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Abstract

:

Simple Summary


This was a retrospective single center analysis of 298 consecutive patients with HCC who underwent liver transplant. We sought to understand the impact that the number and type of local regional therapies (LRTs) have on peri-operative outcomes and complications after liver transplantation. The patients who received more than 3 LRTs prior to a liver transplant had a higher risk of biliary leak but otherwise similar outcomes to those who received fewer LRTs.




Abstract


The wait times for patients with hepatocellular carcinoma (HCC) listed for liver transplant are longer than ever, which has led to an increased reliance on the use of pre-operative LRTs. The impact that multiple rounds of LRTs have on peri-operative outcomes following transplant is unknown. This was a retrospective single center analysis of 298 consecutive patients with HCC who underwent liver transplant (January 2017 to May 2021). The data was obtained from two institution-specific databases and the TransQIP database. Of the 298 patients, 27 (9.1%) underwent no LRTs, 156 (52.4%) underwent 1-2 LRTs, and 115 (38.6%) underwent ≥3 LRTs prior to LT. The patients with ≥3 LRTs had a significantly higher rate of bile leak compared to patients who received 1-2 LRTs (7.0 vs. 1.3%, p = 0.014). Unadjusted and adjusted regression analyses demonstrated a significant association between the total number of LRTs administered and bile leak, but not rates of overall biliary complications. The total number of LRTs was not significantly associated with any other peri-operative or post-operative outcome measure. These findings support the aggressive use of LRTs to control HCC in patients awaiting liver transplant, with further evaluation needed to confirm the biliary leak findings.
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1. Introduction


Liver transplant has long been established as the gold-standard therapy for patients with localized hepatocellular carcinoma (HCC) not amenable to resection [1]. In 2002, the Milan Criteria were adopted by the United Network for Organ Sharing (UNOS), introducing exception points for HCC patients, and in 2015, the Organ Procurement and Transplantation Network (OPTN) implemented a policy change that required a mandatory wait time of 6 months prior to listing for a liver transplant. The average wait time for liver transplant varies widely by UNOS region, but for at least 65% of patients, the wait time exceeds 6 months, and for many patients, the wait time has gotten longer over time [2].



Local regional therapies (LRTs) such as transarterial chemoembolization (TACE), microwave ablation (MWA), and yitrium-90 (Y-90) radioembolization are effective treatments for HCC and have become increasingly necessary to prevent waitlist dropout and disease progression. The current clinical practice guidelines recommend using neoadjuvant LRTs in appropriately selected patients expected to wait more than 6 months for liver transplant [3], which means most patients undergoing transplant for HCC will receive at least one pre-operative LRT.



The LRTs are not without potential complications, and their impact on liver transplant outcomes is poorly understood. Previous studies have reported increased morbidity after resection following multiple LRTs [4], whereas others have found no differences in peri-operative outcomes [5]. In addition, hepatic arterial complications, including arteritis, pseudoaneurysms, stenosis, and thrombosis, have long been recognized as risks of TACE [6,7], but whether they lead to a higher prevalence of similar complications after transplantation remains unclear [8,9,10]. Similarly, TACE, MWA, and Y-90 have all been associated with bile duct ischemia and injury [11,12,13], but results have been mixed as to whether these therapies lead to an increased risk of biliary stricture or bile leak following transplant [8,14,15].



Given the increasing use of LRTs overall, particularly that of Y-90, new concerns have arisen over the impact these therapies may have on peri-operative outcomes [16,17,18]. This retrospective study used a contemporaneous cohort to evaluate the peri-operative outcomes and complication patterns associated with LRT use in patients with HCC awaiting liver transplant, with particular focus on those receiving multiple pre-operative LRTs or Y-90 radioembolization.




2. Materials and Methods


2.1. Study Design


This was a retrospective analysis of 298 consecutive patients with HCC who underwent liver transplant at a single academic comprehensive transplant center between May 2017 and May 2021. The data was collected retrospectively from two institution-specific databases and one national database containing quality metrics. The study was reviewed and approved by the institutional review board at the University of California, San Francisco, and was conducted in accordance with both the Declarations of Helsinki and Istanbul.




2.2. Patient Cohort


The cohort comprised adult patients diagnosed with HCC before transplant as well as a small number of patients diagnosed with HCC based on their explant pathology. The patients who underwent orthotopic liver transplants (OLT) or living donor liver transplants (LDLT) were included. The patients under the age of 18 were excluded. The data collected consisted of patient age, gender, race, etiology of liver disease, BMI, and date of initial HCC diagnosis. In addition, the baseline characteristics prior to transplant included pre-operative creatinine, total bilirubin, albumin, platelets, and alpha-fetoprotein (AFP), as well as the MELD score, the number and size of each HCC tumor, and whether patients were downstaged before transplant.




2.3. Liver-Directed Therapies


All decisions about the type of LRT to administer, the number of rounds, and the time interval between LRTs and other procedures were made by a multidisciplinary liver transplant team consisting of transplant surgeons, transplant hepatologists, oncologists, and interventional radiologists.




2.4. Peri-Operative Outcomes


The peri-operative outcomes data was collected prospectively by the UCSF Department of Anesthesia for Liver Transplantation. The peri-operative data included estimated blood loss (EBL), transfusion products received, including packed red blood cells (pRBCs), platelets, fresh frozen plasma (FFP), cryoprecipitate (cryo), and albumin, as well as urine output (UOP), case duration, cold ischemia time (CIT), and operative techniques used during the case. The peri-operative outcomes recorded included length of stay (LOS) and 30-day mortality. Additionally, the peri-operative complications included the need for reoperation, transfusion needs within 24 h, deep venous thrombosis (DVT), pulmonary embolism (PE), pneumonia (PNA), and urinary tract infection (UTI). Further, the post-transplant outcomes recorded included the need for readmission and post-transplant complications, including biliary, arterial, and venous complications, as well as any subsequent required interventions.




2.5. Transplant Eligibility


The patients with HCC were deemed eligible for liver transplant according to the UCSF Downstaging Criteria (UCSF-DS), which is defined as one lesion >5 cm and ≤8 cm, two or three lesions each less ≤5 cm, or four or five lesions each ≤3 cm, with a total tumor diameter of ≤8 cm. The patients were divided into three cohorts: those who met Milan criteria upfront; those who were within UCSF-DS criteria and were successfully downstaged to Milan criteria by the time of transplant; and those who were initially outside of UCSF-DS criteria and were successfully downstaged to Milan criteria (all comers).




