
[bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK26]Name of Journal: World Journal of Gastroenterology
Manuscript NO: 84839
Manuscript Type: ORIGINAL ARTICLE

Observational Study
[bookmark: OLE_LINK6618]Predicting portal venous anomalies by left-sided gallbladder or right-sided ligamentum teres hepatis: A large scale, propensity score-matched study

[bookmark: OLE_LINK6619]Lin HY et al. Predicting PVA by LGB or RSLT?

[bookmark: OLE_LINK6426][bookmark: OLE_LINK6387]Hsuan-Yin Lin, Rheun-Chuan Lee, Jyh-Wen Chai, Chiann-Yi Hsu, Yen Chou, Hsuen-En Hwang, Chien An Liu, Nai-Chi Chiu, Ho-Hsian Yen

[bookmark: OLE_LINK6402]Hsuan-Yin Lin, Jyh-Wen Chai, Department of Radiology, Taichung Veterans General Hospital, Taichung 407219, Taiwan

Rheun-Chuan Lee, Hsuen-En Hwang, Chien An Liu, Nai-Chi Chiu, Department of Radiology, Taipei Veterans General Hospital, Taipei 11267, Taiwan

[bookmark: _Hlk139053420]Rheun-Chuan Lee, Hsuen-En Hwang, Chien An Liu, Nai-Chi Chiu, School of Medicine, National Yang Ming Chiao Tung University, Taipei 112, Taiwan

Chiann-Yi Hsu, Department of Medical Research, Taichung Veterans General Hospital, Taichung 40705, Taiwan

[bookmark: OLE_LINK6390]Yen Chou, Department of Radiology, Fu Jen Catholic University Hospital, Taipei 24352, Taiwan

[bookmark: OLE_LINK6392]Ho-Hsian Yen, Department of Radiology, Far Eastern Memorial Hospital, New Taipei City 220, Taiwan

[bookmark: OLE_LINK6394][bookmark: OLE_LINK6398][bookmark: OLE_LINK6396][bookmark: OLE_LINK6395][bookmark: OLE_LINK6397][bookmark: OLE_LINK6399][bookmark: OLE_LINK6401][bookmark: OLE_LINK6400]Author contributions: Lin HY and Lee RC contributed to the conception and design; all authors contributed to the administrative support; Lin HY, Lee RC and Chai JW contributed to the provision of study materials or patients; all authors contributed to the collection and assembly of data; Lin HY and Hsu CY contributed to the data analysis and interpretation; Lin HY contributed to the manuscript writing and final approval of manuscript.

[bookmark: OLE_LINK6624][bookmark: OLE_LINK6626]Corresponding author: Hsuan-Yin Lin, MD, Attending Doctor, Department of Radiology, Taichung Veterans General Hospital, No. 1650 Taiwan Boulevard Section 4, Taichung 407219, Taiwan. b101096132@tmu.edu.tw

Received: March 29, 2023
Revised: June 6, 2023
Accepted: July 6, 2023
Published online: 

 2 / 2

Abstract
BACKGROUND
[bookmark: OLE_LINK6404][bookmark: OLE_LINK6407][bookmark: OLE_LINK6406]Right-sided ligamentum teres (RSLT) is often associated with portal venous anomalies (PVA) and is regarded as a concerning feature for hepatobiliary intervention. Most studies consider RSLT to be one of the causes of left-sided gallbladder (LGB), leading to the hypothesis that LGB must always be present with RSLT. However, some cases have shown that right-sided gallbladder (RGB) can also be present in livers with RSLT.

AIM
To highlight the rare variation that RSLT may not come with LGB and to determine whether ligamentum teres (LT) or gallbladder location is reliable to predict PVA.

METHODS
[bookmark: OLE_LINK1612][bookmark: OLE_LINK1613][bookmark: OLE_LINK1458][bookmark: OLE_LINK1997][bookmark: OLE_LINK2340][bookmark: OLE_LINK3164][bookmark: OLE_LINK4556][bookmark: OLE_LINK4587][bookmark: OLE_LINK4654][bookmark: OLE_LINK4198][bookmark: OLE_LINK3605][bookmark: OLE_LINK4823][bookmark: OLE_LINK3717][bookmark: OLE_LINK5006][bookmark: OLE_LINK4052][bookmark: OLE_LINK5507][bookmark: OLE_LINK5926][bookmark: OLE_LINK6517][bookmark: OLE_LINK6408]This study retrospectively assessed 8552 contrast-enhanced abdominal computed tomography examinations from 2018 to 2021 [4483 men, 4069 women; mean age, 59.5 ± 16.2 (SD) years]. We defined the surrogate outcome as major PVAs. The cases were divided into 4 subgroups according to gallbladder and LT locations. On one hand, we analyzed PVA prevalence by LT locations using gallbladder location as a controlled variable (n = 36). On the other hand, we controlled LT location and computed PVA prevalence by gallbladder locations (n = 34). Finally, we investigated LT location as an independent factor of PVA by using propensity score matching (PSM) and inverse probability of treatment weighting (IPTW).

