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Abstract

OBJECTIVE—The purpose of this study was to determine whether contrast-enhanced CT
quantification of the hepatic fractional extracellular space (ECS) correlates with the severity of
diffuse liver disease.

MATERIALS AND METHODS—The cases of 70 patients without (46 men, 24 women; mean
age, 59.1 years) and 36 patients with (23 men, 13 women; mean age, 63.1 years) cirrhosis who had
undergone unenhanced and 10-minute delayed phase contrast-enhanced CT were retrospectively
identified. By consensus one experienced radiologist and one trainee measured the CT attenuation
of the liver and aorta to estimate the fractional ECS, defined as the ratio of the difference between
the attenuation of the liver on 10-minute and unenhanced images to the difference between the
attenuation of the aorta on 10-minute and unenhanced images multiplied by 1 minus the
hematocrit. Findings were correlated with each patient’s Model of End-Stage Liver Disease
(MELD) score.

RESULTS—The mean MELD score was higher in patients with than in those without cirrhosis
(14.3 £ 7.3 versus 7.20 = 2.4, p< 0.0001). The mean fractional ECS was significantly greater in
patients with cirrhosis than in those without cirrhosis (41.0% £ 9.0% versus 23.8% * 6.3%, p<
0.0001). The fractional ECS correlated with the MELD score (r=0.572, p< 0.0001) and was
predictive of cirrhosis with an area under the receiver operating characteristic curve of 0.953 (p <
0.0001). The sensitivity and specificity of an expanded fractional ECS greater than 30% for the
prediction of cirrhosis were 92% and 83%. Multivariate linear regression revealed that the
fractional ECS is complementary to the MELD score as a predictor of cirrhosis (0 < 0.0001).

CONCLUSION—Noninvasive contrast-enhanced CT quantification of the fractional ECS
correlates with the MELD score, an indicator of the severity of liver disease, and merits further
study.

Address correspondence to B. M. Yeh (ben.yeh@ucsf.edu).
Presented at the 2010 annual meeting of the ARRS, San Diego, CA.
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Diffuse liver disease is a growing public health concern with numerous causes, including
viral hepatitis, alcohol, steatohepatitis, and toxins. Although numerous tests are under
investigation for the quantification of diffuse liver disease for disease detection and
monitoring, each test has limitations. Biopsy is subject to regional sampling and variation in
intrareader and interreader interpretation, and serum enzyme panels and metabolic tests do
not reliably quantify hepatic parenchymal injury, such as fibrosis [1-6]. Refinements in
quantitative CT, MRI, and ultrasound imaging, including elastographic methods, are
promising but may require complex modifications of typical imaging protocols and
additional institutional expertise and equipment [7-12]. Given the magnitude of diffuse liver
disease as a public health concern, alternative simple, noninvasive imaging tests must be
explored.

At imaging, liver tissue can be thought of as being composed of three main spaces: the
intravascular space, the intracellular space, and the extracellular extravascular space [13-15].
As fibrosis and inflammation occur within the liver, collagen and inflammatory debris
expand the extracellular extravascular space, which is within and around the space of Disse
located between hepatocytes, vessels, and bile ducts. This finding is one of the essential
features used for histopathologic assessment of the severity of diffuse liver disease [16]. The
hepatic extracellular extravascular space can be quantified with dynamic contrast-enhanced
CT or MRI, but imaging requires rigorous quality control and time-consuming
postprocessing, which are difficult for a general radiologist to perform for routine clinical
studies [7, 17].

All conventional water-soluble CT contrast agents have a low molecular weight (< 200 Da)
and freely exchange between the intravascular and extracellular extravascular spaces. These
agents do not accumulate to any substantial degree within the cells of the liver parenchyma
and are termed extracellular contrast materials [14, 18]. During the equilibrium phase of
liver enhancement, the concentration of contrast material is roughly the same in the fluid of
these two compartments, and the sum of the two compartments can be termed the hepatic
fractional extracellular space (ECS) (Fig. 1). The fractional ECS can be quantified as the
ratio of the enhancement of the liver parenchyma to that of the blood pool (such as blood in
the aorta) multiplied by 1 minus hematocrit during the equilibrium phase after parenteral
administration of contrast material. Our colleagues [15] described this technique in a
preclinical report, but to our knowledge it has not previously been studied clinically for the
quantification of diffuse hepatic disease. The purpose of this study is to retrospectively
assess whether a simple CT estimate of fractional ECS correlates with the severity of clinical
liver disease in a population of patients who have undergone CT and have both unenhanced
and equilibrium phase scans available.
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Materials and Methods

