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Abstract
Hepatic veno-occlusive disease (VOD), also known as 
sinusoidal obstruction syndrome, is a major complica-
tion of hematopoietic stem cell transplantation and it 
carries a high mortality. Prophylaxis for hepatic VOD is 
commonly given to transplant recipients from the start 
of conditioning through the early weeks of transplant. 
However, high quality evidence from randomized con-
trolled trials is scarce with small sample sizes and the 
trials yielded conflicting results. Although various treat-
ment options for hepatic VOD are available, most have 
not undergone stringent evaluation with randomized 
controlled trial and therefore it remains uncertain which 
treatment offers real benefit. It remains controversial 
whether VOD prophylaxis should be given, which pro-
phylactic therapy should be given, who should receive 
prophylaxis, and what treatment should be offered 
once VOD is established.
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INTRODUCTION
Hematopoietic stem cell transplantation (HSCT) is a 
standard therapeutic modality for many different malig-
nant and non-malignant diseases. However, complications 
from HSCT may result in severe morbidity and mortality. 
Major complications of  HSCT include hepatic veno-oc-
clusive disease (VOD), also known as hepatic sinusoidal 
obstruction syndrome. It is one of  the major causes of  
non-relapse, transplant-related mortality. Hepatic VOD 
can occur after autologous or allogeneic HSCT, regard-
less of  the underlying disease, stem cell source, or type 
of  pre-transplant conditioning. The incidence of  hepatic 
VOD after HSCT varies from 0 to 77%, depending on 
the risk of  the patient cohort; and the median incidence 
is 13.3%[1]. The mortality of  severe VOD is high at aver-
age of  84%[1]. Because of  its high incidence and mortal-
ity, prophylaxis for hepatic VOD is widely practiced, 
using different regimens in different centers. However, 
whether prophylaxis alters the occurrence of  VOD and 
which regimen is effective remains controversial. When 
hepatic VOD is established, specific therapy is usually 
given in addition to general supportive care, especially in 
moderate or severe cases. Different treatment strategies 
are tried with variable success, and no consensus regard-
ing standard treatment is currently available. We therefore 
briefly review the existing evidence base for prophylaxis 
and treatment of  hepatic VOD in this editorial and high-
light the uncertainties and deficiencies in the evidence.

Hepatic veno-occlusive disease after hematopoietic stem cell 
transplantation: Prophylaxis and treatment controversies

REVIEW
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DIAGNOSIS OF HEPATIC VOD
Diagnosis of  hepatic VOD is based on a constellation of  
symptoms and signs and serum bilirubin level. Hepatic 
VOD is clinically characterized by jaundice caused mainly 
by conjugated hyperbilirubinemia, tender hepatomegaly, 
fluid accumulation manifested as rapid weight gain and 
ascites. Most commonly used diagnostic criteria for 
VOD includes the Seattle criteria[2], the modified Seattle 
criteria[3], and the Baltimore criteria (also called Jones cri-
teria)[4]. Since different studies on prophylaxis and treat-
ment of  hepatic VOD might have used different criteria 
for diagnosis of  VOD, comparisons of  effectiveness of  
prophylaxis and treatment regimens across different stud-
ies may be difficult. 

The severity of  VOD is usually categorized into 3 
grades: mild, moderate, or severe, depending on adverse 
effect from VOD, treatment required, duration of  disease 
and mortality[3]. While mild hepatic VOD may resolve 
without specific therapy, severe VOD caries a high mor-
tality despite intensive therapeutic efforts. Because of  
variability and subjectivity in the definition of  disease 
severity and the distribution of  different severities within 
different cohorts of  patients, comparisons of  treatment 
results in different studies may be misleading.

PATHOGENESIS AND RISK FACTORS
The pathogenesis of  hepatic VOD is incompletely un-
derstood. The clinical manifestations of  hepatic VOD 
are thought to be caused by hepatic sinusoidal obstruc-
tion with or without occlusion of  intrahepatic central 
venules, resulting from dysfunction of  hepatic sinusoidal 
endothelial cells (SEC)[5,6]. The cause of  SEC dysfunction 
is multifactorial, and includes cytotoxic chemotherapy 
and radiotherapy, with concomitant glutathione and nitric 
oxide depletion, increased matrix metalloproteinases and 
vascular endothelial growth factor, and disturbances of  
inflammatory cytokines and coagulation and fibrinolytic 
system. Prophylaxis and treatment of  VOD therefore 
generally aims at preventing or relieving possible throm-
botic obstruction of  hepatic sinusoids and venules, or 
trying to prevent or restore the function of  SEC, replen-
ish anti-oxidants, promote vasodilation, and counter-
balance proinflammatory cytokines. 

Many different risk factors of  VOD have been de-
scribed, and they can be classified into patient factors, dis-
ease factors, and treatment factors (Table 1). Since many 
risk factors for hepatic VOD are not modifiable, prophy-
lactic therapy is commonly administered to selected high-
risk transplant recipients to prevent its occurrence. Some 
centers routinely give VOD prophylaxis to all transplant 
patients. However, the benefits and risks of  VOD pro-
phylaxis in different situations are not entirely clear. 

VOD PROPHYLAXIS
Prophylactic medications that have been used for he-
patic VOD with some success include heparin[7-10], low 

molecular weight heparin[11-13], danaparoid[14], ursodeoxy-
cholic acid[15,16], prostaglandin E1[10,17,18], glutamine[19], de-
fibrotide[20-25], and fresh frozen plasma (FFP)[7]. Some of  
these have also been tried in combination[7,13]. Prophylaxis 
is generally given continuously from the commencement 
of  conditioning till neutrophil engraftment or 1-3 mo 
after HSCT, during which hepatic VOD is most likely to 
develop. Some centers administer VOD prophylaxis to 
all patients who are undergoing HSCT while others only 
give prophylaxis to high risk patients, but the criteria for 
“high risk” is variable. High level evidence from random-
ized controlled trials supporting VOD prophylaxis is 
limited, and is only available for ursodeoxycholic acid, 
heparin, enoxaparin, glutamine, and FFP. They are briefly 
summarized below.

28 April 24, 2012|Volume 2|Issue 2|WJT|www.wjgnet.com

Table 1  Risk factors of hepatic veno-occlusive disease

Risk factors Ref.

