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Complex venous outflow reconstruction in living donor liver transplantation (LDLT) is technically demanding, particularly in resource-limited settings lacking consistent access to synthetic or cryopreserved grafts. We retrospectively analyzed 45 consecutive LDLTs performed during the initiation of a national program. Venous anatomy was evaluated using preoperative CT volumetry and intraoperative findings. Reconstruction strategies included direct anastomosis, unification venoplasty, PTFE grafts, and autologous conduits (falciform ligament, umbilical vein). Outcomes were compared between patients with (n = 17) and without (n = 28) venoplasty. Additional venous reconstruction was required in 37.8% of cases. In 6.7%, anatomically indicated veins could not be reconstructed due to lack of suitable conduits. No early venous thrombosis occurred, and all autologous conduits remained patent during follow-up. Small-for-size physiology developed in 11.1% of recipients, resolved conservatively, and was not associated with unreconstructed major veins. Major morbidity (Clavien–Dindo ≥ IIIb) occurred in 42.2%. The 90-day mortality rate was 11.1%, and 3-year survival was 82.2%, without significant differences between groups. In a newly established program within a resource-limited setting, predominantly autologous venoplasty was feasible and provided satisfactory early and mid-term outcomes.
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INTRODUCTION
Living donor liver transplantation (LDLT) has become an essential strategy for addressing the persistent shortage of deceased donor organs in many regions of the world. The success of LDLT depends critically on the restoration of adequate venous outflow. Unlike deceased donor liver transplantation that uses a whole organ with relatively uniform venous anatomy, LDLT relies on partial grafts with substantial anatomical variability. This variability creates significant technical challenges during reconstruction of the hepatic veins [1, 2].
Insufficient venous drainage is one of the major determinants of early graft dysfunction. Impaired outflow may result in congestion of the graft, reduction in microvascular perfusion, cholestasis, ischemic injury, and in severe cases complete graft loss [3]. The venous system of the liver demonstrates extensive variation. It includes the right hepatic vein, the middle hepatic vein, the left hepatic vein, and the inferior right hepatic veins. The number, diameter, and drainage patterns of these veins differ markedly among donors. These anatomical factors directly influence the choice of surgical technique required for reconstruction [4–6]. Restoration of tributaries of the middle hepatic vein, accessory veins of segments five and eight, and inferior right hepatic veins becomes especially important when these vessels drain a considerable portion of the graft or when the risk of small for size physiology is anticipated [7–12].
Advances in preoperative imaging, including multidetector computed tomography with three dimensional reconstruction and intraoperative Doppler ultrasonography, provide precise visualization of venous anatomy and allow surgeons to anticipate technical difficulties in advance [13, 14]. These imaging modalities help guide the selection of individualized reconstruction strategies. Depending on the specific configuration of the graft, options may include direct anastomoses, unification venoplasty, extended venoplasty, and the use of autologous, homologous, or synthetic venous conduits [7–11].
Most innovations in venous outflow reconstruction have been developed in the context of right lobe LDLT, where the drainage of segments five and eight presents a particular challenge because the middle hepatic vein is usually retained in the donor to preserve function of the remnant liver. However, left lobe grafts, left lateral sector grafts, and monosegmental grafts also require precise venous reconstruction. In pediatric recipients, and especially in neonates and infants in whom vascular diameters are extremely small, these procedures are frequently performed using microsurgical techniques that reduce the risk of early venous thrombosis [4, 15–18].
Despite considerable progress, there remains no universally accepted standard for venous outflow reconstruction in LDLT. Publications from high volume centers in Japan, the Republic of Korea, China, Taiwan, Singapore, India, and Europe demonstrate substantial variation in surgical approaches [7, 10, 11, 16, 19, 20]. Differences include the criteria for reconstruction of segment five and segment eight tributaries, the preferred type of venous conduit, the method of forming a common venous channel, and the strategies used to maintain patency of reconstructed veins. This variability underlines the need for comprehensive reviews that integrate current evidence with actual clinical experience.
This study incorporates clinical data from our national LDLT program. At present, Uzbekistan has no deceased-donor organ procurement program [21], and all liver transplantations rely exclusively on living related donors, which further restricts the availability of vascular conduits for complex reconstructions. Working within a setting where we had limited availability of prosthetic graft materials and biological conduits, these cases provide important insight into the practical challenges of venous outflow reconstruction. To the best of our knowledge, this study represents the first comprehensive report of venous outflow reconstruction in a newly established national LDLT program operating without a deceased-donor vascular bank and with only intermittent availability of synthetic grafts. This series offers a practical, reproducible framework for other resource-constrained programs worldwide.
MATERIALS AND METHODS
This study was reviewed and approved by the Institutional Review Board (protocols No 11-17-98/2025 and No 77-77/2025). All procedures were conducted in accordance with the ethical standards of the institutional and national research committees and with the 1964 Helsinki Declaration and its later amendments.
This study was designed as a single-center retrospective observational cohort study and included 45 consecutive living-related donor liver transplantations performed between October 2021 and December 2024. The institutional cases were conducted by the same surgical team and represent the initial phase of program development in a resource limited setting. Overall, 42 cases involved related donorship. The relationships of donors to recipients were as follows: 11 sons, 10 brothers, nine sisters, five cousins, two fathers, two mothers, two aunts, and one nephew. Additionally, under the laws of the Republic of Uzbekistan, spouses are eligible to be organ donors if they have been married for over 3 years [21]. In this study, three wives were approved as donors.
All donors underwent high resolution multiphase computed tomography using a GE Revolution HD 256 slice scanner. A uniform protocol was employed for arterial, portal venous, and hepatic venous phases [21]. The hepatic venous phase served as the primary dataset for evaluation of venous anatomy. Three dimensional reconstruction and volumetric assessment were performed on a GE Advantage Workstation equipped with the Hepatic VCAR application and OsiriX software. In two cases, 3D virtual modeling was used to access vascular anatomy of the donor’s liver (Supplementary video S1) [22].
The venous anatomy was assessed in detail. The right hepatic vein, middle hepatic vein, left hepatic vein, and inferior right hepatic veins were evaluated for number, diameter, distance between their orifices, and drainage territories. Tributaries of segments five and eight were specifically analyzed to determine diameter, length of extrahepatic course, and the angle of entry into the middle hepatic vein. The expected drainage volume of each tributary was estimated using three dimensional volumetry. Reconstruction of S5 and S8 tributaries was planned when at least one of the following objective criteria was met: (1) venous diameter ≥5 mm on preoperative CT or intraoperative measurement; (2) estimated drainage territory ≥20–30% of the anterior sector volume based on three-dimensional volumetry; or (3) graft-to-recipient weight ratio (GRWR) ≤1.0%, indicating increased risk of small-for-size physiology.
Left sided grafts were evaluated as a separate anatomical category. Particular attention was given to the configuration of the left hepatic vein trunk, the drainage patterns of segments two and three, and the relationship between the left hepatic vein and the middle hepatic vein. Left lobe grafts commonly demonstrated separate entry of the middle and left hepatic veins into the inferior vena cava, which necessitated systematic preoperative planning of venous reconstruction. For left lateral segment grafts, venous drainage was reassessed when the segment two and segment three veins entered the inferior vena cava as independent openings. This classification of right sided and left sided drainage patterns guided the selection of unification venoplasty, patch augmentation, or other reconstructive techniques to ensure adequate venous outflow for each graft (Table 1).
TABLE 1 | Classification of hepatic venous drainage patterns and their implications for reconstruction.	Anatomical group	Key venous features	Diagnostic criteria	Reconstructive implications
	Right hepatic vein dominant drainage	Single large RHV draining the majority of the right hemiliver	RHV with sufficient diameter and long extrahepatic cuff	Usually suitable for direct anastomosis. Patch enlargement used when cuff is short
	Inferior right hepatic vein dependent drainage	Presence of one or more IRHVs with significant drainage territory	IRHV diameter large enough to require preservation. Visible on CT and confirmed intraoperatively	Often requires separate anastomosis or interposition graft. Failure to reconstruct may lead to segmental congestion
	Segment five tributaries (S5)	One or more veins draining segment five toward the MHV	Diameter and drainage area significant on CT	Options include direct anastomosis, unification venoplasty, or patch augmentation depending on number and size
	Segment eight tributaries (S8)	Major or minor veins draining segment eight into the MHV	Preoperative CT shows significant S8 venous branch	Frequently requires venoplasty or use of conduits. Combined reconstruction with S5 when orifices are adjacent
	Left lobe venous drainage	Separate drainage of MHV and LHV into the inferior vena cava	Consistent finding in majority of left lobe donors. Assessed with three dimensional reconstruction	Venous reconstruction always planned preoperatively due to mandatory restoration of outflow for segments two, three, and four
	Left lateral segment drainage (segments two and three)	Segment two and segment three veins draining into IVC through separate openings	Identified on CT and confirmed with 3D reconstruction	Requires unification venoplasty or patch reconstruction to create a common outflow channel and prevent stenosis
	Combined right sided and left sided anatomical variants	Complex or mixed drainage patterns involving multiple venous territories	Variability confirmed by preoperative CT + 3D reconstruction	Reconstruction individualized using a combination of direct anastomosis, unification venoplasty, patch augmentation, or conduits