RESULTS
[bookmark: OLE_LINK6412][bookmark: OLE_LINK6413][bookmark: OLE_LINK6414][bookmark: OLE_LINK6446][bookmark: OLE_LINK6415]We found 9 cases of RSLT present with RGB. Among the LGB cases, RSLT is associated with significantly higher PVA prevalence than typical LT [80.0% vs 18.2%, P = 0.001; OR = 18, 95% confidence interval (CI): 2.92-110.96]. When RSLT is present, we found no statistically significant difference in PVA prevalence for RGB and LGB cases (88.9 % vs 80.0%, P > 0.99). Both PSM and IPTW yielded balanced cohorts in demographics and gallbladder locations. The RSLT group had a significantly higher PVA prevalence after adjusted by PSM (77.3% vs 4.5%, P < 0.001; OR = 16.27, 95%CI: 2.25-117.53) and IPTW (82.5% vs 4.7%, P < 0.001).

CONCLUSION
RSLT doesn't consistently coexist with LGB. RSLT can predict PVA independently while the gallbladder location does not serve as a sufficient predictor.

[bookmark: OLE_LINK6620]Key Words: Right-sided ligamentum teres; Left-sided gallbladder; Portal venous anomalies; Inverse probability of treatment weighting; Average treatment effect in the treated

[bookmark: OLE_LINK6621][bookmark: OLE_LINK6416]Lin HY, Lee RC, Chai JW, Hsu CY, Chou Y, Hwang HE, Liu CA, Chiu NC, Yen HH. Predicting portal venous anomalies by left-sided gallbladder or right-sided ligamentum teres hepatis: A large scale, propensity score-matched study. World J Gastroenterol 2023; In press

[bookmark: OLE_LINK6623][bookmark: OLE_LINK6529]Core Tip: Right-sided ligamentum teres (RSLT) is often associated with intrahepatic anomalies. Most studies hypothesis that left-sided gallbladder (LGB) must exist with RSLT. However, our exploration reveals that RSLT doesn't consistently coexist with LGB. Our analysis further suggests that RSLT can predict poral venous anomalies (PVAs) independently while the gallbladder location does not serve as a sufficient predictor. Therefore, operators, interventional radiologists or interventional gastroenterologists should not use the gallbladder location as an alternative of ligamentum teres location for PVAs prediction.


INTRODUCTION
[bookmark: OLE_LINK6405][bookmark: OLE_LINK6418][bookmark: OLE_LINK6417]Right-sided ligamentum teres (RSLT) is a congenital anomaly caused by misconnection of the fetal umbilical vein to the right paramedian trunk of the portal vein (Figure 1). This anomaly was first reported by Matsumoto[1] in 1986. RSLT is associated with several intrahepatic vascular anomalies and anomalous biliary confluences[2-5]. Therefore, unawareness of RSLT before an intervention may result in serious morbidities[6-8]. Specifically, RSLT strongly correlates with portal venous anomalies (PVAs), a high interventional risk morbidity feature. 
PVAs result in difficulties in liver surgery and lead to surgical complications[8,9], such as active bleeding, segmental devascularization, and hepatic failure due to misinterpretation and erroneous ligation of the portal venous branch. Therefore, accurately evaluating PVAs is crucial before any major hepatobiliary intervention. In this paper, we share a case of bleeding following an ultrasound-guided liver biopsy and unsuccessful first embolization as a result of PVAs not being identified before the intervention (Supplementary Figure 1). The bleeding was finally stopped through embolization once the PVAs had been recognized.
[bookmark: OLE_LINK6419][bookmark: OLE_LINK6422][bookmark: OLE_LINK6423][bookmark: OLE_LINK6424][bookmark: OLE_LINK6451][bookmark: OLE_LINK6449][bookmark: OLE_LINK6420]While RSLT is the key to PVA evaluation, the presence of a left-sided gallbladder (LGB) is a more commonly used anatomical anomaly in PVA screening. This is because: (1) Nagai et al[10] suggested that the variant gallbladder location is an outcome of RSLT, which has been accepted in many studies[2,5,11]; and (2) LGB is relatively easy to identify. However, Yamashita et al[3] and Lin et al[4] reported some cases in which RSLT could present with a GB in the typical right-side location, which conflicted with Nagai et al’s hypothesis[10]. Hence, the relationship between the location of the GB and ligamentum teres (LT) remains controversial and warrants further investigation.
In this paper, we present additional cases of RSLT together with a normal GB location, identified from a large data set. Then, to determine the key predictors of major PVA, we further investigate the association between GB location, LT location and PVA via a series of statistical analyses.

MATERIALS AND METHODS
[bookmark: OLE_LINK6425]Patients
The institutional review board approved this retrospective study and waived the requirement for informed consent. We retrospectively reviewed 71822 contrast-enhanced multidetector computed tomography (MDCT) examinations conducted at the Radiology departments of Taipei Veterans General Hospital and Taichung Veterans General Hospital between September 2018 and September 2021. We excluded both repeat cases and patients who had undergone major hepatobiliary surgery. A total of 8552 cases were eligible for analysis (Figure 2). Although three of these cases have been previously reported[4], the report only highlights the existence of the rare variation. In this manuscript, we conducted a series of statistical analyses on a large number of patients. We also defined the surrogate outcome as the prevalence of major PVAs, which is the dominant risk factor for morbidity and mortality after hepatobiliary intervention.