Patient factors
   Younger age in children [75-77]
   Older age in adults [78]
   Poor performance status [13,79,80]
   Glutathione S-transferase M1 null genotype [81]
   Hemochromatosis C282Y allele [82]
   Pre-existing hepatic dysfunction [2-4,79]
   Hypoalbuminemia [83]
   Hyperbilirubinemia [83]
   High serum ferritin [84]
   Positive CMV serology [85]
   Elevated plasma transforming growth factor β level [86]
   Hepatitis B or C infection [7,87-90]
   History of pancreatitis [85]
Disease factors
   Thalassemia major [76]
   Advanced malignancy [83,91]
   Acute leukemia [89]
   Neuroblastoma [75,77]
   Delayed platelet engraftment [75,76]
   Presence of acute graft-vs-host disease [83]
Treatment factors
   Interval between diagnosis and transplantation 
   greater than 13 mo

[83]

   Allogeneic HSCT [75,79]
   Unrelated donor HSCT [3,13,85,91]
   Mismatched donor [3,83]
   Second or subsequent transplants [7,84]
   Prior use of gemtuzumab ozogamicin [92]
   Prior use of norethisterone [93]
   Prior abdominal irradiation [3,7,77,79]
   Use of total parenteral nutrition within 30 d before 
   HSCT

[85]

   High dose cytoreductive therapy [79]
   Conditioning regimen containing busulfan with or 
   without cyclophosphamide

[3,75,76,84,85]

   Conditioning regimen containing fludarabine [85]
   Conditioning regimen containing melphalan [94,95]
   Total body irradiation [83,84]
   Graft-vs-host disease prophylaxis with 
   cyclosporin with or without methotrexate

[80,83,85]

   Use of sirolimus [96]
   Use of tranexamic acid [97]
   Platelet transfusion containing ABO-incompatible 
   plasma

[95]

HSCT: Hematopoietic stem cell transplantation.
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Ursodeoxycholic acid
There were 4 randomized controlled trials evaluating 
ursodeoxycholic acid for prophylaxis of  hepatic VOD 
in HSCT recipients. Their characteristics and results are 
summarized in Table 2. The first randomized controlled 
trial was the only double-blind, placebo-controlled trial[26]. 
Five of  35 patients (14.3%) who received ursodeoxycho-
lic acid compared with 13 of  32 patients (40.6%) who 
received placebo developed hepatic VOD, which was 
significantly different (RR 0.35, 95% CI: 0.14-0.88, P = 
0.02). Survival at Day+100 appeared higher in the urso-
deoxycholic acid group, but the difference was not sta-
tistically significant (77% vs 59%, P = 0.15). The second 
randomized controlled trial compared ursodeoxycholic 
acid with no ursodeoxycholic acid[27]. Two of  71 patients 
(2.8%) in the ursodeoxycholic acid group and 12 of  65 
patients (18.5%) in the control group developed hepatic 
VOD, which was significantly different (RR 0.15, 95% 
CI: 0.04-0.66, P = 0.01). None of  the patients in both 
groups died with hepatic VOD. The overall mortality was 
similar in both groups (21.1% vs 24.6%, RR 0.86, 95% 
CI: 0.46-1.59, P = 0.63). The third randomized controlled 
trial again compared ursodeoxycholic acid with no ur-
sodeoxycholic acid[28]. Three of  124 patients (2.4%) in 
the ursodeoxycholic acid group compared with 5 of  120 
patients (4.2%) in the control group developed hepatic 
VOD according to the Baltimore criteria, which was not 
significantly different (RR 0.58, 95% CI: 0.14-2.38, P = 
0.45). If  the Seattle criteria for VOD diagnosis were used, 
14 patients in each group developed hepatic VOD, again 
not significantly different between the 2 groups (RR 0.97, 
95% CI: 0.48-1.94, P = 0.93). Hyperbilirubinemia oc-
curred in 18 and 31 patients in the 2 groups respectively, 
which was significantly less frequent in patients who re-
ceived ursodeoxycholic acid (RR 0.56, 95% CI: 0.33-0.95, 

P = 0.03). There were 2 deaths related to hepatic VOD 
in the control group but none in the treatment group, but 
the difference was not statistically significant (RR 0.19, 
95% CI: 0.01-3.99, P = 0.29). The fourth trial compared 
ursodeoxycholic acid plus heparin with heparin alone[29]. 
Thirteen of  82 patients (15.9%) in the combined treat-
ment group compared with 16 of  83 patients (19.3%) 
in the heparin alone group developed hepatic VOD, 
which was not significantly different (RR 0.82, 95% CI: 
0.42-1.60, P = 0.56). There was also no significant differ-
ence in the frequency of  severe VOD (2.4% vs 6.0%, RR 
0.40, 95% CI: 0.08-2.03, P = 0.27). Survival at Day+100 
was also similar between the 2 groups (89.0% vs 89.2%).

Heparin
There were 2 open-label randomized controlled trials 
evaluating heparin for hepatic VOD prophylaxis. The 
first trial comparing low dose heparin infusion (1 mg/kg 
per day from Day 0 till discharge) with no heparin for 
VOD prophylaxis in autologous bone marrow trans-
plant recipients showed no significant difference in the 
incidence of  hepatic VOD between the 2 groups[9]. Four 
of  the 52 patients (7.7%) in the heparin group devel-
oped hepatic VOD and 1 of  the 46 patients (2.2%) in 
the control group had hepatic VOD (RR 3.54, 95% CI: 
0.41-30.53, P = 0.25). However, patients with increased 
risk to develop VOD were excluded from randomization 
and it was not clear what constituted “increased risk”. In 
contrast, the second trial comparing low dose heparin 
infusion (100 units/kg per day from Day-8 to Day+30) 
with no heparin in both allogeneic and autologous HSCT 
recipients showed a significantly lower incidence of  VOD 
in the heparin group[30]. Only 2 of  81 patients (2.5%) in 
the treatment group developed hepatic VOD, which was 
significantly less frequent compared to the control group, 
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Table 2  Randomized controlled trials of ursodeoxycholic acid for hepatic veno-occlusive disease

Trial reference Essell et al [26] 1998 Ohashi et al [27] 2000 Ruutu et al [28] 2002 Park et al [29] 2002

Blinding Double-blind Non-blind Non-blind Non-blind
Type of transplants Allogeneic Allogeneic or autologous Allogeneic Allogeneic or autologous
Donor Related Variable Variable NA
Stem cell source Bone marrow NA Variable NA
Conditioning Busulfan and cyclophosphamide 

or busulfan alone
Variable Variable Variable

No. of patients 
(treatment vs control)

35 vs 32 71 vs 65 124 vs 120 82 vs 83

Treatment regimen Ursodeoxycholic acid 300 mg 
BD (< 90 kg) or 300/600 mg 
BD (> 90 kg), given before 
conditioning till Day+80

Ursodeoxycholic acid 600 mg 
daily, given from Day-21 till 
Day+80

Ursodeoxycholic acid 
6 mg/kg per day BD, 
given 1 d before 
conditioning till Day+90

Ursodeoxycholic acid 300 mg 
BD, heparin 5 units/kg per 
hour, given 12-24 h before 
conditioning till Day+30

Control Placebo No drug No drug Heparin alone
Age of patients (yr, 
treatment vs control)

