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Liver Transplantation for Budd-Chiari Syndrome 
in the MELD Era
Saleh  A. Alqahtani, MD,1,2,3 Carolin Schneider, MD,4 Omar T. Sims, PhD,5 Ahmet Gurakar, MD,2  
Hani Tamim, PhD,6 Alan Bonder, MD,7 and Behnam Saberi, MD7

INTRODUCTION

Budd-Chiari syndrome (BCS) is a rare condition caused 
by hepatic venous outflow tract obstruction.1 BCS has a 
heterogeneous clinical presentation, ranging from asymp-
tomatic cases to fulminant liver failure.2 If left untreated, 
symptomatic BCS has a high mortality rate.3 Before specific 
therapy became available, 90% of patients died within 3 y, 
mostly of ascites, gastrointestinal bleeding, and liver fail-
ure.4,5 Innovations in interventional radiology and a bet-
ter understanding of underlying diseases have dramatically 
improved therapeutic strategies.6 Besides hepatic vein reca-
nalization and stenting, transjugular intrahepatic portosys-
temic shunt (TIPS) is an option for severe acute or subacute 

BCS.7 However, TIPS has to be considered on a case-by-case 
basis and may not be feasible in all BCS patients because 
of the degree of liver failure, the extent of thrombosis, and 
concerns for shunt occlusion.8

Liver transplantation (LT) may be the only option for 
patients with BCS who have decompensated cirrhosis or acute 
liver failure, those who are not candidates for other therapies, 
and for whom other treatments are ineffective.9,10 Another 
indication for LT in BCS is the presence of hepatocellular car-
cinoma (HCC) within the Milan criteria.11 Advances in LT 
technology and adoption of the Model for End-stage Liver 
Disease (MELD) score for deceased donor liver allocation 
may have led to improved survival in BCS following LT.12
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Background. To evaluate clinical characteristics and factors associated with survival among liver transplantation (LT) recipi-
ents with Budd-Chiari syndrome (BCS), with or without transjugular intrahepatic portosystemic shunt (TIPS), in the post–Model for 
End-stage Liver Disease era. Methods. We extracted data from the United Network for Organ Sharing database on all adult 
(≥18 y old) waitlisted candidates and recipients of LT with BCS in the United States between 2002 and 2019. Multivariable Cox 
regression was used to determine predictors of mortality and hazard ratios (HRs). Results. A total of 647 BCS patients were 
waitlisted between 2002 and 2019. BCS was an indication for LT in 378 (0.2%) of all adult LT recipients during the study period. Of 
BCS patients who received LT, approximately three-fourths (72.3%) were alive for up to 10 y. We found no significant difference in 
LT outcomes in BCS patients with or without TIPS. Longer length of hospital stay following LT (HR, 1.32; 95% confidence interval 
[CI], 1.19-1.47), Black/African American race (HR, 2.24; 95% CI, 1.38-3.64), diabetes (HR, 3.17; 95% CI, 1.62-6.21), donor risk 
index (HR, 1.44; 95% CI, 1.05-1.99), and lower albumin levels at the time of transplantation (HR, 0.66; 95% CI, 0.50-0.88) were 
negatively associated with survival after LT. Interestingly, neither the Model for End-stage Liver Disease nor prior TIPS showed a 
significant association with survival after LT. Conclusions. These findings demonstrate good comparable survival among 
TIPS versus no TIPS in LT recipients with BCS. The decision for TIPS versus LT should be individualized on a case-by-case basis.

(Transplantation Direct 2022;8: e1407; doi: 10.1097/TXD.0000000000001407).
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TABLE 1.

Comparison of BCS liver transplant candidates, based on their liver transplant status between 2002 and 2019

Characteristics Total, N = 647 (100.0) 

Received liver transplant

P Yes, N = 378 (58.4) No, N = 269 (41.5) 