Computed tomography examination protocol
Contrast-enhanced abdomen computed tomography (CT) studies were conducted using a Philips Brilliance iCT256, United States, or a Siemens Somatom Sensation 16 Slice CT, Germany. The examination parameters included a detector coverage of 128 × 0.625 (Philips Brilliance iCT256) or 16 × 0.75 (Siemens Somatom Sensation 16 Slice CT), a pitch of 0.91 (Philips Brilliance iCT256) or 1 (Siemens Somatom Sensation 16 Slice CT), a rotation time of 0.5 s, a section thickness of 5 mm, and a reconstruction interval of 5 mm for all images. Additional reconstructions were performed at a section thickness of 1 mm and a reconstruction interval of 0.7 mm for detailed interpretation. A total of 120 mL of nonionic iodinated contrast material with an iodine concentration of 350 mg/mL was injected. Scans were acquired in the portal venous phase by using a SmartPrep protocol, with the enhancement threshold set at 120 HU.

Image interpretation
[bookmark: OLE_LINK6511][bookmark: OLE_LINK6450][bookmark: OLE_LINK6432][bookmark: OLE_LINK6433][bookmark: OLE_LINK6438][bookmark: OLE_LINK6439][bookmark: OLE_LINK6434][bookmark: OLE_LINK6436][bookmark: OLE_LINK6437]Coronal reconstructions were performed on all raw imaging data acquired from MDCT. The commercially available GE ADW 4.6 CT Workstation was used to process oblique axial multiplanar reformation (MPR), oblique coronal MPR, and maximum-intensity projection (MIP) images. These reconstructed images were then used for the discrimination of difficult portal vein ramifications and all cases involving PVAs. The images were independently analyzed by the following six radiologists: Lin HY, a radiologist with 2 years of experience; Hwang HE and Yen HH, radiologists with 4 years of experience; Chiu NC and Liu CA, radiologists with 15-20 years of experience; and Lee RC, a radiologist with more than 30 years of experience in interpreting CT and magnetic resonance imaging scans. Identification of RSLT was based on recognition of the round ligament (or LT) notch directly connected to the umbilical portion of the portal vein, which originates from the right portal branches (Figures 3 and 4). This technique followed the three-step method proposed by Yamashita et al[3] (Figure 3). In all cases, RSLT was positioned to the right of the middle hepatic vein (MHV), consistent with the definition of Shindoh et al[2] (Figures 5 and 6). Major PVA cases were predominantly identified as one of three types as defined by Shindoh et al[2] (Figure 4). However, cases other than these types were classified following the approach of Gallego et al[12] and Atri et al[13]. Single or subsegmental PVAs—such as separate segment VI branches from the right portal vein, as reported by Covey et al[14]—were not defined as major PVAs. GB location was defined by its long axis position relative to the umbilical fissure (LT notch) and MHV of the liver (Figures 5 and 6).

[bookmark: OLE_LINK6440]Statistical analysis
[bookmark: OLE_LINK6441][bookmark: OLE_LINK6409][bookmark: OLE_LINK6530]The surrogate outcome was defined as major PVAs on which three radiologists reached a consensus. To examine the relationship between GB location, LT location, and PVAs, three-step statistical tests were conducted, namely Test A, Test B, and Test C (Figure 2). First, we compared the prevalence of PVAs based on GB locations and referred to it as Test A. According to a previous study[11], GB location and PVAs are strongly correlated. However, Test A didn’t eliminate the confounding factor of LT location. To explore the effect of LT location, we divided our data into 4 subgroups based on not only GB location but also LT location and calculated PVAs prevalence for each subgroup, which was referred as Test B. Finally, we measured the PVAs prevalence per LT location as depicted in Test C. In Test C, we performed two analytical approaches: Propensity score matching (PSM) and inverse probability of treatment weighting (IPTW) with average treatment effect in the treated (ATT), to cope with data imbalance and to minimize the confounding effects of GB location, sex, and age. Hence, the PVAs analyzed in Test C were solely conditioned on LT location.
A 1:1 PSM method was used to construct matched pairs between RSLT and LT at a typical location through the nearest neighbor approach. IPTW with ATT was then used to avoid missing rare variation data from PSM. Each patient was assigned an inverse weighting of the RSLT or LT at a typical location through calculated propensity scores and the following ATT weight equation: 

Therefore, the weighting applied on these two groups improved their comparability despite the imbalance in case numbers (Figure 2).
[bookmark: OLE_LINK6443]Continuous variables were expressed in the mean ± SD. Categorical variables were expressed in number and percentage. We used the Student’s t test to determine the differences between continuous variables and exploited the Chi-square or Fisher exact test for categorical variables. Logistic regression was performed to determine the odds ratio (OR) of the PVA prevalence. Standardized mean differences (SMDs) were calculated to diagnose the balance of matched data. Comparison of groups in matched data were performed by the paired t test for continuous variables and the McNemar’s test for categorical variables. A two-sided P value < 0.05 indicates statistical significance. All analyses were conducted using IBM SPSS Statistics version 25.0 (IBM, Armonk, NY, United States) and R software version 3.0.2 (R Foundation for Statistical Computing, Vienna, Austria).