Mean 38 (22-56) vs 37 (21-56) Mean 34.5 vs 35.7 Median 38 (5-59) vs 
40 (1-58)

Median 39 vs 38

VOD criteria Seattle Seattle Baltimore, Seattle Modified Seattle
Frequency of VOD 
(treatment vs control)

14.3% vs 40.6% 2.8% vs 18.5% Baltimore 2.4% vs 4.2%; 
Seattle 11.3% vs 11.7%

15.9% vs 19.3%

Mortality at Day+100 
(treatment vs control)

22.9% vs 40.6% NA NA 11.0% vs 10.8%

NA: Data not available; VOD: Veno-occlusive disease.
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in which VOD occurred in 11 of  80 patients (13.7%) (RR 
0.18, 95% CI: 0.04-0.78, P = 0.02). Two patients in the 
heparin group and 7 patients in the control group died 
with VOD, which was not significantly different (RR 0.28, 
95% CI: 0.06-1.32, P = 0.11). On subgroup analysis, none 
of  the 39 patients (0%) who received heparin after al-
logeneic transplant developed hepatic VOD, but 7 of  the 
38 allogeneic transplant recipients (18.4%) who did not 
receive heparin had hepatic VOD, giving a relative risk of  
0.07 favoring the heparin group (95% CI: 0.00-1.10), with 
borderline statistical significance (P = 0.06). For autolo-
gous or syngeneic transplants, the difference between the 
2 groups was not significant, as 2 of  42 patients (4.8%) 
in the heparin group and 4 of  42 patients (9.5%) in the 
control group developed hepatic VOD (RR 0.50, 95% 
CI: 0.10-2.58, P = 0.1).

Low molecular weight heparin
There was one double-blind randomized controlled trial 
assessing the efficacy of  enoxaparin for prevention of  
hepatic VOD in allogeneic and autologous bone mar-
row transplant recipients above 15 years of  age[31]. Sixty-
one patients were randomized to receive enoxaparin 
40 mg daily by subcutaneous injection from 1 d before 
conditioning till Day+40 (28 patients) or placebo (33 pa-
tients). The incidence of  hepatic VOD was not reported 
in this study. However, it was found that 23 patients 
(82.1%) in the enoxaparin group and 28 patients (84.8%) 
in the control group had hyperbilirubinemia (RR 0.97, 
95% CI: 0.77-1.21, P = 0.78); 17 patients (60.7%) in the 
enoxaparin group and 27 patients (81.8%) in the control 
group had hepatomegaly (RR 0.74, 95% CI: 0.53-1.04, P 
= 0.08); 6 patients (21.4%) in the enoxaparin group and 
13 patients (39.4%) in the control group had right upper 
quadrant abdominal pain (RR 0.54, 95% CI: 0.24-1.24, P 
= 0.15); 20 patients (71.4%) in the enoxaparin group and 
21 patients (63.6%) in the control group had weight gain 
(RR 1.12, 95% CI: 0.79-1.59, P = 0.52); and 2 patients 
(7.1%) in the enoxaparin group and 2 patients (6.1%) in 
the control group had ascites (RR 0.59, 95% CI: 0.12-2.98, 
P = 0.52). None of  these outcomes were significantly 
different between the 2 groups. However, the duration of  
hyperbilirubinemia and hepatomegaly appeared shorter 
in the enoxaparin group compared to the control group 
(mean 7.4 d vs 15.3 d, P = 0.008; and mean 2.4 d vs 5.5 d, 
P = 0.03, respectively). All patients in this study survived.

Glutamine
There was one double-blind randomized controlled trial 
that compared glutamine with isonitrogenous amino acid 
mixture for protection of  hepatic function in allogeneic 
or autologous bone marrow transplant recipients[19]. 
Eighteen patients received daily infusion of  50 g gluta-
mine and 16 patients received daily infusion of  isonitrog-
enous amino acid mixture. Treatment was given from the 
start of  conditioning till discharge from the transplant 
unit. No hepatic VOD was observed in both groups of  
patients. One patient in the control group died from sep-

sis and acute graft-vs-host disease, while all patients in the 
glutamine group survived. There was no significant dif-
ference between the 2 groups in overall mortality (RR 0.3, 
95% CI: 0.01-6.84, P = 0.45). Of  note is that 4 patients 
in each group withdrew from treatment, among whom 
one was due to abdominal discomfort.

FFP
One open-label randomized controlled trial compared 
FFP infusion with no FFP for prophylaxis of  hepatic 
VOD in allogeneic HSCT recipients[32]. The patients were 
stratified into children and adults for randomization. Pa-
tients allocated to the FFP group (23 patients) received 
twice weekly FFP infusions from the start of  condition-
ing till Day+28 after HSCT and patients in the control 
group (20 patients) did not receive FFP. Hepatic VOD 
occurred in none of  the patients (0%) in the FFP group 
and 3 adult patients (15%) in the control group. The dif-
ference was not statistically significant (RR 0.13, 95% CI: 
0.01-2.28, P = 0.16). Mortality was not reported in this 
trial.

VOD TREATMENT
Fluid restriction, diuretics, and avoidance of  hepatotoxic 
medications are essential supportive care for patients who 
developed hepatic VOD. Specific therapeutic options on 
top of  these include tissue plasminogen activator[33-44], 
heparin[36], thrombomodulin[45], antithrombin Ⅲ[46-49], pro-
tein C[50], prostaglandin E1[51], glutamine[52,53], acetylcystei-
ne[54], methylprednisolone[55], and defibrotide[56-63]. Some 
of  the above have also been tried in combination[36,51,64-66]. 
Treatment is usually given until hepatic VOD resolves 
or the treatment is considered ineffective. In some cases, 
charcoal hemofiltration[67], transjugular intrahepatic por-
tosystemic shunt[68-71] or liver transplantation is performed 
as last resort[72,73]. However, little high level evidence on 
the treatment of  hepatic VOD exists and only one ran-
domized controlled trial is available which evaluated 2 
different doses of  defibrotide for treatment of  hepatic 
VOD.

This multicenter open-label randomized controlled 
trial compared defibrotide at 25 mg/kg per day (arm A, 
76 patients) with 40 mg/kg per day (arm B, 75 patients), 
both divided into 4 daily doses, given for at least 2 wk 
or until complete response[74]. Both pediatric and adult 
patients with either autologous or allogeneic HSCT were 
included. This trial found no significant difference in 
complete response rate between arms A and B (49% vs 
43%), survival at Day+100 (44% vs 39%), or treatment-
related adverse events (7% vs 10%).