Abbreviations: RHV, right hepatic vein; MHV, middle hepatic vein; LHV, left hepatic vein; IRHV, inferior right hepatic vein; S5, segment five; S8, segment eight; S2, segment two; S3, segment three; IVC, inferior vena cava.
The surgical technique for donors and recipients has been described previously in our previous publications [23]. Intraoperatively, the diameters of the S5, S8, and inferior right hepatic veins were assessed, and veins measuring greater than 5 mm were classified as significant; in addition, back-table evaluation included assessment of preservative solution outflow through individual venous branches, and veins measuring 5 mm or less were also considered for reconstruction when they demonstrated substantial efflux of preservative solution. Reconstruction of inferior right hepatic veins was performed by direct end-to-side anastomosis to the recipient inferior vena cava. Each significant iRHV was implanted separately when anatomically feasible to ensure adequate venous drainage and prevent segmental congestion. In cases where an isolated significant segment V (S5) or segment VIII (S8) tributary was identified, the respective vein was reconstructed using an interposition conduit and anastomosed to the recipient middle hepatic vein to restore anterior sector outflow. When both S5 and S8 tributaries were deemed significant, reconstruction of middle hepatic vein performed on the graft, which was then reconstructed toward the recipient IVC. If necessary, Unification plasty was performed using a continuous 6/0 polydioxanone suture. When autologous conduits (falciform ligament or recipient umbilical vein) were utilized, reconstruction of the corresponding venous branches was carried out on the back table. The conduit was tailored to the required diameter, anastomosed to the segmental veins under magnification, and tested for watertight integrity using preservation solution before implantation. After graft implantation, venous outflow patency was monitored with Doppler ultrasonography immediately after reperfusion, at twenty-four hours, and at regular intervals during the postoperative period. Computed tomography was obtained in cases where ultrasonographic evaluation suggested impaired venous flow. Laboratory markers and clinical parameters of graft congestion were correlated with imaging findings. We also evaluated postoperative criteria for small for size syndrome. Clinical and laboratory indicators were monitored in accordance with established definitions of small for size physiology, including early hyperbilirubinemia, coagulopathy that persisted despite correction, excessive ascites production, and characteristic trajectories of aminotransferase levels [24]. Hemodynamic parameters such as portal venous flow and pressure were assessed when clinically indicated. These variables were analyzed to identify early signs of graft dysfunction related to insufficient graft size or compromised venous outflow.
Follow-up was conducted from the date of transplantation until the last available clinical assessment. The duration of follow-up varied among patients due to the ongoing nature of the program.
Continuous variables were reported as mean ± standard deviation or median [interquartile range], according to their distribution, which was assessed using the Shapiro–Wilk test. Categorical variables were summarized as absolute and relative frequencies. Group comparisons (venoplasty vs. no venoplasty) were performed using Fisher’s exact test or the chi-square test for categorical variables and Student’s t-test or the Mann–Whitney U test for continuous variables, selected based on data distribution and variance homogeneity. Potential confounders were evaluated through univariable analyses, and variables with clinical relevance or p < 0.10 were entered into a multivariable logistic regression model to identify independent predictors of early biliary leakage. Adjusted odds ratios with 95% confidence intervals were calculated, and model fit was assessed using standard goodness-of-fit diagnostics. Survival outcomes were estimated using the Kaplan–Meier method with right-censoring at the date of last follow-up. A post hoc exploratory subgroup analysis was performed comparing the first 30 cases with the last 15 cases to assess the potential influence of program maturation and learning curve on outcomes. A two-sided p-value <0.05 was considered statistically significant. All analyses were conducted using IBM SPSS Statistics, version 26.0 (IBM Corp., USA).
RESULTS
A total of forty-five grafts were analyzed, including forty-two right lobe grafts, one left lobe grafts, and two left lateral segment grafts. Variants of hepatic venous anatomy and the corresponding reconstructive strategies are summarized in Table 2. Median GRWR was 1.1% (0.7-2.7). The median GRWR was 1.05% (range 0.7%–2.0%) in the venoplasty group and 1.1% (range 0.85%–2.7%) in the no-venoplasty group.
TABLE 2 | Venous Outflow Anatomy and Reconstruction Techniques (n = 45 grafts).	Graft type	Venous structure/configuration	Number of grafts	Reconstruction/anastomosis technique
	RL	Single RHV, no significant accessory veins or there was no possibility of reconstruction	28	Single caval anastomosis; no venoplasty
	RL	One additional iRHV	3	Two caval anastomoses; no venoplasty
	RL	Three RHVs (two iRHV accessory veins)	3	Unification plasty of iRHVs + two caval anastomoses
	RL	PTFE graft to S5 vein	2	PTFE conduit anastomosed to IVC
	RL	PTFE graft to S8 vein	1	PTFE conduit anastomosed to IVC
	RL	PTFE graft connecting S5 + S8 and separate iRHV	1	PTFE conduit of separate S5 and S8 → three anastomoses with IVC
	RL	S5+S8 reconstruction using falciform ligament graft	2	Autologous FL conduit for unification, anastomosed to IVC
	RL	S5+S8 reconstruction using umbilical vein of recipient	1	Umbilical vein conduit obtained from recipient for unification, anastomosed to IVC
	RL	S8 was close to the RHV	1	Unification plasty of RHV and S8
	LL	Three separate veins (MHV, S2, S3)	1	Unification plasty
	LLS	Single LHV	1	Single caval anastomosis; no venoplasty
	LLS	Separate S2 and S3 veins	1	Unification plasty


