver in non-cirrhotic pa
tients as discussed later (Chapter 7,4-4). 

Ill. Etiological diagnosis 

Segmental reversal of the intrahepatic portal flow 
is a hemodynamical phenomenon resulting from 
any obstruction of the hepatic venous bed whatever 
its site and its cause. It is mainly encountered in 
hepatic tumors, liver trauma and some cases of 
extrahepatic masses as well (166). 

1. Hepatic tumors 

Involvement of the hepatic veins running in close 
contact to a hepatic tumor can give rise to a seg
mental post-sinusoidal obstruction. 

When the main hepatic veins are obstructed in 
their suprahepatic part this results in a secondary 
Budd-Chiari syndrome from tumoral origin. How
ever, the intrahepatic venous bed can be involved 
as well, while the main stems of the hepatic veins 
remain patent, which seems to be a more common 
condition (167). Various tumors can be responsible 
for this phenomenon such as primary liver car
cinoma, hepatic metastases, as well as some cases 
of benign tumors and subcapsular hematoma of the 
liver. 

a) Primary carcinoma of the liver 
Reversal of the intrahepatic portal flow is essen
tially associated with hepatic tumors demonstrat
ing a hypovascular and infiltrating pattern from a 
pathological point of view. Conversely, hyper
vascular hepatomas can give rise to a tumoral ar
terioportal fistula so that even though the hepatic 
veins are involved by the tumor the subsequent 
reversed portal flow will be either hidden by the 
fistula or confused with it. 
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In practice, when arterioportal shunting is asso
ciated with a hypervascular malignant tumor of the 
liver the question as to whether abnormal opacifi
cation of the portal veins results from a reversal of 
the portal flow or a tumoral fistula cannot be deter
mined. On the contrary, when the carcinoma is a 
hypovascular tumor as in cholangiocarcinoma and 
some cases of hepatoma, there is no possibility for a 
tumoral arterioportal fistula to develop. Hence, 
when arterioportal shunting occurs under this cir
cumstance it always results from a tumoral involve
ment of the hepatic venous bed which can be docu
mented through hepatic venography (Fig. 77), and 
its angiographic pattern is that of the segmental 
reversal of the intrahepatic portal flow. 

This hemodynamic phenomenon has proved to 
be a useful diagnostic criterion when occurring in 
infiltrating and poorly delineated malignant tu
mors, the margins of which are not outlined by 
distortion and displacement of the surrounding 
vessels, a common case in hepatic masses. 

It is then possible for the reversed portal flow in 
the hepatic area involved by the neoplasm to be the 
main if not the one sign allowing for the tumor to be 
recognized as there is neither neovascularity nor 
the typical angiographic pattern of a mass (Fig. 77). 

b) Metastases to the liver 
Like the primary carcinoma, the hypovascular met
astases can be responsible for the segmental rever
sal of the intrahepatic portal flow when they are 
either large-sized or diffuse enough to produce an 
obstruction of the hepatic venous bed within the 
liver. 

Reversal of the portal flow is usually minimal, 
only a few small portal branches being visualized in 
a localized area (Fig. 78). It is associated with a 
moderate dilatation of the small distal arterial 
branches and increased arterial hepatography in 
the liver parenchyma surrounding the metastases. 

This moderate and distal hypervascular arterial 
pattern which was sometimes reported as a com
mon angiographic sign of hypovascular metastases 
to the liver is then probably an indirect sign of the 
reversed portal flow, i.e. it means that the arterial 
flow increases to compensate for the lost portal 
flow resulting from compression and obstruction of 
the sinusoids and the hepatic venules by the meta
stases. 

Indeed, this mild dilatation of the distal hepatic 
arterial network seems to be a common angio
graphic finding in diffuse hypovascular hepatic 
metastases whereas the retrograde opacification of 
the portal veins in the corresponding area is rather 
rare. This might be due to the fact that either the 
post-sinusoidal obstruction is not severe enough 
for the hepatopetal portal flow to be completely 
interrupted or the portal venules are narrowed to
gether with the hepatic veins in the involved area. 