SUMMARY OF EVIDENCE
High level evidence from randomized controlled trials 
supporting prophylaxis for hepatic VOD is scarce. Most 
trials were not double-blind and therefore susceptible to 
performance and assessment biases. The sample sizes 
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were also small, limiting generalizability of  results and 
the statistical power to make definitive conclusion. Urso-
deoxycholic acid might reduce the incidence of  hepatic 
VOD but trial results were conflicting. It is also uncertain 
which sub-group of  patients is more likely to benefit. 
Nevertheless, all trials failed to show any survival benefit 
in those who received ursodeoxycholic acid. Trial results 
on low dose heparin infusion for VOD prophylaxis were 
also conflicting, with 1 trial showing reduction of  VOD 
with heparin while the other trial showing no difference 
between the treatment and the control groups. It seemed 
that heparin was more likely to benefit allogeneic trans-
plant recipients as compared to autologous transplant 
recipients but there was insufficient statistical power to 
draw a more definitive conclusion. Similar to trials on 
ursodeoxycholic acid, both trials on heparin prophylaxis 
failed to show survival benefit. Trials on enoxaparin, 
glutamine and FFP all failed to demonstrate efficacy on 
reduction of  VOD or overall mortality when given pro-
phylactically. 

High level evidence on treatment options for hepatic 
VOD is even less. Only one randomized controlled trial 
was available. However, this trial just demonstrated that 
different doses of  defibrotide resulted in similar response 
rate and survival, without informing us whether defib-
rotide itself  was really effective or not. We are also un-
certain to what extents treatment benefits patients with 
different severities of  VOD. 

CONCLUSION
High quality clinical evidence on prophylaxis and treat-
ment of  hepatic VOD in hematopoietic stem cell trans-
plant recipients is scarce. Although anecdotal reports 
and some clinical trials suggested certain strategies may 
be effective for preventing and treating hepatic VOD, it 
remains controversial whether any of  these is indeed ef-
fective. It is also unclear who should receive prophylaxis 
and which treatment is most likely to offer the best risk-
benefit ratio. Large, double-blind, randomized controlled 
trials evaluating prophylactic and treatment options for 
hepatic VOD is therefore urgently needed.

REFERENCES
1	 Coppell JA, Richardson PG, Soiffer R, Martin PL, Kernan 

NA, Chen A, Guinan E, Vogelsang G, Krishnan A, Giralt 
S, Revta C, Carreau NA, Iacobelli M, Carreras E, Ruutu T, 
Barbui T, Antin JH, Niederwieser D. Hepatic veno-occlusive 
disease following stem cell transplantation: incidence, clini-
cal course, and outcome. Biol Blood Marrow Transplant 2010; 
16: 157-168

2	 McDonald GB, Sharma P, Matthews DE, Shulman HM, 
Thomas ED. Venocclusive disease of the liver after bone 
marrow transplantation: diagnosis, incidence, and predis-
posing factors. Hepatology 1984; 4: 116-122

3	 McDonald GB, Hinds MS, Fisher LD, Schoch HG, Wolford 
JL, Banaji M, Hardin BJ, Shulman HM, Clift RA. Veno-oc-
clusive disease of the liver and multiorgan failure after bone 
marrow transplantation: a cohort study of 355 patients. Ann 
Intern Med 1993; 118: 255-267

4	 Jones RJ, Lee KS, Beschorner WE, Vogel VG, Grochow LB, 
Braine HG, Vogelsang GB, Sensenbrenner LL, Santos GW, 
Saral R. Venoocclusive disease of the liver following bone 
marrow transplantation. Transplantation 1987; 44: 778-783 

5	 DeLeve LD, Shulman HM, McDonald GB. Toxic injury to 
hepatic sinusoids: sinusoidal obstruction syndrome (veno-
occlusive disease). Semin Liver Dis 2002; 22: 27-42

6	 Helmy A. Review article: updates in the pathogenesis and 
therapy of hepatic sinusoidal obstruction syndrome. Aliment 
Pharmacol Ther 2006; 23: 11-25

7	 Batsis I, Yannaki E, Kaloyannidis P, Sakellari I, Smias C, 
Georgoulis I, Fassas A, Anagnostopoulos A. Veno-occlusive 
disease prophylaxis with fresh frozen plasma and heparin in 
bone marrow transplantation. Thromb Res 2006; 118: 611-618 

8	 Rosenthal J, Sender L, Secola R, Killen R, Millerick M, Mur-
phy L, Cairo MS. Phase II trial of heparin prophylaxis for 
veno-occlusive disease of the liver in children undergoing 
bone marrow transplantation. Bone Marrow Transplant 1996; 
18: 185-191

9	 Marsa-Vila L, Gorin NC, Laporte JP, Labopin M, Dupuy-
Montbrun MC, Fouillard L, Isnard F, Najman A. Prophy-
lactic heparin does not prevent liver veno-occlusive disease 
following autologous bone marrow transplantation. Eur J 
Haematol 1991; 47: 346-354

10	 Song JS, Seo JJ, Moon HN, Ghim T, Im HJ. Prophylactic low-
dose heparin or prostaglandin E1 may prevent severe veno-
occlusive disease of the liver after allogeneic hematopoietic 
stem cell transplantation in Korean children. J Korean Med Sci 
2006; 21: 897-903

11	 Forrest DL, Thompson K, Dorcas VG, Couban SH, Pierce R. 
Low molecular weight heparin for the prevention of hepatic 
veno-occlusive disease (VOD) after hematopoietic stem cell 
transplantation: a prospective phase II study. Bone Marrow 
Transplant 2003; 31: 1143-1149

12	 Styler M, Crilley P, Topolsky D, Rubin S, Sabol P, King R, 
Brodsky I. Low molecular weight heparin prophylaxis for 
veno-occlusive disease in unrelated marrow transplant re-
cipients. Blood 1996; 88 Suppl 1: 259B

13	 Simon M, Hahn T, Ford LA, Anderson B, Swinnich D, Baer 
MR, Bambach B, Bernstein SH, Bernstein ZP, Czuczman MS, 
Slack JL, Wetzler M, Herzig G, Schriber J, McCarthy PL. Ret-
rospective multivariate analysis of hepatic veno-occlusive 
disease after blood or marrow transplantation: possible 
beneficial use of low molecular weight heparin. Bone Marrow 
Transplant 2001; 27: 627-633

14	 Sakaguchi H, Watanabe N, Muramatsu H, Doisaki S, Yoshi-
da N, Matsumoto K, Kato K. Danaparoid as the prophylaxis 
for hepatic veno-occlusive disease after allogeneic hemato-
poietic stem cell transplantation in childhood hematological 
malignancy. Pediatr Blood Cancer 2010; 55: 1118-1125

15	 Essell JH, Thompson JM, Harman GS, Halvorson RD, Sny-
der MJ, Callander NS, Clement DJ. Pilot trial of prophylactic 
ursodiol to decrease the incidence of veno-occlusive disease 
of the liver in allogeneic bone marrow transplant patients. 
Bone Marrow Transplant 1992; 10: 367-372