Age, mean (SD) 40.8 (12.9) 40.9 (12.8) 40.7 (13.1) 0.87
Gender, n (%)     
  Male 267 (41.3) 157 (41.5) 110 (40.9) 0.87
  Female 380 (58.7) 221 (58.5) 159 (59.1)
Race, n (%)     
  White 474 (73.3) 275 (72.8) 199 (74.0) 0.41
  Black/AA 85 (13.1) 55 (14.6) 30 (11.2)
  Hispanic 58 (9.0) 29 (7.7) 29 (10.8)
  Asian 24 (3.7) 16 (4.2) 8 (3.0)
  Other 6 (0.9) 3 (0.8) 3 (1.1)
ABO, n (%)     
  A 265 (41.0) 151 (39.9) 114 (42.4) 0.18
  B 95 (14.7) 55 (14.6) 40 (14.9)
  AB 31 (4.8) 24 (6.3) 7 (2.6)
  O 256 (39.6) 148 (39.2) 108 (40.1)
BMI (kg/m2), mean (SD) 27.0 (5.5) 27.0 (5.6) 27.1 (5.4) 0.86
Diabetes, n (%) 35 (5.4) 20 (5.3) 15 (5.6) 0.87
HCC, n (%) 58 (9.0) 40 (10.6) 18 (6.7) 0.09
HE, n (%) 346 (53.5) 242 (64.0) 104 (38.7) <0.001
Ascites, n (%) 458 (70.8) 314 (83.1) 144 (53.5) <0.001
SBP, n (%) 45 (7.0) 27 (7.1) 18 (6.7) 0.82
PVT, n (%) 180 (27.8) 129 (34.1) 51 (19.0) <0.001
Dialysis, n (%) 93 (14.4) 64 (16.9) 29 (10.8) 0.03
TIPS, n (%) 215 (33.2) 121 (32.0) 94 (34.9) 0.43
Life support, n (%) 40 (6.2) 25 (6.6) 15 (5.6) 0.59
Status 1, n (%) 48 (12.7) 48 (12.7) NA NC
MELD score, mean (SD) 22 (9) 24 (9) 19 (9) <0.001
MELD exception, mean (SD) 24 (10) 28 (8) 18 (10) <0.001
Sodium (mEq/L), mean (SD) 136.5 (5.4) 135.0 (5.7) 138.4 (4.4) <0.001
Creatinine (mg/dL), mean (SD) 1.6 (1.5) 1.7 (1.7) 1.3 (1.3) <0.001
Bilirubin (mg/dL), mean (SD) 6.0 (9.0) 7.2 (10.0) 4.4 (7.0) <0.001
INR, mean (SD) 2.3 (1.6) 2.4 (1.7) 2.1 (1.6) 0.04
Albumin (g/dL), mean (SD) 3.4 (0.8) 3.3 (0.8) 3.5 (0.8) <0.001
Wait time (d), mean (SD) 321.6 (676.5) 321.6 (676.5) NA NC
LOS 20.8 (27.4) 20.8 (27.4) NA NC
UNOS/OPTN region, n (%)     
  1 35 (5.4) 15 (4.0) 20 (7.4) <0.001
  2 78 (12.1) 44 (11.6) 34 (12.6)
  3 94 (14.5) 72 (19.0) 22 (8.2)
  4 55 (8.5) 25 (6.6) 30 (11.2)
  5 98 (15.1) 49 (13.0) 49 (18.2)
  6 12 (1.9) 8 (2.1) 4 (1.5)
  7 58 (9.0) 28 (7.4) 30 (11.2)
  8 68 (10.5) 38 (10.1) 30 (11.2)
  9 33 (5.1) 19 (5.0) 14 (5.2)
  10 48 (7.4) 28 (7.4) 20 (7.4)
  11 68 (10.5) 52 (13.8) 16 (5.9)
Donor characteristics     
  Age (y), mean (SD) 38.0 (16.2) 38.0 (16.2)  NC
  Gender     
    Male 221 (58.5) 221 (58.5)  NC
    Female 157 (41.5) 157 (41.5)  
  BMI (kg/m2), mean (SD) 26.4 (5.6) 26.4 (5.6)  NC
  Race, n (%)     

Continued next page



© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.	 	 3Alqahtani et al

Prior studies suggest that survival following LT in BCS 
patients may depend on the severity of BCS at the time of LT.13–

15 Former studies reported survival rates of LT in BCS patients 
ranging from 5-y survival of only 35% to 50% to 10-y survival 
of >80%.9,16,17 Still, there are limited recent data on the charac-
teristics, outcomes, and predictors of survival in BCS patients 
undergoing LT, particularly in the post-MELD era. Therefore, 
we aimed to study the rate of LT in BCS patients and the fac-
tors associated with their survival in the post-MELD era. In 
addition, we focus on the role of TIPS in this context.

MATERIALS AND METHODS

Study Design
For this retrospective cohort study, we extracted data from 

the United Network for Organ Sharing (UNOS) database on 
all adult (≥18 y old) waitlisted candidates and LT recipients 
with BCS in the United States between 2002 and 2019 to limit 
our analysis to the post-MELD era.

