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Coakley1, and Benjamin M. Yeh1

1Department of Radiology and Biomedical Imaging, Abdominal Imaging Section, University of 
California, San Francisco, 505 Parnassus Ave, M-372, San Francisco, CA 94143-0628.

2Department of Surgery, Division of Transplantation, University of California, San Francisco, San 
Francisco, CA.

Abstract

OBJECTIVE—The purpose of this article is to investigate the determinants of second-order bile 

duct visualization at CT cholangiography in living potential liver donors.

MATERIALS AND Methods—We retrospectively identified 143 potential living liver donors 

(83 men and 60 women; mean age, 37 years) evaluated with CT cholangiography, which included 

a slow infusion of iodipamide meglumine with CT acquisition 15 minutes after biliary contrast 

agent administration. Two readers independently scored the visualization of the second-order bile 

duct branches on a previously established 4-point scale (0 = not seen, 1 = faintly seen, 2 = well 

seen, and 3 = excellent visualization). Multivariate analysis was used to investigate the correlation 

between visualization scores and potential determinants of second-order bile duct opacification, 

specifically age, body mass index, creatinine level, total and direct bilirubin levels, alkaline 

phosphatase level, aspartate aminotransferase level, alanine aminotransferase level, patient 

maximum linear width, CT noise, and hepatosplenic attenuation difference at unenhanced CT.

RESULTS—The mean (± SD) second-order bile duct visualization scores were 2.35 ± 0.66 and 

2.55 ± 0.60 for readers 1 and 2, respectively. In the multivariate analysis, the only independent 

predictors of reduced second-order bile duct visualization were higher alkaline phosphatase level 

(p = 0.01) and higher CT noise (p = 0.02).

CONCLUSION—Higher serum alkaline phosphatase level and higher CT noise in potential 

living liver donors indicate a higher risk of poor second-order bile duct visualization at CT 

cholangiography.

Keywords
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Preoperative hepatobiliary imaging is arguably the most pivotal test for determining whether 

a potential living liver donor is physically appropriate for liver donation. In particular, 

preoperative determination of second-order bile duct branch anatomy plays a key role in 
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preoperative biliary evaluation because right-sided second-order bile duct variants occur in 

up to 54% of patients [1, 2] and because of the presence of biliary anatomic variants known 

to be associated with posttransplantation biliary complications, including graft-threatening 

leak and strictures. CT cholangiography has shown excellent accuracy for the preoperative 

evaluation of living potential liver donors [1–5] and compares favorably with MR 

cholangiography [4, 6, 7], endoscopic retrograde cholangiography [3, 8, 9], and 

intraoperative cholangiography [4, 8]. At our own institution, CT cholangiograms are 

obtained for all potential liver transplant donors instead of MRCP.

Although CT cholangiography has been shown to accurately depict second-order biliary 

branch anatomy [4, 10] and to eliminate the need for intraoperative cholangiography during 

hepatic lobe retrieval [1], a small portion of CT cholangiograms are suboptimal [1, 2]. The 

reasons for poor bile duct visulization in healthy potential liver donors are poorly understood 

and not well studied. In patient populations with possible biliary disease, poor bile duct 

visualization at CT cholangiography has been associated with abnormally high levels of 

serum total bilirubin [9, 11, 12], a situation that is uncommon in potential living liver 

donors. Knowledge of the factors that contribute to poor-quality CT cholangiograms in the 

potential living liver donor population is essential to optimize CT cholangiograms or to 

triage to an alternative protocol or imaging modality to avoid the costs, radiation, and delay 

associated with a non–diagnostic-quality examination. Therefore, we undertook this study to 

assess the ability of serologic liver biochemical tests, clinical measures, and factors related 

to patient body habitus to predict second-order bile duct visualization at CT 

cholangiography for potential living liver donors.

