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PURPOSE: This study was conducted to assess the value of wedged hepatic venography (WHV) with CO, as a contrast
agent for identification of the portal venous system in patients with cirrhosis. Additionally, the predictive value of
several parameters that potentially influence the level of portal vein opacification by €O, WHV was analyzed.

MATERIALS AND METHODS: In 163 patients, CO, WHV was performed before transjugular intrahepatic porto-
systemic shunt creation to opacify and map the portal vein for subsequent targeting by intrahepatic puncture
technique. Concordance between CO, WHV and direct catheter portography with todinated contrast medium was
assessed by analysis of sensitivity parameters. Additionally, analysis of factors potentially influencing the opacifi-
cation of the portal vein with use of CO, WHYV was assessed.

RESULTS: CO, WHV was successfully performed in all 163 patients. In three patients (1.8%), CO, extravasation was
noted, but without any clinical consequence. Sensitivity rates of CO, WHV for opacification of the right and left portal
veins and the portal main trank were 93.83% and 68.52%, respectively. Positive predictive factors (P < .05, Wilcoxon
two-sample test) were high portosystemic gradient, spontaneous splenorenal shunt, esophageal varices, and reversed
portal flow. One negative predictive factor was a patent umbilical vein.

CONCLUSIONS: CO, WHYV is safe, highly efficient, and reliable in the identification of the right and left portal veins.
CO, WHYV is clearly less effective in opacifying the entire portal main trunk. With use of CO, WHV, the portal venous
system is most distinctly opacified in patients presenting with a high portosystemic gradient, a spontaneous spleno-
renal shunt, esophageal varices, and reversed portal flow.
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Abbreviations: MPY = main postal vein, TIPS = transjugular intrahepatic portosystemic shunt, WHV = wedged hepatic venography
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different radiologic examinations. His-
torically, indirect portography after
catheterization of the splenic or supe-
rior mesenteric artery was the method
of choice (1), but today it has been
largely replaced by noninvasive meth-
ods like duplex ultrasonography (US),
computed tomography (CT), and
magnetic resonance (MR) imaging
(2-4). Wedged hepatic venography
{WHV) with CQ, as contrast medium
has been suggested as another efficient
imaging tool to demonstrate the portal
vein and end branches before fran-

sjugular intrahepatic portosystemic
shunt (TIPS} creation (5-8) or to use as
part of an “all-in-one” invasive diag-
nostic workup to evaluate liver cirrho-
sis and portal hypertension-related
symptoms (9,10).

The aim of the present study was to
investigate the efficacy of WHV with
CO, in demonstrating the main portal
vein (MPV) and intrahepatic end
branches compared with direct cathe-
ter portography with iodinated con-
trast medium. Additionally, several
parameters were analyzed to deter-
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mine the polential predictive value of
portal vein opacification by CO, WHYV.

MATERIALS AND METHODS
Study Population

Approval by the institutional re-
view board is not required for retro-
spective studies such as this in the au-
thors” institution.

From January 1998 to October 2005,
163 consecutive CO, WHV proce-
dures, each preceding TIPS creation,
were performed in our institution.
There were 118 men and 45 women,
with a mean age of 56.7 = 11.7 years
(SD). Sixty-eight patients (41.72%)
with unconfrollable or recurrent
variceal bleeding, 69 patients (42.33%)
with refractory ascites, 20 patients
(12.27%) with hepatic hydrothorax
with or without concomitant refrac-
tory ascites, and six patients (3.67%)
with known but uncomplicated portal
hypertension were scheduled for gas-
trointestinal surgery. Assessmeni of
Child-Pugh class was performed be-
fore TIPS creation in all patients. The
undetlying liver diseases included al-
coholic liver cirrhosis (r = 117), non-
alcoholic steatohepatitis (n = 5), hep-
afitis C (# = 15), granulomatous
hepatitis (# = 1), hemochromatosis (1
= 1), hepatitis B (n = 3), polycystic
liver disease (n = 1), toxic hepatitis {iz
= 3), venococclusive disease {n = 5),
primary biliary sclerosis (n= 5}, scle-
rosing cholangitis (n = 1), isolated
thrombosis (n = 1), and hilar cholan-
giocarcinoma in a liver transplant re-
cipient (n = 1).