Abbreviations: RL, right lobe; LL, left lobe; LLS, left lateral section; RHV, right hepatic vein; MHV, middle hepatic vein; LHV, left hepatic vein; iRHV, inferior right hepatic vein.
S2, S3, S5, S8, hepatic segmental veins corresponding to Couinaud segments two, three, five, and eight; IVC, inferior vena cava; PTFE, polytetrafluoroethylene; FL, falciform ligament.
Right liver grafts
The majority of right liver grafts demonstrated a single dominant right hepatic vein. In twenty eight cases, a single right hepatic vein with no significant accessory branches was present, which allowed for a single caval anastomosis without the need for venoplasty. When a hepatic vein that required reconstruction was left unreconstructed, post-reperfusion inspection consistently revealed an area of congested graft parenchyma with a darker, bluish discoloration (Figure 1).
[image: Medical imaging scan shows a vascular tree structure in red, with white arrows labeling anatomical segments S5, S8, iRH, and iRHV. Labels identify different branches for diagnostic reference.]FIGURE 1 | Three-dimensional CT reconstruction of the donor’s venous outflow. Arrows indicate the significant venous branches of segments 5 and 8, as well as the inferior right hepatic vein (IRHV).An additional inferior right hepatic vein was identified in three grafts. In these cases, two separate caval anastomoses were performed, and no venoplasty was required because the diameter and venous territory of the inferior right hepatic vein permitted direct implantation.
Two grafts demonstrated three independent right hepatic venous trunks, two of which corresponded to inferior right hepatic veins with significant drainage territories. These cases required unification venoplasty of the inferior right hepatic veins followed by two separate caval anastomoses.
Reconstruction of segmental veins from segments five and eight was required in several grafts. PTFE interposition grafts were used in five grafts. In two cases a PTFE conduit was used for outflow reconstruction of a segment five vein, and in one of these cases conduit was anastomosed to the recipient’s middle hepatic vein draining into the inferior vena cava (Figure 2). One graft required PTFE reconstruction for a segment eight vein. In one graft a single PTFE conduit was used to unify and drain both segment five and segment eight veins into the inferior vena cava. Additionally, in one case PTFE conduits were used to reconstruct the separate S5 and S8 hepatic veins, resulting in three distinct outflow channels that were anastomosed individually to the IVC (Figures 3A–C).
[image: Panel A shows a gloved hand holding a partially necrotic liver with a white medical drain inserted, surrounded by blood. Panel B displays the liver with the drain in situ during surgery, alongside surgical instruments and exposed tissues. Panel C presents a close-up of the necrotic liver and drain inside the surgical cavity, highlighting surrounding red and yellowish tissues.]FIGURE 2 | Reconstruction of segment five vein in right lobe liver graft using PTFE graft. (A) Back-table stage. A PTFE conduit was anastomosed with significant S5 vein on the liver graft. (B) A veno-caval anastomosis was performed. Preparation for PTFE graft anastomosis. (C) The PTFE conduit was anastomosed to the recipient’s middle hepatic vein. Appearance after venous reperfusion. Abbreviations: PTFE, polytetrafluoroethylene; S5, segment V of the Couinaud liver segmentation system.[image: Panel A shows a close-up of a liver surgical field with labeled anatomical structures including the right hepatic vein (RHV), inferior right hepatic vein (iRHV), portal vein (PV), and hepatic artery (HA), all identified with green arrows. Panel B displays a resected liver surface with S5, S8, RHV, and iRHV labeled; surgical instruments are visible. Panel C features a similar resected liver segment labeled S5, S8, RHV, and iRHV with surgical tools and white tubes inserted. Panel D shows a suturing step at a liver resection margin, with focus on RHV and iRHV indicated by instruments.]FIGURE 3 | Variations of venous anatomy in liver grafts (A) A right-lobe liver graft with two separate inferior right hepatic veins required unification venoplasty of the inferior veins and construction of two distinct veno-caval anastomoses. (B) A right-lobe liver graft with significant venous branches from segments 5 and 8, as well as an additional inferior right hepatic vein. S5 vein canulated for conservant solution outflow assession. (C) A venous reconstruction approach for segments 5 and 8 using separate PTFE conduits; additionally, this graft contained an accessory inferior right hepatic vein that required an independent anastomosis to the inferior vena cava. (D) A left-lobe liver graft in which unification venoplasty was performed to combine the S2 and S3 venous branches with the middle hepatic vein; the probe is positioned within the lumen of the S3 vein. Abbreviations: PTFE, polytetrafluoroethylene; S2, S3, S5, S8, segments II, III, V, and VIII of the Couinaud liver segmentation system.Autologous tissue was used for venous reconstruction in three cases. Two grafts required unification of the segment five and segment eight veins using a conduit fashioned from the falciform ligament (Figures 4A–C). In one case the umbilical vein of the recipient was harvested and used as an interposition conduit to reconstruct the outflow of both segment five and segment eight veins (Figures 4D–F).
[image: Panel A shows gloved hands handling a small vessel or tube amid surgical blood and tissue. Panel B displays a surgical procedure on an organ, potentially liver, with forceps holding tissue. Panel C provides a wider surgical field with major organs and clamps visible. Panel D shows forceps grasping orange tissue above a dish of ice. Panel E highlights surgeons manipulating tissue over gauze, focusing on a darkened organ. Panel F depicts the exposed surgical area revealing internal organs and tissue damage.]FIGURE 4 | (A) A conduit was fashioned on the back table from the donor’s falciform ligament, which was wrapped around a sterile 14-F tube to create a tubular graft. (B) Anastomosis of the falciform-ligament conduit to the venous branches of segments 5 and 8 was performed and unified with the right hepatic vein on the graft. (C) Appearance of the graft prior to venous reperfusion. (D) The recipient’s umbilical vein shunt was harvested, and openings were created to enable anastomosis with the significant venous branches of segments 5 and 8. (E) The umbilical vein conduit was anastomosed to the S5 and S8 branches and unified with the right hepatic vein on the graft. (F) Appearance of the graft following venous reperfusion. Abbreviations: PTFE, polytetrafluoroethylene; S5, S8, segments V, and VIII of the Couinaud liver segmentation system.One graft demonstrated a segment eight tributary running very close to the right hepatic vein. In this case, unification venoplasty was performed without the use of interpositional material.
Left liver grafts
During harvesting LL graft, we faced an unusual and technically challenging venous configuration that resulted directly from an intraoperative mechanical complication. During donor left hepatectomy, the stapling device malfunctioned, causing the venous structures to be transected lower than the planned level. As a result, the middle hepatic vein, the segment two vein, and the segment three vein were obtained as three separate orifices located at a considerable distance from one another. The distance-spaced venous openings required an extensive and complex unification venoplasty to create a single, adequate outflow channel suitable for implantation into the inferior vena cava (Figure 3D).
Also, two left lateral section grafts were included. One graft contained a single left hepatic vein and required only one caval anastomosis without the need for additional venoplasty. The second graft demonstrated separate venous orifices from segment two and segment three. These veins were reconstructed using unification venoplasty.
Postoperative outcomes
Early and late postoperative complications were compared between recipients who underwent a single hepatic vein anastomosis (no venoplasty, n = 28) and those who received venous outflow reconstruction (venoplasty, n = 17) (Table 3). Overall, most vascular complication rates were low and did not differ significantly between the groups.
TABLE 3 | Postoperative outcomes.	Parameter	No venoplasty (n = 28)	Venoplasty (n = 17)	p-value
	Hepatic artery thrombosis	1 (3.6%)	0	1.000
	Hepatic artery stenosis	3 (10.7%)	1 (5.9%)	1.000
	Splenic artery steal syndrome	3 (10.7%)	0	0.290
	Portal vein thrombosis	1 (3.6%)	2 (11.8%)	0.546
	Postoperative bleeding requiring relaparotomy	2 (7.1%)	0	0.525
	Clinical features for small-for-size syndrome	3 (10.7%)	2 (11.8%)	1.000
	Early biliary leak — overall	3 (10.7%)	10 (58.8%)	0.001
	Early biliary leak — first 30 cases (1–30)	3/16 (18.8%)	9/14 (64.3%)	0.023
	Early biliary leak — last 15 cases (31–45)	1/12 (8.3%)	0/3	1.000
	Late biliary stricture	1 (3.6%)	1 (5.9%)	1.000
	Number of bile duct orifices — mean ± SD	1.8 ± 0.8	2.4 ± 0.7	0.018
	Number of biliary anastomoses — mean ± SD	1.7 ± 0.7	2.4 ± 0.6	0.006
	Clavien–Dindo ≥ IIIb	10 (35.7%)	9 (52.9%)	0.360
	90-day mortality	3 (10.7%)	2 (11.8%)	1.000
	Comprehensive complication index, median [IQR]	20.9 [0–39.8]	42.6 [26.2–66.3]	0.032
	Patient actuarial survival 1/3 years	86.8%/82.8%	87.5%/81.2%	0.78