Materials and Methods

Subjects

This was a retrospective single-institution study approved by our Committee on Human 

Research. Patient informed consent was not required. Our study was compliant with the 

HIPAA. No industry support was provided for this study, and the authors have no conflicts 

of interest to disclose. We retrospectively identified 143 consecutive CT cholangiograms of 

living donor candidates that were obtained at our institution between January 2001 and 

March 2005. The study population included 83 men and 60 women with a mean age of 37 

years (range, 18–56 years).

CT Cholangiography Technique

All patients underwent CT cholangiography immediately after a single unenhanced axial 

image was obtained through the liver and spleen to assess for liver steatosis, and CT 

angiography evaluation was performed of hepatic vasculature, liver volume, and liver 

parenchyma. At CT cholangiography, 20 mL of 52% iodipamide meglumine (Cholografin, 

Bracco Diagnostics) diluted in 80 mL of normal saline was infused over 30 minutes. The 

liver was imaged during a single breath-hold 15 minutes after completion of the biliary 

contrast agent infusion. In cases of suboptimal visualization at 15 minutes, a second scan 

was obtained at 35 minutes after completion of the biliary contrast infusion. The section 

thickness, gantry rotation time, tube current, tube voltage, and tabletop speed for the CT 
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scans were 1.25 mm, 0.8 seconds, automatic exposure control (SmartmA, GE Healthcare) 

with a noise index of 11.7 and maximum tube current of 440 mA, 120 kVp, and 13.5 mm/s, 

respectively. Standard kernel image reconstruction was used. No iterative reconstruction 

technique was used because it was not available. The mean total radiation dose for the 

examination was 7.6 mSv. Examinations were performed on MDCT scanners (LightSpeed, 

GE Healthcare) without oral contrast material. Before the administration of 

cholangiographic contrast material, each subject received 25 mg of IV diphenhydramine 

(Benadryl, Pfizer) because of the perceived high risk of allergic reaction with this agent. The 

initial subjects examined (n = 43) were also given IV morphine sulfate (LifeCare, Abbott 

Laboratories; 0.04 mg/kg of body weight) with the intent to contract the sphincter of Oddi 

[13–15] and possibly improve biliary distention. However, IV administration of morphine 

did not significantly improve CT cholangiographic bile duct visualization, so the remaining 

patients (n = 100) were not given morphine.

CT Interpretation

Two radiologists with subspecialty training in abdominal imaging independently reviewed 

all the CT images on a PACS workstation (Impax, Agfa). The radiologists were unaware of 

the serum biochemical laboratory test results and clinical data. Readers were able to use all 

imaging information available, which included the axial images, multiplanar reformats, 

maximum intensity projections, and volume-rendered reconstructions, but focused mainly 

on the 1.25-mm-thick source axial images. Visualization of the branches of the biliary tract 

was scored according to the following scale: 0, not seen; 1, faintly seen; 2, well seen except 

for the confluence or a portion of the biliary segment; and 3, excellent visualization of the 

entire branch. See Figures 1 and 2 for representative samples of biliary tract visualization 

scoring. Biliary branches included in this analysis were the common hepatic duct, cystic 

duct, first-order branches (right main hepatic duct and left main hepatic duct), second- order 

branches (right anterior hepatic duct, right posterior hepatic duct, left medial hepatic duct, 

and left lateral hepatic duct), and third-order branches (right anterior hepatic ducts, right 

posterior hepatic ducts, left medial hepatic ducts, and left lateral hepatic ducts). Collective 

visualization scores (e.g., all second-order branches) were determined by calculating the 

mean score for all branches of that order.

Clinical Measures

The serum alkaline phosphatase, aspartate aminotransferase, alanine aminotransferase, total 

bilirubin, direct bilirubin, and creatinine values before the CT cholangiography examination 

were recorded. The median interval between the serum tests and the CT cholangiograms was 

2 days (range, 0–48 days; 125 patients, ≤ 14 days; 18 patients, ≥ 15 days). The clinical 

measures included age, sex, and body mass index (BMI; calculated by dividing the patient 

weight in kilograms by the square of the patient height in meters), which were recorded 

before CT cholangiography examination with a median interval of 2 days (range, 0–51 

days).