2.6. Statistical Analyses


STATA/MP 17.0 and RStudio 1.4.1717 were used for all calculations. The categorical variables are reported as frequencies. The continuous variables are reported as medians and interquartile ranges. In addition, to test for differences by the total number of LRTs (0, 1–2, or 3+), chi-square tests were used for categorical variables, and Kruskal-Wallis tests were used for continuous variables. For continuous variables, the linear regression assumptions were tested with normal quantile plots and plotted with residuals against fitted values. Median regression was used if the assumptions for linear regression were not met; otherwise, linear regression was used. Further, for dichotomous variables, logistic regression was used. Logistic regression modeling was then used to examine the relationship between specific covariates and outcomes of interest, including arterial stenosis and biliary leak.




2.7. Propensity Score Matched Analysis


The patients with 3 or more LRTs (n = 115) were matched to patients with 1-2 LRTs (n = 156) using optimal full propensity score matching. A maximum of ten patients with 1–2 LRTs were matched with each patient with 3 or more LRTs. The matching was restricted to observations that had propensity scores in the extended common support region (0.13–0.71), which extends the common support region by 0.25 times a pooled estimate of the common standard deviation of the logit of the propensity score. Weighted matched standardized differences and variance ratios for the propensity score model covariates were used to assess sample balance after matching. Additionally, the acceptable balance was defined by a maximum of 0.1 for the absolute value of the standardized difference and by values within the 0.5–2 range for the variance ratio. In order to account for the matched nature of the sample, conditional logistic regression stratified on the matched pairs was performed. The PSMATCH procedure in SAS version 9.4 was used to perform optimal full propensity score matching.





3. Results


The study cohort consisted of 298 patients with HCC who underwent liver transplants at our center between May 2017 and May 2021. However, before undergoing transplant, 271 patients (90.9%) received at least one LRT, and 27 patients received none. As shown in Table 1, patients who received 0 LRTs were less likely to have multifocal disease and had HCC tumors that were significantly smaller than those of patients who received at least 1 LRT. The patients who received 0 LRTs prior to transplant had significantly higher median MELD scores prior to transplant than patients who had at least 1 LRT: 21 (IQR 17, 28) vs. 11 (IQR 8, 14) for patients who received 1–2 LRTs.



The breakdown of the number and type of LRTs received by this cohort is shown in Figure 1. The most common type of LRT used was TACE, with 216 patients (72.5%) receiving at least one TACE. The microwave ablation was the second-most common LRT, with 123 patients (41.3%) receiving at least one MWA. In addition, Y-90 radioembolization was the least common, with 47 patients (15.8%) receiving at least one Y-90 treatment. The median number of LRTs was two (IQR 1, 3), and the maximum number of LRTs received by a single patient was nine.



The peri-operative outcome measures are shown in Table 2 and are similarly stratified into three groups: patients who received 0 LRTs, 1-2 LRTs, and 3 or more LRTs. When compared with patients who received at least one LRT, patients with 0 LRTs prior to transplant had a significantly higher median EBL (5500 mL vs. 2000 mL) and significantly higher intra-operative transfusion requirements. The patients with 0 LRTs had significantly longer median case durations than those with either 1–2 LRTs or 3 or more LRTs: 539 min (IQR 480, 622) vs. 457 min (IQR 398, 535) vs. 447 min (IQR 386, 537). However, patients with 0 LRTs were also more likely than those who received at least one LRT to require alternative or complex biliary anastomoses such as Roux-en-Y hepaticojejunostomies (25.9% vs. 6.6%).



The patients who received 0 LRTs similarly fared worse on several post-operative outcome measures, as shown in Table 3. However, the patients who received 0 LRTs had longer LOS and higher transfusion requirements in the 24 h following transplantation. Their laboratory values on the day of discharge, including INR, total bilirubin, sodium, and creatinine, were all more abnormal than in patients who had received one or more LRTs. In addition, the patients with 0 LRTs were significantly more likely to require reoperation following their transplant, either during the same hospital stay or during a secondary admission. The HCC recurrence was observed in 6.9% of patients with a median time to recurrence of 0.9 years (IQR 0.6; suggested to delete blank lines 1.5) after LT. The overall recurrence-free survival rates for the entire cohort were 95.8% (95% CI 91.7suggested to delete blank lines 97.9) at 1-year and 92.5% (95% CI 86.9–95.8) at 3-years. There was no significant difference seen in HCC recurrence based on the type or number of local-regional treatments received.



These findings suggested that patients with HCC who received 0 LRTs prior to liver transplant were a distinct population from those who received one or more LRTs. In addition, patients who received no LRTs either had significant enough liver disease that they were not candidates for LRTs (n= 19) or were diagnosed incidentally on the basis of their post-operative pathology (n = 8). As a result, the patients who received 0 LRTs were excluded from all subsequent unadjusted and multivariable regression analyses.



In unadjusted analysis, only the total number of LRTs was significantly associated with bile leak. For each unit increase in LRT, the odds of a bile leak increased by 40% (OR 1.4, p = 0.03) and the need for a percutaneous drain increased by 45% (OR 1.45, p = 0.03). No other peri-operative or post-operative outcome measures were significantly associated with the total number of LRTs, as shown in Table 4.



The factors associated with post-operative biliary leak were further evaluated with unadjusted and adjusted logistic regression analyses. On unadjusted analysis, biliary leak was significantly associated with the total number of MWAs received (OR 2.06, p = 0.03) but was not significantly associated with the number of TACE or Y-90 treatments. The receipt of a living donor liver transplant (LDLT) was also significantly associated with post-operative bile leak (OR 5.46, p = 0.02). However, due to the fact that there were few biliary leaks, the logistic regression models with the total number of LRTs were adjusted for one covariate at a time, for a total of two independent variables in each model. The covariates associated with the risk of post-operative biliary complications were MELD score, BCLC stage, type of biliary anastomosis, arterial complications, and type of liver transplant (OLT vs. LDLT). Further, despite adjustment for these covariates, the total number of LRTs continued to be significantly associated with increased odds of bile leak (OR 1.36–1.46) (Table 5).