Patient Selection Criteria

CT Protocol

This retrospective case-control study was approved by our institutional review board and did
not require informed consent. We performed a computerized search of our radiology
information system (IDXrad version 9.7.1, IDX Systems Corporation) for the period January
1, 2005, through August 1, 2009, and identified 425 consecutively registered patients who
had undergone CT urography for clinical purposes. This imaging examination includes
unenhanced, 90-second delayed (portal venous phase), and 10-minute delayed (equilibrium
phase) scans through the abdomen. CT urograms rather than multiphase hepatic CT scans
were analyzed because our institutional multiphasic hepatic CT examinations do not
routinely include prolonged delayed acquisition during the equilibrium phase of
enhancement.

Among the 425 consecutively registered patients, we identified all patients (7= 36; 23 men,
13 women; mean age, 63.1 years; range, 43-88 years) who had a clinical diagnosis of
cirrhosis based on review of the clinical medical records and imaging reports. We also
randomly included 70 patients without clinical cirrhosis (46 men, 24 women; mean age, 59.1
years; range, 29-89 years). The causes of cirrhosis were hepatitis C (7= 11), alcohol (7= 6),
hepatitis B (7= 3), mixed hepatitis and alcohol (7= 4), cryptogenic factors (7= 15),
autoimmune disorders (17 = 3), toxins (n = 2), and schistosomiasis (n7=1). Of note, our
institution is a liver transplant referral center and has a relatively large proportion of patients
with liver disease. No patient underwent multiple CT examinations.

All 106 patients underwent dynamic CT with MDCT scanners (LightSpeed, GE Healthcare).
The unenhanced abdominal CT scan parameters were as follows: section thickness, 5 mm;
pitch, 1.375; table speed, 13.75 mm/s; maximum tube potential, 140 kVp; and automated
tube current modulation to achieve a noise index of 12. The contrast-enhanced CT scans
were obtained 90 seconds and 10 minutes after IV administration of 150 mL of iohexol
(Omnipaque 350, GE Healthcare) delivered at 3 mL/s with CT scan parameters as follows:
section thickness, 1.25 mm; pitch, 1.35; table speed, 13.75 mm/s; maximum tube potential,
120 kVp; automated tube current modulation to achieve a noise index of 12.

Image Review and Clinical Data

At a PACS workstation (Impax, Agfa) two readers (one attending radiologist with 7 years of
expertise reading abdominopelvic CT scans and one trainee) jointly reviewed images from
all 106 studies by consensus without knowledge of the clinical history. The readers jointly
recorded four nonoverlapping CT attenuation measurements of the liver and three
attenuation measurements of the aorta at each phase of enhancement using manually drawn
circular regions of interest (ROIs) that measured at least 1 cm? in diameter (range, 1.0-3.5
cm?) and were placed with care to avoid blood vessels, areas of artifact, and areas of volume
averaging. Two of the ROIs in the liver were placed in the right lobe and two in the left lobe.
For unenhanced and 10-minute delayed phase images, reference was made to the 90-second
delayed images to best identify regions of liver parenchyma for ROI placement.

AJR Am J Roentgenol. Author manuscript; available in PMC 2017 February 20.
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The clinical medical records of all patients were subsequently reviewed. For calculation of
the Model of End-Stage Liver Disease (MELD) score, the following were recorded:
hematocrit; aspartate aminotransferase, alanine aminotransferase, total bilirubin, and
alkaline phosphatase, and serum creatinine concentrations; and international normalized
ratio. MELD scoring is a system for assessing the severity of chronic liver disease and 3-
month mortality among hospitalized patients. A MELD score less than 9 is normal, and a
MELD score greater than 40 is predictive of greater than 70% 3-month mortality [19]. The
laboratory test results closest to the date of the CT examination were selected for analysis
(mean, 41 £ 5 days [standard error of the mean]; range, 0-260 days).

