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Objective. The purpose of this study was to evaluate the accuracy of a new sonographic marker for
the diagnosis of cirrhosis using hepatic vein wall changes. Methods. A prospective pilot study evalu-
ating 88 patients, 38 with cirrhosis and 50 with no evidence of liver disease, was undertaken. Hard
copy sonograms of the hepatic veins were obtained and reviewed in a blinded fashion by 2 radiolo-
gists. The hepatic vein morphology was assessed by 3 parameters: hepatic vein wall straightness, uni-
formity of hepatic vein wall echogenicity, and visualization of a complete 1-cm hepatic vein segment.
The 3 parameters were compared to evaluate sensitivity and specificity for the diagnosis of cirrhosis.
Interobserver and intraobserver errors for each parameter were also calculated with κ statistics to
assess reproducibility. Results. There was a strong correlation between altered straightness and
nonuniformity of hepatic vein wall echogenicity and cirrhosis. The straightness parameter had superi-
or sensitivity of 97% (95% confidence interval [CI], 85%–100%) and specificity of 91% (95% CI,
78%–97%) for diagnosis of cirrhosis. Uniformity of hepatic vein wall echogenicity was the next most
useful parameter, with sensitivity of 88% (95% CI, 73%–97%) and specificity of 86% (95% CI, 72%–95%).
The continuous 1-cm segment of the hepatic vein had sensitivity of 68% (95% CI, 49%–83%) and
specificity of 91% (95% CI, 78%–97%). Hepatic vein evaluation was found to show both good
intraobserver and interobserver error. Conclusions. Hepatic vein morphology on sonography, in par-
ticular, changes in the straightness and uniformity of hepatic vein wall echogenicity, is a new sign of
cirrhosis, which may increase the overall accuracy of sonographic diagnosis of cirrhosis and which
appears to have a moderately high degree of reproducibility. Key words: cirrhosis; hepatic vein; liver;
sonography.
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adiologic assessment plays an important role in
the diagnosis and follow-up of patients with cir-
rhosis, but conventional sonography has vari-
able diagnostic accuracy of 76% to 93%,1,2 and

contrast-based methods such as measurement of the
hepatic transit time,3,4 liver elastography,5 and magnetic
resonance imaging spectroscopy6 are not widely applied
as yet. Liver biopsy remains the reference standard but
has problems of morbidity and sampling errors.7–10 Many
different sonographic parameters have been used.
Parameters concentrating on liver architecture and mor-
phologic changes such as increased echo coarseness
have long been used11–13 but have low sensitivity.
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Surface nodularity assessment provides higher
specificity and sensitivity.14 Surface nodularity is
more evident in patients with ascites, which
provides a fluid-organ interface allowing easier
assessment of surface contour changes. The
hypothesis of our study followed from that
approach: the fluid content within the thin-
walled hepatic veins provides an internal inter-
face between it and the liver parenchyma, a
potential natural internal fluid-organ interface
visible in all patients.

We postulated that internal nodules in cirrhosis
would also cause architectural distortion and
hence alter the morphology of the hepatic veins.
Hepatic vein morphology has not been formally
described in cirrhosis; therefore, we undertook
this study to show its potential as a novel nonin-
vasive marker for the diagnosis of cirrhosis.

Materials and Methods

The sonographic analysis of hepatic veins is a
routine procedure in all liver sonographic exam-
inations at our institution, and local Ethics
Committee approval was obtained for this study.

Patients
A prospective study was completed at our large
tertiary referral center. Recruitment of patients
was performed during 2 periods. During period
1 in 2004 and 2005, 57 patients were recruited.
These included 29 patients with cirrhosis and
28 patients with no evidence of liver disease.
Patients with cirrhosis were classified as those
with a clinical diagnosis according to the Child-
Pugh classification and a combination of biop-
sy, clinical examination, consistently abnormal
liver function test results and abnormal sero-
logic markers, and previous radiology with a
combination of sonography and computed
tomography for a minimum of 2 years. All of
the patients with cirrhosis had abnormal imag-
ing findings, biochemical and serologic diag-
nostic findings, and a known causative agent,
and all were under active review by a hepatolo-
gist. The radiologic features included liver
irregularity, parenchyma heterogeneity, and
caudate lobe enlargement combined with a
definite known causative factor for cirrhosis
and sustained abnormal liver function test

results. Great care was taken to ensure that a
clinicoradiologic diagnosis of cirrhosis had been
established for a minimum of 2 years.