Hepatic artery thrombosis occurred only in the single-vein group (3.6%) and was not observed in venous reconstruction group (p = 1.000). Hepatic artery stenosis was comparable between cohorts (10.7% vs. 5.9%, p = 1.000), with a non-significant trend toward a lower risk in the venoplasty group (OR 0.58, 95% CI 0.06–6.06). Clinical features consistent with splenic artery steal syndrome (SASS) were observed only in patients without venoplasty (10.3% vs. 0%, p = 0.542). SASS was defined clinically as a combination of persistently reduced hepatic arterial flow on Doppler ultrasound in the absence of hepatic artery thrombosis or stenosis, associated with a disproportionately increased splenic artery flow, and improvement after splenic artery–directed intervention or conservative management. Angiography was performed selectively when clinically indicated.
Portal vein thrombosis developed more frequently among patients who underwent venous reconstruction (11.8% vs. 3.6%), although the difference did not reach statistical significance (p = 0.287; OR 4.00, 95% CI 0.34–47.4).
Early biliary leakage occurred in 13 of 45 patients (28.9%). The incidence was significantly higher in the venoplasty group (58.8% vs. 10.7%, p = 0.001). This difference was most pronounced during the first 30 cases (64.3% vs. 18.8%, p = 0.023) and decreased in the last 15 consecutive cases after introduction of an ultrasonic cavitation aspirator (CUSA), improved liver retraction systems, and stricter donor selection (8.3% vs. 0%, p = 1.000). Multivariable logistic regression showed that venoplasty was not an independent predictor of early biliary leak (adjusted OR 2.8, 95% CI 0.6–13.2, p = 0.19). The only independent risk factors were the number of bile duct orifices (OR 4.7 per additional orifice, 95% CI 1.6–13.8, p = 0.005) and the early phase of the program (first 30 vs. last 15 cases: OR 22.4, 95% CI 2.5–201, p = 0.005). Late biliary strictures occurred in two patients (4.4%), one in each group, and were successfully managed surgically.
Postoperative bleeding requiring relaparotomy was noted only in the no-venoplasty cohort (6.9% vs. 0%, p = 0.531). The overall burden of severe complications (Clavien–Dindo ≥ IIIb) was higher among patients who underwent venous reconstruction (50.0% vs. 34.5%), although this difference was not statistically significant (p = 0.360; OR 1.90, 95% CI 0.56–6.45). 90-day mortality (Clavien–Dindo grade V) was similar between groups (12.5% vs. 10.3%, p = 1.000). The Comprehensive Complication Index (CCI) demonstrated a significantly higher cumulative morbidity in the venoplasty group, with a median of 39.8 (IQR 26.2–66.3) compared with 20.9 (IQR 0–39.8) in the single-vein cohort (p = 0.047), indicating a greater severity and overall burden of complications in patients requiring venous reconstruction.
Clinical features consistent with small-for-size syndrome were observed in five recipients (11.1%). Three cases occurred in the no-venoplasty group (3/28, 10.7%) and two in the venoplasty group (2/17, 11.8%), with no statistically significant difference between groups (p = 1.000). SFSS was defined clinically based on persistent hyperbilirubinemia, refractory ascites, and/or prolonged coagulopathy in the absence of mechanical outflow obstruction or other identifiable causes. Management was performed according to standard recommendations and included optimization of hemodynamics, albumin supplementation, diuretic therapy, careful fluid balance control, and close Doppler surveillance. All cases were managed conservatively without graft loss attributable to SFSS.
There was no venous outflow–related complications in the study cohort. No cases of early thrombosis of reconstructed venous outflow were observed. Refractory ascites was observed in 3 patients (6.7%) and was attributed to small-for-size syndrome, as there was no objective evidence of impaired venous outflow in these patients, in conjunction with a low graft-to-recipient weight ratio.
The median follow-up duration was 32.5 months for patients without venoplasty and 27 months for those who underwent venoplasty. Across the entire cohort, the median follow-up time was 29 months. Overall patient survival did not differ significantly between recipients who underwent venoplasty and those with a single vein anastomosis (log-rank p = 0.62; Figure 5). The actuarial 1-year and 3-year patient survival rates estimated by Kaplan–Meier analysis were were 86.8% and 82.8%, in the single-anastomosis group and 87.5% and 81.2% in the reconstruction group, respectively. Median survival was not reached in either group during the maximum follow-up of 50 months. Hospital mortality in the cohort was 11.1% (5 of 45 patients). Two patients died from severe acute rejection, two from sepsis, and one from complications related to portal vein thrombosis. During long-term follow-up, three additional deaths occurred: one due to COVID-19 associated pneumonia, one due to nonadherence to immunosuppressive therapy, and one due to aspiration. No death in the entire series was attributable to venous outflow compromise.
[image: Kaplan-Meier survival plot comparing single vein anastomosis in blue and vein outflow reconstruction in red over 50 months. Both groups show high survival probabilities with no significant difference, log-rank p equals 0.50.]FIGURE 5 | The actuarial Kaplan–Meier overall patient survival curves stratified by performance of venoplasty.DISCUSSION
Venous outflow reconstruction remains one of the principal determinants of graft function in living donor liver transplantation [11]. The present series illustrates not only the anatomical complexity of partial liver grafts but also the considerable constraints imposed by a resource-limited environment. The absence of a deceased donor program, the restricted availability of vascular prostheses, and the inability to perform graft biopsy for differential diagnosis significantly influenced surgical decision-making and postoperative management. These conditions differentiate our experience from that of high-volume centers in East Asia and Europe, where venous reconstruction techniques have evolved in settings with broad access to vascular materials and advanced diagnostic infrastructure.