However, the same distal arterial hypervascular 
pattern is always demonstrated wherever the intra
hepatic portal flow is reversed, whatever the causa
tive factor and especially in case of benign tumor 
and liver trauma. Therefore, it is not likely to rep
resent a tumoral neovascularity, contrary to what 
might be thought, but a hemodynamic phenom
enon related to a decreased or interrupted portal 
flow in the corresponding area. 

The increased arterial hepatography around the 
tumoral lesions usually appears as patchy areas of 
increased density but can also sharply outline the 
tumors giving rise to the pattern of ring enhance
ment. This ring enhancement surrounding an intra
hepatic mass was formerly demonstrated by ar
teriography in hydatic cysts of the liver. It is, how
ever, a non-specific sign which can be associated 
with any intrahepatic avascular mass such as biliary 
cyst, benign tumors and metastases to the liver as 
well. 

The precise anatomical significance of this rim 
enhancement pattern is not clearly known although 
a few different explanations were proposed. Owing 
to its possible association with a reversed portal 
flow it may then be suggested to represent a hemo
dynamic phenomenon related to an increased ar
terial flow in the normal parenchyma surrounding 
the tumor. As a matter of fact, the compression of 
the normal hepatic parenchyma surrounding an 
intrahepatic mass results in an impairment of the 
normal blood flow through the corresponding sin
usoid capillaries and small hepatic venules. 

An interruption of the hepatopetal portal flow in 
the thin layer of normal hepatic parenchyma sur
rounding the mass could then result in an increased 
arterial flow with stagnation of the contrast me
dium in the compressed area giving rise to this 
peculiar angiographic pattern. 

This ring enhancement is nowadays commonly 



demonstrated through dynamic C. T. around the 
hepatic metastases (168, 169). 

Moss et ai., by comparing the results of angio 
C.T. with either intravenous or intra-arterial injec
tion of contrast medium, demonstrated that the 
hepatic arterial blood flow is responsible for this 
pattern as the ring enhancement in metastatic le
sions was not as well defined after intravenous 
bolus injection as after intraarterial bolus (168). 
The authors conclude that it is probably due to the 
fact that most hepatic lesions receive their blood 
supply from the hepatic arterial circulation. How
ever, the hemodynamic explanation seems more 
likely as the same pattern can be encountered in 
liver cysts as well as in metastases. Furthermore, 
this ring shadow was reported to be associated with 
areas of increased density occurring at the arterial 

phase of dynamic C.T. in the normal hepatic par
enchyma surrounding the tumor (169). Indeed it is 
not an uncommon C. T. finding in either primary or 
secondary hepatic neoplasms (Figs. 79 & 80). 

Itai et al. anticipated that these areas of in
creased density surrounding the hepatic tumors 
could be due to an increased hepatic arterial flow 
resulting from tumoral involvement of the portal 
vein (169). However, it is an inconstant finding in 
hepatic carcinoma associated with portal vein 
thrombosis while it may be also evidenced in case 
the portal vein is normally patent. It seems there
fore more likely that this increased arterial tlow as 
demonstrated through arteriography. together 
with dynamic C.T., is due to decreased portal in
flow resulting from an obstruction of the hepatic 
venous drainage of the normal liver parenchyma 
surrounding the tumor. 

Finally, it is suggested that the arterial hyper
vascular pattern of the normal hepatic parenchyma 
surrounding a hypovascular tumor of the liver is a 
hemodynamic abnormality resulting from tumoral 
involvement of the hepatic venous bed. Its signifi
cance is then the same as the segmental reversal of 
the intrahepatic portal flow while it is a much more 
frequent finding. 

c) Benign hepatic tumors and cysts 
Benign tumors and cysts are probably much more 
rarely responsible for a reversed intrahepatic por
tal flow than malignant tumors and yet this phe
nomenon remains minimal, resulting only in a faint 
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retrograde opacification of some small distal portal 
branches. However, this angiographic finding was 
seen to be associated with three cases of hydatic 
cyst of the right liver lobe. In one of these cases, 
compression of the right hepatic vein by the pos
terior wall of the cyst could be demonstrated 
through hepatic venography as well as surgery (Fig. 
81 ). 

d) Sub-capsular hematoma of the liver 
A reversed intrahepatic portal flow appears to be a 
common finding in the case of either traumatic or 
spontaneous subcapsular hematoma of the liver 
(170). Indeed, this blood collection is usually large 
and spreads from the anterior and lateral part of 
the liver to the posterior part at the level of the 
hepatic veins pedicle. It surrounds the whole right 
liver lobe. strongly compressing the hepatic par
enchyma and the intrahepatic venous bed as well as 
probably the right hepatic vein, as demonstrated 
through hepatic venography (Fig. 82). 