Outcomes of interest were survival estimates among patients 
with BCS based on pretransplant TIPS status and to evaluate 
the predictors of mortality among BCS LT recipients. The data 
reported here have been supplied by the UNOS as the contrac-
tor for the Organ Procurement and Transplantation Network 
(OPTN). The interpretation and reporting of these data are 
the responsibility of the author(s) and in no way should be 
seen as an official policy of or interpretation by the OPTN or 
the US Government. Because this was a retrospective review 
of dataset available in a national database, an ethics commit-
tee review is not applicable.

Variables
Clinical characteristics included but were not limited to age, 

gender, race, body mass index, MELD score, other comorbid 
medical conditions, laboratory, previous TIPS procedure, and 
LT status.

Statistical Analysis
Measures of central tendency and frequency distribu-

tions were used to characterize the sample. The independent 

samples t test and chi-square test were used to compare 
patient groups on continuous and categorical variables, 
respectively. Multivariable Cox proportional hazard regres-
sion with follow-up as the underlying time variable was used 
to determine predictors of mortality. Variables associated 
with both the exposure of interest and causally associated 
with the outcome were included in regression models as pos-
sible confounders. Assessment of interaction terms between 
each exposure of interest and the underlying time variable did 
not suggest significant deviation from proportional hazards. 
Results were presented as hazard ratios (HRs) and 95% con-
fidence intervals (CIs). Survival analysis was carried out using 
the Kaplan-Meier curve. Differences were considered statisti-
cally significant when P < 0.05.

RESULTS

LT in BCS Patients in the Post-MELD Era
Among all waitlisted patients for LT between 2002 and 

2019, 647 (0.2%) had BCS (Table  1). BCS was an indica-
tion for LT in 378 (0.2%) recipients during the study period 
(Table 2). Their mean follow-up was 5.1 y (SD = 4.8 y). The 
majority were female (58.7%), White (73.3%), and with a 
mean age of 40.8 y (SD = 12.9 y) (Table 1).

First, we evaluated the characteristics of BCS patients 
who underwent LT. Among adult waitlisted candidates with 
BCS, 58.4% underwent LT (Table 1). A higher proportion of 
patients who received LT had portal vein thrombosis (34.1% 
versus 19.0%; P < 0.001), ascites (83.1% versus 53.5%; P 
< 0.001), and  hepatic encephalopathy (HE) (64.0% ver-
sus 38.7%; P < 0.001) and were on dialysis (16.9% versus 
10.8%; P = 0.03) (Table 1) compared with non-LT recipients 
with BCS. Interestingly, the frequency of TIPS was not dif-
ferent between the BCS patients who received and did not 
receive LT (32.0% versus 34.9%; P = 0.43) (Table 1). Those 
who received LT had a higher MELD score (24 [SD = 9] ver-
sus 19 [SD = 9]; P < 0.001), creatinine (1.7 [SD = 1.7] versus 
1.3 [SD = 1.3]; P < 0.001), and bilirubin (7.2 [SD = 10.0] 
versus 4.4 [SD = 7.0]; P < 0.001)‚ whereas those who did not 
receive LT had higher albumin (3.5 [SD = 0.8] versus 3.3 [SD 

    White 252 (66.7) 252 (66.7)  NC
    Black/AA 61 (16.1) 61 (16.1)  
    Hispanic 51 (13.5) 51 (13.5)  
    Asian 8 (2.1) 8 (2.1)  
    Other 6 (1.6) 6 (1.6)  
  ABO, n (%)     
    A 144 (38.1) 144 (38.1)  NC
    B 47 (12.4) 47 (12.4)  
    AB 13 (3.4) 13 (3.4)  
    O 174 (46.0) 174 (46.0)  
  Total cold ischemic time (h), mean (SD) 6.9 (2.5) 6.9 (2.5) – NC
  DRI, mean (SD) 1.5 (0.6) 1.5 (0.6) – NC

Bold indicates significance at 0.05. 
AA, African American; BCS‚ Budd-Chiari syndrome; BMI, body mass index; DRI, donor risk index; HCC, hepatocellular carcinoma; HE, hepatic encephalopathy; INR, international normalized ratio; LOS, 
length of hospital stay; MELD, Model for End-stage Liver Disease; NA, not available; NC, not calculated; OPTN, Organ Procurement and Transplantation Network; PVT, portal vein thrombosis; SBP, 
spontaneous bacterial peritonitis; TIPS, transjugular intrahepatic portosystemic shunt; UNOS, United Network for Organ Sharing.

TABLE 1.(Continued)
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Received liver transplant

P Yes, N = 378 (58.4) No, N = 269 (41.5) 
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= 0.8]; P < 0.001) and sodium (138.4 [SD = 4.4] versus 135.0 
[SD = 5.7]; P < 0.001; Table 1).