Technique of CO, WHYV and Direct
Portography

Percutaneous access was made by
puncture of the right internal jugular
vein, and catheterization of the right
hepatic vein was performed with a 4-F
or 5-F Cobra-shaped catheter (Hooge-
woud 5-F or ShpCath 4F, William
Cook Europe, Bjaeverskov, Denmark)
and a 0.035-inch guide wire (Glide
Wire; Terumo Europe, Leuven, Bel-
gium). Before the imaging studies
were performed, pressure measure-
ments in the right atrium, which were
considered to represent the sysiemnic
pressure, were assessed. The diagnos-

Figure 1. CO, WHV in a 43-year-old man who presented with refractory ascites and
concomitant hepatic hydrothorax clearly shows extravasation of CO; bubbles (arrows)

projecting over the right liver lobe.

tic catheter was placed as deep as pos-
sible in a right hepatic vein end branch
to obtain a complete wedge position.
No occlusion balloon was used. Injec-
tion of CO, was performed manually
or automatically, respectively, with a
hand-injection system consisting of a
syringe with a three-way stopcock
connected with a CO, tank and the
catheter (CO, Angioset; Optimed, Et-
tlingen, Germany) or with an auto-
mated CO, irgector {CO,nnect; Angio-
dynarnics, Queensbury, NY). With
both systems, the first injecion was
performed with a small amount of
CO, injected: 20 mL with the manual
system and 30 ml with the auto-
mated system. All imaging series
were performed with the patient un-
der apnea and were made in an an-
teroposterior projection. If the portal
venous system was not completely
opacified with CO,, additional series
were performed with the amounts of
CO, increased by 20 mL but never
exceeding 80 mL of CO, in the same
series.

The last indirect CO, portogram ob-
tained was then used as a roadmap to

guide the intrahepatic puncture from
the right hepatic vein into the portal
venous system. When a catheter was
brought into the MPV, hand-injected
direct portography with 10 mbL of io-
dinated contrast medium (ichexol
[Omnipague 240] or iodixano] [Visi-
paque 270]; Amersham, Wemmel, Bel-
gium) was performed. In all proce-
dures, this amount of contrast
medium was enough to obtain ade-
guate opacification of the portal ve-
nous system, and subsequently this
technique could be considered the
gold standard for portal vein opacifi-
cation. Then, direct pressure measure-
ments in the MPV were assessed sub-
sequently, and creation of a porto-
systemic shunt was performed as pre-
viously described (11).

Study Design

In the first part of the study, the
sensitivity of CO, WHV to visualize
the different levels of the portal ve-
nous system was studied. Therefore, a
scoring system was used: a score of 0
indicated that no portal vein branch at
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Figure 2. CO, WHYV (a) in an 80-year-old woman who presented with recurrent variceal bleeding and hepatitis C virus-induced liver
cirrhosis shows opacification: of the end branches of the right portal vein {arrows) but no opacification of the right portal main branch.
The corresponding direct catheter portography with iodinated contrast medium (b) shows a fully patent portal venous system including
the portal main trank and right and left portal veins and end branches.

2.

b.

