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Abstract

Purpose: Carbon dioxide {CO,) can traverse the hepatic
sinusoids better than iodinated contrast medium and has
been used by many interventionalisis for wedged hepatic
venography during transjugular intrahepatic portosystemic
shunt (TIPS) procedures. Our study was designed to com-
pare the extent of the portal vein opacification using either
CO, or iodinated contrast medium.

Methods: Wedged hepatic venography for portal vein opaci-
fication during TIPS was performed using hand injection
through a 6.5 Fr diagnostic catheter. Portograms of 36 pa-
tients performed with 10 ml of iodinated contrast medium
were retrospectively compared with portograms of 45 pa-
tients performed with 3040 ml of CO,. Opacification of the
right portal vein branch including the portal vein bifurcation
was defined as a successful study.

Results: Using CO, the right portal vein branch and the
portal vein bifurcation were opacified in 87% of patients (39
of 45); only a part of the right portal vein branch was
opacified in 6% of patients and no opacification of any portal
vein branch was seen in 7% of patients. Using iodinated
contrast medium, there was opacification of the portal vein
bifurcation in 25% of patients (9 of 36), of a part of the portal
vein branch in 36% and no opacification of any branch in
39%. There was one case of hepalic laceration from CO,
wedged venography which was treated with microcoil em-
bolization.

Conclusions: Using CO, as a contrast medium, opacification
of the portal vein bifurcation by wedged hepatic venography
was seen in 87% of patients, in comparison with only 25%
when iodinated contrast medium was used {p < 0.001). CO,
is superior to iodinated contrast medium for wedged hepatic
venography during TIPS.
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The most difficult and critical step of a transjugular intrahe-
patic portosystemic shunt (TIPS) procedure is gaining access
from the hepatic vein to the intrahepatic portal vein branch.
This part of a TIPS procedusre is important both for mini-
mizing severe procedural complications [1} and potentially
also for long-term patency of the shunt. Perforation of the
liver capsule, punciure of the hepatic artery or biliary duct
from errant needle passes, and puncture of the extrahepatic
portal vein bifurcation can lead to intraperitoneal bleeding
[2, 3]. Puncture of the biliary duct can cause shunt throm-
bosis [4]. To reduce the number of needle passes required to
puncture the portal vein, the operator has to have a thorough
understanding of the relative location of the hepatic and
portal veins in each individual patient {5].

The methods which have been used for imaging of the
portal vein have included preoperative CT or ultrasound
(US) scan, percutaneous periportal placement of a platinum
coil as a marker under either US or CT guidance [6], pre-
operative percutaneous ulirasonographic placement of a
small catheter {7] or wire [8] into the portal vein, or hepatic
artery, real-time US guidance [9], and transarterial or
wedged hepatic portography using either an iodinated con-
trast medium or carbon dioxide gas (CO,) [10-12].

The use of CO, is now preferred over iodinated contrast
media in wedged hepatic portograms because the viscosity
of CO, as a gas is 400 times lower than that of liquid contrast
media. The gas can better traverse the hepatic sinugoids. The
porial vein bifurcation or even the main portal vein are more
often opacified by CO, than by liquid contrast media.

Because the efficacy of CO, in wedged hepatic portogra-
phy over iodinated contrast media has not been established,
we decided to compare the portal vein opacification by
wedged hepatic portography using CO, in one group of
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Fig. 1. Wedged COQ, venography performed in anteropos-
terior (A} and lateral view {B). These images demonstrate the
relative location of the hepatic vein, which is represented by
position of the catheter and the both branches of the portal

patients treated with TIPS with a second group of patients in
whom wedged hepatic portography was performed using
todinated conirast medium.

Materials and Methods

The wedged hepatic portograms of 45 patients performed using
CO;, (medical grade CO,, AGA, Ostrava, Czech Republic) were
retrospectively compared with portograms of another 36 patients
performed using jodinated contrast medium [Omnipague 350, Ny-
comed Amersham, Norway (60% of patients); Telebrix, Byk Gul-
den, Germany (40% of patients)].