The distribution of LRTs administered to patients who developed post-transplant biliary leaks is shown in Figure 2. Six out of 10 patients with biliary leaks received at least 1 MWA prior to transplant. The prevalence of biliary leakage stratified by the total number of LRTs, TACEs, MWAs, and Y90s is additionally shown in Figure 2. The highest prevalence of biliary leak was seen in patients receiving 6 total LRTs (2 patients, 12.5%), 5 TACEs (1 patient, 25%), 3 MWAs (1 patient, 25%), and 2 Y90s (1 patient, 14.3%).



The factors associated with overall biliary complications are shown in Table 6. The unadjusted logistic regression demonstrated that increased odds of any biliary complications were significantly associated with the number of MWAs received (OR 1.46, p = 0.05), but not with the total number of LRTs. The increased odds of overall biliary complications were also significantly associated with MELD score (OR 1.08, p = 0.003) and the type of biliary anastomosis performed (Main Duct–Choledochcholedochostomy vs. Roux-en-Y Hepaticojejunostomy) (OR 4.5, p = 0.003). In a multivariable analysis that included the number of LRTs performed, the MELD score, the type of biliary anastomosis, and whether the patient underwent LDLT, both the MELD score and type of biliary anastomosis remained significantly associated with overall biliary complications.



A full propensity score matched analysis was performed to further evaluate the relationship between the number of LRTs and biliary and arterial complications following liver transplant. The propensity score model included recipient age at transplant, number of tumors at diagnosis, BMI, MELD, and graft type. All covariate data was complete in the study sample. The matched sample included 108 patients with 3 or more LRTs and 155 patients with 1–2 LRTs. Additionally, all covariates used in matching met sample balance criteria. In using conditional logistic regression stratified on the matched pairs, compared to patients with 1–2 LRTs, patients with 3 or more LRTs had higher odds of bile leak (OR 5.3, p = 0.03), did not have significantly different odds of biliary complications overall (p = 0.71), and had lower odds of arterial complications overall (OR 0.25, p = 0.04).




4. Discussion


The majority of patients who undergo liver transplantation for HCC will remain on the waitlist for more than 6 months, and more than 90% of these patients will receive at least one LRT prior to transplant [2]. The TACE, MWA, and Y-90 have all become invaluable tools in the prevention of tumor progression and waitlist dropout [2,19,20,21], but they also have well-documented complications that may become more likely with repeated use [9,16]. Our results suggest that increased use of preoperative LRTs, particularly TACE and MWA, may be associated with a higher risk of biliary leak post-transplant. No other peri-operative or post-operative measures included in this study were significantly associated with an increased number of LRTs.



The bile leaks and biliary strictures have long been recognized as complications of the TACE, MWA, and Y-90 [11,12,13]. The pathophysiology underlying these complications differs by the mechanism of action specific to each type of LRT, but typically results in biliary ischemia, which leads to stricture formation or leak. The arterially-based LRTs such as TACE or Y-90 can lead to mechanical trauma to involved arteries, occlusion of arteries and arterioles with lipiodol or gelfoam, as well as arteritis, all of which can, in turn, lead to biliary devascularization and ischemia [11,14,17]. In contrast, ablation procedures, such as MWA, can cause thermal damage to bile ducts, leading to fibrosis and necrosis [15].



In the absence of LRTs, biliary complications are common following liver transplantation, and several risk factors are well-described. These risk factors include hepatic arterial complications, older donor age, prolonged ischemia time, small duct size, complex biliary anatomy, acute rejection, and CMV infection [22]. In addition, biliary leak has been well-established to be more commonly associated with LDLT compared with OLT [23]. In our study, the incidence of biliary leak was significantly higher in patients who underwent LDLT, but even in this patient population, biliary leak continued to be associated with increased use of LRTs.



In our cohort, 19.5% of patients had biliary stricture, and 4.4% of patients had biliary leaks. Both proportions are similar to those in previous reports [8,14]. After controlling for known confounders, biliary leakage continued to be significantly associated with the total number of LRTs received, but overall biliary complications were not. The reason for this is not immediately clear, but one possibility is that the risk factors for biliary leak and biliary stricture are not exactly the same. The bile leaks tend to present earlier, often within 1 month of transplant, than strictures, which can form up to 6 months after transplant. Biliary leaks are most commonly associated with technical or ischemic complications of the bile duct, whereas strictures can also be secondary to duct size, donor factors including age and hypotension, immunologic injury (rejection, recurrent autoimmune disease), and infectious complications such as CMV [24]. We hypothesize that LRT use may be associated with localized ischemia of the biliary system or possibly, increased technical complexity of the transplant itself, but we would expect no association with donor-related risk factors, or longer-term immunologic or infectious complications.



The association with biliary leaks was primarily driven by the number of TACE and MWA procedures. The number of MWA procedures was significantly associated with biliary leak (OR 2.1, p = 0.03), but the association with the number of TACE procedures was not statistically significant (OR 1.2, p = 0.28). Prior studies of liver transplant outcomes following TACE have not demonstrated a significantly increased risk of biliary complications [8,10,14]. These studies did not evaluate the number of TACE procedures performed, used heterogenous comparator patient groups, and patients who received zero LRTs were not excluded. A few studies have reported on liver transplant outcomes following MWA, and we know of no study that reported specifically on biliary complications. Our results suggest that the use of MWA was associated with higher odds of biliary leak than either TACE or Y90, but further validation of this association is required to determine whether it should be considered when evaluating which LRT to administer pre-transplant.



In contrast to biliary complications, hepatic artery complications have been previously associated with LRT use pre-transplant [6] and have been of particular concern for arterially-delivered therapies such as TACE and Y90. A dual-center retrospective cohort study published by Goel et al. in 2014 demonstrated a higher risk of hepatic arterial stenosis in patients who received TACE [8]. A higher risk of arterial stenosis following TACE was also reported in a 2018 meta-analysis [10], but was not supported by a subsequent multicenter cohort study [9]. A few studies have evaluated post-transplant outcomes in patients who received Y-90, but one small cohort study reported no association between Y-90 use and arterial complications [18]. Our own results demonstrated no association between the risk of arterial complications and the total number of LRTs, nor any association with the use of TACE, MWA, or Y-90.



Our results were also reassuring about the effect that LRT use might have on overall operative difficulty. LRT use, particularly MWA, can cause complications such as adhesion formation, diaphragm necrosis and rupture, abscesses, and needle track metastases, all of which could significantly complicate a liver transplant [5]. Prior studies have had mixed results as to whether these complications lead to longer operative times, increased transfusion requirements, and higher rates of post-operative complications overall [4,5]. Our findings, however, suggest that increased use of LRTs pre-operatively is not associated with case duration, EBL, transfusion requirements, or any other outcome measure. Similarly, the use of pre-operative Y-90 was not significantly associated with any post-operative outcome measures.



