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Progress report

Radiology of the portal system

It is almost 20 years since spleno-portography was shown to be an effective
method for the demonstration of the portal vein and its intrahepatic
branches" 2. There are still some workers in the field who advocate operative
portography3 but most centres use the percutaneous method4'5 6. This is an
effective and safe method provided the necessary precautions are taken and
the contraindications accepted. It is in the minority in whom percutaneous
spleno-portography is contraindicated or not applicable, as after splenec-
tomy, that other methods for the demonstration of the portal vein become
necessary. These other methods include selective splenic or superior mesen-
teric arterio-portography7'8'9, umbilical vein10, transhepatic1""12, and retro-
grade wedged hepatic vein portography'314.
The method of spleno-portography is well established with no real con-

troversy as to the details'5'"6. Before submitting a patient to this procedure
any bleeding tendency must be excluded, the prothrombin time must not be
more than two seconds prolonged, and the platelet count must not be below
100,000 per mm3. Spleno-portography is also dangerous in the presence of
ascites and marked jaundice. Except in children when a general anaesthetic
is required, the procedure is carried out using only mild sedation and local
anaesthesia. A point in the eighth or ninth intercostal space in the mid-
axillary line is chosen for enlarged spleens. A needle 10 cm long, 1 mm out-
side diameter, is used. The most important point to remember is that when
the needle is inserted or manipulated in any way at all, all respiratory move-
ments must stop and there must be no impediment to the free respiratory
swing of the needle. Thereafter the patient takes only shallow breaths. The
needle is inserted for 2 to 3 cm into the splenic substance in a slightly posterior
and cranial direction and the stilette is removed. A free drip of blood from
the needle must be present indicating correct placement of the needle. A
splenic pressure recording is then taken, the normal range being 8-14 mm Hg.

Fifty ml of a 50% solution of a water-soluble compound such as sodium
diatrizoate injected at 50 lb per sq. in. using a 50-ml syringe is a fairly safe
rule. One film every two or three seconds to cover a 20-second period, using
an automatic serial device for film changing is preferred, but this procedure
can be carried out with a home-made cassette tunnel under the patient and
hand changing of the films.
The main purpose of the examination is the demonstration of the patency

and the size of the portal vein as a preoperative procedure in cases of portal
hypertension which may require a shunt operation17. Although the normal
width of the portal vein is up to 2-2 cm, this may be increased to 3.5 cm in
portal hypertension. The presence of collateral veins18, including the coronary
vein, draining upwards towards the oesophagus to the left of the spine and
the umbilical vein arising from the liver hilum and draining inferiorly, may
be shown. The other collateral system not uncommonly seen is that draining
from the splenic hilum inferiorly and ending in the left renal vein. Backfilow
along the inferior mesenteric vein has a similar significance19'20; however,
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621 Radiology of the portal system

Fig. 1 Spleno-portography demonstrating the Fig. 2 A splenic venogram showing the actual site
splenic vein (sv) and portal vein (pv). The coronary of obstruction near the junction of the splenic and
vein (c) is seen to lead into a leash of collateral portal veins. A trickle of contrast medium can be
vessels running up the left border of the vertebral seen passing up towards the portal vein just below the
column and indicated by arrows. white arrow which indicates the site of obstruction.

The black arrows show the marked collateral
circulation originating from the hilum of the spleen.

Fig. 3 Selective catheterization of the coeliac axis Fig. 4 Wedged hepatic venogram. The catheter (c)
(c) showing the splenic atery (s) and the hepatic artery has been inserted via the brachial vein and the
(h). The hepatic artery gives rise to a malignant superior vena cava through the right atrium and
circulation as shown by the marked increase in the wedged in a hepatic vein. Contrast medium injected
number of vessels which go in a haphazard direction in this position in the normal shows a homogeneous
andform larger spaces filled with contrast medium. sinusoidal pattern (s) draining into a patent hepatic
The appearances are typical of those occurring in a vein (hv) in which the catheter is lying.
hepatoma.