Figure 3. CO, WHYV (a} in a 79-year-old man who presented with refractory ascites reveals a patent right (arrow) and left (arrowhead)
portal vein and end branches. The corresponding direct portography with iodinated contrast mediam (b) demonstrates a fully patent

pertal venous system.

all was revealed, a score of 1 indicated
opacification of distal branches of the
right portal vein but no opacification
of the main right portal vein, a score of
2 indicated opacification of the main
right portal vein and its end branches,
a score of 3 indicated opacification of

right and left portal veins and end
branches but no opacification of the
MPV, and a score of 4 indicated opaci-
fication of the patent MPV and its
right and left branches. Additionally,
in case of MPV opacification by CO,
WHV, a distinchon was made be-

tween complete and incomplete opaci-
fication (ie, suggesting an underlying
stenosis). All CO, WHYV studies were
reviewed in one sitting, and the con-
trast venograms were reviewed in an-
other by two interventional radiolo-
gists (G.M. and S.H.) with 15 and 8
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varices are depicted.

years of expetience, respectively. In
case of a discrepancy between the two
readers’ scoring, a consensus was ob-
tained after discussion.

In the second part of the study, sev-
eral parameters that potentially influ-
ence the performance of CO, WHV
were assessed to determine which pa-
rameters favored full and clear opaci-

Figure 4. CO, WHYV {a} in a 53-year-old man who presented
with refractory ascites reveals good opacification of the portal
main trunk {arrows} and end branches. On the corresponding
direct portography with iodinated contrast medium (b), reversed
portal flow and major esophageal varices (arrows) and fundal

fication of the MPV and ifs branches
and end branches. The parameters an-
alyzed were age, sex, underlying liver
disease, portosystemic pressure gradi-
ent, Child-Pugh class, patency of the
umbilical vein, spontaneous splenore-
nal shunt, reversed portal flow, esoph-
ageal varices, and medical indication
for TIPS creation.

Statistical Analysis

Sensitivity (including exact 95%
Cls) was calculated for the different
levels of opacification of the porial
vein (ie, scores of 1-5) with CO, WHV,
with direct portography with iodin-
ated contrast medium used as the
standard. Because the standard out-
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Figure 5. CO, WHYV (a) in a 74-year-old man with refractory ascites demonstrates patent right and left portal veins and end branches.
The MPV trunk is clearly narrowed (arrows) by a sharply delineated mass effect. The corresponding direct catheter portography with
iodinated contrast medium (b) confirms these findings (arrows), which are suggestive of partial portal vein thrombosis.

come is nearly always a fully patent
portal main trunk and end branches,
caleulation of specificity does not
make sense. Spearman correlations
and nonparametric tests (Wilcoxon
two-sample test, Kruskal-Wallis test)
were used to compare the CO, score
between the levels of a set of factors.
All reported P values were two-sided,
and the a level was set at 5%. No
correlation was made for multipie test-
ing. All analyses were performed with
the SAS statistical package (version
9.1; SAS, Cary, NC).

RESULTS
Image Analysis

In all 163 cases (100%), it was pos-
sible to place a diagnostic 4-F or 5-F
Cobra catheter wedged in the right he-
patic vein and subsequently perform
CO, WHV. In three patients (1.8%}), a
clear amount of CO, bubbles extrava-
sated and dispersed into the perito-
neal cavity (Fig 1). No hemodynamic
changes were noted by the anesthesi-
ologist in any patient, and no addi-
tional medical procedures were neces-
sary. No early or late symptoms were
experienced by the patient as a poten-
fial result of this CO, exiravasation.

Creation of a portosystemic shunt

Tabie 1

System by CO, WHV

Sensitivity Parameters of Different Levels of Opacification of the Portal Venous

Level of Opacification No. of Patients  Sensitivity (%) 95% CI
Right portal vein end branches 15% 97.55 93.84-99.33
Right portal vein main branch 154 95 91.3G-98.25
Right and left main portal branch 152 93.83 §8.94-97.00
Entire main portal vein 110 68.52 60.77-75.58
Stencsed main portal vein 13 80.00 28.36-99.49

was also possible in all patients, and
subsequent analysis of direct catheter
portography with iodinated contrast
medium was available in all patients.
Direct portography showed fully
patent right and left portal veins and
end branches in ali but one patient.
The portal main trunk was stenosed in
five patients (3.06%), the portal vein
was occluded in one patient (0.6%),
and the MPV and end branches were
fully patent in the remaining 157 pa-
fients (96.31%).