16	 Thornley I, Lehmann LE, Sung L, Holmes C, Spear JM, 
Brennan L, Vangel M, Bechard LJ, Richardson P, Duggan C, 
Guinan EC. A multiagent strategy to decrease regimen-relat-
ed toxicity in children undergoing allogeneic hematopoietic 
stem cell transplantation. Biol Blood Marrow Transplant 2004; 
10: 635-644

17	 Gluckman E, Jolivet I, Scrobohaci ML, Devergie A, Traineau 
R, Bourdeau-Esperou H, Lehn P, Faure P, Drouet L. Use of 
prostaglandin E1 for prevention of liver veno-occlusive dis-
ease in leukaemic patients treated by allogeneic bone mar-
row transplantation. Br J Haematol 1990; 74: 277-281

18	 Morio S, Oh H, Kogure K, Ishii H, Ishii A, Nakaseko C, Ike-
gami T, Kawano E, Matsuura Y, Nishimura M. [A trial use 
of prostaglandin E1 for prevention of hepatic veno-occlusive 
disease after allogeneic bone marrow transplantation]. 

31 April 24, 2012|Volume 2|Issue 2|WJT|www.wjgnet.com

Cheuk DKL. Hepatic veno-occlusive disease: Prophylaxis and treatment



Rinsho Ketsueki 1994; 35: 846-852
19	 Brown SA, Goringe A, Fegan C, Davies SV, Giddings J, 

Whittaker JA, Burnett AK, Poynton CH. Parenteral gluta-
mine protects hepatic function during bone marrow trans-
plantation. Bone Marrow Transplant 1998; 22: 281-284

20	 Cappelli B, Chiesa R, Evangelio C, Biffi A, Roccia T, Frugnoli 
I, Biral E, Noè A, Fossati M, Finizio V, Miniero R, Napolitano 
S, Ferrua F, Soliman C, Ciceri F, Roncarolo MG, Marktel S. 
Absence of VOD in paediatric thalassaemic HSCT recipients 
using defibrotide prophylaxis and intravenous Busulphan. 
Br J Haematol 2009; 147: 554-560

21	 Chalandon Y, Roosnek E, Mermillod B, Newton A, Ozsahin 
H, Wacker P, Helg C, Chapuis B. Prevention of veno-occlu-
sive disease with defibrotide after allogeneic stem cell trans-
plantation. Biol Blood Marrow Transplant 2004; 10: 347-354 

22	 Corbacioglu S, Hönig M, Lahr G, Stöhr S, Berry G, Friedrich 
W, Schulz AS. Stem cell transplantation in children with 
infantile osteopetrosis is associated with a high incidence of 
VOD, which could be prevented with defibrotide. Bone Mar-
row Transplant 2006; 38: 547-553

23	 Dignan F, Gujral D, Ethell M, Evans S, Treleaven J, Morgan 
G, Potter M. Prophylactic defibrotide in allogeneic stem cell 
transplantation: minimal morbidity and zero mortality from 
veno-occlusive disease. Bone Marrow Transplant 2007; 40: 
79-82

24	 Qureshi A, Marshall L, Lancaster D. Defibrotide in the pre-
vention and treatment of veno-occlusive disease in autolo-
gous and allogeneic stem cell transplantation in children. 
Pediatr Blood Cancer 2008; 50: 831-832

25	 Versluys B, Bhattacharaya R, Steward C, Cornish J, Oakhill 
A, Goulden N. Prophylaxis with defibrotide prevents veno-
occlusive disease in stem cell transplantation after gemtu-
zumab ozogamicin exposure. Blood 2004; 103: 1968 [PMID: 
14976063 DOI: 10.1182/blood-2003-10-3612]

26	 Essell JH, Schroeder MT, Harman GS, Halvorson R, Lew V, 
Callander N, Snyder M, Lewis SK, Allerton JP, Thompson 
JM. Ursodiol prophylaxis against hepatic complications of 
allogeneic bone marrow transplantation. A randomized, 
double-blind, placebo-controlled trial. Ann Intern Med 1998; 
128: 975-981

27	 Ohashi K, Tanabe J, Watanabe R, Tanaka T, Sakamaki H, 
Maruta A, Okamoto S, Aotsuka N, Saito K, Nishimura M, 
Oh H, Matsuzaki M, Takahashi S, Yonekura S. The Japanese 
multicenter open randomized trial of ursodeoxycholic acid 
prophylaxis for hepatic veno-occlusive disease after stem cell 
transplantation. Am J Hematol 2000; 64: 32-38

28	 Ruutu T, Eriksson B, Remes K, Juvonen E, Volin L, Rem-
berger M, Parkkali T, Hägglund H, Ringdén O. Ursodeoxy-
cholic acid for the prevention of hepatic complications in al-
logeneic stem cell transplantation. Blood 2002; 100: 1977-1983 

29	 Park SH, Lee MH, Lee H, Kim HS, Kim K, Kim WS, Jung 
CW, Im YH, Yoon SS, Kang WK, Park K, Park CH, Kim SW. 
A randomized trial of heparin plus ursodiol vs. heparin 
alone to prevent hepatic veno-occlusive disease after hema-
topoietic stem cell transplantation. Bone Marrow Transplant 
2002; 29: 137-143

30	 Attal M, Huguet F, Rubie H, Huynh A, Charlet JP, Payen JL, 
Voigt JJ, Brousset P, Selves J, Muller C. Prevention of hepatic 
veno-occlusive disease after bone marrow transplantation 
by continuous infusion of low-dose heparin: a prospective, 
randomized trial. Blood 1992; 79: 2834-2840

31	 Or R, Nagler A, Shpilberg O, Elad S, Naparstek E, Kapelush-
nik J, Cass Y, Gillis S, Chetrit A, Slavin S, Eldor A. Low mo-
lecular weight heparin for the prevention of veno-occlusive 
disease of the liver in bone marrow transplantation patients. 
Transplantation 1996; 61: 1067-1071

32	 Matsumoto M, Kawa K, Uemura M, Kato S, Ishizashi H, 
Isonishi A, Yagi H, Park YD, Takeshima Y, Kosaka Y, Hara H, 
Kai S, Kanamaru A, Fukuhara S, Hino M, Sako M, Hiraoka 
A, Ogawa H, Hara J, Fujimura Y. Prophylactic fresh frozen 

plasma may prevent development of hepatic VOD after stem 
cell transplantation via ADAMTS13-mediated restoration of 
von Willebrand factor plasma levels. Bone Marrow Transplant 
2007; 40: 251-259

