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Abstract

AIM: To investigate whether liver lobe volume and albumin (ALB) could predict presence and severity of liver cirrhosis, and esophageal varices.

METHODS: Seventy-one cirrhotic patients with hepatitis B and 21 healthy individuals were enrolled in this study. All the participants underwent abdominal enhanced magnetic resonance imaging for measuring each liver lobe volume, and biochemical workup for testing ALB and Child-Pugh class. All cirrhotic patients underwent upper gastrointestinal endoscopy to show the presence of cirrhotic esophageal varices. Right liver lobe volume (RV), left medial liver lobe volume (LMV), left lateral liver lobe volume (LLV), and caudate lobe volume (CV) were measured at enhanced magnetic resonance imaging. The ratios of RV to ALB (RV/ALB), LMV to ALB (LMV/ALB), LLV to ALB (LLV/ALB) and CV to ALB (CV/ALB) were calculated. Statistical analyses were performed to determine whether and how the combination of liver lobe volume measured at magnetic resonance imaging and albumin could predict the presence and severity of liver cirrhosis, and presence of esophageal varices.
RESULTS: RV, LMV, LLV and CV decreased (r = -0.51–0.373; all P < 0.05) while RV/ALB increased (r = 0.424; P < 0.05) with the progress of Child-Pugh class of liver cirrhosis. RV, LMV, CV, LLV/ALB and CV/ALB could identify presence of liver cirrhosis; LLV and LMV could distinguish Child-Pugh class A from B; RV, LMV, LLV, CV, RV/ALB and LLV/ALB could distinguish class A from C; RV and LLV/ALB could differentiate B from C; and RV, RV/ALB and CV/ALB could identify presence of esophageal varices (all P < 0.05). Among these parameters, CV/ALB could best identify presence of liver cirrhosis with the area under receiver operating characteristic curve (AUC) of 0.860, sensitivity of 82.0% and specificity of 83.0%; LLV could best distinguish class A from B with AUC of 0.761, sensitivity of 74.4% and specificity of 73.1%; RV could best distinguish class A from C with AUC of 0.900, sensitivity of 90.3% and specificity of 84.5%. LLV/ALB could best distinguish class B from C with AUC of 0.900, sensitivity of 93.8% and specificity of 81.5%; and RV/ALB could best identify esophageal varices with AUC of 0.890, sensitivity of 80.0% and specificity of 83.5%.
CONCLUSION: Combination of liver lobe volume and ALB has potential to identify presence and severity of cirrhosis, and presence of esophageal varices.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This study determined whether and how the combination of albumin and liver lobe volume measured at magnetic resonance imaging could predict the presence and severity of liver cirrhosis, and presence of esophageal varices. We confirmed that the ratio of caudate lobe volume to albumin could be used to identify the occurrence of cirrhosis, and that left lateral liver lobe volume, right liver lobe volume, and the ratio of left lateral liver lobe volume to albumin could be recommended for differentiating Child-Pugh class A from B, A from C, and B from C, respectively. The ratio of right liver lobe volume to albumin could be recommended as an indicator for identifying the presence of esophageal varices in cirrhotic patients
Li H, Chen TW, Li ZL, Zhang XM, Li CJ, Chen XL, Chen GW, Hu JN, Ye YQ. Albumin and magnetic resonance imaging-liver volume to identify hepatitis B-related cirrhosis and esophageal varices. World J Gastroenterol 2014; In press

INTRODUCTION

Liver cirrhosis is a common condition that causes progressive liver dysfunction. In early stage of cirrhosis, the liver is still compensating and application of adequate therapy can help prolong sufficient liver function. When the liver function decompensates, the patient is in end-stage liver disease and has a high risk of developing potentially complications such as gastrointestinal bleeding[1]. Therefore, it is important to follow up progress of this disease and determine stage of cirrhosis[2]. The modified Child-Pugh classification system has been confirmed as an independent prognostic factor for survival of cirrhotic patients, and can be utilized to adequately assess liver transplantation candidates[3,4].