TIPS in BCS
Next, we evaluated the clinical characteristics of LT recipi-

ents with or without pretransplant TIPS. Nearly a third 
(32.0%) of BCS patients who received LT had TIPS before 
transplant (Table  3). LT recipients with TIPS had a  longer 
wait time on the list than patients without TIPS (532 versus 
222 d; P < 0.001), had lower MELD scores (23 versus 25; P = 
0.02), and had a lower rate of status 1 (7.4% versus 15.2%; 
P = 0.03) (Table 3). We also evaluated the characteristics of 
nontransplant recipients based on the pretransplant TIPS sta-
tus. The characteristics of listed patients with BCS who did 
not undergo LT based on TIPS status are outlined in Table S1 
(SDC, http://links.lww.com/TXD/A474).

LT Recipients With BCS and Status 1
Next, we evaluated the clinical characteristics of BCS LT 

recipients with status 1 (Table S2, SDC, http://links.lww.
com/TXD/A474). A total of 48 (12.7%) BCS patients were 
transplanted as status 1. Patients in status 1 had significantly 
shorter wait times before transplant (12.5 versus 366.5 d; P 
< 0.001). They had a higher serum creatinine, bilirubin, and 
international normalized ratio at the time of transplantation 
(all P < 0.001). There was a higher rate of HE, dialysis, and life 
support in status 1 patients. Patients who were transplanted 
as status 1 were less likely to have undergone TIPS (18.7 ver-
sus 33.9%; P = 0.04). None of the BCS patients transplanted 
as status 1 had a diagnosis of HCC (0% versus 12.1%; P = 
0.01; Table S2, SDC, http://links.lww.com/TXD/A474).

LT Recipients With BCS and HCC
Additionally, we evaluated the characteristics of BCS patients 

with HCC who received LT, as HCC is a major determinant 
of posttransplant outcomes (Table S3, SDC, http://links.lww.
com/TXD/A474). Of the 40 HCC and BCS cases, 62.5% were 
female, and 67.5% were White (Table S3, SDC, http://links.
lww.com/TXD/A474). HCC as a cause of transplant was not 
associated with decreased survival after transplant (Table 2). 
Interestingly, 88% of BCS patients with HCC and available 
alpha-fetoprotein data showed low levels of alpha-fetoprotein 

    White 196 (68.1) 56 (62.2) 0.75
    Black 45 (15.6) 16 (17.8)
    Hispanic 37 (12.9) 14 (15.6)
    Asian 5 (1.7) 3 (3.3)
    Other 5 (1.7) 1 (1.1)
  Total cold ischemic time (h), 

mean (SD)
6.8 (2.4) 7.4 (2.7) 0.05

  DRI, mean (SD) 1.45 (0.58) 1.58 (0.67) 0.08

Bold indicate significance at 0.05.
AA, African American; BCS, Budd-Chiari syndrome; BMI, body mass index; DRI, donor risk index; 
HCC, hepatocellular carcinoma; HE, hepatic encephalopathy; INR, international normalized ratio; 
LOS, length of hospital stay; MELD, Model for End-stage Liver Disease; OPTN, Organ Procurement 
and Transplantation Network; PVT, portal vein thrombosis; SBP, spontaneous bacterial peritonitis; 
TIPS, transjugular intrahepatic portosystemic shunt; UNOS, United Network for Organ Sharing.
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Comparison of BCS liver transplant recipients based on 
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TABLE 2.

Comparison of BCS liver transplant recipients based on 
survival status after liver transplant