33	 Kulkarni S, Rodriguez M, Lafuente A, Mateos P, Mehta J, 
Singhal S, Saso R, Tait D, Treleaven JG, Powles RL. Recom-
binant tissue plasminogen activator (rtPA) for the treatment 
of hepatic veno-occlusive disease (VOD). Bone Marrow Trans-
plant 1999; 23: 803-807

34	 Yu LC, Malkani I, Regueira O, Ode DL, Warrier RP. Re-
combinant tissue plasminogen activator (rt-PA) for veno-
occlusive liver disease in pediatric autologous bone marrow 
transplant patients. Am J Hematol 1994; 46: 194-198

35	 Baglin TP, Harper P, Marcus RE. Veno-occlusive disease 
of the liver complicating ABMT successfully treated with 
recombinant tissue plasminogen activator (rt-PA). Bone Mar-
row Transplant 1990; 5: 439-441

36	 Bearman SI, Lee JL, Barón AE, McDonald GB. Treatment of 
hepatic venocclusive disease with recombinant human tissue 
plasminogen activator and heparin in 42 marrow transplant 
patients. Blood 1997; 89: 1501-1506

37	 Laporte JP, Lesage S, Tilleul P, Najman A, Gorin NC. Al-
teplase for hepatic veno-occlusive disease complicating 
bone-marrow transplantation. Lancet 1992; 339: 1057

38	 Rosti G, Bandini G, Belardinelli A, Calori E, Tura S, Gher-
linzoni F, Miggiano C. Alteplase for hepatic veno-occlusive 
disease after bone-marrow transplantation. Lancet 1992; 339: 
1481-1482

39	 Leahey AM, Bunin NJ. Recombinant human tissue plas-
minogen activator for the treatment of severe hepatic veno-
occlusive disease in pediatric bone marrow transplant pa-
tients. Bone Marrow Transplant 1996; 17: 1101-1104

40	 Feldman L, Gabai E, Milovic V, Jaimovich G. Recombinant 
tissue plasminogen activator (rTPA) for hepatic veno-occlu-
sive disease after allogeneic BMT in a pediatric patient. Bone 
Marrow Transplant 1995; 16: 727

41	 Goldberg SL, Shubert J, Rao AK, Redei I, Klumpp TR, Man-
gan KF. Treatment of hepatic veno-occlusive disease with 
low-dose tissue plasminogen activator: impact on coagula-
tion profile. Bone Marrow Transplant 1996; 18: 633-636

42	 Higashigawa M, Watanabe M, Nishihara H, Tabata N, 
Azuma E, Ido M, Ito M, Sakurai M. Successful treatment of 
an infant with veno-occlusive disease developed after allo-
geneic bone marrow transplantation by tissue plasminogen 
activator, heparin and prostaglandin E1. Leuk Res 1995; 19: 
477-480

43	 Lee JH, Lee KH, Choi JS, Zang DY, Kim SB, Kim SW, Suh 
C, Lee JS, Kim WK, Lee YS, Kim SH. Veno-occlusive disease 
(VOD) of the liver in Korean patients following allogeneic 
bone marrow transplantation (BMT): efficacy of recombinant 
human tissue plasminogen activator (rt-PA) treatment. J Ko-
rean Med Sci 1996; 11: 118-126

44	 Schriber J, Milk B, Shaw D, Christiansen N, Baer M, Slack 
J, Tezcan H, Wetzler M, Herzig G. Tissue plasminogen ac-
tivator (tPA) as therapy for hepatotoxicity following bone 
marrow transplantation. Bone Marrow Transplant 1999; 24: 
1311-1314

45	 Ikezoe T, Togitani K, Komatsu N, Isaka M, Yokoyama A. 
Successful treatment of sinusoidal obstructive syndrome af-
ter hematopoietic stem cell transplantation with recombinant 
human soluble thrombomodulin. Bone Marrow Transplant 
2010; 45: 783-785

46	 Peres E, Kintzel P, Dansey R, Baynes R, Abidi M, Klein J, 
Ibrahim RB, Abella E. Early intervention with antithrombin 
III therapy to prevent progression of hepatic venoocclusive 
disease. Blood Coagul Fibrinolysis 2008; 19: 203-207

47	 Mertens R, Brost H, Granzen B, Nowak-Göttl U. Anti-
thrombin treatment of severe hepatic veno-occlusive disease 
in children with cancer. Eur J Pediatr 1999; 158 Suppl 3: 
S154-S158

32 April 24, 2012|Volume 2|Issue 2|WJT|www.wjgnet.com

Cheuk DKL. Hepatic veno-occlusive disease: Prophylaxis and treatment



33 April 24, 2012|Volume 2|Issue 2|WJT|www.wjgnet.com

48	 Morris JD, Harris RE, Hashmi R, Sambrano JE, Gruppo RA, 
Becker AT, Morris CL. Antithrombin-III for the treatment of 
chemotherapy-induced organ dysfunction following bone 
marrow transplantation. Bone Marrow Transplant 1997; 20: 
871-878

49	 Ibrahim RB, Peres E, Dansey R, Abidi MH, Abella EM, Klein 
J. Anti-thrombin III in the management of hematopoietic 
stem-cell transplantation-associated toxicity. Ann Pharmaco-
ther 2004; 38: 1053-1059

50	 Eber SW, Gungor T, Veldman A, Sykora K, Scherer F, Fisch-
er D, Grigull L. Favorable response of pediatric stem cell 
recipients to human protein C concentrate substitution for 
veno-occlusive disease. Pediatr Transplant 2007; 11: 49-57 

51	 Li QP, Zhu WG, Yin XJ, Feng ZC. [Combine low-dose hepa-
rin with prostaglandin E1 and Dextran 40 to prevent and 
treat hepatic veno-occlusive disease after hematopoietic stem 
cell transplantation]. Zhonghua Erke Zazhi 2004; 42: 537-538 

52	 Goringe AP, Brown S, O’Callaghan U, Rees J, Jebb S, Elia M, 
Poynton CH. Glutamine and vitamin E in the treatment of 
hepatic veno-occlusive disease following high-dose chemo-
therapy. Bone Marrow Transplant 1998; 21: 829-832

53	 Nattakom TV, Charlton A, Wilmore DW. Use of vitamin E 
and glutamine in the successful treatment of severe veno-
occlusive disease following bone marrow transplantation. 
Nutr Clin Pract 1995; 10: 16-18

54	 Ringdén O, Remberger M, Lehmann S, Hentschke P, Matts-
son J, Klaesson S, Aschan J. N-acetylcysteine for hepatic 
veno-occlusive disease after allogeneic stem cell transplanta-
tion. Bone Marrow Transplant 2000; 25: 993-996