Imaging Assessment of Patient Body Habitus and Noise

In addition to BMI, factors related to the patient body habitus that were evident on the CT 

images were assessed. The maximum linear width was the maximum transverse diameter of 
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the patient at the level of the porta hepatis. The CT noise was estimated by measuring the 

SD of the CT attenuation number (in Hounsfield units) in a 2-cm2 region of interest 

containing only gas and placed 1 cm anterior to the ventral abdominal surface at the level of 

the liver.

Imaging Assessment of Hepatic Steatosis

Hepatic fatty infiltration was assessed at CT on a single unenhanced axial image through the 

liver and spleen as follows: three regions of interest at least 2 cm2 in size were drawn in the 

right lobe of the liver in areas away from large blood vessels, and two similarly sized regions 

of interest were drawn in the spleen. The difference between the mean attenuation in the 

hepatic and splenic regions of interest was used as a quantitative measure of hepatic 

steatosis, such that more negative values indicated a greater degree of steatosis [16–19].

All patients also underwent routine liver ultrasound as part of the evaluation of potential 

liver donation. The median interval between the CT and ultrasound examination was 0 days 

(range, 0–43 days). Hepatic fatty infiltration was assessed at ultrasound by noting diffusely 

increased echogenicity of hepatic parenchyma, poor sonographic penetrance, and regions of 

focal fatty sparing [18–21]. A dichotomous assessment of the presence or absence of diffuse 

fatty infiltration was subjectively determined by a radiologist with subspecialty training in 

ultrasound.

Statistical Analysis

Statistical analysis was performed using R statistical software (version 2.5.1, The R Project). 

Correlation of bile duct visualization score with biochemical and clinical parameters was 

determined using the Pearson correlation coefficient. Interobserver agreement was assessed 

with weighted kappa statistics. The level of agreement was defined as follows: κ = 0–0.20, 

poor agreement; κ = 0.21–0.40, fair agreement; κ = 0.41–0.60, moderate agreement; κ = 

0.61–0.80, good agreement; and κ = 0.81–1.00, very good agreement [22]. The parameters 

with a p value of less than 0.20 in the univariate analysis were included as covariates in a 

multivariate generalized estimating analysis with fixed effect for patient using second-order 

bile duct visualization as the outcome variable. This model was performed using a backward 

selection method as a means of decreasing the likelihood of excluding negatively 

confounding factors [23, 24]. For the purposes of threshold value determination, if the 

second-order bile duct visualization score was less than 2, it was considered reduced biliary 

visualization. Threshold values for alkaline phosphatase and CT noise were determined 

using receiver operating characteristic analysis. From the receiver operating characteristic 

analysis, the value that provided the maximum for the Youden index, which was calculated 

as index value = sensitivity – (1 – specificity), was selected as the threshold value for 

determining the diagnostic test characteristics [25]. A p value of less than 0.05 was 

considered statistically significant.
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Results

Visualization Scores and Clinical Factors

The mean second-order bile duct visualization scores were 2.35 ± 0.66 and 2.55 ± 0.60 for 

readers 1 and 2, respectively. Twenty-three (16%) and 14 (10%) cases were classified as 

poorer biliary visualization for readers 1 and 2, respectively. The visualization scores for the 

individual second-order ducts and other bile ducts are found in Table 1. Interobserver 

agreement was good, with a kappa value of 0.70 for all second-order bile ducts. Two minor 

contrast material reactions were noted, consisting of one case of mild self-limiting urticaria 

and one case of mild wheezing. Neither of these reactions required treatment.

Mean values for all serum tests were within the normal range (Table 2). Serum biochemical 

test results were within the normal range in 734 of 767 total measurements (96%), and 114 

of 143 patients (80%) had all serum test results in the normal range. There was a statistically 

significant negative correlation between BMI and CT hepatosplenic attenuation difference (r 
= −0.23; p = 0.01), with a higher BMI being associated with greater hepatic steatosis.