Characteristics 
Survival,  

N = 288 (76.2) 
Death,  

N = 90 (23.8) P 

Recipient characteristics    
  Age (y), mean (SD) 40.3 (12.5) 42.6 (13.6) 0.14
  Gender, n (%)    
    Male 125 (43.4) 32 (35.6) 0.19
    Female 163 (56.6) 58 (64.4)
  Race, n (%)   0.01
    White 218 (75.7) 57 (63.3)
    Black/AA 32 (11.1) 23 (25.6)
    Hispanic 22 (7.6) 7 (7.8)
    Asian 13 (4.5) 3 (3.3)
    Other 3 (1.0) 0 (0.0)
  ABO, n (%)   0.72
    A 112 (38.9) 39 (43.3)
    B 45 (15.6) 10 (11.1)
    AB 18 (6.3) 6 (6.8)
    O 113 (39.2) 35 (38.9)
  BMI (kg/m2), mean (SD) 26.9 (5.5 27.3 (5.9 0.50
  Diabetes, n (%) 9.5 (3.5) 10.4 (11.1) 0.01
  HCC, n (%) 30 (10.4) 10 (11.1) 0.85
  HE, n (%) 181 (62.8) 61 (67.8) 0.39
  Ascites, n (%) 235 (81.6) 79 (87.8) 0.17
  SBP, n (%) 19 (6.6) 8 (8.9) 0.46
  PVT, n (%) 101 (35.1) 28 (31.1) 0.49
  Dialysis, n (%) 49 (17.0) 15 (16.7) 0.94
  TIPS, n (%) 94 (32.6) 27 (30.0) 0.64
  Life support, n (%) 19 (6.6) 6 (6.7) 0.98
  Status 1, n (%) 37 (12.8) 11 (12.2) 0.88
  MELD score, mean (SD) 24.2 (9.2) 25.1 (9.3) 0.42
  MELD exception, mean (SD) 28 (8) 28 (8) 0.72
  Sodium (mEq/L), mean (SD) 135.4 (5.4) 134.9 (4.9) 0.38
  Creatinine (mg/dL), mean (SD) 1.8 (1.7) 1.6 (1.7) 0.52
  Bilirubin (mg/dL), mean (SD) 6.7 (9.6) 8.9 (11.2) 0.07
  INR, mean (SD) 2.4 (1.6) 2.5 (1.8) 0.55
  Albumin (g/dL), mean (SD) 3.4 (0.7) 3.0 (0.7) <0.001
  Wait time (d), mean (SD) 314.3 (651.1) 344.8 (755.5) 0.71
  LOS (d), mean (SD) 17.4 (16.5) 31.8 (45.8) 0.004
  UNOS/OPTN region, n (%)    
    1 11 (3.8) 4 (4.4) 0.21
    2 31 (10.8) 13 (14.4)
    3 57 (19.8) 15 (16.7)
    4 19 (6.6) 6 (6.7)
    5 42 (14.6) 7 (7.8)
    6 3 (1.0) 5 (5.6)
    7 22 (7.6) 6 (6.7)
    8 32 (11.1) 6 (6.7)
    9 14 (4.9) 5 (5.6)
    10 21 (7.3) 7 (7.8)
    11 36 (12.5) 16 (27.8)
Donor characteristics    
  Age (y), mean (SD) 38.0 (15.7) 38.1 (18.1) 0.94
  Gender, n (%)    
    Male 163 (56.6) 58 (64.4) 0.19
    Female 125 (43.4) 32 (35.6)
  BMI (kg/m2), mean (SD) 26.5 (5.8) 26.1 (4.7) 0.50
  Race, n (%)    

Continued
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(<20 ng/mL). A majority of these patients (72.4%) had only 1 
HCC lesion, and in 87.5%, the HCC lesion was in the right 
lobe (Table S4, SDC, http://links.lww.com/TXD/A474). The 
mean tumor size was 2.3 cm (SD = 1.1 cm) (Table S4, SDC, 
http://links.lww.com/TXD/A474). BCS patients transplanted 
for HCC showed a lower rate of HE (55.0% versus 86.4%; 
P < 0.001), lower MELD score (17.5 versus 25.2; P < 0.001), 
and longer wait time (732.7 versus 272.9 d; P = 0.02) com-
pared with non-HCC LT recipients with BCS (Table S3, SDC, 
http://links.lww.com/TXD/A474). Overall, 59% of patients 
with HCC received 1 or more locoregional therapies (Table 
S4, SDC, http://links.lww.com/TXD/A474).

Explant data were available for 17 patients with HCC. 
Overall, 8 (47%) patients had no viable lesion on the explant. 
One patient (5%) had a microvascular invasion. As for 
tumor  differentiation,  35.3% had well-differentiated HCC, 
17.7% had moderately differentiated HCC, and 47% had 
complete necrosis of the HCC lesion. Three (17.8%) patients 
had multifocal HCC on the explant. None of the explant liv-
ers showed satellite lesions or lymph node involvement (Table 
S4, SDC, http://links.lww.com/TXD/A474).