55	 Al Beihany A, Al Omar H, Sahovic E, Chaudhri N, Al Mo-
hareb F, Al Sharif F, Al Zahrani H, Al Shanqeeti A, Seth P, 
Zaidi S, Morshed M, Al Anazi K, Mohamed G, Gyger M, 
Aljurf M. Successful treatment of hepatic veno-occlusive 
disease after myeloablative allogeneic hematopoietic stem 
cell transplantation by early administration of a short course 
of methylprednisolone. Bone Marrow Transplant 2008; 41: 
287-291

56	 Abecasis MM, Conceição Silva JP, Ferreira I, Guimarães A, 
Machado A. Defibrotide as salvage therapy for refractory 
veno-occlusive disease of the liver complicating allogeneic 
bone marrow transplantation. Bone Marrow Transplant 1999; 
23: 843-846

57	 Bulley SR, Strahm B, Doyle J, Dupuis LL. Defibrotide for the 
treatment of hepatic veno-occlusive disease in children. Pedi-
atr Blood Cancer 2007; 48: 700-704 

58	 Chopra R, Eaton JD, Grassi A, Potter M, Shaw B, Salat C, 
Neumeister P, Finazzi G, Iacobelli M, Bowyer K, Prentice 
HG, Barbui T. Defibrotide for the treatment of hepatic veno-
occlusive disease: results of the European compassionate-use 
study. Br J Haematol 2000; 111: 1122-1129

59	 Corbacioglu S, Greil J, Peters C, Wulffraat N, Laws HJ, Dil-
loo D, Straham B, Gross-Wieltsch U, Sykora KW, Ridolfi-
Lüthy A, Basu O, Gruhn B, Güngör T, Mihatsch W, Schulz 
AS. Defibrotide in the treatment of children with veno-
occlusive disease (VOD): a retrospective multicentre study 
demonstrates therapeutic efficacy upon early intervention. 
Bone Marrow Transplant 2004; 33: 189-195

60	 Richardson PG, Elias AD, Krishnan A, Wheeler C, Nath R, 
Hoppensteadt D, Kinchla NM, Neuberg D, Waller EK, Antin 
JH, Soiffer R, Vredenburgh J, Lill M, Woolfrey AE, Bearman 
SI, Iacobelli M, Fareed J, Guinan EC. Treatment of severe 
veno-occlusive disease with defibrotide: compassionate use 
results in response without significant toxicity in a high-risk 
population. Blood 1998; 92: 737-744

61	 Richardson PG, Murakami C, Jin Z, Warren D, Momtaz P, 
Hoppensteadt D, Elias AD, Antin JH, Soiffer R, Spitzer T, 
Avigan D, Bearman SI, Martin PL, Kurtzberg J, Vredenburgh 
J, Chen AR, Arai S, Vogelsang G, McDonald GB, Guinan 
EC. Multi-institutional use of defibrotide in 88 patients after 
stem cell transplantation with severe veno-occlusive disease 

and multisystem organ failure: response without significant 
toxicity in a high-risk population and factors predictive of 
outcome. Blood 2002; 100: 4337-4343

62	 Sucak GT, Aki ZS, Yagcí M, Yegin ZA, Ozkurt ZN, Hazne-
dar R. Treatment of sinusoidal obstruction syndrome with 
defibrotide: a single-center experience. Transplant Proc 2007; 
39: 1558-1563

63	 Yakushijin K, Matsui T, Okamura A, Yamamoto K, Ito M, 
Chihara K. Successful treatment with defibrotide for sinu-
soidal obstruction syndrome after hematopoietic stem cell 
transplantation. Kobe J Med Sci 2005; 51: 55-65

64	 Haussmann U, Fischer J, Eber S, Scherer F, Seger R, Gun-
gor T. Hepatic veno-occlusive disease in pediatric stem cell 
transplantation: impact of pre-emptive antithrombin III 
replacement and combined antithrombin III/defibrotide 
therapy. Haematologica 2006; 91: 795-800

65	 Jenner MJ, Micallef IN, Rohatiner AZ, Kelsey SM, Newland 
AC, Cavenagh JD. Successful therapy of transplant-asso-
ciated veno-occlusive disease with a combination of tissue 
plasminogen activator and defibrotide. Med Oncol 2000; 17: 
333-336

66	 Schlegel PG, Haber HP, Beck J, Krümpelmann S, Handgret-
inger R, Bader P, Bierings M, Niethammer D, Klingebiel T. 
Hepatic veno-occlusive disease in pediatric stem cell recipi-
ents: successful treatment with continuous infusion of pros-
taglandin E1 and low-dose heparin. Ann Hematol 1998; 76: 
37-41

67	 Tefferi A, Kumar S, Wolf RC, Lacy MQ, Inwards DJ, Gloor 
JM, Albright RC, Kamath PS, Litzow MR. Charcoal hemofil-
tration for hepatic veno-occlusive disease after hematopoi-
etic stem cell transplantation. Bone Marrow Transplant 2001; 
28: 997-999

68	 Fried MW, Connaghan DG, Sharma S, Martin LG, Devine 
S, Holland K, Zuckerman A, Kaufman S, Wingard J, Boyer 
TD. Transjugular intrahepatic portosystemic shunt for the 
management of severe venoocclusive disease following bone 
marrow transplantation. Hepatology 1996; 24: 588-591

69	 Smith FO, Johnson MS, Scherer LR, Faught P, Breitfeld PP, 
Albright E, Hillier SC, Gowan D, Smith PD, Robertson KA, 
Emanuel D. Transjugular intrahepatic portosystemic shunt-
ing (TIPS) for treatment of severe hepatic veno-occlusive 
disease. Bone Marrow Transplant 1996; 18: 643-646

70	 Lerut JP, Goffette P, Molle G, Roggen FM, Puttemans T, Bre-
nard R, Morelli MC, Wallemacq P, Van Beers B, Laterre PF. 
Transjugular intrahepatic portosystemic shunt after adult 
liver transplantation: experience in eight patients. Transplan-
tation 1999; 68: 379-384

71	 Alvarez R, Bañares R, Casariego J, Echenagusía A, Simó G, 
Alvarez E, Serrano D, Díez-Martín JL. [Percutaneous intra-
hepatic portosystemic shunting in the treatment of veno-
occlusive disease of the liver after bone marrow transplanta-
tion]. Gastroenterol Hepatol 2000; 23: 177-180

72	 Koenecke C, Kleine M, Schrem H, Krug U, Nashan B, Neipp 
M, Ganser A, Hertenstein B, Klempnauer J. Sinusoidal ob-
struction syndrome of the liver after hematopoietic stem cell 
transplantation: decision making for orthotopic liver trans-
plantation. Int J Hematol 2006; 83: 271-274

73	 Schlitt HJ, Tischler HJ, Ringe B, Raddatz G, Maschek H, 
Dietrich H, Kuse E, Pichlmayr R, Link H. Allogeneic liver 
transplantation for hepatic veno-occlusive disease after bone 
marrow transplantation--clinical and immunological consid-
erations. Bone Marrow Transplant 1995; 16: 473-478