Data and Statistical Analysis

Results

The mean attenuation, in HU, of the liver and aorta at each phase of contrast enhancement
was calculated from the previously described ROl measurements. The liver-to-aorta
enhancement ratios were calculated at each phase by division of the mean attenuation of the
liver by the mean attenuation of the aorta. An estimate of the hepatic fractional ECS volume
was calculated as the ratio of the difference between the attenuation of the liver on 10-
minute and unenhanced images to the difference between the attenuation of the aorta on 10-
minute and unenhanced images multiplied by 1 minus the hematocrit. The relative
enhancement of the liver 90 seconds after contrast administration was defined as the liver
parenchymal attenuation in HU minus the unenhanced liver attenuation. Continuous
variables, including MELD score and CT attenuation measurements, were expressed as
mean + standard error and were tested for significance by Student #test.

Unpaired Student #tests were used to assess for differences in the means of CT attenuation
values between patients with and those without cirrhosis. Pairwise correlation coefficients
with the MELD score were obtained for each CT measure. Logistic regression was used to
report unit odds ratio with 95% CI, binomial receiver operating characteristic area under the
curve (A ) and sensitivity and specificity after application of optimal cutoff values for
fractional ECS and other variables for predicting the presence or absence of cirrhosis. We
identified the optimal cutoff by choosing a value of the fractional ECS that maximized the
sum of sensitivity and specificity for correct prediction of the presence of cirrhosis. All
statistics were calculated with the Stata software package (version 8.0, Stata Corportation).
A value of p< 0.05 was considered significant.

Descriptive Statistics and Univariate Analysis

The patient demographics and attenuation measurements are summarized in Table 1. Review
of the medical records showed that the mean MELD score for all patients was 9.60 + 0.557
(range, 6-31) and was higher in patients with cirrhosis than in those without (14.3 + 7.3
versus 7.20 + 2.4, p< 0.0001). For the unenhanced scans, the mean attenuation of the liver
was lower in patients with cirrhosis (52.17 £ 7.19 HU) than in those without (56.62 + 8.96
HU) (p < 0.05). On the 10-minute delayed scans, the mean liver-to-aorta ratios were
significantly different between patients with cirrhosis (0.987 £+ 0.108 HU) and those without

AJR Am J Roentgenol. Author manuscript; available in PMC 2017 February 20.
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(0.842 £ 0.114 HU) (p < 0.0001). Figures 2 and 3 show representative unenhanced, portal
venous, and 10-minute delayed phase images of patients with and without cirrhosis.

The distribution of MELD scores is illustrated in Figure 4. Most of the MELD scores in
patients without cirrhosis were less than 10 (63/70, 90%), whereas the distribution in
patients with cirrhosis was wider: 16 of 36 (44.4%) had MELD scores of 10-20, and seven
patients (19.4%) had MELD scores greater than 20.

Figure 5 shows that the mean hepatic fractional ECS volume was statistically significantly
greater in patients with cirrhosis than in those without cirrhosis (41.0% + 9.0% versus 23.8%
+ 6.3%, p < 0.0001). In addition, a positive correlation was observed between hepatic
fractional ECS volume and MELD score (r=0.572, p< 0.0001) (Fig. 6). Table 2 outlines
the pairwise correlation coefficients between sampled CT measurements and MELD score.
For every 10% increase in the calculated hepatic fractional ECS, we observed a 12.2-fold
increase in the likelihood that clinical cirrhosis was present (odds ratio, 12.2; 95% ClI, 11.3—
13.1; p<0.0001).

Receiver Operative Characteristic Analysis

The results of receiver operator curve analysis are shown in Figure 7. They show that hepatic
fractional ECS is predictive of the presence of cirrhosis with a diagnostic accuracy A, of
0.953 (95% Cl, 0.918-0.988). The A, for fractional ECS was significantly greater than the
A, for MELD score in the prediction of cirrhosis (0.815; 95% CI, 0.717-0.912) (p < 0.05).
The sensitivity and specificity of an expanded hepatic fractional ECS greater than 30% of
the hepatic volume for predicting cirrhosis were 92% and 83%.

Discussion

Our results show that a simple quantitative CT estimate of hepatic fractional ECS is
predictive of clinical cirrhosis and correlates with the severity of liver disease as predicted
with the MELD score. Receiver operating characteristic analysis showed the diagnostic
accuracy of fractional ECS for prediction of the presence of clinical cirrhosis was 0.953
(95%), significantly higher than the corresponding diagnostic accuracy of MELD. Although
our study was retrospective and performed with a clinical diagnosis of cirrhosis based on
review of the medical records rather than histopathologic examination as the primary
standard of reference, our promising results show that further prospective study is warranted.
The monitoring of diffuse hepatic disease, particularly fibrosis, has been a topic of great
interest. Researchers anticipate that accurate and sensitive monitoring of early disease may
lead to improvements in the application of therapy to such conditions as hepatitis C,
nonalcoholic steatohepatitis, and alcoholic liver disease [17, 19, 20].