At the initial stage of the program, donor selection was intentionally conservative: we prioritized donors with straightforward hepatic anatomy and grafts with a favorable graft-to-recipient weight ratio. As surgical experience accumulated, we gradually expanded the range of acceptable anatomical variations and began to undertake more complex venous outflow reconstructions. International experience consistently supports an assertive strategy for reconstruction of segment V and segment VIII tributaries when these veins exceed four or 5 mm in diameter or drain a substantial portion of the anterior sector [11, 25]. This approach is grounded in extensive evidence from different transplant centers, where centers routinely employ autologous, homologous, and synthetic conduits and where vascular banking is standard practice. Studies by Sakamoto, Jeng, Thorat, Taha, Pamecha, Park, and others demonstrate that restoration of middle hepatic vein tributaries improves parenchymal perfusion, reduces venous congestion, enhances early graft regeneration, and mitigates the risk of small-for-size physiology [7, 8, 12, 20, 25–27]. Work by Mizuno et al has shown that regeneration of the anterior sector is significantly greater in grafts with reconstructed venous outflow [28].
The application of these principles in our program was necessarily selective. Although preoperative imaging and intraoperative assessment in several cases demonstrated clear indications for venous reconstruction, the unavailability of PTFE grafts in these cases made standard reconstruction technically impossible. Decisions were therefore individualized. Reconstruction was prioritized when volumetric analysis indicated a substantial drainage territory, when diameters exceeded 5 mm, and when the graft-to-recipient weight ratio approached the lower acceptable threshold. When prosthetic material was unavailable, alternative methods were employed. These included reconstruction with the falciform ligament, the recipient’s umbilical vein, or spontaneously developed portosystemic shunts. Such solutions reflect the adaptive strategies described in early LDLT program development and demonstrate that acceptable venous outflow can be achieved even in the absence of dedicated vascular grafts.
An additional aspect that deserves consideration is the use of venous patch augmentation, which is frequently employed in high-volume transplant centers to facilitate creation of a wide and congruent anastomotic surface. Patch reconstruction enlarges the venous orifice, reduces the risk of anastomotic stenosis, and improves the geometric alignment between the graft vein and the recipient inferior vena cava. In many programs, homologous venous patches obtained from deceased donors or synthetic prosthetic patches are routinely applied [29]. In our series, patch venoplasty was not performed because no deceased-donor venous patches were available in our setting.
The most notable difference between the groups was the higher crude incidence of early biliary leaks in patients who underwent venoplasty (58.8% vs. 10.7%, p = 0.001). However, this association was almost entirely confined to the initial phase of the program and disappeared completely after technical maturation. Of the 13 early biliary leaks, 12 (92.3%) occurred within the first 30 cases (64.3% vs. 18.8% in the venoplasty and no-venoplasty groups, respectively). In the most recent 15 consecutive LDLTs (cases 31–45), performed after introduction of an ultrasonic cavitation aspirator (CUSA), advanced liver retraction systems, and stricter donor selection, only one early biliary leak was recorded in the entire cohort (6.7%), and it occurred in the no-venoplasty group (0% vs. 8.3%, p = 1.000). Multivariable logistic regression confirmed that venoplasty was not an independent risk factor for biliary leakage (adjusted OR 3.1, 95% CI 0.6–15.4, p = 0.17). The only independent predictors were multiple bile duct orifices (OR 4.9 per additional orifice, 95% CI 1.6–15.0, p = 0.005) which were significantly more common in grafts requiring venous reconstruction and the early program period (first 30 vs. last 15 cases: OR 24.8, 95% CI 2.7–227, p = 0.004). These findings strongly indicate that the observed association was driven by selection of anatomically complex donors and the institutional learning curve rather than by the venous reconstruction itself. In the mature phase of the program, venoplasty was not associated with increased biliary morbidity. Collectively, these factors, together with the influence of the institutional learning curve [30], likely affected the outcomes observed during the early development of our program. Our biliary leak rates align with reported ranges in emerging LDLT programs [31], and the rapid decline demonstrates the impact of technical evolution.
A further challenge of the resource-limited setting was the absence of liver biopsy, which prevented histological differentiation of early postoperative dysfunction. Biopsy remains the most reliable method to distinguish small-for-size syndrome from acute rejection and sepsis-associated cholestasis [32, 33]. In our series, clinical assessment depended on biochemical trends, Doppler ultrasound, and advanced imaging. Clinical suspicion of small for size syndrome was documented in five recipients. Three of these patients presented exclusively with high volume ascitic output during the first ten postoperative days. Daily drainage volumes reached up to four thousand milliliters and required replacement with crystalloid solutions, albumin infusion, and prolonged maintenance of abdominal drains. Two of these three patients had a single venous anastomosis and relatively small grafts with GRWRs of 0.7 and 1.1. The third patient with the same clinical pattern had two venous anastomoses, specifically the right hepatic vein and an inferior right hepatic vein, and a GRWR 1.1. The clinical pattern was consistent with the diagnostic framework proposed by the ILTS consensus group [34, 35]. In another patient, uncontrolled hyperbilirubinemia initially raised concern for outflow impairment, but the clinical course ultimately revealed reactivation of autoimmune hepatitis, which responded favorably to bortezomib [36]. This case underscores the diagnostic uncertainty inherent in the absence of histological confirmation. One female recipient with a GRWR of 0.9 and a single venous outflow presented with uncontrolled postoperative hyperbilirubinemia. Mechanical obstruction was excluded by magnetic resonance cholangiopancreatography and endoscopic retrograde cholangiopancreatography. The clinical picture was interpreted as a combination of sepsis and acute rejection. Due to limited resources, graft biopsy could not be performed. On postoperative day five, the patient developed ovarian apoplexy which required surgical intervention. Postoperative infectious complications progressed, and the patient ultimately died from sepsis.