RESULTS
The prevalence of LGB and RSLT were 0.42% (36 out of 8552 cases) and 0.40% (34 out of 8552 cases), respectively. Overall, trifurcation-type PVA was the most common anomaly. However, when LGB or RSLT was detected, “independent right lateral type” PVA was the dominant anomaly. Patient demographics for each subgroup were demonstrated in Table 1.

Test A
Test A investigated the population of PVA for each gallbladder location. The prevalence of major PVAs in the LGB group (n = 648, 61.1%) was higher than that in the right-sided GB (RGB) group (n = 22, 7.32%). A total of 670 PVA cases were identified, giving a prevalence of 7.83%, which is within the range reported in previous studies[15-19] (i.e., 6% to 16.5%) without considering single or subsegmental PVAs. However, the results of Test A did not exclude possible influencing factors, particularly LT location.

Test B
Test B investigated whether an LGB is sufficient for PVA prediction.

[bookmark: OLE_LINK6445]Test B (LGB): In this analysis, we categorized LGB cases by different LT locations. Among 36 patients with LGB, 25 had RSLT (69.4%), and 11 had typical LT (30.6%) as shown in Table 2. The prevalence of PVAs was 80.0% (20 out of 25 cases) for RSLT and 18.2% (2 out of 11 cases) for typical LT, which was significantly different based on Fisher’s exact test (P = 0.001). These differing results between LGB cases with different LT locations indicated that LGB alone was unreliable for predicting PVAs. To quantitatively measure the difference, we further performed logistic regression and obtained an OR of 18.00 [95% confidence interval (CI): 2.92-110.96] for RSLT over typical LT. No significant differences were observed in sex, age, and all the possible comorbidities. 

Test B (RSLT): On the other hand, we performed an analysis with the RSLT cases divided by GB location. This resulted in 9 RGB cases (26.5%) and 25 LGB cases (73.5%) from a total of 34 RSLT patients, as shown in Table 3. We detected PVAs in 8 of the 9 RGB cases (88.9%) and in 20 of the 25 LGB cases (80.0%); the difference was nonsignificant according to Fisher’s exact test (P > 0.99). These results indicated that GB location had no influence on the prevalence of PVAs given the existence of RSLT. The analysis showed no significant differences in demographics or confounding factors between the two subgroups.
According to the analysis results of Test B, we could conclude that GB location was not sufficient for PVA prediction. Furthermore, given the presence of RSLT, different GB locations even contributed to identical PVA prevalence. 

Test C
[bookmark: OLE_LINK6448]Test C investigated the correlation between LT location and PVAs. We used PSM to handle unbalanced data and remove possible confounding factors, specifically GB location. As shown in Table 4, 22 patients of RSLT and typical LT were matched based on propensity score. Basic demographics and GB location were well balanced between the two groups, with SMDs less than 0.2. Also, both McNemar’s test and the paired-t test revealed that the confounding factors and demographics between matched cohorts were statistically similar. The prevalence of PVAs was 77.3% (17 out of 22) for the matched RSLT group and 4.5% (1 out of 5) for the matched typical LT group; the difference between these two groups was significant according to McNemar’s test (P < 0.001). Conditional logistic regression revealed an OR of 16.27 (95%CI: 2.25-117.53) for RSLT over typical LT. However, 12 rare variation data points in which RSLT coexisted with RGB were lost during the PSM process. Therefore, we implemented IPTW with ATT to prevent data exclusion from PSM and minimize the covariate imbalance between the groups with RSLT and typical LT. Following IPTW, the SMDs between the two cohorts were smaller than 0.1, indicating they are balanced for their demographics and GB locations. Compared with the typical LT cohort, the RSLT cohort had a significantly higher prevalence of PVAs after IPTW (4.7% vs 82.4%, P < 0.001; Table 4). As possible confounding effects were removed, the result suggests that LT location per se was effective for determining PVAs.