Our method of estimating the hepatic fractional ECS volume exploits the well-known high
permeability of the hepatic vasculature for conventional extracellular low-molecular-weight
contrast material, which may exhibit 20-50% leak out of the intravascular space into the
extracellular extravascular space during the first pass of a contrast bolus through the hepatic
vascular bed. For our simple estimate of fractional ECS, it is important to acquire images
after the concentrations of contrast material in the extracellular extravascular space and the
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intravascular space are approximately equal and after the blood pool is close to
homogeneous in contrast concentration. Because the human blood circulation time can range
from 60 to 90 seconds, a 10-minute delay would allow 6-10 recirculations by the time of
imaging. Even though the concentration of intravascular contrast material decreases
dramatically within a few minutes after administration, a substantial amount of contrast
material remains in the body even after 1 hour because the elimination half-life of
conventional contrast material is estimated to be 60 minutes [21]. The dramatic decrease in
intravascular contrast material within the first several minutes after administration is due to
dispersion and equilibration of contrast material into the approximately 3.5 L of
intravascular space and the approximately 10.5 L of extracellular extravascular space.
Previous work has shown that little contrast material enters into living cells. Because the
blood pool is 100% intravascular space, the relative enhancement of tissue during the
equilibrium phase compared with the blood pool corresponds to the relative amount of ECS
in that tissue.

Inherent errors in these estimates occur because the relative space taken up by RBCs can
vary between the aorta and tissue capillaries and because the extracellular extravascular
space contains a variable volume of connective tissue and matrix. Additional error may
occur when the extracellular extravascular space is particularly large relative to the quantity
and distribution of blood vessels because it will take longer for the concentrations of contrast
material in the extracellular extravascular space to increase to that of the intravascular space
because contrast medium must diffuse across a larger distance. For this reason, it is
important to wait a sufficient time for approximate equilibrium to be reached between the
extracellular extravascular space and the intravascular space. A potential limitation is that
with long scan delays when there is little remaining contrast material in the body, noise will
contribute to measurement errors.

Previous work has shown that scar tissue exhibits high contrast enhancement relative to
normal liver parenchyma during the equilibrium phase. For example, delays longer than 10
minutes are useful for highlighting the cicatricial tissue in cholangiocarcinomas and the
central scar of focal nodular hyperplasia [12, 22-31]. Furthermore, the delayed enhancement
of hepatic septal fibrosis relative to hepatic regenerative nodules in chronic hepatitis is well
known [7, 32]. Our results build on this body of previous work and suggest that global liver
disease correlates with relative global delayed enhancement, likely because of the known
expansion of the ECS by fibrosis and scar in a cirrhotic liver [16]. The current reference
standard for the detection and grading of fibrosis is liver biopsy, which is expensive and
carries inherent risk of infection, bleeding, and pain, particularly in patients with cirrhosis.
Only a small fraction of patients with liver disease ever undergo this invasive test.
Furthermore, recent results have suggested that because of sampling error and interobserver
variability, there can be up to 30% error in the diagnosis of cirrhosis based on biopsy results
[1,3,5].

Although CT has traditionally been limited to assessment of the secondary characteristics of
cirrhosis, such as liver contour abnormalities and the sequelae of portal hypertension, its use
would be ideal in the assessment of cirrhosis because of its speed, ease of acquisition, lack

of operator dependence, relative lack of artifact, and importantly, the linear relation between
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contrast concentration and CT attenuation. Because of the ubiquity of CT in clinical
practice, CT would be an ideal modality for imaging hepatic fibrosis, and it could be an
additional tool for acquiring prognostic information during the early stage of cirrhosis. There
is the potential that the CT method we describe could be adapted to MRI to minimize
exposure of patients to ionizing radiation. The caveat is that quantitative or semiquantitative
evaluation of gadolinium concentration may be required. However, both CT and MRI
techniques may be limited in patients with advanced liver disease and impaired renal
function who cannot tolerate the contrast load or may be at risk of nephrogenic systemic
fibrosis.