The patient group without cirrhosis included
patients undergoing sonography for other condi-
tions with no previous liver abnormalities and
documented persistently normal liver function
test results.

Informed consent was obtained from all
patients according to our institution’s guidelines
regarding research.

A second round of recruitment was completed
in 2006, producing a total of 40 patients, 16 with
cirrhosis and 24 with no evidence of liver disease,
according to the same inclusion criteria.

Sonographic Examination and Scan
Evaluation
An HDI 5000 unit (Philips Healthcare, Bothell,
WA) with a 5–2 MHz transducer was used to
obtain images of the liver after an overnight fast.
Images of the hepatic veins were taken by experi-
enced unblinded sonographers. The hepatic
veins were imaged to include a segment of the
hepatic vein with the beam perpendicular to
the hepatic vein wall to provide a strong specular
echo from the wall (Figure 1). The right hepatic
vein is normally easier to visualize, and the sec-
ondary branches from this vein were imaged;
however, if this was not possible, the main vein
was targeted.

Images were obtained during suspended respi-
ration and captured by high-definition zoom.
Both conventional imaging and real-time com-
pound imaging were used in most cases when
possible.

The inclusion criteria for a satisfactorily visual-
ized segment of the hepatic vein included an
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Figure 1. Imaging of the hepatic veins. The right hepatic vein is
perpendicular to the ultrasound beam, producing a strong sec-
ular wall echo.
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arbitrary figure of a minimum of 15 mm in length
(the most continuous image was obtained) and a
diameter of 3 mm, taken to represent a substan-
tial diagnostic portion of the vein. Images were
taken at approximately 90° to the ultrasound
beam. The most continuous segment was
obtained. Analysis of the hepatic vein wall was
as described below: parameter 1, hepatic vein
wall straightness; parameter 2, uniformity of
hepatic wall echogenicity; and parameter 3,
presence or absence of an uninterrupted 1-cm
segment of the hepatic vein echogenic wall.

Hepatic Vein Wall Straightness
Hepatic vein wall straightness was subdivided
into 3 categories: A, B, and C (Figures 2 and 3).
Category A (Figure 3A) denoted a straight wall
pattern, expected in normal livers with no
architectural distortion. Category B (Figure 3B)
had a moderate degree of irregularity produc-
ing a “slightly wavy” pattern. Category C (Figure
3C) described an increasingly distorted outline
of the wall with an obvious “very wavy” pattern.
Both categories B and C showed distortion of
the normal straight morphologic characteristic.

Uniformity of Hepatic Vein Wall Echogenicity 
In cirrhotic livers, the development of hepatic
vein wall nodularity is expected to distort the
wall, creating variability in the apparent wall
thickness and variable echogenicity when
imaged perpendicular to the beam (Figures 4
and 5). A normal hepatic vein wall would be
expected to have a uniform thickness and bright-
ness throughout a 15-mm segment. A consistent
hepatic vein wall thickness was denoted “uni-
form” (Figures 4 and 5A), and the lack of it was
deemed “nonuniform” (Figures 4 and 5B).

Complete 1-cm Segment Visualization 
This parameter was chosen to allow increased
objectivity. A positive result was denoted as a
complete uninterrupted 1-cm segment of the
hepatic vein wall. In cirrhosis, this line may be
expected to be disrupted, creating an interrupt-
ed line (Figures 6 and 7).

Further examples of hepatic veins stratified in
this format are provided (Figures 8 and 9). Each
parameter was assessed by 2 specialist gastroin-
testinal radiologists using randomized hard copy
images in a blinded fashion.