2. Extrahepatic masses 

Some extrahepatic masses can give rise to a re
versed intrahepatic portal flow when compressing 
the hepatic veins in their extrahepatic segment. It 
is. however, a rare condition which can result only 
from large posterior masses located behind the 
liver in the right upper abdomen. 

Malignant tumors of the right kidney and of the 
right adrenal gland are known to involve the hepa
tic veins and give rise to a peculiar type of Budd
Chiari syndrome. This rare condition is in fact al
ways associated with a thrombosis of the inferior 
vena cava. Indeed. some large, benign retroperi
toneal masses can compress either the hepatic veins 
or the hepatic parenchyma probably in the same 
way as a subcapsular liver hematoma. 

A reversed portal flow in the left lobe of the liver 
could be demonstrated in association with two such 
cases: a large pancreatic pseudocyst and a retro
peritoneal cystic lymphangioma (Figs. 83,84). 
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3. Liver trauma 

Contusion of the liver is a common cause of the 
reversal of the intrahepatic portal flow, but this 
hemodynamic abnormality seems to have been 
misinterpreted in most cases as traumatic arterio
venous fistulae (171). Indeed, although traumatic 
arterio-portal fistulae do exist they are probably 
rare in liver contusions and easy to recognize in any 
case owing to their typical angiographic pattern. 

On the contrary, reversal of the intrahepatic por
tal flow is more common and, unlike fistulae, it 
results from multiple, small, distal and usually in
visible arterioportal communications, the 
opacification of which is relatively delayed. 

These two different angiographic patterns of the 
arterio-portal shunts in liver trauma were formerly 
described by Boijsen. who noticed that the latter 
was more frequent and often a transient phenom
enon (172). 

According to a previous study, arterioportogra
phy performed within the first 48 hours following a 
contusion of the liver disclosed a reversed intra· 
hepatic portal flow in 12 out of 26 patients (171). 
This angiographic finding is usually a transient ab
normality except when it result from thrombosis of 
a relatively large hepatic venous branch within the 
liver as could be observed in one case of liver injury 
due to gunshot (Fig. 72). 

Indeed, in most cases this reversal of the intra
hepatic portal flow spontaneously disappears 
within 8 to 10 days, which correlates well with the 
fact that this arterioportal shunting is only a hemo
dynamic phenomenon which does not result from 
the development of traumatic arterioportal fis
tulae. It is usually associated with benign and spon
taneously healing liver contusions. 

Under these circumstances. hepatic venography. 
demonstrated the normal patency of the main 
stems of the hepatic veins but a retrograde opacifi
cation of the hepatic area where the portal flow was 
seen to be reversed, could never be obtained. 
Therefore, post-sinusoidal obstruction responsible 
for the reversed portal flow is likely to be located 
on the small hepatic venules and to be due to 
compression of the hepatic venous bed by the inter
stitial oedema and hematoma resulting from the 
contusion (Fig. 85). One can then understand that 
the reversed portal flow is a transient phenomenon 

as is the oedema, the spontaneous resorption of 
which allows the portal blood to flow again in the 
hepatopetal direction 8 to 10 days later. 

This segmental reversal of the intrahepatic por
tal flow in liver trauma sometimes produces large 
defects in the portal hepatography, which resem
bles a mass lesion and might be misinterpreted as a 
severe organic lesion of the liver parenchyma al
though it is only a hemodynamic anomaly, which 
usually signifies a benign contusion. 

4. Focal atrophy of the liver 

Focal atrophic sclerosis of the liver parenchyma, 
whatever its cause, may also be responsible for a 
reversed portal flow in the corresponding area, as 
demonstrated in a case of chronic pancreatitis asso
ciated with a complete atrophy and a dense scle
rosis of the left lobe of the liver (Fig. 86). 