DISCUSSION
According to our statistical analysis results, RSLT is not consistently accompanied by LGB, and the key feature of predicting major PVAs is not LGB but rather RSLT. First, nine additional cases of RSLT without LGB were identified (Figure 2 and Table 3), indicating that the four cases reported by Yamashita et al[3] and Lin et al[4] were true existing variations and that RSLT does not consistently coexist with LGB. Second, the results of Test B indicated that the prevalence of PVAs is invariant regardless of the location of GB given RSLT was detected, which suggests that GB location is not sufficient for PVA prediction. Finally, the results of Test C concludes that the LT location is an independent risk factor of PVAs after possible confounding factors are eliminated in large propensity score–matched data sets.
[bookmark: OLE_LINK6452]Because GB location is an unreliable feature of PVAs, operators should not underestimate the risk of major vascular anomalies in livers with a normal GB location. As shown in Supplementary Figure 1, hepatobiliary interventions may be technically challenging and lead to complications if the PVAs are not recognized. Our results also suggest that LT location is strongly correlates with PVAs. Therefore, operators must be aware of the high surgical risk once RSLT has been detected. In addition to PVAs, RSLT also introduces nondeterministic anomalous arterial ramifications and biliary confluences, as reported by Nishitai et al[5] , hence, arterial and biliary patterns must be examined in preoperative imaging studies at the presence of RSLT.
Neglecting the aforementioned anomalies before an intervention may have life-threatening consequences, such as ischemic hepatic failure or bile leak[6-8]. Specifically, because independent ramification of the right lateral portal pedicle is the most common type of PVA in livers with RSLT, ligation of the left trunk of the portal vein during hepatobiliary surgery will disrupt portal flow in two-thirds of the entire liver if the common trunk of the left portal vein and the right paramedian pedicle are misinterpreted as the left portal vein. Multiple biliary complications during major hepatobiliary interventions in patients with RSLT have also been documented[6].
With the increasing popularity of three-dimensional magnetic resonance cholangiopancreatography (a low-risk examination that does not require the injection of contrast medium), biliary confluences in livers with RSLT should be comprehensively investigated during pre-interventional assessments, especially within the context of living donor liver transplantation.
This study has several limitations. First, a normal GB location in a liver with RSLT is a substantially rare variation that results in a remarkable loss of unmatched data when performing multivariate logistic regression. However, in the present study, this problem was addressed by preprocessing data with PSM and IPTW with ATT, yielding well-balanced cohorts and minimizing imbalances. Second, the diagnoses of all the variations were made by CT images without surgical or cadaveric anatomical proof. To compensate for this limitation and establish accurate image-based diagnoses, we explored several image-processing techniques, such as axial and coronal oblique MPR and MIP. We also followed the three-step method proposed by Yamashita et al[3] for diagnosing RSLT. In addition, the images were independently analyzed by six radiologists with 2-30 years of experience. To the best of our knowledge, this is the largest retrospective cohort study focusing on RSLTs. This is also the first article to highlight rare cases in which an RGB coexists with RSLT and further discuss the individual effects of LGB and RSLT on PVAs.

CONCLUSION
Understanding portal vein ramifications is crucial during preoperative planning of hepatobiliary interventions. We first observed that LGB is not consistently accompanied by RSLT and then performed a series of statistical analyses to evaluate the correlation between LGB, RSLT and PVAs. Our analysis results indicated that RSLT is an independent risk factor for PVAs, whereas GB location has no influence on PVAs if RSLT exists. Therefore, operators should avoid considering GB location, which is easily identified, as a surrogate feature of LT location.

ARTICLE HIGHLIGHTS
Research background
[bookmark: OLE_LINK6500][bookmark: OLE_LINK6508]The presence of right-sided ligamentum teres (RSLT) is often accompanied by portal venous anomalies (PVAs) and is considered a worrisome characteristic in hepatobiliary interventions. Most studies hypothesis that left-sided gallbladder (LGB) must exist with RSLT. However, in a reported study, right-sided gallbladder (RGB) was observed in livers with RSLT. Therefore, the relationship between the ligamentum teres hepatis (LT), gallbladder (GB), and PVAs is controversial and requires further investigation, despite the rarity of the anatomical variation of LT and GB, which can complicate statistical analysis.

Research motivation
[bookmark: OLE_LINK6453]To verify whether the RSLT coexists with a typical RGB, represent genuine existing variations or were merely misinterpreted and to determine the key predictors of major PVA, we conducted a comprehensive investigation. Additionally, to the best of our knowledge, all previous articles focusing on the RSLT had small sample sizes, not exceeding 1000.

Research objectives
First, to draw attention to the uncommon occurrence of the RSLT without the presence of the gallbladder (LGB), and secondly, to assess the reliability of both the LT and gallbladder location in predicting PVAs.

Research methods
[bookmark: OLE_LINK6410]This retrospective study examined a total of 8552 contrast-enhanced abdominal computed tomography examinations conducted between 2018 and 2021, involving 4483 men and 4069 women, with a mean age of 59.5 ± 16.2 (SD) years. The primary focus was to assess major PVAs as a surrogate outcome. The cases were categorized into four subgroups based on the locations of the gallbladder and LT. On one hand, we analyzed the prevalence of PVAs based on LT locations while controlling for gallbladder location (n = 36). On the other hand, we controlled for LT location and determined the prevalence of PVAs based on gallbladder locations (n = 34). Lastly, we investigated the independent influence of LT location on PVA using propensity score matching (PSM) and inverse probability of treatment weighting (IPTW).