Statistical Analysis
Images from the first round, including 57
patients, were reviewed by 2 blinded specialist
gastrointestinal imaging radiologists (consul-
tants 1 and 2). The images were shown blindly
and randomly. A consensus opinion categorizing
the 3 parameters was obtained. After combining

J Ultrasound Med 2009; 28:1219–1227 1221

Vessal et al

Figure 2. Schematic diagram showing hepatic vein straightness:
A (straight), B (slightly wavy), and C (very wavy). 

Figure 3. Sonograms showing hepatic vein straightness. 
A, The hepatic wall is normal and straight (straightness category
A). B, The hepatic wall is slightly wavy (straightness category B).
C, The hepatic wall is very wavy (straightness category C).

A

B

C
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these patients with those from the second round
of recruitment (40), a total of 97 patients were
available. All 97 films were reviewed again in
2006. This was done first individually and inde-
pendently by consultants 1 and 2 and again as a
combined consensus review.

Interobserver error analysis with κ statistics
was performed for the cohort of 97 patients.
Intraobserver error analysis was performed for
the initial round of 57 patients by comparing the
consensus reviews from 2004–2005 and 2006.
The proportion of potential agreement beyond
chance that was achieved from the results of
each parameter was described by a κ value,
which was considered slight (κ = 0.00–0.20), fair
(κ = 0.21–0.40), moderate (κ = 0.41–0.60), sub-
stantial (κ = 0.61–0.80), or almost perfect (κ =
0.81–1.00).15

The final total consensus results of 97 patients,
(incorporating the 57 consensus results from
2004–2005, ie, the first data set and the addition-
al 40 patients from 2006) was analyzed with Stata
computer software (StataCorp, College Station,
TX) to obtain sensitivity and specificity values
with their corresponding 95% confidence inter-
vals (CIs). Each parameter and combination of
parameters was assessed again blindly and ran-
domly. The complete data were then reevaluat-
ed with the R statistical computer package
(http://www.r-project.org/) to obtain a regres-
sion tree classification. This was then used to aid
clinical stratification using these potential clini-
cal parameters.

Results

From the total of 97 images, 9 were excluded for
not fulfilling the inclusion criteria because of
technically inadequate images. This included 2
patients without cirrhosis and 7 with cirrhosis.

Therefore, in total there were 88 patients, 50
without cirrhosis (27 female and 23 male) and 38
with cirrhosis (9 female and 29 male). In total, 8
of the 38 patients with cirrhosis had confirmato-
ry pathologic findings at our institution. In the
remaining 30, the diagnosis of cirrhosis was
made by robust combined imaging and clinical
and biochemical evaluation. Twelve patients had
hepatitis B; 11 had alcoholic cirrhosis; 10 had
hepatitis C; 3 had nonalcoholic steatohepatitis;
and 2 had autoimmune hepatitis.

The results from the consensus readings for the
88 patients are shown in Tables 1 and 2. Both
compound and conventional imaging were per-
formed on 68 patients. The patients were all
imaged as part of routine hospital sonography
lists; therefore, not all patients had both com-
pound and conventional imaging.

For the patients without cirrhosis, a positive
correlation between the category A level of
straightness, uniform echogenicity of the hepat-
ic vein wall, and a positive 1-cm visualized seg-
ment finding was shown. Category C abnormal
straightness was not seen in a single patient
without cirrhosis.

In contrast, category B or C straightness was
present in most of the cirrhotic group of patients.
The 2 cases that were described as having cate-
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Figure 4. Schematic diagram showing uniformity of hepatic
vein wall echogenicity: uniform morphology and nonuniform.

Figure 5. Sonograms showing hepatic vein uniformity of wall
echogenicity. A, Uniform hepatic vein wall. B, Nonuniform hepat-
ic vein wall.

A

B
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gory A straightness on conventional sonography
interestingly showed category B straightness on
compound imaging. This was likely due to the
increased contrast resolution and diminishing
effect of refractive errors and artifacts of com-
pound imaging.