In that patient, the cause of atrophic sclerosis is 
unknown and one can only suggest that it could be 
a scarring process resulting from a previous invol
vement of the left lobe of the liver by pancreatitis. 
Indeed a large pancreatic pseudo-cyst proved to be 
able to compress the left lobe of the liver suf
ficiently to produce a reversal of the intrahepatic 
portal flow (Fig. 83). Furthermore, it is even possi
ble for an acute bout of pancreatitis to produce 
necrosis of the hepatic parenchyma, resulting in a 
large hematoma within the left lobe of the liver, 
which compares similarly with the pancreatic 
pseudo-cyst occurring more commonly within the 
splenic parenchyma. 

In any case surgery proved that the patient had a 
benign atrophic fibrosis of the left lobe of the liver, 
while the right lobe was normal and one can imag
ine that, when progressively evolving, such a fibro
sis results in a decreased portal inflow compensated 
by an increased arterial flow and then in a reversed 
portal flow once the hepatic venous bed is com
pletely obstructed by fibrosis and atrophy of the 
li~er parenchyma. 

This reversed portal flow associated with a focal 
atrophic sclerosis of the liver is probably a rare but 
interesting condition for two main reasons: 

1) from a diagnostic point of view, the angio
graphic demonstration of such an arterioportal 
shunt with a reversed portal flow in a segment or a 



lobe of the liver could be misinterpreted as suggest
ing a malignant tumor while it results only from a 
benign atrophic scar within the liver parenchyma. 

2) from a physiopathological point of view, if 
arterioportal shunts can result from the develop
ment of atrophic sclerosis in a previously normal 
liver they should be more likely to occur when such 
a focal fibrosis and atrophy are associated with 
cirrhotic lesions. 

For this reason one may wonder whether some 
intrahepatic arterio-portal fistulae reported in cir
rhosis cannot result from an unusual overgrowth of 
some of the small common cirrhotic arterioportal 
communications owing to an unusually pro
nounced segmental atrophy of the liver (Fig. 76). 

IV. Conclusions 

- Reversal of the portal flow in a localized area of 
the liver and aterio-portal fistulae are two dif
ferent abnormalities which must be clearly dif
ferentiated among the intrahepatic arterio-por
tal shunts evidenced through arteriography. 
Reversed intrahepatic portal flow corresponds 
to the development of normal intrahepatic ar
terio-portal communications resulting from a 
post-sinusoidal obstruction and associated with 

72a 

Fig. 72. Segmental reversal of the intra-hepatic portal flow 
resulting from liver trauma in a 24-year-old male. 

9111174: emergency surgery following gunshot injury: large 

wound of the hepatic right lobe. 

13/11174: arterioportography. 
72a: Coeliac arteriography: 

Dilatation of the hepatic arterial branches in the segments 5 and 
6 associated with a dense arterial hepatography in both areas. 
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a hepatofugal portal flow. 
Conversely, an arterio-portal fistula is an ab

normal communication between an intrahepatic 
artery and a portal vein branch, which is not 
associated with hepatic venous obstruction so 
that the intrahepatic portal flow remains nor
mal. 

Although different from a physiological as 
well as angiographic point of view both phe
nomena can be associated in rare cases of cir
rhosis or periportal fibrosis in which intermedi
ate types of arterioportal shunts can also be 
encountered. 

- Segmental reversal of the intrahepatic portal 
flow is a useful angiographic finding since it ac
counts for a post-sinusoidal obstruction what
ever its cause and level. 

- This angiographic or dynamic C.T. finding must 
not be misinterpreted as a morphologic lesion as 
it corresponds only to a hemodynamic abnor
mality. 

- The occurrence of this phenomenon in case of 
liver trauma, hepatic tumors and even some extra
hepatic masses demonstrates that the intrahepatic 
arteria-portal communications are probably 
common in normal liver as they are easily evi
denced as soon as a post-sinusoidal obstruction 
develops. 
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72b 

72b: 5 sec later, retrograde portal vein opacification is evidenced 

in the segment 5. 

72c 

72c: Venous phase of S.M.A. 
Normal opacification of the portal veins in the left lobe and the 

upper right lobe but no filling of the portal branches correspond

ing to the lower right lobe (segments 5 and 6) where the flow is 

reversed. 

6 months later a checking arteriography showed the same find

ings and a surgical biopsy proved the hepatic veins to be throm

bosed within the liver parenchyma of the lower right lobe. 