Research results
[bookmark: OLE_LINK6454][bookmark: OLE_LINK6455][bookmark: OLE_LINK6456][bookmark: OLE_LINK6457][bookmark: OLE_LINK6458][bookmark: OLE_LINK6459]We identified a total of 9 cases where the RSLT coexisted with a typical RGB location. Among the cases with a LGB, the presence of RSLT was associated with a significantly higher prevalence of PVAs compared to those with a typical LT [80.0% vs 18.2%, P = 0.001; odds ratio (OR) = 18, 95% confidence interval (CI): 2.92-110.96]. However, when RSLT was present, there was no statistically significant difference in PVA prevalence between RGB and LGB cases (88.9% vs 80.0%, P > 0.99). We employed PSM and IPTW to ensure balanced cohorts in terms of demographics and gallbladder locations. After adjusting for these factors using PSM, the RSLT group still exhibited a significantly higher PVAs prevalence compared to the LT group (77.3% vs 4.5%, P < 0.001; OR = 16.27, 95%CI: 2.25-117.53). Similar results were observed when utilizing IPTW (82.5% vs 4.7%, P < 0.001).

Research conclusions
RSLT doesn't always coexist with LGB. RSLT can predict PVA independently while the gallbladder location does not serve as a sufficient predictor.

Research perspectives
Further investigation is needed to determine whether the existence of RSLT can predict the most predominant type of biliary or arterial anatomical variation.
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[bookmark: OLE_LINK6527][bookmark: OLE_LINK6501][bookmark: OLE_LINK6502][bookmark: OLE_LINK6509][bookmark: OLE_LINK6506][bookmark: OLE_LINK6504][bookmark: OLE_LINK6520][bookmark: OLE_LINK6540][bookmark: OLE_LINK6518][bookmark: OLE_LINK6523][bookmark: OLE_LINK6553]Figure 5 Contrast-enhanced computed tomography images of a 39-year-old man with right-sided ligamentum teres and left-sided gallbladder: Axial, maximum-intensity projection with oblique coronal multiplanar reformation. A: The cholecystic axis of the gallbladder (dotted line) is located left to the umbilical fissure and right-sided ligamentum teres (RSLT, arrow); B: Right paramedian portal pedicle (PRPM) forms the right umbilical portion of the portal vein (asterisk) and joins the RSLT (dotted line). The RSLT is located right to the middle hepatic vein (MHV); C: Portal vein ramification of the Shindoh’s independent right lateral type[2]. PRPM shares a trunk with left lateral portal vein and forms the right umbilical portion of the portal vein (asterisk) before joining the RSLT (dotted line), which is located right to the MHV. PRPM: Right paramedian portal pedicle; PLL: Left lateral portal vein; MHV: Middle hepatic vein; MPV: Main portal vein; RHV: Right hepatic vein; LPV: Left portal vein.
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[bookmark: OLE_LINK6516][bookmark: OLE_LINK6519][bookmark: OLE_LINK6543][bookmark: OLE_LINK6510][bookmark: OLE_LINK6513][bookmark: OLE_LINK6512][bookmark: OLE_LINK6515][bookmark: OLE_LINK6514][bookmark: OLE_LINK6524]Figure 6 Contrast-enhanced computed tomography images of a 72-year-old woman with right-sided ligamentum teres and right-sided gallbladder: Maximum-intensity projection with oblique coronal multiplanar reformation, coronal maximum-intensity projection, and maximum-intensity projection with oblique axial multiplanar reformation. A: Portal vein ramification of the Shindoh’s independent right lateral type[2]. Right paramedian portal pedicle forms the right umbilical portion of the portal vein (asterisk) and joins the right-sided ligamentum teres (RSLT, dotted line). The RSLT is located right to the middle hepatic vein (MHV); B: The cholecystic axis of the gallbladder (dotted line) is located right to the RSLT and the round ligament notch, that is, right to the MHV; C: On the axis (dotted line) along the main portal vein to the umbilical portion of the portal vein (asterisk) and the umbilical notch (circle), the diverging point of right anterior portal segment is distal to that of left lateral portal vein in this RSLT liver, consistent with the findings described by Yamashita et al[3]. PRPM: Right paramedian portal pedicle; PLL: Left lateral portal vein; PRL: Right lateral portal pedicle; PA-D: Right anterior portal segment; MHV: Middle hepatic vein; MPV: Main portal vein; GB: Gallbladder; LPV: Left portal vein.
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	[bookmark: OLE_LINK6580]RGB (n = 8516)
	[bookmark: OLE_LINK6579]LGB (n = 36)
	RSLT (n = 34)
	[bookmark: OLE_LINK6581]typical LT (n = 8518)

	[bookmark: _Hlk138953537][bookmark: OLE_LINK6596]Age (yr)1
	
	70.8 ± 15.9
	59.6 ± 18.9
	62.9 ± 17.7
	79.5 ± 19.1

	[bookmark: OLE_LINK6584][bookmark: OLE_LINK6583]Sex, n (%)
	No. of men
	4460 (52.4)
	23 (63.9)
	21 (61.8)
	4462 (52.4)

	
	No. of women
	4056 (47.6)
	13 (36.1)
	13 (38.2)
	4056 (47.6)

	Chronic liver disease, n (%)
	Hepatitis B virus
	962 (11.3)
	6 (16.7)
	6 (17.6)
	962 (11.3)

	
	Hepatitis C virus
	281 (3.3)
	1 (2.8)
	0 (0.0)
	282 (3.3)

	
	Other diseases
	2520 (29.6)
	8 (22.2)
	8 (23.5)
	2520 (29.6)