Survival After LT in BCS Patients
Among BCS patients who received LT, 72.3% were alive for 

up to 10 y (Figure 1). Those who survived had higher albumin 
at removal (3.4 [SD = 0.7] versus 3.0 [SD = 0.7]; P < 0.001)
‚ whereas those who died had a higher percentage of diabetes 
(11.1% versus 3.5%; P = 0.01) and a higher number of post-
treatment hospitalization days (31.8 [SD = 45.8] versus 17.4 [SD 
= 16.5]; P = 0.004; Table 2). Post-LT survival in BCS at 5 and 10 
y was 81.3% and 70.8% in the TIPS group compared with the 
no-TIPS group at 80.6% and 72.7% (P = 0.93). We performed 
multivariate Cox proportional hazard modeling to identify pre-
dictors of mortality among transplanted BCS patients (Table 4). 
Factors that increased mortality were longer length of hospi-
tal stay following LT (HR, 1.32; 95% CI, 1.19-1.47), Black/
African American (AA) race (HR, 2.24; 95% CI, 1.38-3.64), 
donor risk index (DRI) (HR, 1.44; 95% CI, 1.05-1.99), and dia-
betes (HR, 3.17; 95% CI, 1.62-6.21). Albumin was negatively 
associated (HR, 0.66; 95% CI, 0.50-0.88) with mortality after 
LT (Table 4). Interestingly, neither TIPS nor MELD score had a 
significant effect on survival after LT (Table 4). Figure S1 (SDC, 

TABLE 3. 

Comparison of liver transplant recipients with BCS based 
on the pretransplant TIPS status between 2002 and 2019

Characteristics 

TIPS

P No, N = 257 Yes, N = 121 

Age (y), mean (SD) 41.3 (12.3) 40.6 (13.0) 0.63
Gender, n (%)    
  Male 110 (42.8) 47 (38.8) 0.47
  Female 147 (57.2) 74 (61.2)
Race, n (%)    
  White 184 (71.6) 91 (75.2) 0.34
  Black/AA 42 (16.3) 13 (10.7)
  Hispanic 21 (8.2) 8 (6.6)
  Asian 8 (3.1) 8 (6.6)
  Other 2 (0.8) 1 (0.8)
BMI (kg/m2), mean (SD) 27.1 (5.8) 26.7 (5.2) 0.48
Diabetes, n (%) 14 (5.4) 6 (5.0) 0.84
HCC, n (%) 22 (8.6) 18 (14.9) 0.06
HE, n (%) 167 (65.0) 75 (62.0) 0.57
Ascites, n (%) 216 (84.0) 98 (81.0) 0.46
SBP, n (%) 20 (7.8) 7 (5.8) 0.48
PVT, n (%) 82 (31.9) 47 (38.8) 0.19
Dialysis, n (%) 47 (18.3) 17 (14.0) 0.30
Life support, n (%) 20 (7.8) 5 (4.1) 0.18
Status 1, n (%) 39 (15.2) 9 (7.4) 0.03
MELD score, mean (SD) 25 (9) 23 (9) 0.02
MELD exception, mean (SD) 29 (8) 27 (7) 0.07
Sodium (mEq/L), mean (SD) 135.2 (5.1) 135.6 (5.4) 0.50
Creatinine (mg/dL), mean (SD) 1.8 (1.7) 1.6 (1.7) 0.34
Bilirubin (mg/dL), mean (SD) 7.8 (10.1) 5.9 (9.7) 0.10
INR, mean (SD) 2.5 (1.9) 2.3 (1.1) 0.41
Albumin (g/dL), mean (SD) 3.2 (0.7) 3.4 (0.8) 0.07
Wait time (d), mean (SD) 222.4 (471.2) 532.1 (947.8) <0.001
LOS (d) 21.8 (29.5) 18.8 (22.3) 0.34
UNOS/OPTN region, n (%)    
  1 11 (4.3) 4 (3.3) 0.09
  2 28 (10.9) 16 (13.2)
  3 61 (23.7) 11 (9.1)
  4 15 (5.8) 10 (8.3)
  5 32 (12.5) 17 (14.0)
  6 6 (2.3) 2 (1.7)
  7 15 (5.8) 13 (10.7)
  8 21 (8.2) 17 (14.0)
  9 13 (5.1) 6 (5.0)
  10 19 (5.1) 9 (7.4)
  11 36 (14.0) 16 (13.2)
Donor characteristics    
  Age (y), mean (SD) 38.0 (16.4) 38.1 (16.0) 0.96
  Gender    
    Male 150 (58.4) 71 (58.7) 0.95
    Female 107 (41.6) 50 (41.3)
  BMI (kg/m2), mean (SD) 26.3 (5.5) 26.7 (5.8) 0.44
  Race, n (%)    
    White 168 (65.4) 84 (69.4) 0.50
    Black/AA 41 (16.0) 20 (16.5)
    Hispanic 36 (14.0) 15 (12.4)
    Asian 6 (2.3) 2 (1.7)
    Other 6 (2.3) 0 (0.0)
  ABO, n (%)    