There are several limitations to acknowledge for this study. First, as a retrospective cohort study, it cannot establish a clear causal relationship between LRT use and our outcomes of interest. Although many potential confounders were included in our multivariable models, there may be other predictors that were not measured. Second, this study was based on data from a single center, which limits the generalizability of our results to centers that may use different algorithms to treat their HCC patients. Third, the overall prevalence of biliary complications, particularly biliary leaks, was small, which may have made it difficult to detect small differences, as well as to control for all possible confounders without overfitting our multivariable model. Lastly, given the recent nature of our data, we were unable to report on long-term survival and post-transplant HCC recurrence, which would also be important to consider in optimizing patterns of LRT use.




5. Conclusions


In summary, our results suggest that increased use of LRTs prior to a liver transplant may lead to a higher risk of post-operative bile leak. Although bile leaks are an important complication to consider, they are typically treatable with endoscopic or percutaneous interventions and will generally resolve with time. The findings of our study, however, suggest that evaluating for evidence of duct damage or ischemia using a technology such as ICG may be warranted in patients who have received multiple LRTs prior to transplant [25]. However, should duct damage be identified, the use of a Roux-en-Y hepaticojejunostomy or other alternative method of biliary reconstruction should be considered.



Further work is needed to confirm our findings and better elucidate which patients are at the highest risk. Reassuringly, no other post-operative outcomes were found to be significantly associated with the number of LRTs administered, which suggests that LRTs should continue to be liberally used in patients with localized HCC awaiting liver transplant.







Author Contributions


Conceptualization, A.E.B., D.A., N.M., G.R.R., R.H. and S.M.S.; Methodology, A.E.B., A.M.S., D.A. and S.M.S.; Software, A.E.B., A.M.S. and D.A.; Validation, A.E.B. and A.M.S.; Formal Analysis, A.E.B., A.M.S. and D.A.; Investigation, A.E.B.; Resources, and A.E.B.; Data Curation, A.E.B., A.M.S., D.A. and N.M.; Writing—Original Draft Preparation, A.E.B.; Writing—Review and Editing, A.E.B., A.M.S., D.A., N.M., G.R.R., R.H. and S.M.S.; Visualization, A.E.B.; Supervision, D.A., N.M., G.R.R., R.H. and S.M.S.; Project Administration, A.E.B. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the National Institutes of Health (NIH) FAVOR T32 Training Grant, grant number 2T32AI125222-06A1.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, and approved by the Institutional Review Board of UCSF.




Informed Consent Statement


Patient consent was waived because the research was deemed to pose no more than minimal risk to study subjects.




Data Availability Statement


The data presented in this study are available on request from the corresponding author. The data are not publicly available due to privacy restrictions.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Mazzaferro, V.; Regalia, E.; Doci, R.; Andreola, S.; Pulvirenti, A.; Bozzetti, F.; Montalto, F.; Ammatuna, M.; Morabito, A.; Gennari, L. Liver Transplantation for the Treatment of Small Hepatocellular Carcinomas in Patients with Cirrhosis. N. Engl. J. Med. 1996, 334, 693–699. [Google Scholar] [CrossRef] [PubMed]

	



Mehta, N.; Heimbach, J.; Lee, D.; Dodge, J.L.; Harnois, D.; Burns, J.; Sanchez, W.; Roberts, J.P.; Yao, F.Y. Wait Time of Less Than 6 and Greater Than 18 Months Predicts Hepatocellular Carcinoma Recurrence After Liver Transplantation. Transplantation 2017, 101, 2071–2078. [Google Scholar] [CrossRef] [PubMed]

	



Heimbach, J.K.; Kulik, L.M.; Finn, R.S.; Sirlin, C.B.; Abecassis, M.M.; Roberts, L.R.; Zhu, A.X.; Murad, M.H.; Marrero, J.A. AASLD guidelines for the treatment of hepatocellular carcinoma. Hepatology 2018, 67, 358–380. [Google Scholar] [CrossRef] [PubMed]

	



Yamashita, S.; Aoki, T.; Inoue, Y.; Kaneko, J.; Sakamoto, Y.; Sugawara, Y.; Hasegawa, K.; Kokudo, N. Outcome of salvage hepatic resection for recurrent hepatocellular carcinoma after radiofrequency ablation therapy. Surgery 2015, 157, 463–472. [Google Scholar] [CrossRef]

	



de Haas, R.J.; Lim, C.; Ricci, C.; Lahat, E.; Fuentes, L.; Salloum, C.; Azoulay, D. Local Ablation Does Not Worsen Perioperative Outcomes After Liver Transplant for Hepatocellular Carcinoma. Am. J. Roentgenol. 2019, 213, 702–709. [Google Scholar] [CrossRef]

	



Richard, H.M.; Silberzweig, J.E.; Mitty, H.A.; Lou, W.Y.W.; Ahn, J.; Cooper, J.M. Hepatic Arterial Complications in Liver Transplant Recipients Treated with Pretransplantation Chemoembolization for Hepatocellular Carcinoma. Radiology 2000, 214, 775–779. [Google Scholar] [CrossRef]

	



Maeda, N.; Osuga, K.; Mikami, K.; Higashihara, H.; Onishi, H.; Nakaya, Y.; Tatsumi, M.; Hori, M.; Kim, T.; Tomoda, K.; et al. Angiographic evaluation of hepatic arterial damage after transarterial chemoembolization for hepatocellular carcinoma. Radiat. Med. 2008, 26, 206–212. [Google Scholar] [CrossRef]

	



Goel, A.; Mehta, N.; Guy, J.; Fidelman, N.; Yao, F.; Roberts, J.; Terrault, N. Hepatic artery and biliary complications in liver transplant recipients undergoing pretransplant transarterial chemoembolization. Liver Transplant. 2014, 20, 1221–1228. [Google Scholar] [CrossRef]

	



Sneiders, D.; Boteon, A.P.C.S.; Lerut, J.; Iesari, S.; Gilbo, N.; Blasi, F.; Laureiro, Z.L.; Orlacchio, A.; Tisone, G.; Lai, Q.; et al. Transarterial chemoembolization of hepatocellular carcinoma before liver transplantation and risk of post-transplant vascular complications: A multicentre observational cohort and propensity score-matched analysis. Br. J. Surg. 2021, 108, 1323–1331. [Google Scholar] [CrossRef]