	
	None
	4753 (55.8)
	21 (58.3)
	20 (58.8)
	4754 (55.8)

	Comorbidity, n (%)
	Hepatocellular carcinoma (HCC)
	911 (10.7)
	4 (11.1)
	2 (5.9)
	913 (10.7)

	
	Non-HCC cancer
	4243 (49.8)
	18 (50.0)
	18 (52.9)
	4243 (49.8)

	
	Cardiovascular disease
	2127 (25.0)
	10 (27.8)
	8 (23.5)
	2129 (25.0)

	
	Chronic kidney disease
	845 (9.9)
	4 (11.1)
	5 (14.7)
	844 (9.9)

	
	Diabetes mellitus
	1899 (22.3)
	6 (16.7)
	9 (26.5)
	1896 (22.3)

	
	Cholelithiasis
	732 (8.6)
	3 (8.3)
	3 (8.8)
	732 (8.6)
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[bookmark: OLE_LINK6591][bookmark: OLE_LINK6630]RGB: Right-sided gallbladder; LGB: Left-sided gallbladder; RSLT: Right-sided ligamentum teres; LT: Ligamentum teres.
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Table 2 Demographics and clinical characteristics of the 36 patients with left-sided gallbladder stratified by location of ligamentum teres
	[bookmark: OLE_LINK6601][bookmark: OLE_LINK6602][bookmark: OLE_LINK6658][bookmark: OLE_LINK6605][bookmark: OLE_LINK6606]Variables
	RSLT (n = 25)
	Typical LT (n = 11)
	P value

	Sex (men), n (%)
	-
	17 (68.0)
	6 (54.5)
	0.439

	Age (yr)
	-
	61.4 ± 18.2
	55.5 ± 20.8
	0.401

	[bookmark: OLE_LINK6625][bookmark: OLE_LINK6622]Comorbidity, n (%)
	Hepatitis B virus carrier
	5 (20.0)
	1 (9.1)
	0.643

	
	Hepatitis C virus carrier
	0 (0.0)
	1 (9.1)
	0.306
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	[bookmark: OLE_LINK6629][bookmark: OLE_LINK6628]Hepatocellular carcinoma (HCC)
	2 (8.0)
	2 (18.2)
	0.570

	
	Non-HCC malignancy
	13 (52.0)
	5 (45.5)
	0.717

	
	Cardiovascular disease
	7 (28.0)
	3 (27.3)
	1.000

	
	Chronic kidney disease
	4 (16.0)
	0 (0.0)
	0.290

	
	Diabetes mellitus
	6 (24.0)
	0 (0.0)
	0.148

	[bookmark: OLE_LINK6603][bookmark: _Hlk138953205]Outcomes

	[bookmark: _Hlk138953150][bookmark: OLE_LINK6604][bookmark: OLE_LINK6627]Major portal vein anomalies1, n (%)
	Overall
	20 (80.0)
	2 (18.2)
	0.0012

	
	Independent right lateral type
	13 (52.0)
	1 (9.1)
	0.025

	
	Trifurcation
	6 (24.0)
	1 (9.1)
	0.400

	
	Absence of R’t PV
	1 (4.0)
	0 (0.0)
	> 0.99


1Positive predictive value of left-sided gallbladder in portal vein anomalies = 61.1%.
2Logistic regression: Odds ratio= 18; 95% confidence interval: 2.92-110.96; P = 0.002.
[bookmark: OLE_LINK6631][bookmark: OLE_LINK6634]LGB: Left-sided gallbladder; HCC: Hepatocellular carcinoma; RSLT: Right-sided ligamentum teres; LT: Ligamentum teres.
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Table 3 Demographic and clinical characteristics of the 34 patients with right-sided ligamentum teres stratified by gallbladder location
	[bookmark: OLE_LINK6636][bookmark: _Hlk138953423][bookmark: OLE_LINK6638][bookmark: OLE_LINK6639][bookmark: OLE_LINK6640][bookmark: OLE_LINK6645]Variables
	RGB (n =9)
	LGB (n = 25)
	P value

	Sex (men), n (%)
	-
	4 (44.4)
	17 (68.0)
	0.254

	Age (yr)
	-
	66.9 ± 16.6
	61.4 ± 18.2
	0.434

	Comorbidity, n (%)
	Hepatitis B virus carrier
	1 (11.1)
	5 (20.0)
	0.293

	
	Hepatitis C virus carrier
	0 (0.0)
	0 (0.0)
	NA

	
	Hepatocellular carcinoma (HCC)
	0 (0.0)
	2 (8.0)
	> 0.99

	
	Non-HCC malignancy
	5 (55.6)
	13 (52.0)
	0.855

	
	Cardiovascular disease
	1 (11.1)
	7 (28.0)
	0.403

	
	Chronic kidney disease
	1 (16.7)
	4 (16.0)
	1.000

	
	Diabetes mellitus
	 3 (33.3)
	6 (24.0)
	0.670

	[bookmark: OLE_LINK6637][bookmark: _Hlk138953458]Outcomes

	[bookmark: OLE_LINK6707][bookmark: OLE_LINK6649]Major PVA, n (%)
	Overall
	8 (88.9)
	20 (80.0)
	> 0.99