Venograms illustrating the main points in the description and uses of spleno-portography
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622 Louis Kreel

backflow along the superior mesenteric vein is extremely uncommon.
The visualization of the coronary vein has recently assumed greater signi-

ficance as this vein is being used as a means of establishing a porto-systemic
shunt21. It may drain into the splenic or portal veins near their junction or
into the confluence itself and a note of its presence and size must be made.
The demonstration of a collateral circulation indicates the presence of portal
hypertension but does not always establish the diagnosis of oesophageal
varices, as the oesophageal collateral circulation is not necessarily sub-
mucous in position'7 but may be paraoesophageal and not in communication
with the submucosal veins.

Non-visualization of the portal vein is not synonymous with a blocked
portal vein. To diagnose a blocked portal vein, bridging collaterals or
cavernous transformation of the portal vein must be presentl9. Without
these signs the probable cause of non-visualization of the portal vein is
reversed blood flow or streaming. It has been shown that at operation most
of these veins are, in fact, patent. While spleno-portography does not signi-
ficantly alter the pressure relationships in the portal system to force contrast
against blood flow currents, this does happen with operative portography.
Thus, while operative portography may show a patent portal vein not
demonstrated by spleno-portography, it may show an otherwise normal
coronary or inferior mesenteric vein in the absence of portal hypertension.
A narrowed or markedly tapering portal vein is usually indicative of old

periphlebitis. At operation these veins show mural thickening and are un-
suitable for shunt procedures. The narrowed or markedly tapered vein must
however be distinguished from the streaming effect of superior mesenteric
vein blood into the portal vein, which is a common normal appearance. This
produces a long eccentric area of non-filling with poorly defined margins
originating on the lower margin of the portal vein and frequently overlying
or slightly to the right of the vertebral column. Spleno-portography is also
extremely useful in showing patency of a portocaval shunt4 or in demon-
strating the large spontaneous internal shunts in cases of porto-systemic
encephalopathy22.
The normal intrahepatic portal venous system is one of branching down

to vessels of fine calibre and in the late phase producing a uniform paren-
chymal hepatic blush. The size of the liver can thus be well shown. In cirrhosis
there is a deficient arborization pattern producing the 'tree in winter' appear-
ance15 and in the late phase the parenchyma produces a mottled overall
density16. The small liver with a raised right kidney is well shown. However,
to assess the 'tree in winter' appearance, all the films in the series must be
viewed as the early films will also show 'poor arborization', not as yet having
had a chance to fill. Filling of the branch of the portal vein to the left lobe
of the liver may be poor, particularly on the films of the early phase. Non-
filling of this branch can occur even though the vein is patent'6.

Intrahepatic filling defects can also be demonstrated23. Parasitic cysts,
abscesses, and tumour may all have similar appearances producing the non-
specific sign of a 'space-occupying lesion' in the same way that an isotope
scintillation scan will do. Occasionally intrahepatic portal vein occlusion or
a filling defect in a vein is associated with such a space-occupying lesion. This
is strong evidence in favour of the lesions being a malignant tumour, par-
ticularly a hepatoma24. Schistosomiasis produces a characteristic intrahepatic
vascular pattern on spleno-portography when corkscrew veins may be seen
accompanying or occurring in place of the branches of the portal vein25.
Although spleno-venography may also show evidence of lesions in adjacent

organs such as the pancreas, kidney, or retroperitoneal tissue by narrowing,
displacement, filling defects, or even occlusion26, it is by no means the method
of choice as arteriography, inferior vena cavography, or lymphangiography
can give considerably more information. However, when an enlarged spleen
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Radiology of the portal system

is present, spleno-venography is usually the first vascular examination
undertaken as it gives information regarding the portal pressure and col-
lateral circulation as well as showing the intrahepatic pattern. Occasionally,
too, a splenic cyst will inadvertently be punctured demonstrating the lesion27.
The fluid should be examined for scolices to exclude hydatid disease and
the necessary precautions taken to overcome anaphylactic shock, which may
be expected to occur.

