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Value of the Left Portal Vein Angle (LPVA) on CT for the

Diagnosis of Liver Cirrhosis: Comparison with
the Caudate to Right Lobe (C/RL) Ratio'

Yoong KiJeong, M.D., Byung lhn Choi, M.D., Joon Koo Han, M.D.,
Hong Dae Kim, M.D., Kyung Mo Yeon, M.D.

Purpose: To verify the usefulness of left portal vein angle (LPVA) on CT scanin
the diagnosis of liver cirrhosis and to compare its diagnostic value with that of
caudatetorightloberatio (C/RLratio).

Materials and Methods: LPVA, an angle formed by a vertical line and a line
connecting the center of the vertebral body to the umbilical point of the left
portal vein, and C/RL ratio were measured on CT scans of 100 cirrhotic and 100
normal livers. Diagnostic values of LPVA and C/RL ratio were compared statisti-
cally.

Results: The mean of LPVA was 18.9° (SD:; 7.6) for normal livers and 25.8°(SD;
8.4) for cirrhotic livers (P<0.001). The mean of C/RL ratio was 0.47(SD; 1.10) for
normal livers and 0.58(SD;0.14) for cirrhotic livers (P<0.001). When LPVA was
greater than 30°, liver cirrhosis was diagnosed with 36% sensitivity and 92%
specificity. When C/RL ratio was greater than 0.60, the diagnose of liver cirrhosis
was with 41% sensitivity and 90% specificity. There was nosignificant difference
of the diagnostic accuracy between LPVA and C/RLratio in ROC analysis.

Conclusion: Both LPVA and C/RL ratio are useful diagnostic indices of liver cir-

rhosis on CTscan. LPVA is moreconvenient to measurethan C/RLratio.
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INTRODUCTION

Liver cirrhosis is an irreversible alteration of lobular
and vascular architecture of the liver, consisting of dif-
fuse parenchymal necrosis, active formation of con-
nective tissue leading to hepatic fibrosis and nodular
regeneration (1). It iscommon end response ofthe liver
to a variety of insults and injuries including alcohol
abuse andviral infection.

Although diagnosis of liver cirrhosis is a pathologic
diagnosis made by performing a needle biopsy,
imaging diagnosis has been attempted. Ultrasono-
graphy is a modality widely used in the evaluation of
chronic liver disease. But, the sonographic features of
liver cirrhosis are nonspecific. There is a significant
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sonographic overlap between liver cirrhosis and other
diffuse parenchymal liver diseases ; decreased beam
penetration through the liver, poor depiction of the
intrahepatic vessels, and increased parenchymal
echogenicity are seen in both disorders (2-6). On CT
scan, several hepatic morphologic changes have been
reported as strongly suggestive of cirrhosis ; decrease
of the overall liver volume, nodularity of the liver con-
tour caused by regenerating nodules, fibrous scarring,
and nonuniform lobar atrophy and/or nypertrophy (7-
10). But, there are not generally accepted objective in-
dices for the diagnosis of liver cirrhosis. Harbin et al.
(11) proposed a ratio of transverse caudate lobe width
to right lobe width (C/RL ratio) on CT scan, repre-
senting relative atrophy of the right hepatic lobe and
enlargement of caudate lobe in cirrhotic liver, as an ob-
jective diagnostic index of liver cirrhosis. They re-
ported that if C/RL ratio exceeds 0.65, the diagnosis of
liver cirrhosis can be made with 100% specificity, and
94% accuracy which approach those of percutaneous
liver biopsy. But, there is a technical pitfall in obtaining
C/RL ratio. If the main portal vein is oriented trans-
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versely, with its horizontal axis almost directly continu-
ous with the axis of the right portal vein, therightlateral
wall of the main portal vein can notbe marked exactly ;
therefore, measurement of C/RL ratio is difficult
Another problem, which makes C/RL ratio not to be
used widely in practice, is that it requires mathematical
calculation.

The purpose of this study is to propose LPVA,
representing position of the umbilical portion of the left
portal vein, as a new diagnostic index of liver cirrhosis
on CT scan, which can be easily obtained and used.
This study will also determine its diagnostic efficacy by
comparing with that of C/RL ratio.

MATERIALS and METHODS

The control group was composed of 100 normal
healthy subjects. They were 64 men and 36 women.
The age ranged from 27 to 73 years with mean age of
55. The study group was composed of 100 patients with
liver cirrhosis. They were 73 men and 27 women. The
age rahged from 32 to 71 years with mean age of 55.
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Fig. 1. Method of obtaining left portal vein angle (LPVA). The
angle betweenline1 andline 2, is definedas LPVA.
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Fig. 2. Method of obtaining caudate to right lobe (C/RL) ratio.
The distances between lines 1 and 2 (A), and between lines 1 and
3(X) were measured and expressed as A/X (C/RL ratio).