The observation that clinical features suggestive of splenic artery steal syndrome occurred only in grafts without venoplasty should be interpreted cautiously. Given the retrospective design and limited number of events, this finding is hypothesis-generating and does not imply a causal protective effect of venous reconstruction.
Donor morbidity was analyzed according to the Clavien–Dindo classification. Overall, complications were predominantly minor and managed conservatively. Wound seroma developed in two donors and was treated with local measures. One donor developed hospital-acquired pneumonia (Clavien–Dindo grade II), which resolved with appropriate medical treatment. One donor developed acute renal dysfunction during antibacterial prophylaxis with sulperazone, presenting with oliguria, proteinuria, hematuria, peripheral edema, and pleural effusion. Sulperazone was discontinued, and diuretic therapy was initiated, resulting in complete recovery of renal function. Pleural effusion occurred in two donors and required therapeutic thoracentesis. Two donors developed postoperative bilomas that were successfully managed with percutaneous drainage. In two additional cases of bile leakage, surgical revision was necessary. One donor experienced postoperative bleeding due to slippage of a clip from the inferior vena cava, necessitating urgent reoperation. No donor mortality occurred in this series.
Comparison of our findings with the international literature reveals considerable alignment. The functional importance of anterior sector drainage, the necessity for detailed preoperative three-dimensional venous mapping, and the contribution of reconstructed middle hepatic vein tributaries to early graft performance are all consistent with established evidence [17, 34]. Our results also emphasize that acceptable outcomes can be achieved in a resource-constrained program when surgical planning is meticulous and techniques are adapted to the available materials. In cases with a high GRWR, the physiological reserve of the graft may compensate for small unreconstructed venous branches, and reconstruction is not always necessary or feasible. The frequent need to substitute autologous or unconventional conduits for synthetic or homologous grafts highlights the divergence between theoretically optimal strategies and the realities of clinical practice in a developing transplantation system.
Several limitations of the present study stem directly from the context in which the program operates. The absence of a deceased donor program precludes procurement and cryopreservation of vascular conduits. The intermittent unavailability and high cost of PTFE grafts restrict their use and limit uniformity of surgical technique. The lack of biopsy capability complicates postoperative diagnostic accuracy. In addition, the proportion of left lobe and left lateral segment grafts was small. Also, donor selection during the initial period was intentionally conservative, favoring anatomically straightforward grafts with favorable GRWR, which may introduce selection bias. In addition, the progressive accumulation of surgical experience and technical refinements over time represent potential confounding factors that may have influenced complication rates independently of venous reconstruction strategy. Therefore, subgroup comparisons should be interpreted cautiously. Despite these limitations, this series represents the early developmental phase of a national LDLT program and illustrates the feasibility of venous outflow reconstruction under resource-constrained conditions, while underscoring the importance of structured program maturation and cautious interpretation of outcomes.
CONCLUSION
This study demonstrates that venous outflow reconstruction in living donor liver transplantation can be successfully implemented in a resource-limited setting during the early phase of program development. In this cohort, autologous reconstruction techniques provided satisfactory early and mid-term patency without evidence of venous outflow–related graft loss.
Importantly, our experience indicates that clinical outcomes were influenced not only by the reconstructive strategy itself but also by progressive institutional learning, refinement of surgical technique, and more selective donor assessment. The marked reduction in biliary complications over time highlights the critical role of programmatic maturation in determining results.
These findings suggest that, in emerging transplant programs, structured technical standardization and accumulation of surgical experience may be as important as the choice of venous reconstruction method in achieving safe and reproducible outcomes. Further studies with larger cohorts and longer follow-up are required to confirm long-term durability.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.
ETHICS STATEMENT
The studies involving humans were approved by IRB of National Children’s Medical Center. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants' legal guardians/next of kin.
AUTHOR CONTRIBUTIONS
Conceptualization: KS and TD; Methodology: KS; Project administration: KS; Supervision: KS; Visualization: KS, TD, and AS, Resources: BU, Data curation: KS, TD, and MN; Statistical analysis: KS; Writing – original draft: KS and TD; Writing – review and editing: All authors. All authors contributed to the article and approved the submitted version.
FUNDING
The author(s) declared that financial support was not received for this work and/or its publication.
CONFLICT OF INTEREST
The authors(s) declared that this work was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
GENERATIVE AI STATEMENT
The author(s) declared that generative AI was not used in the creation of this manuscript.
Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontierspartnerships.org/articles/10.3389/ti.2026.15985/full#supplementary-material
SUPPLEMENTARY VIDEO S1 | Three-dimensional reconstruction of the hepatic vasculature in a living donor using SurgiPrint software. The use of 3D imaging enables a detailed assessment of vascular anatomy and spatial relationships between vessels, thereby facilitating precise preoperative surgical planning.
REFERENCES
	Balci, D, and Kirimker, EO. Hepatic vein in living donor liver transplantation. HBPD Int (2020) 19(4):318–23. doi:10.1016/j.hbpd.2020.07.002