It was well known that the morphology of the liver changed with the progress of Child-Pugh classification. Previous study reported that the changes of liver lobe volume were positively correlated with the prognosis and Child-Pugh classifications[4]. There was an interesting study focusing on correlation of the ratio of right liver lobe diameter to albumin with Child-Pugh classifications and clarifying the significant correlation in classifying cirrhosis[5]. In addition, esophageal varices are one of the major complications of liver cirrhosis with the risk of bleeding from varices approximately 25%-35%[6]. Prophylactic endoscopic variceal ligation can decrease the incidence of first variceal bleeding and mortality in cirrhotic patients who have large varices[6]. Nevertheless, repeated endoscopic examinations are not accepted for patients and have high cost. As a safe, effective and repeatable noninvasive modality, magnetic resonance imaging (MRI) was increasingly used in assessing liver diseases[7,8]. Previous study reported that liver volume indexes measured on MRI could be used as a method for grading the severity of cirrhosis[9,10]. To our knowledge, there was no study focusing on the combination of liver lobe volume measured on MRI with albumin to assess the presence of cirrhosis and define its Child-Pugh classifications[11]. There was also no report on the combination of liver lobe volume with albumin to determine the presence of esophageal varices in cirrhotic patients. Therefore, we aim to determine how liver lobe volume and the ratio of the liver lobe volume to albumin could determine the presence and Child-Pugh class of liver cirrhosis, and the presence of esophageal varices.

MATERIALS AND METHODS

Patients

The institutional human research review committee of our hospital approved this study. Written informed consent was obtained from each patient before the prospective study.

The study included 96 consecutive patients with confirmed liver cirrhosis between February 2012 and December 2013. The inclusion criteria were as follows: (1) the diagnosis of cirrhosis in patients with hepatitis B was based on physical findings, laboratory investigations, image findings or histopathological findings whenever available, according to the American Association for the Study of Liver Diseases practice guidelines on chronic hepatitis B (2007)[12]; (2) the patients underwent abdominal triple-phase enhanced MR scans, biochemical workup and upper gastrointestinal endoscopy; and (3) image data showed patients without portal vein-emboli or hepatic carcinoma. This biochemical workup was used to achieve the Child-Pugh score calculation using 5 parameters including albumin (ALB), ascites, bilirubin, prothrombin activity and encephalopathy[3]. The endoscopy was to demonstrate the presence of esophageal varices. The exclusion criteria included the following: (1) patients had a history of treatments for portal hypertension (n = 10); (2) patients had primary hematologic disorders such as lymphoma and leukemia (n = 2); and (3) patients had active alcohol abuse (less than six months of alcohol abstinence) (n = 13). Consequently, 71 patients (36 men and 35 women; age range, 31–76 years; median age, 59 years) were enrolled into this study. In this cohort, 33 patients (46.5%) had ascites, 15 patients (21.1%) had esophageal varices, 10 patients (14.1%) had both ascites and esophageal varices, and 13 patients (18.3%) had no ascites and esophageal varices. According to the Child-Pugh classification system, 27, 28 and 16 patients were categorized into Child-Pugh class A, B and C, respectively.

Additionally, 21 random consecutive healthy volunteers with no history of chronic liver disease (12 men and 9 women; median age 58 years; range, 38–70 years) who underwent upper abdominal triphasic enhancement MRI and biochemical workup at our institution served as the reference group.

MRI technique

Each participant underwent MR scans supinely with a 3.0-T scanner (Signa Excite; GE Medical Systems, Milwaukee, WI, United States) in an 8-channel phased array body coil after the establishment of respiratory signals from the diaphragm to the inferior border of the spleen to cover the entire liver. The routine MR sequences included spoiled gradient recalled T1- and fast recovery fast spin echo T2-weighted imaging. Subsequently, each patient received an injection of standard dose (0.2 mmol/kg of body weight) of gadodiamide (Magnevist; Bayer Healthcare, Germany) at a standard flow rate (3 mL/s) through a 21-gauge peripheral venous access followed by a 20-mL saline solution flush. After the previous injection, each participant underwent axial three-dimensional liver acquisition with volume acceleration (3D-LAVA) with repetition time of 3.9 ms, echo time of 1.8 ms, field of view of 34 cm × 34 cm, slice thickness of 5.0 mm, slice gap of zero, and matrix of 256 mm × 224 mm.