The diagnosis ofcirrhosis in each patient was based on
clinical features, CT findings except LPVA and C/RL
ratio (n=82), and histopathological examination (n=
18). Clinical features included esophageal varix on en-
doscopy (n=58), history of ascites (n=34), and abnor-
mal liver function test (n=67). CT findings included
nodularity of liver contour (n=60) and splenomegaly
(n=52). Among 100 patients with cirrhosis, 76 were
considered to be related to hepatitis B virus (HBV), 12
hepatitis C virus (HCV), and three alcoholism. In nine
cases, a definite cause could not be determined
(cryptogenic cirrhosis).

All CT scans were performed with a GE 9800 scanner
(GE Medical Systems, Milwaukee, USA) and a Soma-
tom Plus-S scanner (Simens, Erlangen, FRG). Contigu-
ous ten millimeter sections through the liver were
obtained after intravenous bolus injection of 100 mL of
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Fig. 3. Graph illustrates the distribution of LPVAs for 100 cir-
rhotic and 100 normal livers.

Fig. 4. LPVA is determined by a line drawn through the center of
the vertebral body to the umbilical point of the left portal vein and
a vertical line drawn through the center of the rectus abdominis
muscle to the spinous process of the vertebra. The angle
measures 20° on this CT scan of a normal healthy subject. @ ;
umbilical point
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meglumine ioglicate 68% (Rayvist 300, Schering AG,
FRG).

Radiologic analysis

Measurements were obtained from hard copy
images of each liver. The left portal vein was identified
and its umbilical point was determined. The main
portal vein and its level of bifurcation was also exa-
mined, and if the vein appeared to bifurcate between
adjacent scans, the more caudal scan was chosen.

Left Portal Vein Angle (LPVA):A line (Fig. 1, line 2)
was drawn connecting the center of the vertebral body
to the umbilical point of the left portal vein. A vertical
line (Fig. 1, line 1) was drawn connecting the center of
the rectus abdominis muscle to the spinous process of
the vertebra. The angle between line 1 and line 2 was
measured and defined as LPVA.

Caudate to Right Lobe ratio using the main portal
vein (C/RL ratio):A line (Fig. 2, line 1) was drawn pa-

Fig. 5. CT scan of a 60-year-old patient with liver cirrhosis shows
the lateral displacement and counterclockwise rotation of the
umbilical portion of the left portal vein and large LPVA (38°). @ ;
umbilical point
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Fig. 6. Graphillustrates the distribution of C/RL ratios for 100 cir-
rhotic and 100 normal livers.
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rallel to the midsagittal plane through the right lateral
wall of the main portal vein. A secondline (Fig. 2, line 2)
was drawn parallel to the line 1 through the most me-
dial margin of the caudate lobe. A third line (Fig. 2, line
3) was drawn parallel to the line 1 through the most lat-
eral margin of the right lobe. The distances between
lines 1 and 2 (A), and between lines 1 and 3 (X) were
measured and expressed as the ratio A/X (C/RL ratio).
This method was same as that of Harbin (11).

Statistical analysis

The mean values and standard deviations (SDs) of
LPVA and C/RL ratio of normal and cirrhotic livers
were calculated, and Student's t-test was used to
evaluate the statistical difference between normal and
cirrhotic livers. Using decision-matrix analysis (12),
sensitivity, specificity, and diagnostic accuracy were
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Fig. 7. ROC curves of LPVA and C/RL ratio. The vertical scale is

the true positive ratio (i. e., the sensitivity) and the horizontal
scale, the false positive ratio (i. e., 1-specificity).
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Fig. 8. Scattergram superimposed with regression line shows
correlation between LPVA and C/RL ratio.
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calculated, respectively. The diagnostic value of LPVA
was compared with that of C/RL ratio by means of re-
ceiver operating characteristic (ROC) analysis, a well -
established technique for comparing the performance
of diagnostic systems (13).

RESULTS

LPVAs for all 100 cirrhotic and 100 normal livers
were shown in Fig. 3. The mean was 18.9°(SD ;7.6°) for
normal livers and 25.8° (SD;8.4°) for cirrhotic livers
(Fig. 4, 5). There was a significant statistical difference
of LPVA between patients with cirrhosis and normal
subjects (P<0.001).