Sensitivity Analysis

Analysis of the level of opacifica-
tion of the portal venous system re-
vealed no opacification of any distal
portal end branch (ie, score of 0) in
four patients, opacification of right

portal end branches without opacifica-
tion of the remaining parts of the por-
tal venous system (ie, score of 1) in
five patients (Fig 2}, opacification of
the right portal main branch without
opacitication of the left portal vein or
portal vein main branch {ie, score of 2)
in three patients, opacification of right
and left portal main branches without
opacification of the MPV (ie, score of
3) in 41 patients (Fig 3}, and opacifica-
tion of the entire MPV (ie, score of 4} int
110 patients (Fig 4). In 13 of these 110
patients, the MPV was incompletely
opacified, suggesting an underlying
stenosis.

In the five patients who presented
with an MPV stenosis on direct por-
tography {Fig 5), CO, WHYV revealed
opacification of the MPV and clear de~
lineation of the stenosis in four cases
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Table 2 Table 3
CQ, Scoring Groups According to Sex. CO, Scoring Groups According to
ild-Pugh Cl
CO, Score Male Female Child-Pug i

5 5 z CO,Score Class A Class B Class C

1 3 1 0 1 2 1

2 3 ] 1 1 2

3 34 7 2 ] ¢ 3

4 Gb 32 3 & 20 15

Stenosis of MPY 10 3 4 5 34 59
Stenosis of 4 2 7

MPVY
Table 4
CO, Scoring Groups According to Underlying Disease Group
CO, Score Group 1 Group 2a Group Zb Group 3

0 ¢ 2 1 1

1 1 i 2 0

2 0 3 0 0

3 3 26 10 2

4 3 76 17 2

Stenosis of MPV 1 9 3 ]

and no opacification of the MPV and
subsequently no depiction of the por-
tal stenosis in one.

Sensitivity for opacification of the
right portal end branches, right portal
main branch, and right and left portal
main branches, and complete opacifi-
cation of the MPV with or without
underlying stenosis, is summarized in
Table 1.

Analysis of Parameters Influencing
Level of Opacification

Age—The mean age of the 163 pa-
Hents included in the study was
56.66 vears (SD, 11.72; median age,
57 vyears; first quartile, 48 y; third
quartile, 66 y). There was no evi-
dence of a relationship between age
and CO, score. The Spearman corre-
lation was 0.04 (P = .61},

Sex—Among the 163 patients, 118
were men (72.39%) and 45 were
women {27.61%). Distribution of sex
among the five CO, score groups is
summarized in Table 2. There is no
evidence that CO, scores were differ-
ent between male and female pa-
tients (Wilcoxon two-sample test, P
= 26).

Child-Pugh class—Patients” Child-
Pugh classes before TIPS creation
were class A in 17 patients {10.43%),

clags B in 59 patients (36.20%), and
class C in 87 patients {53.37%). Distzi-
bution of Child-Pugh scores among
the CO, score groups is summarized
in Table 3. There was no evidence of
a relationship between CQ, score and
Child-Pugh score. The Spearman cor-
relation was 0.13 (P = .09).
Underlying  liver  disease~—The
aforementioned underlying liver dis-
eases were clustered in four groups,
as summarized in Table 4: group 1
included presinusoidal portal hyper-
tension (ie, portal vein thrombosis,
primary biliary sclerosis, sclerosing
cholangitis, and hilar cholangiccarci-
noma in a fransplant recipient);
group 2a included sinusoidal portal
hypertension based on alcohelic cir-
thosis; group 2b included sinusoidal
cirthosis based on other diseases
{ronalcoholic aleohol steatosis, hepa-
titis C, granulomatous hepatitis,
hemochromatosis, hepatitis B, poly-
cystic liver disease, toxic hepatitis);
and group 3 included postsinusoidal
portal hypertension (ie, venoocclu-
sive disease). There was no evidence
of a significant difference in CO,
score  among the four groups
(Kruskal-Wallis test, P = 23). There
was also no evidence of a significant
difference between groups 2a and 2b
(Wilcoxon two-sample test, P = 28).