Image data analysis

The analysis of original MRI data was performed on the workstation (GE Advantage Workstation Version 4.4-09; Sun Microsystems, Palo Alto, CA, United States). The portal venous phase images were used for the above-mentioned analysis because the boundary of each liver lobe could be traced more clearly on the portal venous phase than on arterial or delayed phase[13]. As depicted in the Goldsmith and Woodburne system[14], the liver was composed of four lobes including left lateral and medial lobes, right lobe and caudate lobe (Figure 1). Each liver lobe volume was measured retrospectively and independently by two experienced abdominal radiologists (Tian-wu Chen and Hang Li) without the knowledge of clinical data. On each axial 3D-LAVA image, liver lobe contour was manually drawn excluding the inferior vena cava and gallbladder, and the cross-sectional area of each liver lobe was automatically calculated by the software[15]. This previous data analysis on each contiguous transverse level was repeated until the coverage of entire liver lobe. Right liver lobe volume (RV), left medial liver lobe volume (LMV), left lateral liver lobe volume (LLV), and caudate lobe volume (CV) were acquired by the sum of the corresponding liver lobe areas × section thickness[15]. Based on each liver lobe volume and albumin, the ratios of RV to albumin (RV/ALB), of LMV to albumin (LMV/ALB), of LLV to albumin (LLV/ALB), and of CV to albumin (CV/ALB) were calculated.

Statistical analysis

The MR data of the 71 cirrhotic patients were randomly chosen to test the interobserver variability of the measurements. In the 71 cirrhotic patients, the interobserver agreement in liver lobe volume measurements between the two independent observers was assessed using coefficient of variation (CV) (standard deviation / mean × 100)[16]. When %CV was less than 10%, interobserver variability was considered to be small, and the averaged value of the two observers’ measurements was regarded as the final liver lobe volume parameter[17]. If %CV exceeded 10%, another two measurements were made by the previous observers and an average of the four measurements was used as the final liver lobe volume parameter. 
The relationship between each liver lobe volume parameter and Child-Pugh class was tested by spearman’s rank correlation analyses. The Mann-Whitney U test was used to compare liver lobe volume parameters among Child-Pugh classifications, with Bonferroni correction for multigroup comparisons. The two independent samples test was performed to comparison of each liver lobe volume parameter between patients with and without esophageal varices. If there were significant positive findings in any liver lobe volume parameter classified by Child-Pugh classifications, receiver-operating characteristic (ROC) analysis was then performed to determine if the cutoff values of liver lobe volume parameter could help identify the presence and the Child-Pugh class of cirrhosis. When the statistical positive findings could be found in the comparison of any liver lobe volume parameter between patients with and without esophageal varices, ROC analysis was then performed to determine if the cutoff values of the liver lobe volume parameters could help predict the presence of esophageal varices. P values < 0.05 were accepted as significant.
RESULTS

Interobserver variability of each liver lobe volume parameter measurement in cirrhotic patients
The mean coefficient of variation in each liver lobe volume parameter measurement and the numbers of patients with CV less than 10% and exceeding 10% are shown in Table 1. For two observers’ measurements of each liver lobe volume parameter in the 71 cirrhotic patients, the interobserver variability was low when the %CV was less than 10%, and the averaged value of each liver lobe volume parameter obtained by the two observers was used for the subsequent analysis. For the two observers’ measurements of RV in 12 patients, LMV in 10 patients, LLV in 8 patients, CV in 2 patients and RV/ALB in 1 patient, the CV exceeded 10% and two additional measurements were obtained and an average of the four measurements was used as the final liver lobe volume parameter.

Analysis of liver lobe volume parameters and possible clinical data associated with the presence of cirrhosis and Child-Pugh classification
The possible clinical data including the gender, age, body weight, body mass index, and liver lobe volume parameters of all the participants are shown in Table 2. Cirrhotic patients were more likely to have lower RV (P < 0.001) and LMV (P = 0.001), and larger CV (P = 0.001), LLV/ALB (P < 0.001) and CV/ALB (P < 0.001) than the healthy volunteers. RV, LMV, CV, LLV/ALB and CV/ALB could identify the presence of liver cirrhosis. However, no significant differences were found in gender (P = 0.756), age (P = 0.135), body weight (P = 0.08), body mass index (P = 0.056), LLV (P = 0.06), RV/ALB (P = 0.631) and LMV/ALB (P = 0.564) between cirrhotic patients and healthy volunteers.