	



Sneiders, D.; Houwen, T.; Pengel, L.H.; Polak, W.G.; Dor, F.J.M.F.; Hartog, H. Systematic Review and Meta-Analysis of Posttransplant Hepatic Artery and Biliary Complications in Patients Treated With Transarterial Chemoembolization Before Liver Transplantation. Transplantation 2018, 102, 88–96. [Google Scholar] [CrossRef]

	



Kim, H.K.; Chung, Y.H.; Song, B.C.; Yang, S.H.; Yoon, H.K.; Yu, E.; Sung, K.-B.; Lee, Y.S.; Lee, S.G.; Suh, D.J. Ischemic Bile Duct Injury as a Serious Complication after Transarterial Chemoembolization in Patients with Hepatocellular Carcinoma. J. Clin. Gastroenterol. 2001, 32, 423–427. [Google Scholar] [CrossRef]

	



Clark, T.W.I. Complications of Hepatic Chemoembolization. Semin. Interv. Radiol. 2006, 23, 119–125. [Google Scholar] [CrossRef]

	



Sun, Z.; Li, G.; Ai, X.; Luo, B.; Wen, Y.; Zhao, Z.; Dong, S.; Guan, J. Hepatic and biliary damage after transarterial chemoembolization for malignant hepatic tumors: Incidence, diagnosis, treatment, outcome and mechanism. Crit. Rev. Oncol. 2011, 79, 164–174. [Google Scholar] [CrossRef]

	



Shiani, A.; Rodriguez, A.; Lipka, S.; Nehaul, R.; Sethi, S.; Snyder, M.; Chirumamilla, S.; Strauss, A.; Valenzuela, M.; Lai, A.; et al. Incidence of Biliary Stricture After Transarterial Chemoembolization for Hepatocellular Carcinoma in Orthotopic Liver Transplant Patients. Am. J. Gastroenterol. 2015, 110, S907–S908. [Google Scholar] [CrossRef]

	



Razafindratsira, T.; Isambert, M.; Evrard, S. Complications of intraoperative radiofrequency ablation of liver metastases. Hpb 2011, 13, 15–23. [Google Scholar] [CrossRef]

	



Elsayed, M.; Ermentrout, R.M.; Sethi, I.; Bercu, Z.L.; Galt, J.R.; Whitmore, M.; Brandon, D.C.; Schuster, D.M.; Kokabi, N.; Elsayed, M.; et al. Incidence of Radioembolization-Induced Liver Disease and Liver Toxicity Following Repeat 90Y-Radioembolization. Clin. Nucl. Med. 2020, 45, 100–104. [Google Scholar] [CrossRef]

	



Mascarenhas, N.B.; Mulcahy, M.F.; Lewandowski, R.J.; Salem, R.; Ryu, R.K. Hepatic Abscess After Yttrium-90 Radioembolization for Islet-Cell Tumor Hepatic Metastasis. Cardiovasc. Interv. Radiol. 2010, 33, 650–653. [Google Scholar] [CrossRef]

	



Radunz, S.; Saner, F.H.; Treckmann, J.; Rekowski, J.; Theysohn, J.M.; Müller, S.; Best, J.; Sotiropoulos, G.C.; Paul, A.; Benkö, T. Hepatic artery and biliary complications in liver transplant recipients with radioembolization bridging treatment for hepatocellular carcinoma. Clin. Transplant. 2017, 31, e13096. [Google Scholar] [CrossRef]

	



Agopian, V.G.; Harlander-Locke, M.P.; Ruiz, R.M.; Klintmalm, G.B.; Senguttuvan, S.; Florman, S.S.; Haydel, B.; Hoteit, M.; Levine, M.H.; Lee, D.D.; et al. Impact of Pretransplant Bridging Locoregional Therapy for Patients With Hepatocellular Carcinoma Within Milan Criteria Undergoing Liver Transplantation. Ann. Surg. 2017, 266, 525–535. [Google Scholar] [CrossRef]

	



Salem, R.; Gordon, A.C.; Mouli, S.; Hickey, R.; Kallini, J.; Gabr, A.; Mulcahy, M.F.; Baker, T.; Abecassis, M.; Miller, F.H.; et al. Y90 Radioembolization Significantly Prolongs Time to Progression Compared With Chemoembolization in Patients With Hepatocellular Carcinoma. Gastroenterology 2016, 151, 1155–1163.e2. [Google Scholar] [CrossRef]

	



Pardo, F.; Sangro, B.; Lee, R.-C.; Manas, D.; Jeyarajah, R.; Donckier, V.; Maleux, G.; Pinna, A.D.; Bester, L.; Morris, D.L.; et al. The Post-SIR-Spheres Surgery Study (P4S): Retrospective Analysis of Safety Following Hepatic Resection or Transplantation in Patients Previously Treated with Selective Internal Radiation Therapy with Yttrium-90 Resin Microspheres. Ann. Surg. Oncol. 2017, 24, 2465–2473. [Google Scholar] [CrossRef] [PubMed]

	



Forde, J.J.; Bhamidimarri, K.R. Management of Biliary Complications in Liver Transplant Recipients. Clin. Liver Dis. 2022, 26, 81–99. [Google Scholar] [CrossRef] [PubMed]

	



Jung, D.-H.; Ikegami, T.; Balci, D.; Bhangui, P. Biliary reconstruction and complications in living donor liver transplantation. Int. J. Surg. 2020, 82, 138–144. [Google Scholar] [CrossRef] [PubMed]

	



Seehofer, D.; Eurich, D.; Veltzke-Schlieker, W.; Neuhaus, P. Biliary Complications After Liver Transplanation: Old Problems and New Challenges. Am. J. Transplant. 2013, 13, 253–265. [Google Scholar] [CrossRef] [PubMed]

	



Wang, X.; Teh, C.S.C.; Ishizawa, T.; Aoki, T.; Cavallucci, D.; Lee, S.-Y.; Panganiban, K.M.; Perini, M.V.; Shah, S.R.; Wang, H.; et al. Consensus Guidelines for the Use of Fluorescence Imaging in Hepatobiliary Surgery. Ann. Surg. 2021, 274, 97–106. [Google Scholar]