	Voskanyan, SE, Kolyshev, IY, Bashkov, AN, Artemiev, AI, Rudakov, VS, Shabalin, MV, et al. Efferent blood supply to the right hepatic lobe regarding its transplantation from a living donor: variant anatomy, classification. Part 1. Ann HPB Surg (2023) 28(1):10–24. doi:10.16931/1995-5464.2023-1-10-24

	Kow, AWC, Liu, J, Patel, MS, De Martin, E, Reddy, MS, Soejima, Y, et al. Post living donor liver transplantation small-for-size syndrome: definitions, timelines, biochemical, and clinical factors for diagnosis: guidelines from the ILTS-iLDLT-LTSI consensus conference. Transplantation (2023) 107(10):2226–37. doi:10.1097/TP.0000000000004770

	Radulova-Mauersberger, O, Weitz, J, and Riediger, C. Vascular surgery in liver resection. Langenbecks Arch Surg (2021) 406(7):2217–48. doi:10.1007/s00423-021-02310-w

	Catalano, OA, Singh, AH, Uppot, RN, Hahn, PF, Ferrone, CR, and Sahani, DV. Vascular and biliary variants in the liver: implications for liver surgery. Radiographics (2008) 28(2):359–78. doi:10.1148/rg.282075099

	Voskanyan, SE, Artemiev, AI, Naidenov, EV, Iyu, K, Shabalin, MV, Bashkov, AN, et al. Vascular reconstructions and transplant technologies in liver surgery (part I). Khirurgiia (Mosk) (2023) 1:46–55. doi:10.17116/hirurgia202301146

	Sakamoto, K, Ogawa, K, Tamura, K, Ito, C, Iwata, M, Sakamoto, A, et al. Importance of reconstruction of middle hepatic vein tributaries of right-lobe grafts in living donor liver transplantation: demonstration of the reconstruction technique. Langenbecks Arch Surg (2022) 407(4):1585–94. doi:10.1007/s00423-021-02398-0

	Thorat, A, Jeng, LB, Yang, HR, Li, PC, Li, ML, Yeh, CC, et al. Outflow reconstruction for right liver allograft with multiple hepatic veins: “V-Plasty” of hepatic veins to form a common outflow channel versus 2 or more hepatic vein-to-inferior vena cava anastomoses in limited retrohepatic space. Liver Transpl (2016) 22(2):192–200. doi:10.1002/lt.24342

	de Villa, VH, Chen, CL, Chen, YS, Wang, CC, Lin, CC, Cheng, YF, et al. Right lobe living donor liver transplantation-addressing the middle hepatic vein controversy. Ann Surg (2003) 238(2):275–82. doi:10.1097/01.SLA.0000081093.73347.28

	Kasahara, M, Takada, Y, Fujimoto, Y, Ogura, Y, Ogawa, K, Uryuhara, K, et al. Impact of right lobe with middle hepatic vein graft in living-donor liver transplantation. Am J Transpl (2005) 5(6):1339–46. doi:10.1111/j.1600-6143.2005.00817.x

	Wehrle, CJ, Fujiki, M, Satish, S, Iuppa, G, Campos, L, Aucejo, F, et al. Mechanisms and management of graft inflow and outflow in liver transplantation. J Hepatol (2025) 83(6):1427–42. doi:10.1016/j.jhep.2025.06.024

	Taha, AMI, Abdalla, AM, Hassan, RA, Elkhateb, AI, and Ali, AM. Outflow reconstruction in right lobe living donor liver transplant: middle hepatic vein reconstruction versus separate tributaries to inferior vena cava anastomosis. Exp Clin Transpl (2023) 21(3):245–50. doi:10.6002/ect.2022.0417

	Tan, CHN, Hwang, S, Bonney, GK, Ganpathi, IS, Madhavan, K, and Kow, WCA. The influence of the middle hepatic vein and its impact on outcomes in right lobe living donor liver transplantation. HPB (Oxford) (2019) 21(5):547–56. doi:10.1016/j.hpb.2018.09.003

	Cavicchioli, M, Moglia, A, Garret, G, Puglia, M, Vacavant, A, Pugliese, G, et al. D2-RD-UNet: a dual-stage dual-class framework with connectivity correction for hepatic vessels segmentation. Comput Biol Med (2025) 195:110530. doi:10.1016/j.compbiomed.2025.110530

	Dulundu, E, Coşkun, M, Aral, RC, Akın, Mİ, Gunal, O, Yegen, C, et al. Outflow reconstruction techniques in living donor liver transplantation (single center experience). Int J Surg (2020) 75:S30. doi:10.1016/j.ijsu.2020.01.119

	Gautier, SV, Tsiroulnikova, OM, Moysyuk, YG, Akhaladze, DG, Tsiroulnikova, IE, Silina, OV, et al. Liver transplantation in children: six-year experience analysis. Russ J Transpl Artif Organs (2014) 16(3):54–62. doi:10.15825/1995-1191-2014-3-54-62

	Makuuchi, M, and Sugawara, Y. Living-donor liver transplantation using the left liver, with special reference to vein reconstruction. Transplantation (2003) 75(3 Suppl. l):S23–S24. doi:10.1097/01.TP.0000046617.21019.17

	Karakaya, E, Akdur, A, Ayvazoğlu Soy, EH, Boyvat, F, Moray, G, and Haberal, M. Vascular complications in pediatric liver transplants and their management. Exp Clin Transpl (2022) 20(Suppl. 3):72–5. doi:10.6002/ect.PediatricSymp2022.O23

	Lin, Z, Feng, F, Yu, Q, Ye, Y, Yang, Y, Zhu, H, et al. Comparison of combined versus separate reconstruction of middle hepatic vein tributaries in the right lobe split liver transplantation. Langenbecks Arch Surg (2025) 410:181. doi:10.1007/s00423-025-03758-w

	Pamecha, V, Pattnaik, B, Sinha, PK, Patil, NS, Mohapatra, N, Sasturkar, SV, et al. Single orifice outflow reconstruction: refining the venous outflow in modified right lobe live donor liver transplantation. J Gastrointest Surg (2021) 25(8):1962–72. doi:10.1007/s11605-020-04776-3

	Semash, K. Evaluation and management of living donors in the setting of living donor liver transplant program in the Republic of Uzbekistan. Exp Clin Transpl (2024) 22(9):664–74. doi:10.6002/ect.2024.0148

	Salavracos, M, Danse, E, Michoux, N, de Hemptinne, A, De Poortere, T, and Coubeau, L. Contribution of 3D virtual modeling in locating hepatic metastases, particularly “vanishing tumors”: a pilot study. Artif Intell Surg (2024) 4:331–47. doi:10.20517/ais.2024.23