RV (r = -0.519, P < 0.001), LMV (r = -0.415, P = 0.007), LLV (r = -0.437, P = 0.002) and CV (r = -0.373, P = 0.01) decreased while RV/ALB (r = 0.424; P = 0.005) increased with progressive Child-Pugh class of cirrhosis. Spearman’s rank correlation analyses could not be performed to assess the correlations of LMV/ALB, LLV/ALB or CV/ALB with Child-Pugh class of cirrhosis because no upward or downward trend could be found in these parameters as shown in Table 2. LLV (P = 0.002) and LMV (P = 0.004) could distinguish class A from B; RV (P <0.001), LMV (P = 0.019), LLV (P = 0.001), CV (P = 0.001), RV/ALB (P = 0.001) and LLV/ALB (P = 0.015) could distinguish class A from C; and RV (P = 0.001) and LLV/ALB (P < 0.001) could differentiate class B from C.

Comparisons of liver lobe volume parameters between cirrhotic patients with and without esophageal varices
We only predicted the esophageal varices rather than gastric varices because esophageal varices were one of the major complications of liver cirrhosis with the risk of bleeding from varices approximately 25%-35%[5]. Comparison of each liver lobe volume parameter between cirrhotic patients with and without esophageal varices is illustrated in Table 3. As shown by the two independent samples test, RV in patients without esophageal varices was larger than with esophageal varices (P < 0.001). RV/ALB (P < 0.001) and CV/ALB (P = 0.04) in patients with esophageal varices were larger than without esophageal varices.
ROC analysis of liver lobe volume parameter for differentiating the presence of cirrhosis and Child-Pugh classification, and predicting the presence of esophageal varices

In this study, ROC analyses of liver lobe volume parameters were performed to discriminate between patients with and without liver cirrhosis, and distinguish Child-Pugh class A from B, A from C, and B from C. The ROC analyses were also carried out to differentiate between patients with and without esophageal varices. The AUC, cutoff values, satisfactory sensitivity and specificity for the previous differentiations are shown in Table 4. Among these parameters, CV/ALB (AUC = 0.86), LLV (AUC = 0.761), RV (AUC = 0.9) and LLV/ALB (AUC = 0.9) were the best noninvasive factors to distinguish cirrhotic patients from healthy participants (Figure 2A), Child-Pugh class A from B (Figure 2B), A from C (Figure 2C), and B from C (Figure 2D), respectively. RV/ALB (AUC = 0.890) was the best predictor for identifying the presence of esophageal varices in cirrhotic patients (Figure 2E). The best liver lobe volume parameters for differentiating the presence of cirrhosis and Child-Pugh classification, and predicting the presence of esophageal varices are shown in Table 5.

DISCUSSION

Most of published studies have investigated the value of various imaging methods for diagnosing liver cirrhosis and evaluating the related complications[3,10,18]. MRI could provide satisfactory quality of three-dimensional reconstruction images and clear anatomy of each liver lobe[19]. Because the most significant intra- and extra-hepatic changes related to this condition are atrophy of the right liver lobe, hypertrophy of the caudate lobe and the lateral segment of the left lobe, the presence of ascites, decreased albumin, and varicose veins[10,20], we investigated the utility of the liver lobe volume obtained on MRI and the ratio of the liver lobe volume to albumin to determine the presence and Child-Pugh class of liver cirrhosis, and to identify the presence of esophageal varices.