Predictors of Biliary Branch Visualization

Among the serum tests, only alkaline phosphatase showed a significant negative correlation 

with CT cholangiogram visualization scores for second-order bile ducts (r = −0.31 and 

−0.22 for readers 1 and 2, respectively; p ≤ 0.01) (Table 3). For neither reader did serum 

total bilirubin, direct bilirubin, creatinine, aspartate aminotransferase, or alanine 

aminotransferase correlate with biliary branch visualization (p > 0.07 for all comparisons). 

BMI showed significant negative correlation with second-order bile duct visualization scores 

(r = −0.28 and −0.29 for readers 1 and 2, respectively; p ≤ 0.002). For neither reader did 

patient age or sex correlate with biliary branch visualization (p > 0.74 for all comparisons). 

A statistically significant correlation was observed between second-order biliary 

visualization and patient maximum linear width (r = −0.22 and −0.21; p ≤ 0.01 for both 

comparisons) and CT noise (r = −0.32 and −0.31; p < 0.001 for both comparisons) for both 

readers. The hepatosplenic CT attenuation difference showed a statistically significant 

correlation with second-order bile duct visualization scores for reader 2 (r = 0.22; p = 0.01) 

but did not achieve statistical significance for reader 1 (r = 0.16; p = 0.06).

In the multivariate analysis, higher alkaline phosphatase level (p = 0.01) and higher CT noise 

(p = 0.02) were the only variables independently associated with reduced second- order bile 

duct visualization. The serum alanine aminotransferase level, BMI, patient maximum linear 

width, and hepatosplenic CT attenuation difference did not achieve statistical significance (p 
> 0.19 for all comparisons; Table 4). The Wald chi-square statistic and p value for the entire 

model were 24.5 and < 0.001, respectively.

Threshold Values and Test Characteristics

A threshold value of 78 IU/L for the alkaline phosphatase level yielded a positive predictive 

value of 0.44 and negative predictive value of 0.76 for reduced biliary visualization. A 

threshold value of 17 HU for the CT noise yielded a positive predictive value of 0.31 and 

negative predictive value of 0.84 for reduced biliary visualization.
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Discussion

Our results show that an elevated serum alkaline phosphatase level and higher CT noise are 

independent, albeit weak, predictors of reduced second-order bile duct visualization at CT 

cholangiography in potential living liver donors. These findings identify a potential 

population of patients for whom optimization of CT cholangiography technique may be 

directed and contribute to the paucity of data regarding patient factors that influence the 

quality of these examinations. Specifically, in our study population, a patient with an 

alkaline phosphatase level of greater than 78 IU/L had a 44% chance of reduced biliary 

visualization, and a study with CT noise of greater than 17 HU had a 31% chance of reduced 

biliary visualization (as compared with a chance of approximately 13% for all patients in our 

study) and, thus, may benefit from technique optimization.

Potential methods of CT cholangiography technique optimization include increasing the 

dose or duration of contrast material administration [9], the use of higher CT tube current 

settings and noise-reduction reconstruction algorithms, using automatic exposure control, or 

perhaps the use of dual-energy CT cholangiography [26]. Because the mechanisms of biliary 

visualization are dissimilar among the available biliary imaging modalities, it is realistic to 

posit that a biliary system that is suboptimally visualized by one modality may be 

adequately evaluated by use of a different modality. As such, referral to MRCP is an 

alternate method of preoperative anatomic biliary depiction. An evaluation of successful 

MRCP after poor biliary visualization at CT cholangiography is outside the scope of this 

study but represents an important area of further investigation.

It is important to note that our study focused on potential living liver donors, who typically 

are healthy and without significant hepatobiliary disease, because this is the primary 

population of patients who undergo CT cholangiography in the United States. Although 

prior studies show results different from ours, particularly showing that abnormally high 

levels of serum bilirubin are associated with decreased biliary opacification at CT 

cholangiography [11, 12], those studies focused on patients with suspected hepatobiliary 

disease rather than a relatively healthy population. Our results lend support to the notion that 

there is probably a threshold value for serum bilirubin below which there is no effect on the 

excretion of biliary contrast [11]. The healthy patients in our study largely had serum 

bilirubin levels below that threshold, explaining the lack of correlation between bilirubin and 

biliary visualization.