Portosystemic gradient—The patient
with portal vein occlusion was ex-
cluded from analysis of potential cor-
relation with portosystemic gradient
because pressure measurements can-
not be made in an occluded portal
vein. The mean portosystemic gradi-
ent in the 162 remaining patients was
22.27 mm Hg (5D, 12.61; median,
18.00 mm Hg; first quartile, 13 mm
Hg; third quartile, 27 mm Hg). There
was a significant relationship be-
tween portosysternic gradient and
CO, score: the higher the portosys-
temic gradient, the higher the CO,
score. The Spearman correlation was
0.33 (P < .0001).

Patent umbilical vein~—A patent
umbilical vein was revealed on CO,
WHYV and direct portography with
iodinated contrast medium in 30 pa-
tients (18.40%) (Fig 6). Distribution of
umbilical vein patency among CO,
scoring groups is summarized in Ta-
ble 5. There was a significant differ-
ence in CO, score between groups:
the group without opacification had
a higher score (Wilcoxon two-sample
test, P = .0096).

Spontaneous splenorenal shunt—A
spontaneous splenorenal shunt was
demonstrated on direct portography
in 24 patients (14.72%). Distribution
of the presence of a spontanecus
splenorenal shunt among the CO,
scoring groups is summarized in Ta-
ble 6. There was a significant differ-
ence in CO, score between groups:
patients with a spontaneous spleno-
renal shunt had a higher score (Wil-
coxon two-sample test, F = .019).

Reversed  portal  flow.—Reversed
portal flow was depicted on direct
portography in 42 patients (25.77%),
and hepatopetal flow was seen in 122
patients {74.23%). Distribution of the
presence of hepatofugal and hepato-
petal flow among CO, scoring
groups is summarized in Table 7.
There was a significant difference in
CO, scores between groups: patients
with hepatofugal flow had a higher
score (Wilcoxon two-sample test, P <
0001).

Esophageal warices—In 104 patients
(63.8%), esophageal varices were de~
picted on direct portography. No
varices could be detected in 59 pa-
tients (36.2%). Distribution of the
presence or absence of esophageal
varices among CO, scoring groups is
shown in Table 8. There was a sig-
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a.

shows opacification of the right and left portal vein;
paraumbilical venous collateral vessel (arrowhead). The ¢

shows a fully patent portal venous systemn,

b.
Figure 6. CO, WHYV {a) in a 70-year-old woman who presented with refractory ascites as a result of aleohol-induced liver cirrhosis

the portal main trunk (arrow) is partly opacified. Note the clear opacification of a
orresponding direct catheter portography with iodinated contrast medium (b)

Table 5
CO, Scoring Groups According fo
Patency of Umbilical Vein
No
Patent Opacification
Co, Urnbilical  of Umbilical
Score Vein Vein
] 0 4
1 0 4
2 2 i
3 15 26
4 1l 87
Stenosis 2 11
of MPV

nificant difference in CO, score be-
tween groups; the group with opaci-
fied varices had a higher score (Wil
coxon two-sample test, P = .017).
Indication for TIPS—The indica-
tions for TIPS were clustered in three
groups: group 1, variceal bleeding
group 2, refractory ascites, hepatic hy-
drothorax, and a combination of the
two; and group 3, preparation for gas-
trointestinal surgery. The CO, scores
among these groups is shown in Table
9. There was no evidence of a signifi-
cant difference in CO, score between
groups (Kruskal-Wallis test, P = 31).