As shown in this study, we found that RV, LMV, LLV, and CV decreased while RV/ALB increased with progressive Child-Pugh class of cirrhosis. Regarding the variation of liver lobe volume, patients with compensated cirrhosis typically exhibit hypertrophy of the caudate lobe and the lateral segment of the left lobe, and atrophy of the right lobe and medial segment of the left lobe when the healthy liver progresses to the stage of compensated cirrhosis[10,21]. The pathologic mechanism may be that the right portal vein branch enters directly into the parenchyma of the right liver lobe[22]. In cases of cirrhosis, hepatic fibrosis and cirrhosis nodules causes compression and irregular stenoses of the intrahepatic branches of this portal vein, and reduce flow through the right portal branch, resulting in the obvious atrophy of right liver lobe. Conversely, the portal branch runs through the falciform ligament, which is still outside the liver parenchyma, before entering the left liver lobe, resulting in a relatively greater blood supply to the lateral segment. Hypertrophy of the caudate lobe can be explained similarly by that most portal branches (78%) distributed in the caudate lobe arise from the bifurcation of the portal vein and have a shorter intrahepatic course than the vessels in the right lobe[2]. The cause of atrophy of the medial liver lobe may be that left portal branch inflow to this lobe decreases as does right portal branch flow due to the diminishing compensatory hepatic function of the lateral liver lobe and the caudate lobe.

As cirrhosis progresses to decompensated cirrhosis, hypertrophy of the lateral liver lobe and the caudate lobe reaches a maximum, and then the two hypertrophied liver lobes begin to atrophy with further progressive Child-Pugh class. As regards RV/ALB, our results were coincidental with Alempijevic’s reports who found that the ratio of right liver lobe diameter on ultrasonography to serum albumin was significantly correlated with Child-Pugh class[6]. Based on the more and more obvious decrease of the albumin with the progressive Child-Pugh class of cirrhosis, we could presume that albumin reduced more obviously than RV, leading to the increase of RV/ALB.

As shown by the Mann-Whitney tests in our study, RV, LMV, CV, LLV/ALB and CV/ALB could identify the presence of liver cirrhosis. Clinically, the Child-Pugh Class A patients usually show a good median survival term without orthotopic liver transplantation. The Child-Pugh Class C patients are considered the conventional candidates for the procedure. Child-Pugh Class B patients can be considered a heterogeneous group, as their clinical condition may remain stable for more than a year or rapidly deteriorate[23]. Therefore, it was important to differentiate the Child-Pugh classification. Our study indicated that LLV and LMV could distinguish class A from B; RV, LMV, LLV, CV, RV/ALB and LLV/ALB could distinguish class A from C; and RV and LLV/ALB could differentiate class B from C. Additionally, we also performed the ROC analysis to determine how to use RV, LMV, LLV, CV, RV/ALB, LLV/ALB and CV/ALB to identify the occurrence and Child-Pugh class of liver cirrhosis for the first time. Among these parameters, CV/ALB could be the best factor to indentify the presence of liver cirrhosis with AUC of more than 0.8. LLV, RV and LLV/ALB could best distinguish class A from B with AUC of more than 0.75, class A from C with AUC of 0.9, and class B from C with AUC of 0.9, respectively. Previous study reported that liver volume could reflect the liver functional reserve the same as Child-Pugh class[24,25]. Our findings may further indicate that LLV, RV and LLV/ALB could best reflect the decrease of liver functional reserve from class A from B, A from C, and class B from C.

In addition, cirrhosis can result in esophageal varices, which may induce fulminant massive hemorrhage of upper gastrointestinal tract. The recent two studies have reported that the ratio of right liver lobe diameter on ultrasonography to albumin could be a noninvasive parameter providing accurate information pertinent to determination of presence of esophageal varices[6,26]. As demonstrated in this study, RV, LMV and LLV were larger, and CV, RV/ALB, LMV/ALB, LLV/ALB and CV/ALB were lower in cirrhotic patients with esophageal varices than without esophageal varices. For the first time, we performed the ROC analysis of the previous parameters to predict the presence of esophageal varices, and found that RV/ALB could be the best parameter to predict the presence of esophageal varices with AUC of 0.89.

There is a limitation in our study. The sample size was relatively small. In particularly, healthy control group is small while cirrhotic group includes both compensated and decomepnsated patients. Moreover, a big amount of patients presented with clinical decompensation (ascites) while had no sign of esophageal varices on upper endoscopy, and the possible reason to explain this limitation may be attribute to the small sample size of compensated patients. Despite these limitations, our study indicated that liver lobe volume parameters could help differentiate the presence of cirrhosis and its Child-Pugh class, and to identify the presence of esophageal varices. We will perform larger samples in our further studies to confirm the results.