Fig. 73. Traumatic arterio-portal fistula resulting from a per

cutaneous liver biopsy performed 3 years earlier in a 41-year-old 

cirrhotic female. 

Coeliac arteriography (13-9-76) demonstrates the typical an

giographic pattern of an arterio-portal fistual: massive and early 

filling of an intrahepatic portal vein visualized at the first second 

following arterial injection of the contrast medium. 

The abnormal arterio-portal communication is unique relatively 

proximal and can be identified ( t ). 
The flow in the portal branch opacified through the fistula is 
seen to be hepatopetal. 



Fig. 74. Arterioportal fistula associated with alcoholic cir

rhosis and portal vein thrombosis in a 62-year-old female. 

Coeliac arteriography (30-1-75): 

Massive and early filling (lst sec) of the left portal branch 
through a proximal arterio-portal communication located in the 
segment 4 (t) (A). 
Retrograde filling of the left portal vein is seen to reach the liver 

hilum but the portal stem is never visualized. (D) (8). 

The splenic vein is not opacified on the late films and the 
superior mesenteric arteriography cannot he peformed because 

of thrombosis of the superior mesenteric artery. 
The patient died from hepatic failure and anatomical explora

tion disclosed a complete thrombosis of the portal vein between 
the spleno-mesenteric conflucnce and the liver hilum. 

The liver was atrophic and micro-nodular and no other lesion 

than cirrhosis was found within the liver parenchyma which 

could have been responsible for the fistula. Of course this pa

tient never underwent any percutaneous puncture of the liver in 
the past. 

75a 
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Fig. 75. Esophageal varices discovered through endoscopy in a 62-year-old female referred for gastrointestinal bleeding thought 

to be due to peptic disease. No history of alcohol intake or liver disease in this previously healthy patient. 
75a: Coeliac arteriography - 2nd sec (2-6-75): 

Pronounced splenomegaly with splenic artery aneurysm accounting for a long-standing portal hypertension. 

Marked and diffuse atrophy of the liver. Dilated hepatic artery (proximal spasm due to the catheter). Early retrograde filling of most 

of the small segmental portal branches running alongside the corresponding arterial branches. 
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75b 

75b: Coeliac arteriography - 6th sec (2-6--75): 

The contrast medium filling the intrahepatic portal branches drains in a hepatofugal way through collateral venous pathways running 

into the hepatic pedicle (.). 

75c 
75c: Venous phase of S.M.A. (2-6--75): 

Complete obstruction of the portal vein with a completely 

hepatofugal portal flow through the left gastric vein and large 

gastro-esophageal varices. The lack of hepatopetal porto-portal 

collateral flow accounts for the existence of an intra-hepatic or 

suprahepatic obstacle associated with the portal vein throm

bosis. 

75d 
75d: Hepatic venography) (17-6--75): 

Normal hepatic veins and normal sinusoidal filling. Normal 

wedged hepatic pressure: llcm saline. 
A surgical porto-caval anastomosis is performed (15-9-75): 
'Atrophic liver suggesting a post-necrotic cirrhosis. 

Portal pressure: 20 cm saline. Irregular thickening of the wall of 

the superior mesenteric vein accounting for a long-standing 

endophlebitis' . 

Liver biopsy: periportal sclerosis - steatosis-moderate annular 

sclerosis in some subcapsular areas. 

Splenic artery biopsy: Pathologic changes likening a moderate 

fibro-muscular dysplasia. 

In conclusion: hepatic fibrosis from unknown origin with intra

hepatic presinusoidal obstruction associated with portal vein 

thrombosis and intrahepatic arterioportal shunting. 

The liver function tests abnormalities are only moderate. This 

patient is doing well seven years later. 
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Fig. 76. Arterio-portal fistula in a 65-year-old male known to 
have cirrhosis from alcohol, for 8 years. First variceal bleeding 
in 1976. 

76a: Arterioportography for recurrent bleeding (24-2-84): 
Early retrograde filling (2nd sec) of the portal branch of the 
segment 8 in a markedly atrophic right liver lobe through an 
arterio-portal fistula. After reaching the right portal branch the 
contrast medium was seen to drain through the other segments 
of the liver in the hepatopetal direction. The venous phase of 
S.M.A. showed the portal vein to be normally patent. 