[image: Cancers 15 00620 g001 550] 





Figure 1. Number and Type of LRTs per Patient. LRT = Local Regional Therapy, TACE = Transarterial Chemoembolization, MWA = Microwave Ablation, Y-90 = Yttrium-90 Radioembolization. 
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Figure 2. Prevalence of Biliary Leak for Different Type of TRL. 
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Table 1. Demographic and Clinical Characteristics of Liver Transplant Recipients.
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	Number of LRTs
	0

(n = 27)
	1–2

(n = 156)
	3+

(n = 115)
	p-Value





	Age (median, IQR)
	59 (56, 64)
	63 (58, 67)
	64 (61, 68)
	0.007 *



	Gender
	
	
	
	



	   Male (%)
	19 (70.4%)
	125 (80.1%)
	85 (73.9%)
	0.34



	   Female (%)
	8 (29.6%)
	31 (19.9%)
	30 (26.1%)
	



	Etiology of Liver Disease
	
	
	
	



	   HCV (%)
	6 (22.2%)
	76 (48.7%)
	68 (59.1%)
	0.002 *



	   HBV (%)
	3 (11.1%)
	25 (16.0%)
	18 (15.7%)
	0.81



	   ETOH (%)
	9 (33.3%)
	28 (17.9%)
	16 (13.9%)
	0.06



	   NASH (%)
	8 (29.6%)
	25 (16.0%)
	17 (14.8%)
	0.17



	   Other
	3 (11.1%)
	13 (8.3%)
	10 (8.7%)
	0.89



	HCC at Diagnosis
	
	
	
	



	   Number of tumors (median, IQR)
	1 (0, 1)
	1 (1, 1)
	1 (1, 2)
	0.0003 *



	   Size of largest tumor (cm) (median, IQR)
	2 (0, 2.7)
	2.4 (2.1, 3)
	2.7 (2, 3.9)
	0.0004 *



	HCC Diagnostic Criteria
	
	
	
	



	   No HCC diagnosed prior to LT (%)
	8 (28.6%)
	0 (0%)
	1 (0.9%)
	<0.0001 *



	   Within Milan (%)
	17 (63.0%)
	149 (95.5%)
	82 (71.3%)
	



	   Downstaging Criteria (%)
	1 (3.7%)
	5 (3.2%)
	23 (20.0%)
	



	   All-Comers (%)
	1 (3.7%)
	2 (1.3%)
	9 (7.8%)
	



	BMI (median, IQR)
	28.0 (25.1, 31.4)
	28.6 (25.5, 32.1)
	26.6 (23.7, 31.0)
	0.09



	Labs at Time of Listing
	
	
	
	



	   MELD (median, IQR)
	21 (17, 28)
	11 (8, 14)
	10 (7, 12)
	0.0001 *



	   Total Bilirubin (median, IQR)
	4.7 (2.4, 5.8)
	1.4 (0.8, 2.5)
	1.2 (0.8, 1.7)
	0.0001 *



	   Albumin (median, IQR)
	2.6 (2.2, 3.0)
	3.5 (3.4, 3.6)
	3.5 (3.3, 3.6)
	0.16



	   Platelets (median, IQR)
	66 (54, 79)
	91 (59, 138)
	86 (60.5, 153.5)
	0.20



	   AFP (median, IQR)
	6.8 (3.3, 31.4)
	5.1 (2.9, 10.9)
	9.6 (4.7, 28.4)
	0.0007 *



	Graft Type
	
	
	
	



	   OLT (%)
	21 (77.8%)
	141 (90.4%)
	108 (93.9%)
	0.04



	   LDLT (%)
	6 (22.2%)
	15 (9.6%)
	7 (6.1%)
	







* p-value < 0.05. LRT = Local Regional Therapy, CI = Confidence Interval, IQR = Interquartile Range, HCV = Hepatitis C Cirrhosis, HBV = Hepatitis B Cirrhosis, ETOH = Alcohol-Induced Cirrhosis, NASH = Non-alcoholic Steatohepatitis, HCC = Hepatocellular Carcinoma, BMI = Body Mass Index, MELD = Model for End-Stage Liver Disease, AFP = Alpha-Feto Protein, OLT = Orthotopic Liver Transplantation, LDLT = Living Donor Liver Transplantation













[image: Table] 





Table 2. Peri-operative Measures Stratified by Total Number of LRTs.
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	Number of LRTs
	0

(n = 27)
	1–2

(n = 156)
	3+

(n = 115)
	p-Value





	EBL (mL) (median, IQR)
	5500

(2500, 9400)
	2000

(1000, 4050)
	2000

(1000, 3250)
	0.0001 *



	pRBCs (units) (median, IQR)
	7 (3, 10)
	1 (0, 4)
	2 (0, 4)
	0.0001 *



	FFP (units) (median, IQR)
	14 (7, 21)
	4.5 (1.5, 13)
	5 (2, 9)
	0.0001 *



	Platelets (units) (median, IQR)
	3 (1, 4)
	1 (0, 3)
	1 (0, 2)
	0.0001 *



	Crystalloid (mean, 95% CI)
	1478

(1167, 1788)
	1585

(1463, 1708)
	1565

(1417, 1713)
	0.81



	Albumin (ml) (median, IQR)
	1000

(0, 1500)
	1500

(625, 2000)
	1576

(1405, 1746)
	0.04 *



	Urine Output (ml) (median, IQR)
	800 (250, 1200)
	705 (450, 1075)
	650 (375, 1100)
	0.79



	Extubation in the OR (%)
	16 (59.3%)
	115 (73.7%)
	85 (73.9%)
	0.15



	Case Duration (minutes) (median, IQR)
	539 (480, 622)
	457 (398, 535)
	447 (386, 537)
	0.02 *



	Cold Ischemia Time (hours) (median, IQR)
	6.2 (4.0, 8.0)
	7.4 (5.8, 9.0)
	7.0 (6.0, 8.8)
	0.16



	Biliary Anastomosis (% Complex or Roux-en-Y HJ)
	7 (25.9%)
	12 (7.7%)
	6 (5.2%)
	0.02 *



	Venous Outflow (% Bicaval)
	3 (11.1%)
	13 (8.3%)
	13 (11.3%)
	0.69







* p-value < 0.05. LRT = Local Regional Therapy, CI = Confidence Interval, IQR = Interquartile Range, EBL = Estimated Blood Loss, pRBC = Packed Red Blood Cells, FFP = Fresh Frozen Plasma, OR = Operating Room, R-en Y HJ = Roux-en-Y hepaticojejunostomy
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Table 3. Post-operative Measures Stratified by Total Number of LRTs.
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	Number of LRTs
	0