In conclusion, we confirmed that RV, LMV, LLV and CV decreased while RV/ALB increased with Child-Pugh class of cirrhosis. CV/ALB could be used to identify the occurrence of cirrhosis, and LLV, RV and LLV/ALB could be recommended for differentiating Child-Pugh class A from B, A from C, and B from C, respectively. RV/ALB could help identify the presence of esophageal varices in cirrhotic patients. The findings could be helpful for the selection of appropriate liver lobe volume parameter to identify the presence and Child-Pugh class of cirrhosis, and the presence of esophageal varices for appropriate treatment decision making.

COMMENTS

Background

It is important to follow up progress of liver cirrhosis and determine stage of this disease. The modified Child-Pugh classification system has been confirmed as an independent prognostic factor for survival of cirrhotic patients. Previous study reported that the changes of liver lobe volume were positively correlated with the prognosis of Child-Pugh classes. There was an interesting study focusing on the correlation of the ratio of right liver lobe diameter to albumin with Child-Pugh class. In addition, esophageal varices are one of the major complications of liver cirrhosis with the risk of bleeding from varices. However, how liver lobe volume and the ratio of liver lobe volume to albumin could determine the Child-Pugh class of liver cirrhosis and the presence of esophageal varices remained unclear.
Research frontiers

Liver lobe volume measured on MRI or the ratio of right liver lobe diameter to albumin has been reported to be correlated with Child-Pugh class of liver cirrhosis. However, whether liver lobe volume and the ratio of each liver lobe volume to albumin could predict the Child-Pugh class of liver cirrhosis and the presence of esophageal varices have not been determined.
Innovations and breakthroughs

The authors investigated the association of liver lobe volume measured on magnetic resonance imaging and the ratio of each liver lobe volume to albumin with Child-Pugh class of liver cirrhosis, and with the presence of esophageal varices, and utilized receiver-operating characteristic curve analysis to identify the Child-Pugh class of cirrhosis, and the presence of esophageal varices.
Applications

The authors found that liver lobe volume measured on magnetic resonance imaging and the ratio of each liver lobe volume to albumin could predict the presence and Child-Pugh class of liver cirrhosis, and the presence of esophageal varices. The ratio of caudate lobe volume to albumin could be used to identify the occurrence of cirrhosis; and left lateral liver lobe volume, right liver lobe volume, and the ratio of left lateral liver lobe volume to albumin could be recommended for differentiating Child-Pugh class A from B, A from C, and B from C, respectively. The ratio of right liver lobe volume to albumin could be recommended as an indicator for identifying the presence of esophageal varices in cirrhotic patients.

Terminology

The modified Child-Pugh classification system of liver cirrhosis is considered the cornerstone in prognostic evaluation of cirrhotic patients, and contains five variables including serum levels of bilirubin and albumin, prothrombin time, ascites, and encephalopathy, and allows to categorize patients in Child–Pugh Class A, B and C.

Peer review

The authors study the potential of combination of liver lobe volumes (measured by MRI) and albumin levels in the identification of liver cirrhosis severity and esophageal varices in patients affected by hepatitis B virus. In addition, the authors observed the interesting correlation between radiologic and biochemical parameters for the prediction of "presence of cirrhosis", "Child-pugh stage of the disease" and "presence of esophageal varices ".
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Figure 1 Right liver lobe is differentiated from the left liver lobe by the middle liver fissure (black line), and the discrimination between the left lateral liver lobe and the left medial liver lobe is performed by the liver interlobar fissure (green line) on the level of the fossa for gallbladder. The connecting line (red line) between the inferior vena cava (IVC) and the right branch of the portal vein (PV) is utilized to distinguish RL from the caudate lobe (CL). The profiles of right liver lobe (RL), lateral liver lobe (LLL), left medial liver lobe (LML) and CL are drawn on the axial portal venous phase enhanced magnetic resonance imaging, and marked in pink, blue, purple and red, respectively.