76b: The arterial phase of dynamic CT at two different levels 
visualizes the fistula (3-3-84). At the level of the hilum, early 
filling of the intrahepatic portal vein is seen alongside the corre
sponding arterial branch. Two centimeters higher the same 
vascular network as seen on arteriography is visualized. 
In addition, a pronounced atrophy of the right liver lobe is 
evidenced while the left lobe is enlarged. 
Atropho-hypertrophic cirrhosis was confirmed by surgery. Dil
ated vessels suggesting an angioma were seen around the atro
phic right lobe. 
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77a 

Fig. 77. Primary carcinoma of the left lobe of the liver responsible for a reversed portal flow in a 53-year-old male known to have 
hemochromatosis for 12 years. 

77a: Coeliac arteriography - 2 sec - (22-1-73). 
Diffuse enlargement of the liver. The arterial branches within the left lobe are stretched and regularly spread apart from each other 
(6) but neither neo-vascularization nor a typical mass pattern is evidenced. 

77b 

77b: Coeliac arteriography - 5 sec - Retrograde filling of the left portal branch ( j, ) which drains towards the right one and then in 
the hepatopetal direction. 
The right portal branch only was visualized through the venous phase of S.M.A. while the left one was not opacified. 



77c 

77c: Hepatic venography (6-2-73). 
The left hepatic vein and its main intrahepatic branches are 

markedly narrowed (.&) while the main right hepatic venous 

branches are normally patent. 

Cholangiocarcinoma of the left lobe of the liver is demonstrated 

through surgical exploration and biopsy. 

78a 

Fig. 78. Neuroblastoma revealed by metastases to the liver in 

a 13-year-old male. 

78a: Selective hepatic arteriography - 3d sec - (4-6-76) 
Enlargement of the right lobe of the liver Displacement of the 

arterial branches delineating several large hypovascular intra
hepatic masses. Moderate dilatation of the distal arterial 

branches within the normal parenchyma surrounding the tu
mors at the upper and lower parts of the right lobe. 
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78b 

78b: Selective hepatic arteriography - 6th sec - (4--6-76) 
Retrograde filling of the intrahepatic portal branches surround
ing the tumors with visualization of the right portal branch. 

78c 

78c: Venous phase of S.M.A. - (4--6-76) 
Normal portal vein and left portal branch. Enlargement of the 
left hepatic lobe probably resulting from tumoral involvement 
of the right one. Functional obstruction of the right portal 
branches in which the flow is reversed. A defect in the right 
portal branch corresponds to either a thrombus or tumoral 
involvement but this vein remains patent. 
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Fig. 79 Metastases to the liver originating from colon car

cinoma in a 62-year-old female (20-9-82). 

Plain c.T. (upper slice) shows multiple mass lesions of dimin

ished density in both liver lobes. 
Through dynamic C. T. (lower slice) an abnormally dense 
opacification of the hepatic parenchyma surrounding the meta
stases is evidenced during the arterial phase. 

The pattern of ring enhancement surrounding most lesions is 

clearly demonstrated on the first slice following injection of the 
contrast medium. 
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Fig. 80. Metastases to the liver originating from pancreatic 
carcinoma in a 52-year-old patient. 
Several mass lesions of diminished density are demonstrated in 
the right lobe of the liver on plain C. T. (upper slice). Dynamic 

c.T. shows an abnormally dense opacification of the hepatic 

parenchyma surrounding the metastases during the arterial 
phase, accounting for an increased arterial flow in this area . 
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Fig. 81. Large hydatic cyst involving the upper part of the right 

lobe of the liver in a 38-year-old patient. 
8Ia: Coeliac arteriography - 3rd sec - (12-6-74) 

Displacement and stretching of the intrahepatic arterial 

branches around a large hypovascular mass. 

At the upper pole of the mass some small arterial branches seem 

to be duplicated or surrounded by an unsharp stripe of contrast 
medium. 