Nonuniform echogenicity of the hepatic vein
wall was also shown to correlate with the abnor-
mal architecture in the patients with cirrhosis.
Most of the patients with cirrhosis also failed to
have complete visualization of 1-cm segment of
the hepatic vein wall. This parameter, however,
did not appear to perform as well despite being
potentially the most objective. In fact, 10 of 33
patients with cirrhosis from the compound
imaging group had 1-cm segment visualization.

The straightness parameter on compound
imaging showed the best sensitivity of 97% (95%
CI, 85%–100%) and specificity of 91% (95% CI,
78%–97%; Table 3). The second best parameter
was the uniformity of echogenicity. Interestingly,
the complete 1-cm continuous segment pro-
duced too many false-negative results, reducing
the sensitivity to 68%.

Interobserver error with κ statistics was
assessed for each individual parameter (Table 4).
Moderate κ values were obtained with com-
pound imaging for both straightness and the 1-

cm segment. The uniformity of hepatic vein wall
echogenicity provided the best results (κ = 0.65,
substantial agreement).

Table 5 shows the results of intraobserver
agreement in which the 2 consensus reviews
were compared. The straightness parameter
revealed moderate agreement, with the unifor-
mity and 1-cm segment providing substantial
agreement. The highest κ value was provided by
the 1-cm segment parameter (κ = 0.80).

Combining the 2 most sensitive individual
parameters (lack of straightness and a nonuni-
form hepatic vein wall) produced sensitivity of
88% (95% CI, 73%–97%) and specificity of 95%
(95% CI, 84%–99%). Combining all 3 parameters,
however, diminished the sensitivity to 65%
because of the number of false-negative results
for the complete 1-cm segment parameter.
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Figure 6. Schematic diagram showing continuous 1-cm seg-
ment morphology.

Figure 7. Sonogram showing a complete 1-cm segment (arrow).

Figure 9. Sonogram showing category C straightness, a nonuni-
form echogenic wall, and nonvisualization of a continuous 1-cm
segment.

Figure 8. Sonogram showing category B straightness, a nonuni-
form echogenic wall, and nonvisualization of a continuous 1-cm
segment.
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Discussion

Many sonographic parameters have been pro-
posed for diagnosis of cirrhosis, including mor-
phologic and vascular-related changes.1 Most,
however, are relatively insensitive, nonspecific,
or difficult to reproduce.

Vascular assessment has involved comparing
changes in the mean portal vein velocity, the resis-
tive index of the superior mesenteric artery, and
dampening of the normal triphasic hepatic vein
Doppler waveform pattern in patients with cirrhosis
compared with controls.16 Sonographic contrast
agents have been used to show hemodynamic

Hepatic Vein Morphology in Cirrhosis

Table 1. Results for the 50 Patients Without Cirrhosis

Parameter Compound (n = 43) Conventional (n = 47)

Straightness A, 39 A, 42
B, 4 B, 5
C, 0 C, 0

Uniformity Uniform, 37 Uniform, 34
Nonuniform, 6 Nonuniform, 13

1-cm segment Positive, 39 Positive, 32
Negative, 4 Negative, 15

Table 2. Results for the 38 Patients With Cirrhosis

Parameter Compound (n = 23) Conventional (n = 31)

Straightness A, 0 A, 2
B, 22 B, 20
C, 11 C, 9

Uniformity Uniform, 3 Uniform, 2
Nonuniform, 30 Nonuniform, 29

1-cm segment Positive, 10 Positive, 6
Negative, 23 Negative, 25

Table 3. Sensitivity and Specificity of Parameters

Parameter Assessed Compound Conventional

Straightness Sensitivity, 97 (85–100) Sensitivity, 94 (79–99)
Specificity, 91 (78–97) Specificity, 89 (77–96)

Uniformity Sensitivity, 88 (73–97) Sensitivity, 94 (79–99)
Specificity, 86 (72–95) Specificity, 72 (57–84)

1-cm segment Sensitivity, 68 (49–83) Sensitivity, 81 (63–93)
Specificity, 91 (78–97) Specificity, 68 (53–81)