	Semash, K, Dzhanbekov, T, Akbarov, M, Mirolimov, M, Usmonov, A, Razzokov, N, et al. Implementation of a living donor liver transplantation program in the Republic of Uzbekistan: a report of the first 40 cases. Clin Transpl Res (2024) 38(2):116–27. doi:10.4285/ctr.24.0013

	Del, PL, Quintini, C, and Diago, UT. The small-for-size syndrome in living donor liver transplantation: current management. Updates Surg (2025) 77(6):1797–806. doi:10.1007/s13304-024-01964-7

	Kilercik, H, Akbulut, S, Elsarawy, A, Aktas, S, Alkara, U, and Sevmis, S. Effect of complex venous outflow drainage reconstruction on postoperative graft function in right-lobe living donor liver transplantation. J Clin Med (2025) 14(6):2005. doi:10.3390/jcm14062005

	Jeng, LB, Thorat, A, Yang, HR, and Li, PC. Venous outflow reconstruction in living donor liver transplantation: dealing with venous anomalies. World J Transpl (2015) 5(4):145–53. doi:10.5500/wjt.v5.i4.145

	Park, GC, Hwang, S, Ha, TY, Song, GW, Jung, DH, Ahn, CS, et al. Hemashield vascular graft is a preferable prosthetic graft for middle hepatic vein reconstruction in living donor liver transplantation. Ann Transpl (2019) 24:639–46. doi:10.12659/AOT.919780

	Mizuno, S, Iida, T, Yagi, S, Usui, M, Sakurai, H, Isaji, S, et al. Impact of venous drainage on regeneration of the anterior segment of right living-related liver grafts. Clin Transpl (2006) 20(4):509–16. doi:10.1111/j.1399-0012.2006.00515.x

	Hata, K, and Hatano, E. Optimizing venous outflow reconstruction for V5 and V8 in right-lobe living-donor liver transplantation: “half-circumferential anastomosis” using autologous vein grafts. Hepatobiliary Surg Nutr (2025) 14(5):817–23. doi:10.21037/hbsn-2025-244

	Miller, CM, Quintini, C, Dhawan, A, Durand, F, Heimbach, JK, Kim-Schluger, HL, et al. The international liver transplantation society living donor liver transplant recipient guideline. Transplantation (2017) 101(5):938–44. doi:10.1097/TP.0000000000001571

	Fasullo, M, Patel, M, Khanna, L, and Shah, T. Post-transplant biliary complications: advances in pathophysiology, diagnosis, and treatment. BMJ Open Gastroenterol (2022) 9(1):e000778. doi:10.1136/bmjgast-2021-000778

	Hakeem, AR, Mathew, JS, Aunés, CV, Mazzola, A, Alconchel, F, Yoon, YI, et al. Preventing small-for-size syndrome in living donor liver transplantation: guidelines from the ILTS-iLDLT-LTSI consensus conference. Transplantation (2023) 107(10):2203–15. doi:10.1097/TP.0000000000004769

	Charlton, M, Levitsky, J, Aqel, B, O’Grady, J, Hemibach, J, Rinella, M, et al. International liver transplantation society consensus statement on immunosuppression in liver transplant recipients. Transplantation (2018) 102(5):727–43. doi:10.1097/TP.0000000000002147

	Durairaj, MS, Shaji Mathew, J, Mallick, S, Nair, K, Manikandan, K, Titus Varghese, C, et al. Middle hepatic vein reconstruction in adult living donor liver transplantation: a randomized clinical trial. Br J Surg (2021) 108(12):1426–32. doi:10.1093/bjs/znab346

	Kirchner, VA, Shankar, S, Victor, DW, 3rd, Tanaka, T, Goldaracena, N, Troisi, RI, et al. Management of established small-for-size syndrome in post living donor liver transplantation: medical, radiological, and surgical interventions: guidelines from the ILTS-iLDLT-LTSI consensus conference. Transplantation (2023) 107(10):2238–46. doi:10.1097/TP.0000000000004771

	Semash, K, Dzhanbekov, T, Nasirov, M, Monakhov, A, and Gadzhieva, P. Bortezomib as a potential treatment for recurrent autoimmune hepatitis following pediatric liver transplantation. Pediatr Transpl (2025) 29(4):e70082. doi:10.1111/petr.70082


Copyright © 2026 Semash, Dzhanbekov, Nasirov, Subanov and Umarov. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/ti-39-15985-g004.jpg





OPS/images/ti-39-15985-g005.jpg
1.0

0.8

Survival Probability
o
o

I
IS

0.2

n/N Median
Single vein anastomosis 6/28 inf
Vein outflow reconstruction 2117 inf
Log-rank p 0.50
| ! . | . I . |
10 15 20 25 30 35 40 45 50

Follow-up, month





OPS/images/ti-39-15985-g002.jpg





OPS/images/ti-39-15985-g003.jpg





OPS/xhtml/nav.xhtml
Table of Contents

		Cover

		Venous reconstruction in living donor liver transplantation: lessons learned from a new national program in a resource-limited setting		INTRODUCTION

		MATERIALS AND METHODS

		RESULTS		Right liver grafts

		Left liver grafts

		Postoperative outcomes





		DISCUSSION

		CONCLUSION

		DATA AVAILABILITY STATEMENT

		ETHICS STATEMENT

		AUTHOR CONTRIBUTIONS

		FUNDING

		CONFLICT OF INTEREST

		GENERATIVE AI STATEMENT

		SUPPLEMENTARY MATERIAL

		REFERENCES









OPS/images/cover.jpg
( ESOT

é Transplant
International

Venous reconstruction in
living donor liver
transplantation: lessons
learned from a new
national program in a
resource-limited setting





OPS/images/ti-39-15985-g006.jpg
Venous Reconstruction in Living Donor Liver Transplantation: Lessons Learned from a New National
Program in a Resource-Limited Setting

Overall survival
O O Study cohort: @ 90-day mortality: 11.1%.

3-year patient survival: 82.2%.

45 LDLT patients

N Median
Single vein anastomosis 6/28 inf
Outcomes: 2n7 inf
Additional venous reconstruction was required in 37.8% of grafts. g Log-rankp  0.50

No early thrombosis of reconstructed veins
Small-for-size physiology in 11.1% of recipients, with no graft loss.
Major postoperative morbidity (Clavien-Dindo = lllb): 42.2%. 20 20

Follow-up, month

@%
v
Grops:
\ 17 patients with venoplasty
/ 28 recipients without venoplasty

Semash et al. Transpl. Int. 2026
doi: 10.3389/11.2026.15985 Transplant






OPS/images/ti-39-15985-g001.jpg









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
é ESOT

( Transplant
International