BIb: Coeliac arteriography - 6th sec - (12-6-74) 
This moderate and distal hypervascular pattern is clearly seen to 

correspond to retrograde filling of the small intrahepatic portal 

branches at the upper pole of the mass (6). 
81c: Hepatic venography (16-6-74) 

The main right hepatic vein cannot be catheterized. It opacifies 

through collateral ways following injection in a small accessory 
hepatic vein (left). 
5 sec after the end of the injection, stagnation of contrast me

dium in the distal part of the right hepatic vein accounts for a 

compression of this vein (right), 

At surgery (26-6-74) the posterior wall of the cyst is seen in 
close contact to the retrohepatic vcna cava. 

8Id: Hepatic venography (24-5-83) 

9 years later a checking angiography performed for jaundice 

shows the same focal reversal of the intrahepatic portal flow as 
previously documented, Hepatic venography demonstrates a 

persistent narrowing of the right hepatic vein ( i ) which cannot 

be passed by the catheter tip and probably results from a fibrous 
scar due to the previous hydatic cyst. 
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82a 

82b 

82c 

Fig. 82. Spontaneous sub-capsular hematoma of the liver 
revealed by abdominal pain. hepatomegaly and fever in a pre
viously healthy 29-year-old male. 

82a: Coeliac arteriography - 3rd sec - (3-10--74) 
Hepatomegaly with medial displacement of the liver. Most of 

the right and left hepatic arterial branches are stretched and 
bended. suggesting a large avascular mass. Moderate hyper
vascular pattern in the upper right lobe where the distal arterial 
branches seem to be duplicated. 

82b: Coeliac arteriography - 6th sec - (3-10--74) 
Dense arterial hepatography associated with retrograde filling 
of the portal branches of the upper right lobe = typical pattern 
of the reversal of the intrahepatic portal flow in this area. 

82c: Venous phase of S.M.A. - (3-10--74) 
Normal portal vein with normal hepatopetal portal flow in the 
enlarged left lobe and the lower part of the right lobe as well. 

Lack of opacification of the upper right lobe where the blood 
!low is reversed. 

82d: Hepatic venography - (4-10--74) 
The right hepatic vein is markedly narrowed and the par

enchyma of the upper right lobe is greatly reduced in size due to 

compression by the subcapsular hematoma. Sinusoidal filling is 
normal but results in a retrograde opacification of the portal 
veins as was previously demonstrated through arterioportogra
phy. 



82d 

83a 

Fig. 83. Pancreatitis associated with a very large pancreatic 

pseudo-cyst in a 20-year-old male. 

83a: Coeliac arteriography - 3rd sec (16-12-75) 

Upward displacement of the left branch of the hepatic artery 

and compression of the left lobe of the liver by the mass. The left 

arterial branches are slightly dilated and an abnormally dense 
arterial hepatography is seen in the left lobe of the liver. 
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83b 

83h: Coeliac arteriography - 6th sec - (16-12-75) 

Retrograde filling of an intra-hepatic portal branch within the 

left lobe (i ). Compression of the liver parenchyma by the 

upper pole of the mass is well demonstrated. 
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83c: Venous phase of S.M.A. (16-12-75) 

'\..84 
83~ 

Normal portal vein and right portal branch. No filling of the left 

portal branch where the blood flow is reversed. 

Fig. 84. Very large abdominal mass known for several years in 

a 28-year-old male corresponding to a voluminous retro
peritoneal cystic lymphangioma. Coeliac arteriography (26-

6-80) shows an upward displacement of the hepatic artery and a 

compression of the the left lobe of the liver (A). 

6 sec later a retrograde filling of the left intrahepatic portal 

branches is evidenced (B). Compression of the splenic and 

mesenteric veins by the mass was also demonstrated. 

Fig. 85. Hepatic trauma following a traffic accident in a 

24-year-old man. Emergency surgery (13-11-75) shows a severe 

injury of the hepatic parenchyma of the distal part of left lobe 

which is treated by resection and a slight superficial injury of the 

upper right lobe needing only a few stitches. Arterioportogra

phy is performed 24 hours later. 

85a: Selective hepatic arteriography - 3rd sec - (14-11-75) 
Moderate distal hypervascular pattern in the upper right lobe 

(segment 7 and 8) as compared to the normal lower right lobe. A 

faint opacification of a few small portal venules can already be 
8Sa suggested in this area. 



85b 
85d 

85b: Selective hepatic arteriography - 6th sec - (14-11-75) 

Retrograde filling of several intrahepatic portal veins in the 
upper right lobe is now well evidenced. 