ComplicationS15,16 17'24'28 include those of hypersensitivity to the contrast
medium and trauma to the spleen. It is not uncommon for the contrast
medium to leak back along the needle producing peritoneal and perisplenic
spill. Pain in the flank and shoulder tip then occurs. Occasionally haemor-
rhage may occur and rarely this may necessitate splenectomy, even in cases

where there was no evidence of a bleeding tendency on the preliminary tests.
This could be due to inadvertent puncture of an intrasplenic aneurysm which
has been shown to be common in the markedly enlarged spleens associated
with portal hypertension29.

Selective Splenic or Superior Mesenteric Arteriovenography

As previously indicated, there are conditions where spleno-venography is
contraindicated or inappropriate. This applies particularly in the presence
of a bleeding tendency, after splenectomy, when the portal vein has not been
demonstrated or with a normal sized spleen. In these circumstances selective
arteriovenography has proved of considerable value in demonstrating the
portal venous system.
The usual method of performing this examination is by the Seldinger

technique of percutaneous arteriography using a preformed radiopaque
catheter7'8,9'30 which is manipulated into the appropriate vessel under
fluoroscopic control with an image intensifier and television monitoring.
The barium-impregnated catheter (OPP 205 or 240)31 has been found to be
ideal for this purpose and rather than the gently sloping terminal C-curve,
one with more of a U-bend is placed on the end. Two side holes should be
placed within 1 centimetre of the tip of the catheter for more rapid delivery
of the contrast medium. After skin markers have been placed in the appro-

priate positions on the right lateral thoraco-abdominal wall, the catheter is
inserted, preferably via the femoral artery, over a guide wire to straighten
out the terminal bend. On removal of the guide wire the catheter resumes its
preformed shape. The actual insertion of the tip of the catheter into the
appropriate arterial orifice on the anterior aspect of the aorta is best done
with the patient in the steep supine oblique position with the right shoulder
raised. The correct positioning of the tip of the selective catheter should be
checked by a small test injection of contrast medium (eg, 5 ml diatrizoate)
both on fluoroscopy and on a test film. The tip of the catheter must be in
the main splenic or superior mesenteric artery and not poking into a small
branch. In the latter situation the contrast injection will cause pain and
requires the catheter tip to be repositioned to lie freely in the main arterial
trunk.

For the splenic artery, 40 ml of meglumine and sodium iothalamate 70%
is used and for the superior mesenteric sodium diatrizoate 45 %. The injec-
tion of 50 mg of Tolazoline, diluted with 5 ml of normal saline, into the
artery 30 seconds before the contrast injection is said to enhance the visualiza-
tion ofthe vein by producing peripheral vasodilatation32. The whole procedure
can be carried out under local anaesthesia and very mild sedation, apart
from the actual major contrast injection. A very briefly acting intravenous
anaesthetic such as droperidol and phenoperidine is ideal. Films are taken
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624 Louis Kreel

to cover a 30-second period. The initial four seconds require two films per
second, but thereafter one film every two to three seconds is sufficient. The
portal vein tends to be demonstrated at eight to 14 seconds in most cases.
If the portal vein is not demonstrated from the splenic arterial injection, a
superior mesenteric injection must be done. Of course, after splenectomy only
the superior mesenteric injection is appropriate in visualizing the portal vein.
The findings and interpretation of the venogram phase are similar to those

on spleno-portography33 with two notable exceptions. The veins are never
as densely shown as in spleno-portography and the collateral circulation is
often poorly seen7'33, frequently requiring a subtraction radiographic tech-
nique34. In the assessment of a collateral circulation the demonstration of the
coronary or mesenteric vein is not necessarily abnormal but depends on the
artery injected. Thus the coronary vein is normally shown with a coeliac
axis injection and the mesenteric vein with a superior mesenteric arterial
injection. However if the coronary vein is large and tortuous and flows up
along the left side of the spine, this is indicative of a collateral circulation
from whatever artery it is shown35.
A blocked portal vein with bridging collaterals, narrowed portal vein,