Table &

CQ, Scoring Groups According to
Presence of a Spontaneous
Splenorenal Shunt

No
Spontaneous Spontaneous

CO, Splenorenal  Splenorenal
Score Shunt Shunt
0 0 4
1 0 4
2 0 3
3 2 39
4 20 78
Stenosis 2 11
of MPV
DISCUSSION

Assessment of the patency of the
portal vein and its end branches in
patients with cirrhosis and portal hy-
pertension-related complications is of
major clinical importance and will in-
fluence further medical therapy (12} or
will hamper or even contraindicate fu-
ture TIPS creation (11) or liver trans-
plantation. Portal vein patency is al-
most always accurately established
before a TIPS procedure or liver frans-
plantation by noninvasive imaging
like duplex U5, CT, or MR imaging,

Table 7
CO, Scoring Groups According to
Hepatofugal and Hepatopetal Flow
CO, Hepatofugal Hepatopetal
Score Flow Flow
0 0 4
i 0 4
2 0 3
3 3 38
4 33 65
Stenosis 6 7
of MPV

with sensitivity levels close to 100%
(2.
A few retrospective studies (6-8)
and prospective studies (%) have dem-
onstrated the superiority of WHV with
CO, as a contrast medium over WHV
with iodinated contrast material o de-
pict segments or the entire portal ve-
nous system. However, none of these
studies compared CO, WHV with the
gold standard of direct catheter por-
tography with iodinated contrast me-
dium. Our study, which compared
CO, WHYV versus direct catheter por-
tography with iodinated contrast me-
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Table 8

CO, Scoring Groups According to
Presence ot Absence of Esophageal
Varices

Esophageal  No
- €O, Seore Varices  Varices
0 3 1
1 2 2
2 2 i
3 18 23
4 70 28
Stenosis of MPV g 4

dium, clearly shows that indirect
opacification of the right and left main
portal branches by CO, WHV has a
very high sensitivity and can be con-
sidered a reliable and efficient radio-
logic mapping method before the cre-
ation of a TIPS, taking into account
that the right portal vein is classically
the targeted vessel during intrahepatic
puncture for TIPS creation (13). Indi-
rect opacification by CO, WHYV of the
entire portal main trunk is clearly less
efficient, with a sensitivity of 68.22%,
and leads to an overestimation of por-
tal vein thrombosis. However, Vla-
chogiannakos et al (10) suggested the
use of CO, WHYV together with pres-
sure measurements and transjiugular
liver biopsy as a routine outpalient
workup in patients with cirrhosis be-
fore TIPS creation or liver transplanta-
tion and termed it “the one-stop liver
shop.” The results of our study cannot
establish that CO, WHYV is highly re-
liable in the identification of the portal
main trunk and the portal vein end
branches, and subsequently that it
should be considered the gold stan-
dard for evaluation of patency of the
portal venous system. Although CO,
WHV— performed during the same
session and with the same access as
transjugular iver biopsy and pressure
measurements—can  still  be  per-
formed as an adjunciive imaging
method in the radiologic workup of a
patient with cirrhosis, assessment of
the patency of the portal venous sys-
tem should always be performed with
duplex US, CT, or MR imaging. Addi-
tionally, injection of CO, into the liver
parenchyma with use of a diagnostic
end-hole catheter is very safe, with a
complication rate of 1.8%. None of
these complications were lethal or
even required any intervention, and

Tabie 9

CO, Scoring Groups According to Indication for TIPS Creation

Indication Group 2 Indication Group 3

CQO, Score Indication Group 1
¢ 0
1 2
2 0
3 16
4 44
Stenosis of MPV 6

3
1
3
24
52
6

g S I e

Note— See text for explanation of indication groups.

no early or late sequelae were nofed,
although some case reports have de-
scribed liver laceration and patient
death (14,15}

Evaluation of the degree of stenosis
by CO, WHYV in case of MI'V stenosis
seems to be less reliable than direct
portography, although the sample of
patients with a portal vein stenosis in
this series (n = 13) was too small to
allow us to make definite conclusions.