There were 11 women and 34 men of mean age 53.8 years
(range 39-79 years) in the CO, group and 11 women and 25 men
of mean age 51.9 years (range from 8-79 years) in the iodinated
contrast medium group. All patients were referred for TTPS because
of symptomatic portal hypertension. The mean portosystemic gra-
dient was 20.73 mmHg (range 20~31 mmEg) in the CO,, group and
18.53 mmHg (range 17-30 mmHg) in the iodinated contrast me-
dium group. There were six patients (13%} with Lhepatofugal flow in
the CO, group and six patients {17%) in the iodinated contrast
medium group.

Wedged hepatic portography was performed using hand injec-
tion of 30-40 ml of CO, through a 6.5 Fr diagnostic endhole
catheter (Rosch celiac, Cook, Denmark} (Fig. ). For each proce-
dure, the CO, tank was attached through a reducing valve to a
sterile connecting tube leading to a three-way stopcock, to which
was aftached the 60 ml syringe. The three-way stopcock facilitates
the purging of ali room air from the tube filling the syringe. Once
filled with 50 ml of CO,, the syringe was disconnected and imme-
diately attached to the hub of the dizgnostic catheter and hand
injection of CO, was administered.

When uging iodinated contrast agent, the injection was per-
formed through the same type of catheter using the automatic

vain. € The CO, transjugular periogram of the same patient
performed through the catheter introduced into the portal
vein.

injector (5 mifsec for a total 10 mi of liquid contrast agent). The
portogram was stored on a second monitor for reference during
intrzhepatic puncture.

The right or middle hepatic veins were used for the wedged
hepatic portograms in both groups because these are the veins
primarily considered for TIPS creation.

Digital subtraction angiography (Polytron 8 plus, Siemens, Ger-
many) was used for all angiographic sequences with a 1024 X 1024
mairix, filming at 3 frames per second; the single frame mask
without stacking of images was used in both groups of patients.
Wedged venography was performed in ail patients separately in
anteroposterior and lateral views since only a single-plane fluor-
oscopy unit wag available.

Opacification of the portal vein branch including the portal vein
bifurcation was defined as the criterion of a successful study. A
failed portogram was defined as no opacification of any part of the
right or left main portal branch.

The data of both groups were stafistically evaluated to prove
their comparability (using cross-tabulation and Fisher’s exact test)
in the following parameters: gender, age, flow direction in the
portal vein, pressure in the portal and hepatic veins. In all these
parameters the two groups were not statistically different. The
effectiveness of portal vein imaging in the two groups was com-
pared using a nonparametric test (Wilcoxon test).

Results

Using CO,, the right portal veir: and the portal vein bifur-
cation were opacified in 87% of patients (39 of 45); only a
part of the right portal vein branch was opacified in 6% of
patients and no opacification of any portal vein branches was
observed in 7%. The main portal vein was opacified in 53%
of cases.
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Using todinated contrast medium, there was opacification
of the portal vein bifurcation in 25% of patients (9 of 36); in
all these patients the main portal vein was simultaneously
opacified. There was hepatofugal fiow in the portal vein in five
of these nine patients (56%). A parl of the right portal vein
branch was opacified in 36% and no opacification of any part of
the main right portal vemn branch was observed in 39%.

If we consider as the criterion of successful portography
the opacification of the portal vein bifurcation, the difference
between the 87% success rate in the CO, group versus 25%
in the iodinated contrast medium group is statistically highly
significant (p < 0.001}.

There was one case of hepatic jaceration from wedged
CO, venography {Fig. 2}. The intraperitoneal leak was rec-
ognized and the diagnostic catheter was kept wedged. To
prevent bleeding, one microcoil {Tornado, Cook, Denmark)

Fig. 2. A Wedged CO, hepatic venogram with free extravasation
into the peritoneal cavity. B The gas collection rapidly moved into
the subhepatic space. C The distal hepatic vein was embolized
with a platinum coil while the diagnostic catheter was kept in the
same position.

was placed using a microcatheter (MicroFerret, Cook, Den-
mark) introduced through the inner fumen of the diagnostic
catheter. This complication was without any clinical se-
quelae and the TIPS procedure was successfully completed.
There was no other complication related to the hepatic vein
injection through the wedged catheter or using CO,,

Discussion

Of the several steps in the TIPS procedure, transvenous
access to the portal vein is by far the most crucial and
unfortunately also the most unpredictable. During 10 years
of clinical use, TIPS interventionalists have attempted fo
make this essentially biind puncture more targeted, and thus
to shorten the procedure time and enhance its safety.