(n = 27)
	1–2

(n = 156)
	3+

(n = 115)
	p-Value





	Hospital Stay
	
	
	
	



	   Overall LOS (days) (median, IQR)
	9.5 (6, 13)
	7 (5, 9)
	7 (5, 9)
	0.01 *



	   ICU LOS (days) (median, IQR)
	2 (1, 4)
	2 (1, 3)
	2 (1, 2)
	0.14



	   pRBCs within 24 h (units) (median, IQR)
	7 (3, 10)
	1 (0, 4.5)
	1 (0, 3)
	0.0001 *



	   Need for reoperation (same hospital stay)
	4 (14.8%)
	13 (8.3%)
	11 (9.6%)
	0.57



	Labs at time of Discharge
	
	
	
	



	   Final INR (median, IQR)
	1.9 (1.3, 2.8)
	1.4 (1.2, 1.8)
	1.3 (1.1, 1.6)
	0.0001 *



	   Final Bilirubin (median, IQR)
	5.6 (2.8, 19.6)
	1. (0.9, 2.9)
	1.5 (0.8, 2.1)
	0.0001 *



	   Final Sodium (median, IQR)
	134 (131, 137)
	137 (137, 138)
	137 (136, 139)
	0.0009 *



	   Final Creatinine (median, IQR)
	1.1 (0.9, 1.4)
	0.9 (0.8, 1.1)
	0.9 (0.7, 1.1)
	0.03*



	Complications
	
	
	
	



	   Organ Space SSI
	1 (3.7%)
	2 (1.9%)
	3 (2.6%)
	0.83



	   Wound Dehiscence
	0
	0
	1 (0.9%)
	0.45



	   Number of Readmissions (median, IQR)
	1 (0, 3)
	0 (0, 1)
	0 (0, 1)
	0.13



	   Reoperation (overall)
	8 (29.6%)
	16 (10.3%)
	14 (12.2%)
	0.02 *



	   Biliary Stricture
	8 (29.6%)
	30 (19.2%)
	20 (17.4%)
	0.35



	   Biliary Leak
	3 (11.1%)
	2 (1.3%)
	8 (7.0%)
	0.02 *



	   Biliary Complication requiring ERCP
	9 (33.3%)
	30 (19.2%)
	24 (20.9%)
	0.25



	   Biliary Leak requiring IR Drain
	2 (7.4%)
	2 (1.3%)
	6 (5.2%)
	0.10



	   Arterial Stenosis
	0
	11 (7.1%)
	3 (2.6%)
	0.11



	   Arterial Stenosis requiring Angioplasty
	0
	9 (5.8%)
	3 (2.6%)
	0.23



	   Venous Stenosis
	2 (7.4%)
	7 (4.5%)
	3 (2.6%)
	0.48



	   Venous Stenosis requiring Angioplasty
	1 (3.7%)
	7 (4.5%)
	2 (1.7%)
	0.46







* p-value < 0.05. LRT = Local Regional Therapy, IQR = Interquartile Range, LOS = Length of Stay, ICU = Intensive Care Unit, pRBCs = Packed Red Blood Cells, INR = International Normalized Ratio, SSI = Surgical Site Infection, ERCP = Endoscopic Retrograde Cholangiopancreatography, IR = Interventional Radiology.
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Table 4. Unadjusted Regression Models for Outcomes vs. Total Number of LRTs (Continuous).
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	Linear or Median Regression Outcome
	Coefficient
	95% CI
	p-Value





	Peri-operative
	
	
	



	   EBL (ml) *
	83.3
	(−71.4, 238.0)
	0.29



	   pRBCs (units) *
	0.25
	(−0.12, 0.62)
	0.19



	   FFP (units) *
	0
	(−0.57, 0.57)
	>0.99



	   Platelets (units) *
	1.74
	(−2.51, 5.99)
	0.42



	   Case Duration (minutes) *
	−2.03
	(−16.6, 12.6)
	0.79



	   Cold Ischemia Time (hours) *
	−0.78
	(−2.5, 0.9)
	0.37



	Hospital Stay
	
	
	



	   Overall Length of Stay (days) *
	0
	(−0.26, 0.26)
	>0.99



	   ICU Length of Stay (days)
	0
	(−0.12, 0.12)
	>0.99



	   pRBCs within 24 h (units)
	0
	(−0.25, 0.25)
	>0.99



	Complications
	
	
	



	   Number of Readmissions
	−0.04
	(−0.13, 0.04)
	0.34



	   Total Subsequent Operations & Procedures
	0.08
	(−0.08, 0.24)
	0.30



	   Logistic Regression Outcome
	OR
	95% CI
	p-Value



	Anatomic
	
	
	



	   Biliary Anastomosis (Main Duct-choledocholedochostomy vs. Complex or Roux-en-Y HJ)
	1.01
	(0.75, 1.36)
	0.96



	   Venous Outflow (Piggyback vs. Bicaval)
	1.20
	(0.96, 1.50)
	0.11



	Complications
	
	
	



	   Reoperation (overall)
	1.06
	(0.84, 1.33)
	0.61



	   Biliary Stricture
	1.04
	(0.86, 1.26)
	0.67



	   Biliary Leak
	1.4
	(1.03, 1.90)
	0.03 **



	   Biliary Complication requiring ERCP
	1.11
	(0.93, 1.32)
	0.26



	   Biliary Leak requiring IR Drain
	1.45
	(1.04, 2.02)
	0.03 **



	   Arterial Stenosis
	0.72
	(0.46, 1.14)
	0.16



	   Arterial Stenosis requiring angioplasty
	0.72
	(0.44, 1.18)
	0.19



	   Venous Stenosis
	0.92
	(0.60, 1.41)
	0.70



	   Venous Stenosis requiring angioplasty
	0.72
	(0.41, 1.27)
	0.26







* Linear regression assumptions not met. Median regression used. ** p-value < 0.05. CI = Confidence Interval, OR = Odds Ratio, EBL = Estimated Blood Loss, pRBC = Packed Red Blood Cells, FFP = Fresh Frozen Plasma, ICU = Intensive Care Unit, R-en Y HJ = Roux-en-Y Hepaticojejunostomy, ERCP = Endoscopic Retrograde Cholangiopancreatography, IR = Interventional Radiology.
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Table 5. Logistic Regression Models for Biliary Leak.
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Unadjusted Logistic Regression Models for Biliary Leak vs. Risk Factor