C/RL ratios for all 100 cirrhotic and 100 normal livers
were shown in Fig. 6. The mean was 0.47 (SD ;0.10) for
normal livers and 0.58 (SD ;0.14) for cirrhotic livers.
There was a significant statistical difference of C/RL
ratio between patients with cirrhosis and normal sub-
jects (P<0.001).

If a LPVA of more than 30° and a C/RL ratio of more
than 0.60 were considered to be positive for the diag-
nosis of the cirrhosis, liver cirrhosis can be diagnoe-
sed with high specificity (Table 1, 2).

ROC curves of LPVA and C/RL ratio were obtained
(Fig. 7). The areas under the curves are 75% for LPVA
and 75% for C/RL ratio. There was no significant differ-
ence between ROC curve of LPVA and that of C/RL

Table 1. Decision Matrix Analysis(LPVA)

ratio. Plot of correlation between LPVA and C/RL ratio
was obtained also (Fig. 8). LPVA weakly correlated
with C/RL ratio (correlation coefficient ; 0.23, P<0.05).

DISCUSSION

Relative atrophy of the right hepatic lobe and the me-
dial segment of the left hepatic lobe, and enlargement
of the lateral segment of the left hepatic lobe in cir-
rhosis have been described through volumetric mea-
surement on CT scan (10). Because the umbilical
portion of the left portal vein passes between the lat-
eral and medial segment of the left hepatic lobe, the
alteration in the position of the umbilical portion of the
left portal vein can be anticipated in cirrhotic patients,
resulting in increase of LPVA. In liver cirrhosis, there
are gross alterations in the intrahepatic blood flow and
the formation of numerous pathologic intrahepatic por-
tocaval shunts (14-16). The increase or decrease in
volume of portions of the liver could be explained by
abnormal distribution of the portal blood, rich in
hepatotrophic factors, insulin being one of the mostim-
portant, which enter the liver by way of the splanchnic
circulation (17,18).

Our study indicates that both LPVA and C/RL ratio
could be used in the diagnosis of the liver cirrhosis on
CT scan with a considerable specificity. But, C/RL ratio
did not reveal such a high sensitivity and accuracy as

Positive test for cirrhosis = LPVA > 30°
Cirrhosis(+)

Test(+) 36 8
Test(—) 64 92

Cirrhosis(—)

Positive test for cirrhosis = LPVA = 25°

Cirrhosis(+)  Cirrhosis(—)
Test(+) 64 26
Test(—) 36 74

Nosologic Probabilities

Sensitivity =36% ( 36/100)
Specificity =92 % ( 92/100)
Accuracy = 64% (128/200)

Sensitivity =74% ( 74/100)
Specificity =74% ( 74/100)
Accuracy = 69% (138/200)

LPVA = Portal Vein Angle

Table 2. Decision Matrix Analysis(C/RL Ratio)

Positive test for cirrhosis = C/RL radio = 0.60

Positive testfor cirrhosis = C/RL ratio = 0.65

Cirrhosis(+) Cirrhosis(—) Cirrhosis(+) Cirrhosis(—)
Test(+) 41 10 Test(+) 28 4
Test(—) 59 90 Test(—) 72 96

Nosologic Probabilities

Sensitivity =41% ( 41/100)
Specificity =90% ( 90/100)
Accuracy = 66% (131/200)

Sensitivity =28% ( 28/100)
Specificity = 96% ( 96/100)
Accuracy = 62% (124/200)

C/RL ratio = Caudate-to-right-lobe ratio
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Habin suggested, only 28 of 100 patients with liver cir-
rhosis had a C/RL ratio greater than or equal to 0.65.
Giorgio et al. (19) reported that sensitivity of C/RL ratio
on CT scan was very low for the cases of alcoholic cir-
rhosis, low for cryptogenic cirrhosis, but high for HBV-
related cirrhosis(66%). Although our study could not
compare viral cirrhosis with nonviral cirrhosis, sensi-
tivity of C/RL ratio for viral cirrhosis was low (29%),
using the same criterion of their study. In our study,
C/RL ratio for normal liver was 0.47 (S. D. ; 0.10), which
is consistent with the data of Kim (20) and Harbin (11).

Potential technical pitfalls should be considered
when obtaining LPVA. There are difficulties in exact de-
termination of the umbilical point of the left portal vein ;
a) obtuse angulation of the left portal vein at the umbili-
cal point, b) vertical orientation of the left portal vein.

In conclusion, LPVA is a new useful index in the diag-
nosis of liver cirrhosis with a same level of diagnostic
accuracy of C/RL ratio and can be used easily in prac-
tice because it is more convenient to measure than
C/RL ratio.
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