In our experience with more than 330 TIPS procedures
we have used the following methods to reveal the portal and
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hepatic vein anatorny: Doppler ultrasonography, CT scan of
the liver and CO, wedged hepatic portography. The use of
CO, injection in our experience does not extend the time of
the procedure, is now very simple and is considered by all
our operators to be useful, so we employ it routinely as a pazt
of every TIPS procedure,

Imaging the portal vein bifurcation in two views was
considered by us, and also by others [12], 1o be sufficient
enough to complete the portal vein puncture. We therefore
decided to take visualization of the portal vein bifurcation as
the criterion of successful portography in our study. Opaci-
fication of a part of the right or lefi portal vein branch was
considered also useful, and therefore this degree of portal
vein opacification was mentioned in our study. The imaging
of more peripheral branches was considered only minimally
helpful for the planning of portal vein puncture.

Use of wedged hepatic CO, portography was introduced
into the TIPS procedure by Rees and colleagues [10]. The
idea of using COQ, for examination of the splenoportal ve-
nous system had been studied in dogs by Hipona and Park
before TIPS development [13]. Besides wedged hepatic por-
tography, CO, has been used for following purposes during
TIPS: hepatic venography to identify the most suitable he-
patic vein from which to make the portal vein puncture,
direct portography after pigiail catheter placement in the
portal vein, and additional injections after tract dilatation and
stent placement.

The absence of nephrotoxicity of CO, as a contrast me-
dium can have other indications, such as a desire to avoid
iodinated contrast medium-induced nephrotoxicity in pa-
tients with redueced glomerular filtration rates. Some patients
with liver cirrhosis may have normal serum creatinine levels,
often with profound wasting of muscle tissue. A history of
severe allergic reaction to contrast medium can also be a
possible indication, since CQ, is sufficient for completion of
the entire TIPS procedure without the use of iodinated con-
trast medium,

The much better results in revealing the portal anatonyy
using CO, instead of iodinated contrast medium are ex-
plained by the low viscosity of CO, (more than 400 times
lower than that of liquid contrast medium). The gas can
better traverse the hepatic sinusoids in a volume large
enough to cause temporary reversal of the portal vein blood
flow. Gravity plays an important role in the distribution of
injected gas in the portal vein. The buoyancy of the gas has
the advantage of preferentially filling the nondependent left
portal branch when it is injected from the dependent right or
middle hepatic veins. This preferential filling of the left
portal branch and the low viscosity of CO, are the two main
reasons why the portal vein bifurcation or even the main
portal vein are more often opacified by CO, than by liquid
contrast mediurn. We have only limited experience in using
the left hepatic vein for wedged hepatic venography since all
our CO, studies were primarily performed through the right
or middle hepatic veins. There is a probability that filling of

the dependent right portal vein branch from the left hepatic
vein is less effective because of CO, buoyancy.

Using a double-lumen occlusion balloon catheter for per-
forming either liquid or gas injection through the inner
lumen while an inflated balloon occludes the flow in the
hepatic vein has been advocated for several reasons [14).
When performing balloon occlusion venography, the balloon
catheter can be positioned in a more central hepatic vein and
therefore the injection force is distributed over a larger area
of the venous tributaries from a larger volume of the liver.
There is also no reflux of contrast medium into the free
hepatic vein. The reflux can potentially decrease the volume
and pressure of injected liquid or gas contrast medium. The
inflated balloon also stabilizes the position of the catheter
during injection.