	
Risk Factor

	
OR

	
95% CI

	
p-Value




	
Total Number of LRTs

	
1.40

	
(1.03, 1.90)

	
0.03 *




	
Total TACEs

	
1.22

	
(0.85, 1.76)

	
0.28




	
Total MWAs

	
2.06

	
(1.06, 3.99)

	
0.03 *




	
Total Y-90s

	
0.95

	
(0.28, 3.23)

	
0.93




	
Age

	
1.00

	
(0.91, 1.10)

	
0.93




	
Donor Age

	
0.95

	
(0.91, 0.99)

	
0.03 *




	
MELD

	
1.04

	
(0.94, 1.15)

	
0.42




	
Cold Ischemia Time

	
0.95

	
(0.75, 1.21)

	
0.69




	
Case Duration

	
1.00

	
(0.99, 1.00)

	
0.07




	
Estimated Blood Loss

	
1.00

	
(1.00, 1.00)

	
0.70




	
Intra-op pRBCs (units)

	
1.03

	
(0.96, 1.11)

	
0.37




	
Arterial Stenosis

	
2.12

	
(0.25, 18.0)

	
0.49




	
LDLT

	
5.46

	
(1.31, 22.8)

	
0.02 *




	
Biliary Anastomosis (Main Duct-choledochole-dochostomy vs. Complex or Roux-en-Y HJ)

	
3.83

	
(0.75, 19.5)

	
0.11




	
Logistic Regression Models for Biliary Leak vs. Total Number of LRTs, Controlling for Potential Confounders




	
Risk Factor

	
OR

	
95% CI

	
p-Value




	
Total Number of LRTs

	
1.43

	
(1.04, 1.96)

	
0.03 *




	
Biliary Anastomosis (Main Duct-choledochole-dochostomy vs. Complex or Roux-en-Y HJ)

	
4.23

	
(0.80, 22.3)

	
0.09




	
Total Number of LRTs

	
1.44

	
(1.05, 1.98)

	
0.02 *




	
LDLT status

	
6.41

	
(1.46, 28.2)

	
0.01 *




	
Total Number of LRTs

	
1.43

	
(1.04, 1.96)

	
0.03 *




	
Arterial Stenosis

	
3.07

	
(0.34, 27.8)

	
0.32




	
Total Number of LRTs

	
1.46

	
(1.06, 2.02)

	
0.02 *




	
MELD

	
1.07

	
(0.96, 1.19)

	
0.22




	
Total Number of LRTs

	
1.36

	
(1.00, 1.86)

	
0.05 *




	
Donor Age

	
0.96

	
(0.92, 1.00)

	
0.04 *




	
Total Number of LRTs

	
1.44

	
(1.04, 1.97)

	
0.03 *




	
Cold Ischemia Time

	
0.93

	
(0.73, 1.19)

	
0.57




	
Total Number of LRTs

	
1.36

	
(1.00, 1.86)

	
0.02 *




	
Case Duration

	
1.00

	
(1.00, 1.00)

	
0.05 *








* p-value < 0.05. CI = Confidence Interval, OR = Odds Ratio, LRT = Local Regional Therapy, TACE = Transarterial Chemoembolization, MWA = Microwave Ablation, Y-90 = Yttrium-90 Radioembolization, MELD = Model for End-Stage Liver Disease, pRBCs = Packed Red Blood Cells, LDLT = Living Donor Liver Transplantation, R-en Y HJ = Roux-en-Y Hepaticojejunostomy.
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Table 6. Logistic Regression Models for Any Biliary Complications.
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Unadjusted Logistic Regression Models for Any Biliary Complications vs. Risk Factor




	
Risk Factor

	
OR

	
95% CI

	
p-Value




	
Total Number of LRTs

	
1.10

	
(0.93, 1.32)

	
0.25




	
Total TACEs

	
1.06

	
(0.87, 1.29)

	
0.56




	
Total MWAs

	
1.46

	
(1.00, 2.12)

	
0.05 *




	
Total Y-90s

	
0.86

	
(0.47, 1.57)

	
0.62




	
Age

	
0.99

	
(0.95, 1.03)

	
0.59




	
Donor Age

	
0.99

	
(0.97, 1.01)

	
0.19




	
MELD

	
1.08

	
(1.03, 1.14)

	
0.003 *




	
Cold Ischemia Time

	
0.99

	
(0.90, 1.08)

	
0.75




	
Case Duration

	
1.00

	
(1.00, 1.00)

	
0.43




	
Estimated Blood Loss

	
1.00

	
(1.00, 1.00)

	
0.42




	
Intra-op pRBCs (units)

	
1.03

	
(0.99, 1.08)

	
0.19




	
Arterial Stenosis

	
1.62

	
(0.49, 5.36)

	
0.43




	
LDLT

	
2.46

	
(0.97, 6.19)

	
0.06




	
Biliary Anastomosis (Main Duct-choledochole-dochostomy vs. Complex or Roux-en-Y HJ)

	
4.50

	
(1.69, 11.96)

	
0.003 *




	
Multivariable Logistic Regression Models for Any Biliary Complications




	
Risk Factor

	
OR

	
95% CI

	
p-Value




	
Total Number of LRTs

	
1.17

	
(0.97, 1.42)

	
0.09




	
Biliary Anastomosis (Main Duct-choledochole-dochostomy vs. Complex or Roux-en-Y HJ)

	
4.38

	
(1.42, 13.5)

	
0.01 *




	
MELD

	
1.09

	
(1.04, 1.16)

	
0.001 *




	
LDLT

	
1.33

	
(0.44, 4.06)

	
0.62




	
Donor Age

	
0.99

	
(0.97, 1.01)

	
0.29








* p-value < 0.05. CI = confidence interval, OR = odds ratio, LRT = local regional therapy, TACE = transarterial chemoembolization, MWA = microwave ablation, Y-90 = Yttrium-90 radioembolization, MELD = Model for End-Stage Liver Disease, pRBCs = Packed Red Blood Cells, LDLT = living donor liver transplantation, R-en Y HJ = Roux-en-Y hepaticojejunostomy.
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