85c: Venous phase of S.M.A. (14-11- 75) 

Normal portal vein with a normal hepatopetal portal flow 

through the lower right lobe and the remainder of the left onc. 

Lack of opacification of the upper right lube where the blood 

flow is revcrsed. 

85d: Hepatic venography- (19-11- 75) 

Compression and downward displacement of the right hepatic 

vein with a normal pattern of the lower right lobe and lack of 

opacification of the upper right one. It was never possible to 

opacify the upper part of the right lobe. 
Complete healing within a few days without any complicatiun. 
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86a 

86b 



86c 

Fig. 86. Chronic pancreatitis known for a few years with recurrent epigastric pain and weight loss in a 46-year-old male. 

Patient referred for arteriography hefore pancreatic surgery. 

86a: Coeliac arteriography - 3rd sec - (20--10-75) 

The right lobe of the liver is enlarged while the left one is small with somewhat dilated and tortuous arterial branches. 

86b: Coeliac arteriography - 6th sec - (20-10-75) 

Arterioportal shunting resulting in a dense retrograde opacification of the left intrahepatic portal branches. 

86c: Hepatic venography - (2R-IO-75) 

The right hepatic vein is normal whereas the left hepatic vein and its branches are markedly narrowed. 
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Surgical exploration discloses a hard sclerosis with atrophy of the left lohe of the liver involving the segments I, 2 and 3 while the 
segment 4 (Quadratus lohe) is near normal. 

Biopsy of the left lobe shows a dense sclerosis of the hepatic parenchyma with normal liver cells and a markedly thickened liver 

capsule. 

Biopsy of the right lobe is normal. 

A tumoral process can he excluded. The cause of this atrophic sclerosis of the left lobe of the liver is unknown. 



GENERAL CONCLUSIONS 

1) Obstruction to the portal flow is the essential 
phenomenon which must be evidenced through 
arterioportography together with its site, cause and 
degree, whereas portal hypertension is only an in
constant and variable consequence partly depend
ing on the development of the collateral circula
tion. 

2) As portal circulation is a high flow rate and 
low pressure gradient circulatory system, minimal 
intrahepatic lesions are likely to result in a mild 
portal hypertension which will be for a long time 
clinically inconspicuous until revealed by a pro
nounced splenomegaly. 
3) In the case of an intrahepatic portal obstruction 
the blood flow rate is always more slowed in the 
splenic vein than in the superior mesenteric vein 
and sometimes to such an extent that the spleen 
cannot enlarge. 

As a result, the spleen is all the more enlarged as 
the obstruction to the portal flow is benign and 
more slowly progressive whereas acute and severe 
obstructions are associated with a normal or near 
normal-sized spleen. 

4) A close relationship usually exists between the 
decreased portal inflow and an increase of the 
hepatic arterial flow, except in the case of the 
Budd-Chiari syndrome. whose angiographic pat
tern compares similarly to that of an ischemic dis
ease from venous origin. Owing to this the Budd 
Chiari syndrome results in a very specific angio
graphic pattern. 

5) Reversal of the intrahepatic portal flow is a 
common finding in severe post-sinusoidal obstacles 
not only in cirrhosis and Budd Chiari syndrome but 
in various diseases producing a focal intrahepatic 
obstruction whatever its cause and level. 

Arterio-portal shunting associated with the re
versal of the intrahepatic portal flow should not be 
misinterpreted as an arterioportal fistula. They are 
different abnormalities which can both be evi
denced through arterioportography as well as dy
namic c.T. 

6) When considering only the morphological 
changes of the liver of the spleen and of their 
vessels many questions about portal hypertension 
still remain unanswered from a physiopathological 
point of view. Indeed. in many cases discrepancies 
seem to exist between the portal pressure, the re
sult of the liver biopsy, the morphological pattern 
of the liver and the spleen and the clinical back
ground. 

However. the vascular changes documented 
through arterioportography are likely to be closely 
correlated to the anatomical lesions involving the 
liver parenchyma. 

Thus. a better understanding of the hemo
dynamic significance of these vascular changes 
should result in an improvement of our knowledge 
of portal flow obstruction and portal hypertension. 
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