Hepatic perfusion is considerably decreased in patients with cirrhosis and inversely
correlates with the severity of chronic liver disease [8, 11, 12]. Our results are consistent
with those of previous studies and show significantly reduced relative liver-to-aorta
enhancement at 90 seconds, which may reflect decreased hepatic blood flow and increased
portal hypertension. However, to our knowledge, no previous studies have evaluated single-
time-point relative liver-to-aorta enhancement during the 10-minute delayed phase of CT
enhancement in patients with cirrhosis. Our finding that relative liver-to-aorta enhancement
on 10-minute delayed images was significantly elevated in patients with cirrhosis likely
reflects contrast equilibration between the vasculature and the extensive interstitial hepatic
fibrosis seen in cirrhosis, leading to an extended washout period and contrast trapping. This
finding is consistent with those of studies of the optimal time point for delayed enhancement
of fibrosis within mass lesions, such as cholangiocarcinoma and adrenal adenomas. The
investigators in those studies concluded that after 10 minutes, the mass lesion is maximally
hyper-attenuating relative to the surrounding tissues and blood vessels [26, 33, 34].

Our study had several limitations. First, the study was retrospective, and therefore there was
a variable time interval between collection of the clinical information and CT acquisition.
Second, we did not have a histologic reference standard for correlation with CT because
liver biopsy is not routinely performed for this patient population at our institution.
Therefore, the MELD score served as a surrogate estimate of disease severity. Because it is
affected by clinical variables such as dehydration, infection, and malnutrition, the MELD
score is only a rough estimate of the severity of liver disease and may even be normal in
some patients with cirrhosis. Nevertheless, our results show the high value of fractional ECS
for predicting clinical cirrhosis and liver disease severity. Because estimates of the fractional
ECS are simple to obtain, further study is warranted to assess whether this value can
improve on the MELD score as a clinical predictor of 3-month mortality among hospitalized
patients with chronic liver disease or serve as a screen or surrogate for liver biopsy and
elastography. Trials to obtain histologic correlation for measures of fractional ECS are
underway at our institution. The findings of the current study serve as an initial description
of a novel method that is substantially different from previously described clinical methods
of quantifying diffuse liver disease. They also build on previous preclinical results [15] that
showed a strong correlation between fractional ECS measures and liver fibrosis in rats.

A third limitation was that the 10-minute delayed phase CT acquisition is not a standard part
of routine liver imaging. Nevertheless, similar delayed imaging has become accepted
protocol for other visceral evaluations, such as assessment of the urinary collecting system
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and adrenal masses. A fourth limitation was that the unenhanced scan was acquired at 140
kVp, and the contrast-enhanced scan was acquired at 120 kVp. This difference might have
resulted in slight inaccuracy in the attenuation measurements because certain materials, such
as iron, have slightly higher attenuation at 120 kVp than at 140 kVp, and others, such as fat,
have lower attenuation. However, this systematic error was likely corrected in part by our
use of the ratio of attenuation differences between the liver and aorta. Better results may be
obtained by use of the same tube voltage setting for unenhanced and contrast-enhanced
imaging. Fifth, we did not evaluate conditions that may affect contrast material equilibrium.
For example, contrast material is known to diffuse readily into ascites [14]. Further work is
warranted to refine the technique to quantify fractional ECS and determine whether this
method is of sufficient value for clinical use.

Notwithstanding the limitations, our results show that a noninvasive method of CT
quantification of the hepatic fractional ECS volume may be used to differentiate the
presence and absence of clinical cirrhosis and potentially grade the severity of diffuse liver
disease.
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Normal Liver Liver With Cirrhosis
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Diagram shows liver spaces. Microscopic tissue spaces can be categorized simply as
intracellular space (ICS), extracellular extravascular space (EES), and intravascular space
(IVS). Extracellular space (ECS) is sum of EES and 1VVS. Commercially available CT
contrast material is known as extracellular contrast material because it equilibrates rapidly
between EES and 1VS but does not readily enter into living cells. This property allows
simple quantification of ECS during equilibrium phase at CT. EES of normal liver is small,
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but in liver affected by cirrhosis, EES is markedly expanded owing to collagen deposition.
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Fig. 2. 80-year-old man with cirrhosis
A-C, Axial unenhanced (A), 90-second delayed (B), and 10-minute delayed (C) CT scans

show regions of interest placed on liver parenchyma and aorta. Fractional extracellular space
is 39.5%, and Model of End-Stage Liver Disease score is 21.