The injection from the more central position of the bal-
loon catheter decreases the potentially dangerous jet from a
peripherally wedged endhole catheter [15]. We did not use a
double-lumen balioon catheter because of its additional ex-
pense. Except for one case of documented hepatic capsule
laceration out of 72 wedged catheter portograms, which was
without any clinical sequelae, we have not observed any
complication resulting from injection through a single-lumen
wedged catheter. We are aware of reported fatal complica-
tions due to hepatic capsuie laceration [15], and thercfore
tried to avoid peripheral positioning of the diagnostic catheter.

There are possible complications unique to CO, because
of its gaseous sfate. fodinated contrast medium mixes with
blood, whereas CQO, displaces blood. Thus, when injected in
large volumes, CO, can dispiace the blood from the right
heart and the main trunk of pulmonary artery, causing so-
called vapor lock and resulting in transient hypotension and
cardiac arrest. To avoid this potentiatly lethal complication it
is recommended that the pulmonary artery be checked in the
supine position after a small (10 ml) test injection of CO,, If
the gas remains there longer than 20-30 sec, the patient
should be placed in the left lateral decubitus position to
release the flow through the right heart. Pure CO, should be
absorbed into solution in 15-30 sec {16, 17]. More signifi-
cant episodes of vapor lock can occur with very farge volume
injections {greater than 60 ml) or when room air is inadver-
tently injected along with CO, from an incompletely cleared
syringe. Use of dedicated CO,, injection sets is recommended
0 prevent both injection of excessively large volumes of
CO, and the inadvertent injection of room air. The main
pulmonary artery is also the most frequent location of
small air bubbles arising from intravenous drug administra-
tion {18].

Because of neurctoxicity CO, should not be used in the
presence of a pre-existing right-to-left heart shunt (this is
also a contraindication for TIPS). In patients with chronic
obstructive pulmonary disease the volume per injection
should be decreased and the interval between injections
should be increased. CO, is not a problem unless the patient
has severe obstructive pulmonary disease with baseline CO,
refention and is not able to respond by increased ventilation.
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When general anesthesia is used for TIPS nitrogen monoxide
should be avoided because it diffuses from the soft tissues
into the gas bubble, intensifying it and diluting its contents.
The resulting mixed bubble becomes larger and lasts longer
than if it were pure CO, [16].

In comparison with hyperosmolar contrast agents, the use
of CO, and hypo-osmolar contrast media reduces hepatic
tissue damage in the area of contrast staining when used for
wedged hepatic vein injection [19]. In addition, extensive
persistent staining of the hepatic parenchyma by iodinated
contrast medium can cbscure the small portal vein branch
injection after its puncture. CO, injections do not cause any
hepatic parenchymal staining.

A CO, portogram is now congidered an accepted part of
the TIPS procedure by many operators. As a technigue for
portal vein localization during TIPS it has been compared in
a prospective randomized study with percutaneous place-
ment of a small catheter into the portal vein. The investiga-
tors concluded that in spite of higher technical success rates
of TIPS in 20 patients (p = 0.045) in whom the portal vein
was localized using a percutaneously placed catheter, CO,
wedged portography was faster and safer in 17 patients [7].

The diagnostic efficacy of CO, wedged hepatic portogra-
phy was compared with direct transjugular and indirect ar-
terial portography. CO, portography depicted the right portal
vein in 95% of cases and the left and main portal vein in 90%
of cases. Arterial portography provided better imaging of the
variceal network [20].

Some simple methods of portal vein targeting are rou-
tinely utilized by many operators [21-23], some methods are
work in progress [24] and some are considered by us to be
fime-consuming and potentially prone to complications and
need further evaluation [8, 25). Some reported failures and
complications of the TIPS procedure are probably conse-
quences of the learning curve for this procedure. This reflects
the fact that the technical success rates in both our groups, in
spite of different levels of portal vein imaging, was 100%.
We assumed that good imaging of the portal vein s an
important precondition for easy completion of the procedure
but not the only one, Procedural complication rates in expe-
rienced hands are far lower {26}, and since TIPS is not the
treatment of first choice for variceal bieeding, routine per-
formance of this procedure should be concentrated in spe-
cialized medical centers.
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