patent shunt, and a large spontaneous portosystemic shunt have also been
shown by the method of arteriovenography as well as demonstrating a
patent portal vein as a preoperative procedure. There is, however, the added
advantage that significant information may be obtained in the arterial phase.
Hepatoma complicating cirrhosis or haemochromatosis can be demonstrated
as well as the altered arterial patterns associated with portal hypertension.
Whereas the demonstration of malignant degeneration in the liver will
directly alter the management, the various arterial changes associated with
hypertension are largely of academic interest only.

It has been noted that there is enlargement of the coeliac axis and splenic
arteries but not of the hepatic artery36. The enlargement of the splenic artery
is associated with increased tortuosity and in cases with long-continued
portal hypertension and moderate to marked splenic enlargement, bifurca-
tion or 'berry' aneurysms are common, occurring in about 40% of cases.
In most of these cases the bifurcation aneurysms are intrasplenic in position,
but they may also occur on the major splenic and extrasplenic branches29.
It has been claimed that these intrasplenic aneurysms are due to needle
trauma from spleno-portography37, but this could not be confirmed by
comparing the site of the aneurysms on the arteriogram films with the
position of the needle on the spleno-portograms.
Not only is there no enlargement of the hepatic artery, but in some cases

of portal hypertension there is also very poor filling of the hepatic artery.
This poor filling has been shown to be functional. If the examination is
repeated after portocaval anastomosis there is then good filling of the
hepatic artery right out to the periphery, indicating that no anatomical block
to arterial filling was present before the shunt operation. These appearances
suggest that there may be a portohepatic veno-arterial reflex operating in
some cases of portal hypertension38.

Wedged Hepatic Venography

By passing a catheter from the arm down the superior vena cava, through
the right atrium and into a hepatic vein, the tip of the catheter can be wedged.
The main purpose of this is to compare wedged hepatic vein pressures with
splenic pressures in elucidating the cause of the portal hypertension. By
injecting contrast medium, for example 20 ml 45% sodium diatrizoate,
retrograde filling of intrahepatic portal veins may be shown as far back as
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625 Radiology of the portal system

the hilum of the liver and even collateral vessels, when this has not been
demonstrated by splenovenography. However, it is now recognized that this
examination may produce distinctive appearances in the Budd-Chiari
syndrome14.

Umbilical Vein Portography9,39

Dense intrahepatic portograms can be achieved by passing a catheter along
the umbilical vein remnant, which can be done with either general or local
anaesthesia and must be performed in a surgical theatre. The peritoneum
may be incised in the process and in the presence of ascites this is particularly
undesirable. This procedure may lead to portal phlebitis with intrahepatic
and extrahepatic portal vein thrombosis and can usually only be used on one
occasion. It is not used in many centres but does produce good visualization
of the portal vein, demonstration of collateral veins, and the presence of
intrahepatic space-occupying lesions.

Conclusions

Visualization of the portal system can be achieved as an elective diagnostic
procedure in the vast majority of cases. It is particularly useful in demon-
strating the presence and size of the portal vein and the major collateral path-
ways in portal hypertension. The site of occlusion can be determined in the
presence of bridging collaterals and the patency of a porto-systemic shunt
can also be shown.
The methods used will vary from unit to unit depending on personal

preferences, familiarity with techniques, and apparatus available, as well as
the particular clinical situation. By and large though, in cases with an enlarged
spleen and no contraindications, spleno-portography is the method of choice.
The main advantage of arterio-portography is that it can be used when
spleno-portography is contraindicated or after splenectomy. It also demon-
strates the arterial pattern. Umbilical portography gives dense intrahepatic
filling, while wedged hepatic portography is best used for the diagnosis of
the Budd-Chiari syndrome.

LOUIS KREEL
Clinical Research Centre,

Watford Road,
Harrow, Middlesex
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