Our results support those of Owen et al. [27], who assessed oral cholecystograms of patients 

with normal bilirubin levels and found poorer gallbladder opacification in patients with 

higher serum alkaline phosphatase levels, but not bilirubin or aspartate aminotransferase 

levels. The reason why serum alkaline phosphatase, but not other serum markers of 

hepatobiliary health, correlated with biliary opacification in healthy subjects at CT 

cholangiography is not intuitive is because elevated serum alkaline phosphatase levels are 

not directly related to biliary obstruction but rather are associated with increased synthesis of 

the enzyme. Because iodipamide excretion is believed to occur via an energy-dependent 

carrier [28], it is possible that the process of alkaline phosphatase synthesis may compete for 

adenosine triphosphate or other hepatocellular processes required for adequate iodipamide 
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secretion, resulting in decreased opacification and visualization of the bile ducts. This 

explanation is speculative, because our experiment was not designed to explore this process.

The explanation for the inverse correlation of CT noise with biliary visualization is more 

straightforward. Given the very small caliber of the second-order bile ducts, increased image 

noise would be expected to have a dramatic negative impact on the ability to adequately 

visualize the biliary anatomy. It is noteworthy that, although BMI, patient maximum linear 

width, CT noise, and the CT hepatosplenic attenuation difference all correlated with biliary 

visualization in the univariate analysis, only increased CT noise was retained as an 

independent predictor of poorer biliary visualization in the multivariate analysis. In general, 

larger patient girth results in a greater distance that electromagnetic radiation must penetrate 

through tissue to reach the detector [29, 30], with resultant increases in image noise. As 

such, body habitus, girth, body composition and density, and tube current are all relevant to 

image quality; our results suggest that this multifactorial process is more directly assessed 

with the CT noise. This finding highlights the potential importance of automatic exposure 

control and noise-reduction reconstruction algorithms in CT cholangiography technique 

optimization.

In addition to these anatomic considerations, obese patients are known to have increased bile 

acid secretion and bile acid pools sizes [31], both of which may contribute to dilution of 

excreted contrast material and, hence, poorer visualization at CT. The inverse correlation of 

BMI with biliary visualization has been previously found [32]. This finding is notable 

because, although the iodipamide meglumine package insert recommends a dose of 20 mL 

per patient (Cholografin package insert, Bracco Diagnostics), there is a theoretic benefit to 

adjusting the dose on the basis of patient size.

Our anecdotal observations have suggested a possible relationship between diffuse fatty 

infiltration and poorer biliary visualization at CT cholangiography. The results from our 

study suggest that such a correlation is likely present, because we observed worse biliary 

visualization with increasing hepatosplenic attenuation difference, the CT marker of hepatic 

steatosis. However, in the multivariate analysis, hepatic steatosis was not retained as 

independent predictor of biliary visualization, presumably related to the interaction between 

higher BMI and degree of fatty infiltration in the liver. It is interesting that no correlation 

was observed between the sonographic assessment of hepatic steatosis and biliary 

visualization, despite reports in the literature of similar diagnostic accuracy of CT and 

ultrasound for hepatic steatosis [33, 34]. The most likely explanation relates to the 

dichotomous nature of the ultrasound determination of steatosis, which decreases the 

statistical power of this test, compared with CT, which gives a continuous range of values for 

the extent of steatosis [35, 36].

There are several limitations to our study. The correlations observed in our study were weak 

and cannot reliably predict which patients will have poor biliary visualization at CT 

cholangiography. However, these measures do identify a group of patients at higher risk of 

poor biliary visualization who may benefit from CT technique optimization; thus, the low 

predictive values are still potentially useful. In addition, for a minority of patients, there was 

a long interval between the biochemical tests and the CT cholangiogram. However, the 
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median interval was short (2 days), and excluding the patients with an interval of greater 

than 30 days did not change the statistical significance of any of the results, so these patients 

remained in the study population.