Continued

    A 97 (37.7) 47 (38.8) 0.94
    B 33 (12.8) 14 (11.6)
    AB 8 (3.1) 5 (4.1)
    O 119 (46.3) 55 (45.5)
  Total cold ischemic time (h), 

mean (SD)
7.1 (2.4) 6.7 (2.7) 0.20

  DRI, mean (SD) 1.5 (0.6) 1.5 (0.6) 0.74

Bold indicate significance at 0.05.
AA, African American; BCS, Budd-Chiari syndrome; BMI, body mass index; DRI, donor risk index; 
HCC, hepatocellular carcinoma; HE, hepatic encephalopathy; INR, international normalized ratio; 
LOS, length of hospital stay; MELD, Model for End-stage Liver Disease; OPTN, Organ Procurement 
and Transplantation Network; PVT, portal vein thrombosis; SBP, spontaneous bacterial peritonitis; 
TIPS, transjugular intrahepatic portosystemic shunt; UNOS, United Network for Organ Sharing.

TABLE 3. (Continued)

Comparison of liver transplant recipients with BCS based 
on the pretransplant TIPS status between 2002 and 2019

Characteristics 

TIPS

P No, N = 257 Yes, N = 121 
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http://links.lww.com/TXD/A474) shows waitlist mortality strat-
ified by TIPS among nontransplanted patients. The subgroup 
that had TIPS had a trend toward a better outcome than those 
with no TIPS (P = 0.09). However, the statistical insignificance 
might be due to the low power in this subgroup because of the 
small sample size.

DISCUSSION

In the current study, we show a favorable 10-y post-LT sur-
vival of 72.3% among BCS patients in the post-MELD era. 
Factors associated with mortality in transplanted patients 
with BCS were diabetes, Black/AA race, DRI, and length of 
hospital stay following LT. In contrast, higher albumin at 
the time of transplantation was associated with a reduced 
risk of mortality after LT. In prior studies, factors associated 
with a worse prognosis in BCS patients receiving treatment 
included older age at diagnosis, chronic disease at presenta-
tion, more severe liver failure, and refractory ascites.18–20

Innovations in interventional techniques and the increas-
ing knowledge of the pathophysiology of BCS have changed 
therapeutic algorithms for BCS in the recent decades.21 The 
severity of BCS may depend on the extent and chronicity of 
hepatic vein obstruction and its cause (eg, inferior vena cava 
web, hypercoagulative state such as protein C or S deficiency, 
malignancy, leukemia, etc).22 The management of BCS should 
therefore be highly individualized based on the clinical pres-
entation, severity of liver failure, austerity of venous obstruc-
tion, underlying precipitating factors, and presence of HCC 
and cirrhosis.2 TIPS has become the preferred treatment in 
selected BCS patients with signs of liver decompensation.7 It 
may function as a temporizing measure to manage compli-
cations of portal hypertension (eg, portal hypertension) as a 
bridge to LT.12

Post-LT survival was comparable in BCS patients with 
or without prior TIPS. Post-LT survival in BCS at 5 and 

10 y was 81.3% and 70.8% in the TIPS group compared 
with the no-TIPS group at 80.6% and 72.7% (P = 0.93). 
These data are consistent with prior studies showing that 
LT yields positive long-term outcomes in BCS patients.12,21,23 
Since the start of the MELD-era organ allocation system, 
outcomes for BCS patients have markedly improved, with 
a 3‐y posttransplant survival of 84%.9 Similarly, in another 
study, overall survival was 76%, 71%, and 68% at 1, 5, and 
10 y, respectively.15 Advances in the field of LT and adop-
tion of the MELD score for deceased donor liver allocation 
may have improved survival following LT for BCS.12 Prior 
studies gave TIPS a role as a temporizing strategy to treat 
complications of portal hypertension before LT in selected 
BCS patients.7,24–26

In our multivariate model, factors associated with increased 
mortality included Black/AA ethnicity. It is plausible that 
health inequities in the United States and its health system 
may be an underlying contributing factor to higher posttrans-
plant mortality among BCS patients of Black/AA ancestry.27 
Examination and potential revision of health policies that 
may disadvantage Black/AA patients with BCS are needed in 
future studies. The inclusion of DRI as a major driver of post-
LT mortality highlights the importance of donor factors for 
successful LT because the DRI reflects a combination of multi-
ple donor factors that influence mortality.28 Contrarily, diabe-
tes is a common recipient-associated comorbidity in patients 
waiting for LT and is known to be a significant risk factor for 
post-LT mortality because of cardiovascular complications, 
infections, and renal failure.29 Therefore, an association with 
post-LT mortality is expected.30 Similarly, the length of hospi-
tal stay might reflect the degree of “sickness” before LT and/
or complications that may arise following LT. Higher albumin 
at the time of transplantation was associated with reduced 
mortality risk in our multivariate model. Reduced albumin 
is a marker of cirrhosis and is already used in the Child-Pugh 
score to predict cirrhosis mortality.31,32 Interestingly, neither 

FIGURE 1.  Post-LT survival in Budd-Chiari syndrome patients based on pre-LT TIPS status. LT, liver transplantation; TIPS, transjugular 
intrahepatic portosystemic shunt
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MELD nor prior TIPS showed a significant association with 
long-term survival after LT.