Depending on  the underlying
pathophysiclogic vascular changes in-
duced by liver cirrhosis in these pa-
tients, CO, WHYV will provide more
extensive information on portal anat-
omy and patency. First, the higher the
portosystemic gradient, the better the
CO, opacification of the enfire portal
venous systen. Increase of portal pres-
sure results in a greater portal vein
diameter and decreased portal flow
velocity as demonstrated and mea-
sured by duplex US (16). When CO, is
injected in the liver parenchyma, it
traverses the hepatic sinusoids and
drains into the portal circulation. De-
crease of portal flow apparently facil-
itates portal vein opacification rather
than decrease in portal pressure.

In cases of reversed portal flow, the
injected CO, will be easily drained
into the portal circulation in the same
manner as the portal blood is drained.
Esophageal varices or spontaneous
splenorenal shunts are potential par-
tial or complete draining pathways of
the portal blood and subsequently can
also draw injected CO, into these vas-
cular séructures, thereby providing
better CO, opacification of the main
portal frunk

A patent umbilical vein can also
drain CO,, as described earlier, and
can thereby lessen opacification of the
portal main trunk. The anatomic loca-
tion ventral to the portal system po-

tentiaily plays a role in providing
worse opacification of the main portal
trunk. The buoyancy of gas has the
characteristics of preferentialty filling
the nondependent portal structures
{17}. The histology of the underlying
liver disease, particularly the differ-
ence between presinusoidal, sinusoi-
dal, and postsinusoidal portal hyper-
tension-induced liver cirrhosis, wiil
not significantly influence the CO,
score. As a part of this analysis, we did
not find any difference in CO, score
between viral and other types of hep-
atitis-induced liver cirrhosis and alco-
hol-induced hver cirrhosis, as was pre-
viously suggested by Ishikawa et al
(18). These authors also described a
correlation between Child-Pugh score
and CQO, score: the higher the Child-
Pugh score, the better the CO, score.
These findings could not be confirmed
by our study.

There are some limitations of this
study. The study populafion consisted
of patients with cirrhosis who pre-
sented with severe portal hyperten-
sion-related complications and were
to undergo a TIPS procedure (and had
a patent portal vein on US), rather
than a general population of patients
with cirrhosis. As an additional bias in
the study population, patients with
portal vein thrombosis were not in-
cluded, making sensitivity and speci-
ficity analysis possible only for pa-
tients with a patent portal venous
system. In that way, calculation of
only sensitivity made sense.

In summary, CO, WHYV is safe,
highly efficient, and reliable for right
and left portal vein opacification, but
it is clearly less efficient for opacifica-
tion of the main portal trunk. There-
fore, we can recommend CO, WHV as
a reliable imaging tool only for opaci-
fication of the right and left portal vein
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branches during TIPS creation. We
cannot recommend the use of CO;
WHYV as a reliable part of a diagnostic
routine workup alongside fransjugu-
lar liver biopsy and hepatic wedge
pressure measurements in a single
outpatient procedure through the
same jugular vascular access to evalu-
ate the patency of the entire portal ve-
nous systern, the histology of the un-
derlying liver disease, and the portal
pressure measurements in patients
with cirrhosis, as has been previously
suggested (9,10). Cross-sectional im-
aging like duplex US, CT, and MR im-
aging have a much higher sensitivity
and specificity {2,4) and are still indi-
cated when patency of the portal ve-
nous system has to be assessed. How-
ever, successful and complete
opacification of the portal venous sys-
tem by CO, WHYV is increased in the
presence of some vascular pathophys-
iologic changes typical of cirrhosis,
such as reversed portal blood flow,
increased portal pressure, large esoph-
ageal varices, and spontanecus sple-
norenal shuni. A patent umbilical vein
can be considered a negative predic-
tive factor for optimal opacification of
the portal vein by CO, WHV.
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