Straightness and uniformity Sensitivity, 88 (73–97) Sensitivity, 71 (54–85)
Specificity, 95 (84–99) Specificity, 98 (88–100)

Straightness and 1-cm segment Sensitivity, 68 (49–83) Sensitivity, 77 (59–90)
Specificity, 98 (88–100) Specificity, 91 (80–98)

Uniformity and 1-cm segment Sensitivity, 65 (46–80) Sensitivity, 74 (55–88)
Specificity, 93 (81–99) Specificity, 79 (64–89)

Straightness and/or uniformity Sensitivity, 97 (85–100) Sensitivity, 100 (89–100)
Specificity, 81 (67–92) Specificity, 70 (55–83)

Straightness and/or 1-cm segment Sensitivity, 97 (85–100) Sensitivity, 97 (83–100)
Specificity, 84 (69–93) Specificity, 66 (51–79)

Uniformity and/or 1-cm segment Sensitivity, 91 (76–98) Sensitivity, 100 (89–100)
Specificity, 84 (69–93) Specificity, 62 (46–75) 

Straightness, uniformity, and Sensitivity, 65 (46–80) Sensitivity, 71 (52–86)
1-cm segment Specificity, 98 (88–100) Specificity, 91 (80–98)

Straightness and/or uniformity Sensitivity, 97 (85–100) Sensitivity, 100 (89–100)
and/or 1-cm segment Specificity, 79 (64–90) Specificity, 60 (44–74)

Values are percent (95% CI).
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changes in patients with cirrhosis, such as the accel-
erated and increased peak enhancement of Levovist
(SH U 806A; Schering AG, Berlin, Germany) com-
pared with controls.3,4 These findings are postulated
to be due to the increased arterialization in cir-
rhosis. More recent advances include transient
elastography, which indicates fibrosis by direct
measurement of the liver elasticity and stiffness.5

Nodule formation disrupts the normal architec-
ture of the liver parenchyma. Filly et al17 looked at
the deep (visceral) surface of the liver for nodu-
larity, which provided sensitivity and specificity of
86% and 64%, respectively. In a more recent study
of 300 patients by Colli et al,18 surface nodularity,
hepatic vein Doppler waveforms, and caudate
lobe hypertrophy were measured. The surface
nodularity, however, proved to be the most
promising of the 3 markers.

Our results, based on hepatic vein morpholo-
gy as a marker for cirrhosis, compare favorably
with those reported by other groups looking at
surface nodularity (Table 6). Although the study
population was small, the results suggest that
the use of hepatic vein wall nodularity may be
superior to the use of surface nodularity.

We found excellent sensitivity and specificity
(97% and 91%, respectively) using the straight-
ness parameter alone. The second parameter,
uniformity of hepatic vein echogenicity, and
the combination of both parameters produced
similarly high sensitivity and specificity values.
The third parameter, complete visualization of a
1-cm segment, did not improve the diagnostic
power of the test because of the presence of a
substantial number of false-negative results.

Technically, obtaining the images was simple,
time efficient, and an easily applicable addition to
routine liver sonography. Only 9 patients were
excluded because of technically inadequate scans.
Two of these were patients without cirrhosis in
whom the hepatic vein was not visualized with the
beam perpendicular to the wall. An incorrect acqui-
sition angle affects all 3 parameters. The remaining
7 of these 9 patients had confirmed cirrhosis.
Indeed, 4 of these patients had highly irregular
veins with narrow dimensions. In our experience,
markedly cirrhotic livers with surface and architec-
tural distortion are technically difficult to image;
thus, they did not fulfill the inclusion criteria. We
have therefore potentially excluded some of the
most severely advanced cases, thereby testing our
new parameters on less severe forms of the disease,
for which the diagnosis is of more clinical value.

Our intraobserver agreement was encouraging,
ranging from moderate to substantial for all 3
parameters. The time of reassessment (>1 year
between consensus reviews) ensured no bias
due to recall of findings. We propose that with
increased use and familiarity, all 3 parameters
would have improved intraobserver and interob-
server agreement. A trial period using the 3
parameters in combination with other known
sonographic parameters, such as surface nodu-
larity and echo texture, is recommended when
first starting to assess hepatic vein morphology.