AJR Am J Roentgenol. Author manuscript; available in PMC 2017 February 20.



1duosnuey Joyiny 1duosnuepy Joyiny 1duosnuepy Joyiny

1duosnuey Joyiny

Zissen et al.

h

Areal2.26/cm?
Avg'68.14' HU

JArea1.07icm?
Avg'52.601HU

& JArea2i77iemy CIg S ¢ eal2l67

~ Avglo2.0lHUS 272 ) 1 ‘ : ; Ao A\’/‘]D.—z.zmd .
’ ~ : 2 & - . W o SO, > -

Fig. 3. 35-year-old woman without cirrhosis
A-C, Axial unenhanced (A), 90-second delayed (B), and 10-minute delayed (C) CT scans

show regions of interest placed on liver parenchyma and aorta. Fractional extracellular space
is 26.4%, and Model of End-Stage Liver Disease score is 7.

AJR Am J Roentgenol. Author manuscript; available in PMC 2017 February 20.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Zissen et al. Page 14
Control Cirrhosis
63

60 -
]
c
0
& 40 |
©
)
o
€
=
2

20 -

16
13
6 6
1 1
0 T T T I T 1 T T T T 1
0 10 20 30 40 0 10 20 30 40
MELD Score
Fig. 4.

Histogram shows distribution of Model of End-Stage Liver Disease (MELD) scores in
patients without (/eff) and with (right) cirrhosis.
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Fig. 5.

Box plot shows difference in CT estimate of hepatic fractional extracellular space between
patients without and those with cirrhosis.
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Scatterplot shows fractional hepatic extracellular space versus Model of End-Stage Liver
Disease (MELD) score in patients without (control) and those with cirrhosis.
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Fig. 7.

Rgceiver operating characteristic curve for fractional hepatic extracellular space (ECS) in
prediction of cirrhosis. Area under the curve (A ) for fractional ECS in prediction of
cirrhosis is 0.953 (95% ClI, 0.918-0.988) and is significantly greater than A, for Model of
End-Stage Liver Disease score in prediction of cirrhosis (hot shown) (0.815; 95% Cl, 0.717-
0.912) (p< 0.05).
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TABLE 1

Demographic Data, Clinical Data, and Imaging Findings

Patients With | Patients Without
Characteristic Cirrhosis Cirrhosis p
Demographics
Total no. of patients 36 70
Age (y) 0.201
Mean + SD 63 £12.35 59 + 16.06
Range 43-88 29-89
Sex 0.658
Men 23 (63.9) 46 (65.7)
Women 13(36.1) 24 (34.3)
Clinical data?
Hematocrit (%) 33.8+6.5 40.3+5.7 < 0.0001
Serum creatinine concentration (mg/dL) 1.14+0.54 0.93+0.28 <0.05
Total bilirubin concentration (mg/dL) 3.84+5.84 0.87 +0.39 < 0.0001
International normalized ratio 1.54+0.61 1.12+0.57 <0.0001
Model of End-Stage Liver Disease score <0.0001
Mean + SD 143+73 72+24
Range 6-31 6-20
CT liver-to-aorta enhancement ratio (HU)?
Unenhanced scan 1.59+0.38 1.71£0.52 0.194
90-s delayed 0.590 + 0.159 0.661 + 0.147 <0.05
10-min delayed 0.987 £ 0.108 0.842 +0.114 <0.0001
41.0+9.0 23.8+6.3 <0.0001

Hepatic fractional extracellular space (%)b

Note—Values in parentheses are percentages.

a\/alues are mean + SD.

b . . . . .
[(10-minute liver — unenhanced liver) / (10-minute aorta — unenhanced aorta) x (1 — hematocrit)].
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TABLE 2

Pairwise Correlation Between CT Measurements and Model of End-Stage Liver Disease (MELD) Score

CT Measurement | R | p

Liver-to-aorta enhancement ratio

Unenhanced scans 0.055 0.575
90-s delayed scans 0.021 0.828
10-min delayed scans 0.4894 | <0.0001

Hepatic fractional extracellular space | g 5704 | <0.0001

aSignificant at 0.01 level (two-tailed).
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