	
	Independent right lateral 
	7 (87.5)
	13 (52.0)
	0.250

	
	Trifurcation
	1 (12.5)
	6 (24.0)
	0.670

	
	Absence of R’t PV
	0 (0.0)
	1 (4.0)
	> 0.99


[bookmark: OLE_LINK6653][bookmark: OLE_LINK6654][bookmark: OLE_LINK6655][bookmark: OLE_LINK6656][bookmark: OLE_LINK6657]RSLT: Right-sided ligamentum teres; RGB: Right-sided gallbladder; LGB: Left-sided gallbladder; PVA: Portal venous anomalies; NA: Not available.
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	Before propensity score matching
	After propensity score matching

	[bookmark: OLE_LINK6672][bookmark: _Hlk138953913]Factors
	[bookmark: OLE_LINK6693]RSLT (n = 34)
	[bookmark: OLE_LINK6695][bookmark: OLE_LINK6694]Typical LT (n = 8518)
	[bookmark: OLE_LINK6696]P value 
	SMD†
	[bookmark: OLE_LINK6697]RSLT (n = 22)
	[bookmark: OLE_LINK6698][bookmark: OLE_LINK6699]Typical LT (n = 22)
	P value
	SMD1

	[bookmark: _Hlk138953903]Age
	62.9 ± 17.7
	59.5 ± 16.2
	0.2282
	0.197
	62.7 ± 17.1
	59.9 ± 17.2
	0.4113
	0.156

	Sex, n (%)
	Men
	21 (61.8)
	4462 (52.4)
	0.3055
	0.193
	11 (50)
	11 (50)
	1.0002
	0.000

	
	Women
	13 (38.2)
	4056 (47.6)
	
	
	11 (50)
	11 (50)
	
	

	[bookmark: _Hlk138953943]GB, n (%)
	LGB
	25 (7.35)
	28 (0.3)
	< 0.0015
	2.327
	13 (59.1)
	13 (59.1)
	1.0002
	0.000

	
	RGB
	9 (26.5)
	8490 (99.7)
	
	
	9 (40.9)
	9 (40.9)
	
	

	[bookmark: OLE_LINK6671]Outcomes
	
	

	[bookmark: _Hlk138953928]Major PVA, n (%)
	
	17 (77.3)
	1 (4.5)
	< 0.0016
	

	
	Before IPTW
	After IPTW

	[bookmark: OLE_LINK6673][bookmark: _Hlk138954150][bookmark: _Hlk138953894]Factors
	[bookmark: OLE_LINK6710]RSLT (n = 34)
	[bookmark: OLE_LINK6711]Typical LT (n = 8518)
	[bookmark: OLE_LINK6712]P value 
	SMD1
	[bookmark: OLE_LINK6713]RSLT (n = 34)
	[bookmark: OLE_LINK6714][bookmark: OLE_LINK6715]Typical LT (n = 34)
	P value
	[bookmark: OLE_LINK1]SMD1

	
	
	
	
	
	
	
	
	

	Age
	62.9 ± 17.7
	59.5 ± 16.2
	0.2282
	0.197
	62.9 ± 17.7
	62.3 ± 14.6
	0.879
	0.034

	[bookmark: _Hlk138953863]Sex, n (%)
	Men
	21 (61.8)
	4462 (52.4)
	0.3055
	0.193
	21 (61.8)
	19.4 (58.1)
	0.9534
	0.076

	
	Women
	13 (38.2)
	4056 (47.6)
	
	
	13 (38.2)
	14 (41.9)
	
	

	[bookmark: _Hlk138953940]GB, n (%)
	LGB
	25 (7.35)
	28 (0.3)
	< 0.0015
	2.327
	25 (73.5)
	24.4 (73.1)
	1.0004
	0.011

	
	RGB
	9 (26.5)
	8490 (99.7)
	
	
	9 (26.5)
	9 (26.9)
	
	

	[bookmark: OLE_LINK6678]Outcomes 
	
	

	Major PVA, n (%)
	
	28 (82.4)
	1.6 (4.7)
	< 0.0015
	2.514


[bookmark: OLE_LINK4]1Standardized mean difference (SMD). SMD indicate very small differences for values less than 0.10; 0.1-0.3. Small differences; 0.3-0.5, moderate differences; and values higher than 0.5, large differences (20).
[bookmark: OLE_LINK5]2Student’s t test.
[bookmark: OLE_LINK6]3Paired-t test.
4McNemar test.
5Chi-square test.
6Conditional logistic regression: Odds ratio = 16.27; 95% confidence interval: 2.25-117.53; P = 0.006.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK15][bookmark: OLE_LINK14][bookmark: OLE_LINK16]IPTW: Inverse probability of treatment weighting; RSLT: Right-sided ligamentum teres; LT: Ligamentum teres; RGB: Right-sided gallbladder; LGB: Left-sided gallbladder; PVA: Portal venous anomalies; SMD: Standardized mean difference; GB: Gallbladder.
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