Figure 2 Receiver operating characteristic curves of the liver lobe volume parameters are to identify the presence and Child-Pugh class of liver cirrhosis in patients with hepatitis B, and the presence of esophageal varices. The figures show that the ratio of caudate lobe volume to albumin (CV/ALB), left lateral liver lobe volume (LLV), right liver lobe volume (RV), the ratio of LLV to albumin (LLV/ALB) and the ratio of RV to albumin (RV/ALB) could be recommended as a indicator for distinguishing cirrhotic patients from healthy participants (A), Child-Pugh class A from B (B), class A from C (C), class B from C (D), and cirrhotic patients with esophageal varices from without esophageal varices (E), respectively.

[image: image1.jpg]—— LLVAALB
— cvmB

10

— RV
— LLVIALE

)

o

RV

RVIALE
CViALE





Table 1 Interobserver variability of each liver lobe volume parameter between two observers’ measurements in cirrhotic patients with hepatitis B
	Liver lobe volume
parameters
	Mean coefficient of 
variation (range) 
	≤ 10% (n)
	> 10% (n)

	RV
	7.5% (2%-14%)
	59
	12

	LMV
	8.6% (3%-15%)
	61
	10

	LLV
	8.2% (3%-13%)
	63
	8

	CV
	6.0% (2%-11%)
	69
	2

	RV/ALB
	5.5% (1%-11%)
	70
	1

	LMV/ALB
	6.4% (1%-10%)
	71
	0

	LLV/ALB
	6.2% (2%-10%)
	71
	0

	CV/ALB
	4.0% (2%-9%)
	71
	0


RV: Right liver lobe volume; LMV: Left medial liver lobe volume; LLV: Left lateral liver lobe volume; CV: Caudate lobe volume; ALB: Albumin.
Table 2 Main clinical data of the healthy volunteers and patients with cirrhosis in different Child-Pugh class
	
	No cirrhosis

(n = 21)
	Child-Pugh class of cirrhosis

	
	
	Class A (n = 27)
	Class B (n = 28)
	Class C (n = 16)

	Gender (M/F)
	12/9
	12/15
	13/15
	11/5

	Age
	56.23 ± 13.02
	59.43 ± 12.93
	54.57 ±12.59
	53.56 ±16.13

	Body weight (kg)
	65.42 ± 5.34
	60.53 ± 3.20
	57.61 ± 2.05
	55.33 ±1.53

	BMI (kg/m2)
	23.15 ± 0.54
	22.42 ± 0.45
	21.25 ± 0.31
	19.41 ± 0.24

	RV (mm3)
	806.45 ± 198.891
	649.60 ± 123.46
	586.98 ± 137.284
	470.58 ± 46.033

	LMV (mm3)
	234.29 ± 70.341
	193.23 ± 47.052
	161.27 ± 43.04
	147.47 ± 83.753

	LLV (mm3)
	215.51 ± 133.63
	279.60 ± 95.332
	218.69 ± 35.47
	208.49 ± 36.173

	CV (mm3)
	20.28 ± 9.351
	34.36 ± 10.46
	29.15 ± 12.23
	22.41 ± 10.943

	ALB (g/L)
	45.27 ± 3.46
	37.82 ± 4.07
	33.24 ± 2.56
	26.76 ± 3.23

	RV/ALB
	17.59 ± 4.31
	16.98 ± 3.03
	18.61 ± 4.12
	20.45 ± 3.553

	LMV/ALB
	5.52 ± 1.73
	5.16 ± 1.39
	5.15 ± 1.45
	6.43 ± 3.81

	LLV/ALB
	5.14 ± 3.411
	7.29 ± 2.95
	7.08 ± 1.264
	9.19 ± 1.403

	CV/ALB
	0.48 ± 0.241
	0.87 ± 0.28
	0.95 ± 0.43
	0.96 ± 0.45

	1Different from Cirrhosis group, P < 0.05; 2Different from Class B, P < 0.05; 3Different from Class A, P < 0.05; 4Different from Class C, P < 0.05. BMI: Body mass index; RV: Right liver lobe volume; LMV: Left medial liver lobe volume; LLV: Left lateral liver lobe volume; CV: Caudate lobe volume; ALB: Albumin.