In conclusion, though standard serologic hepatobiliary biochemical tests and image noise do 

not reliably predict which potential living liver donors will have poor-quality CT 

cholangiograms, they do offer a means to identify a subpopulation of patients at risk for 

poorer bile duct visualization at CT cholangiography who may benefit from technique 

optimization. In particular, high serum alkaline phosphatase level and higher CT image noise 

correlated negatively with bile duct visualization and may be more sensitive predictors of 

poor CT cholangiography examinations than serum bilirubin level in the potential living 

liver donor population. Further study of modified CT cholangiogram technique in this at-risk 

population is warranted.
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Fig. 1. 
38-year-old female living potential liver donor with normal serum biochemical results and 

body mass index. Axial image from CT cholangiogram shows excellent visualization of 

biliary tract. Bifurcation of right main hepatic duct (arrow) is clearly visualized.
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Fig. 2. 
47-year-old woman with elevated alkaline phosphatase level of 150 IU/L and body mass 

index of 31.6. Axial contrast-enhanced CT cholangiogram shows poor visualization of 

intrahepatic bile ducts. Confluence of right anterior and right posterior (second-order) bile 

ducts was not clearly seen. Arrow indicates faint visualization of confluence of right and left 

main ducts.
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TABLE 1

Visualization Scores for Biliary Branch Segments

Biliary Branch Reader 1 Reader 2

Common hepatic duct 2.99 ± 0.08 2.94 ± 0.37

Cystic duct 2.25 ± 1.04 2.37 ± 1.16

First order

  All 2.83 ± 0.41 2.85 ± 0.41

  Right main 2.87 ± 0.36 2.84 ± 0.50

  Left main 2.82 ± 0.44 2.86 ± 0.40

Second order

  All 2.35 ± 0.66 2.55 ± 0.60

  Right anterior 2.50 ± 0.70 2.67 ± 0.65

  Right posterior 2.31 ± 0.83 2.60 ± 0.69

  Left medial 2.15 ± 0.80 2.27 ± 0.82

  Left lateral 2.42 ± 0.79 2.67 ± 0.70

Third order

  All 1.43 ± 0.78 2.53 ± 0.65

  Right anterior 1.76 ± 0.92 2.66 ± 0.69

  Right posterior 1.45 ± 0.89 2.59 ± 0.79

  Left medial 1.04 ± 0.86 2.20 ± 0.93

  Left lateral 1.45 ± 0.98 2.66 ± 0.75

All branches 2.15 ± 0.51 2.61 ± 0.50

Note—Data are mean ± SD.
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TABLE 2

Values for Serum Tests

Serum Test Mean (Range)
Normal

Reference Range

No. (%) of Patients With Values
Above Reference Range

(n = 130)

Alkaline phosphatase (IU/L) 64.7 (34–150) 34–111 2 (1.5)

Aspartate aminotransferase (IU/L) 24.9 (13–63) 16–41 6 (4.7)

Alanine aminotransferase (IU/L) 27.1 (11–105) 12–59 6 (4.6)

Total bilirubin (mg/dL) 0.9 (0.2–2.3) 0.3–1.3 11 (8.5)

Direct bilirubin (mg/dL) 0.1 (0.1–0.3) 0.1–0.3 0 (0)

Creatinine (mg/dL) 0.9 (0.5–1.4) 0.6–1.2 8 (6.1)a

a
n = 117.
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TABLE 4

Multivariate Generalized Estimating Equation Results

Parameter Coefficient Standard Error p

Alanine aminotransferase level −0.0009 0.0052 0.85

Alkaline phosphatase level −0.0082 0.0033 0.01

Body mass index −0.0291 0.0221 0.19

CT hepatic steatosis 0.0017 0.0062 0.79

Patient maximum linear width 0.0032 0.0031 0.30

CT noise −0.0141 0.0033 0.02

Note—Wald χ2= 24.5 and p < 0.001 for the entire model.
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