Vessal et al

Table 4. Interobserver Error κ Values

Conventional Compound
Parameter κ κ

Straightness 0.57 0.50
Uniformity of echogenicity 0.65 0.60
Complete 1-cm segment 0.57 0.58

Table 5. Intraobserver Error κ Values

Conventional Compound
Parameter κ κ

Straightness 0.60 0.50
Uniformity of echogenicity 0.64 0.69
Complete 1-cm segment 0.80 0.76

Table 6. Summary of Studies

Study Parameter Sensitivity, % Specificity, %

Di Lelio et al14 (125 patients) Superficial surface 88 ND
Filly et al17 (100 patients) Superficial surface 53 88

Deep surface 86 64
Colli et al18 (300 patients) Superficial surface 54 95
This study (88 patients) Hepatic vein wall 97 (85–100) 91 (78–97)

(straightness)

Values in parentheses are 95% CIs. ND indicates not determined.
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The main limitations and areas for further work
shown by our study are as follows:

1. The number of patients analyzed. It is impor-
tant to stress that this was a pilot study requiring
further evaluation and confirmation with larger
numbers of patients with cirrhosis of various
causes as well as a spectrum of patients with
fibrosis and steatosis. It is vital that the early
phases of the disease in all cirrhotic subtypes can
be diagnosed.

2. Limited clinicopathologic correlation. A large
proportion of the patients recruited did not
have biopsies, which was due to the noninvasive
emphasis at our institution in diagnosing cirrho-
sis. Although a reference standard of histologi-
cally proven cirrhosis would be ideal, our
inclusion criteria remained robust, differentiat-
ing the cirrhotic group from the unaffected
group. All of our patients with cirrhosis had clin-
icoradiologic diagnosis and follow-up for a min-
imum of 2 years with consistently abnormal liver
function test results, serologic markers, and
imaging findings.

We would therefore like to obtain ethical
approval to perform a rigorous pathologic con-
firmation. This would allow validation of hepat-
ic vein morphology in the assessment of
different stages of the disease, from fibro-
sis/mild cirrhosis to established cirrhosis. A
grading system similar to that of our fellow
pathologists could then be formed. Correlation
with the sonographic changes in different sub-
types of cirrhosis could also be more carefully
investigated. Patients with hepatitis C, for exam-
ple, are known to produce a more macronodular
histologic appearance, which may produce
more marked morphologic changes to the hep-
atic veins compared with a patient with primary
biliary cirrhosis or autoimmune hepatitis, for
example. Within our small number of patients,
we did indeed see a trend in that the patients
with hepatitis B and C had more advanced
venous changes compared with any of the other
groups of patients with cirrhosis. Conversely, our
2 patients with autoimmune hepatitis had the
most modest changes, with category B hepatic
vein straightness as well as uniformity of the
hepatic vein wall, and a 1-cm segment of the wall
was completely visualized.

3. Careful comparison with other known sono-
graphic parameters. We did not formally set out
to investigate this in our study. However, this is of
substantial importance to accurately assess
direct sensitivity and specificity in the same
patient group rather than extrapolating from
other studies. The most severely affected hepatic
vein changes in our patient group were indeed in
patients who also had surface nodularity changes
but not necessarily echogenicity changes. Our
numbers were too small to assess statistically.

4. Careful comparison with the degree of bio-
chemical abnormality. Once again, this was
not the goal of our study; however, it is another
important avenue to carefully correlate. The
most severely decompensated patients with
abnormal biochemical markers did indeed have
more severely affected hepatic vein morphology.
Again, our numbers were too small to statistical-
ly analyze further.

These initial results reveal hepatic vein mor-
phology, in particular straightness, to be a valu-
able new parameter in the assessment of patients
with cirrhosis. It is a simple, reproducible, and
sensitive parameter and a valuable addition to
the sonographic armamentarium in the diagno-
sis and follow-up of patients with suspected 
cirrhosis.
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