Table 3 Comparison of liver lobe volume parameter between patients with and without esophageal varices
	
	Esophageal varices

	Parameters
	No (n = 46)
	Yes (n = 25)

	RV (mm3)
	687.85 ± 175.731
	534.87 ± 85.86

	LMV (mm3)
	190.01 ± 63.70
	167.18 ± 66.70

	LLV (mm3)
	544.26 ± 98.74
	216.05 ± 39.04

	CV (mm3)
	27.52 ± 12.83
	27.61 ± 8.54

	RV/ALB
	16.98 ± 3.36 1
	21.26 ± 3.01

	LMV/ALB
	5.26 ± 1.68
	5.96 ± 2.96

	LLV/ALB
	6.91 ± 2.77
	7.78 ± 1.92

	CV/ALB
	0.78 ± 0.411
	0.97 ± 0.31


1Different from the patients with esophageal varices, P < 0.05. RV: Right liver lobe volume; LMV: Left medial liver lobe volume; LLV: Left lateral liver lobe volume; CV: Caudate lobe volume; ALB: Albumin.
Table 4 Each liver lobe volume parameters in determining the presence and Child-Pugh class of liver cirrhosis, and predicting the presence of esophageal varices
	Parameters
	Cut-off
	Differentiations
	AUC
	Sensitivity
	Specificity

	RV (mm3)
	692.3
	No cirrhosis vs Cirrhosis
	0.816
	70.6%
	75%

	
	508.9
	Class A vs C
	0.900
	90.3%
	84.5%

	
	522.2
	Class B vs C
	0.803
	70.0%
	88%

	
	579.45
	No varices vs Varices 
	0.780
	71.4%
	70.0%

	LMV (mm3)
	201.3
	No cirrhosis vs Cirrhosis
	0.754
	70.6%
	77.0%

	
	181.1
	Class A vs B
	0.728
	68.0%
	71.0%

	
	155.4
	Class A vs C
	0.751
	82.1%
	75.0%

	LLV (mm3)
	233.2
	Class A vs B
	0.761
	74.4%
	73.1%

	
	224.9
	Class A vs C
	0.792
	82.1%
	75.0%

	CV (mm3)
	23.8
	No cirrhosis vs Cirrhosis
	0.756
	69.0%
	65.0%

	
	25.1
	Class A vs C
	0.806
	85.7%
	69.0%

	RV/ALB
	19.9
	Class A vs C
	0.801
	68.8%
	79.6%

	
	20.46
	No varices vs Varices
	0.890
	80.0%
	83.5%

	LLV/ALB
	0.9
	No cirrhosis vs Cirrhosis
	0.763
	70.6%
	71.0%

	
	8.3
	Class A vs C
	0.752
	68.8%
	65.5%

	
	7.5
	Class B vs C
	0.900
	93.8%
	81.5%

	CV/ALB
	0.6
	No cirrhosis vs Cirrhosis
	0.860
	82.0%
	83.0%

	
	0.825
	No varices vs Varices
	0.673
	64.0%
	67.0%


RV: Right liver lobe volume; LMV: Left medial liver lobe volume; LLV: Left lateral liver lobe volume; CV: Caudate lobe volume; ALB: Albumin.
Table 5 Liver lobe volume parameters for best identifying the presence and Child-Pugh class of liver cirrhosis, and predicting the presence of esophageal varices
	

	Parameter
	Cut-off
	Differentiations
	Sensitivity
	Specificity

	CV/ALB
	0.6
	No cirrhosis vs Cirrhosis
	82.0%
	83.0%

	RV (mm3)
	508.9
	Class A vs C
	90.3%
	84.5%

	LLV/ALB
	7.5
	Class B vs C
	93.8%
	81.5%

	LLV (mm3)
	233.2
	Class A vs B
	74.4%
	73.1%

	RV/ALB (mm3)
	20.46
	No varices vs Varices
	80.0%
	83.5%


RV: Right liver lobe volume; LMV: Left medial liver lobe volume; LLV: Left lateral liver lobe volume; CV: Caudate lobe volume; ALB: Albumin.
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