Next, we analyzed HCC patients with BCS. Regenerative 
nodules are frequently encountered in chronic BCS patients.11 
These lesions may range from a few millimeters to up to 4 cm 
in size and may be confused with HCC before LT.11,33,34 On 
the other hand, HCC has been reported in 5% to 35% of 
BCS, with a 5-y cumulative incidence ranging from 4% to 
17% across studies.11,35–37 A recent study in the United States 
reported a 6.9% HCC incidence among BCS patients with a 
striking 5.4% change between 1998 and 2017.38 In our cohort, 
the HCC frequency among BCS LT recipients was 10.3%. As 
expected, MELD was lower in BCS patients with HCC, and 
the wait time for LT was longer. HCC was not associated with 
shorter or longer survival after transplant. Explant data were 
available for 17 patients with HCC. Overall, 8 (47%) patients 
had no viable lesion on the explant. Three (17.8%) had mul-
tifocal HCC on the explant, whereas only 1 (5%) patient had 
a microvascular invasion. No patient had reported a poorly 
differentiated tumor. None of the explant livers showed satel-
lite lesions or lymph node involvement (Table S4, SDC, http://
links.lww.com/TXD/A474).

Moreover, we analyzed BCS patients who received LT as 
a status 1 listing and reported favorable long-term outcomes.39 
Patient survival following status 1 LT has shown steady 
improvement in recent years.40 Patients with BCS can present 
with acute-on-chronic liver failure.41 In our cohort, >12% 
of BCS patients were transplanted as status 1. Recently, LT 
for status 1 in BCS patients was found to be associated with 
favorable survival compared with BCS patients who were not 
in status 1.42 Here, we show that patients receiving LT as sta-
tus 1 have comparable survival compared with other BCS LT 
recipients. However, it is important to note that this may have 
been related to the small sample size of status 1 patients.

There are several limitations to this study. A notable limita-
tion is the inability to draw causal relationships due to the 
retrospective study design. Moreover, the cause of BCS, the 
timing and details of the TIPS procedure, anticoagulation 
use, and the extent of clot burden in BCS patients are unclear. 
Furthermore, our analysis did not distinguish between trans-
plant-related mortality and all-cause mortality. The analysis 
was limited to variables available in the OPTN/UNOS data-
base. Other variables of interest that were not available to 
include in the analysis (eg, causes of BCS, TIPS characteristics) 

might potentially impact post-LT survival. Moreover, data on 
explant livers were available for only 17 of the 40 HCC cases, 
limiting the power of this subanalysis.

Despite these limitations, the study had several strengths. 
First, it had very few patient exclusion criteria. Second, it 
included a wide range of patient demographic and clinical 
characteristics in statistical modeling and controlled for sev-
eral important confounders, including age, gender, race, and 
MELD score. Compared with previous studies, the present 
study had a more extended study period and a considerably 
larger number of patients with post-LT mortality outcome 
data; both likely achieved a higher level of internal and exter-
nal validity than prior studies. Lastly, the study’s large sample 
size combined with the representativeness of UNOS/OPTN 
data strengthens the generalizability of the findings to LT 
outcomes in the United States. Altogether, the strengths of 
this study are the extended timeframe of the analysis—span-
ning nearly 2 decades—and its analysis of the comprehensive 
national transplant database. Nevertheless, given the lack of 
published data or clinical guidelines, these findings might help 
provide a framework for recommendations in managing BCS 
patients.

In conclusion, BCS is a rare indication among LT recipients. 
Findings from this study demonstrate that BCS patients can 
achieve excellent long-term survival after LT. We found com-
parable post-LT survival among BCS patients with or without 
pretransplant TIPS. The timing of LT and TIPS is a complex 
decision and should be individualized on a case-by-case basis. 
Our findings suggest that LT can lead to excellent long-term 
survival. Future research should aim to evaluate LT success in 
BCS patients in the setting of improved interventional radiol-
ogy techniques.
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