74	 Richardson PG, Soiffer RJ, Antin JH, Uno H, Jin Z, Kurtz-
berg J, Martin PL, Steinbach G, Murray KF, Vogelsang GB, 
Chen AR, Krishnan A, Kernan NA, Avigan DE, Spitzer TR, 
Shulman HM, Di Salvo DN, Revta C, Warren D, Momtaz P, 
Bradwin G, Wei LJ, Iacobelli M, McDonald GB, Guinan EC. 
Defibrotide for the treatment of severe hepatic veno-occlu-
sive disease and multiorgan failure after stem cell transplan-
tation: a multicenter, randomized, dose-finding trial. Biol 

Cheuk DKL. Hepatic veno-occlusive disease: Prophylaxis and treatment



34 April 24, 2012|Volume 2|Issue 2|WJT|www.wjgnet.com

Blood Marrow Transplant 2010; 16: 1005-1017
75	 Cesaro S, Pillon M, Talenti E, Toffolutti T, Calore E, Tridello 

G, Strugo L, Destro R, Gazzola MV, Varotto S, Errigo G, 
Carli M, Zanesco L, Messina C. A prospective survey on 
incidence, risk factors and therapy of hepatic veno-occlusive 
disease in children after hematopoietic stem cell transplanta-
tion. Haematologica 2005; 90: 1396-1404

76	 Cheuk DK, Wang P, Lee TL, Chiang AK, Ha SY, Lau YL, 
Chan GC. Risk factors and mortality predictors of hepatic 
veno-occlusive disease after pediatric hematopoietic stem 
cell transplantation. Bone Marrow Transplant 2007; 40: 935-944 

77	 Horn B, Reiss U, Matthay K, McMillan A, Cowan M. Veno-
occlusive disease of the liver in children with solid tumors 
undergoing autologous hematopoietic progenitor cell trans-
plantation: a high incidence in patients with neuroblastoma. 
Bone Marrow Transplant 2002; 29: 409-415

78	 Toh HC, McAfee SL, Sackstein R, Cox BF, Colby C, Spitzer 
TR. Late onset veno-occlusive disease following high-dose 
chemotherapy and stem cell transplantation. Bone Marrow 
Transplant 1999; 24: 891-895

79	 Carreras E, Bertz H, Arcese W, Vernant JP, Tomás JF, Hag-
glund H, Bandini G, Esperou H, Russell J, de la Rubia J, Di 
Girolamo G, Demuynck H, Hartmann O, Clausen J, Ruutu 
T, Leblond V, Iriondo A, Bosi A, Ben-Bassat I, Koza V, Grat-
wohl A, Apperley JF. Incidence and outcome of hepatic ve-
no-occlusive disease after blood or marrow transplantation: 
a prospective cohort study of the European Group for Blood 
and Marrow Transplantation. European Group for Blood 
and Marrow Transplantation Chronic Leukemia Working 
Party. Blood 1998; 92: 3599-3604

80	 Moscardó F, Urbano-Ispizua A, Sanz GF, Brunet S, Caballero 
D, Vallejo C, Solano C, Pimentel P, Pérez de Oteyza J, Ferrá C, 
Díez-Martín JL, Zuazu J, Espigado I, Campilho F, Arbona C, 
Moraleda JM, Mateos MV, Sierra J, Talarn C, Sanz MA. Posi-
tive selection for CD34+ reduces the incidence and severity 
of veno-occlusive disease of the liver after HLA-identical 
sibling allogeneic peripheral blood stem cell transplantation. 
Exp Hematol 2003; 31: 545-550

81	 Srivastava A, Poonkuzhali B, Shaji RV, George B, Mathews 
V, Chandy M, Krishnamoorthy R. Glutathione S-transferase 
M1 polymorphism: a risk factor for hepatic venoocclusive 
disease in bone marrow transplantation. Blood 2004; 104: 
1574-1577

82	 Kallianpur AR, Hall LD, Yadav M, Byrne DW, Speroff T, 
Dittus RS, Haines JL, Christman BW, Summar ML. The he-
mochromatosis C282Y allele: a risk factor for hepatic veno-
occlusive disease after hematopoietic stem cell transplanta-
tion. Bone Marrow Transplant 2005; 35: 1155-1164

83	 Hasegawa S, Horibe K, Kawabe T, Kato K, Kojima S, Mat-
suyama T, Hirabayashi N. Veno-occlusive disease of the liv-
er after allogeneic bone marrow transplantation in children 
with hematologic malignancies: incidence, onset time and 
risk factors. Bone Marrow Transplant 1998; 22: 1191-1197 

84	 Lee SH, Yoo KH, Sung KW, Koo HH, Kwon YJ, Kwon MM, 
Park HJ, Park BK, Kim YY, Park JA, Im HJ, Seo JJ, Kang HJ, 
Shin HY, Ahn HS. Hepatic veno-occlusive disease in chil-
dren after hematopoietic stem cell transplantation: incidence, 
risk factors, and outcome. Bone Marrow Transplant 2010; 45: 
1287-1293

85	 Barker CC, Butzner JD, Anderson RA, Brant R, Sauve RS. 
Incidence, survival and risk factors for the development of 

veno-occlusive disease in pediatric hematopoietic stem cell 
transplant recipients. Bone Marrow Transplant 2003; 32: 79-87 

86	 Anscher MS, Peters WP, Reisenbichler H, Petros WP, Jirtle 
RL. Transforming growth factor beta as a predictor of liver 
and lung fibrosis after autologous bone marrow transplan-
tation for advanced breast cancer. N Engl J Med 1993; 328: 
1592-1598

87	 Frickhofen N, Wiesneth M, Jainta C, Hertenstein B, Heymer 
B, Bianchi L, Dienes HP, Koerner K, Bunjes D, Arnold R. 
Hepatitis C virus infection is a risk factor for liver failure 
from veno-occlusive disease after bone marrow transplanta-
tion. Blood 1994; 83: 1998-2004

88	 Ljungman P, Hägglund H, Lönnqvist B, Sönnerborg A, 
Ringdén O. Hepatitis C virus as a risk factor for the develop-
ment of veno-occlusive disease of the liver. Blood 1994; 84: 
1349-1350

89	 Ozkaynak MF, Weinberg K, Kohn D, Sender L, Parkman R, 
Lenarsky C. Hepatic veno-occlusive disease post-bone mar-
row transplantation in children conditioned with busulfan 
and cyclophosphamide: incidence, risk factors, and clinical 
outcome. Bone Marrow Transplant 1991; 7: 467-474

90	 Strasser SI, Myerson D, Spurgeon CL, Sullivan KM, Storer 
B, Schoch HG, Kim S, Flowers ME, McDonald GB. Hepatitis 
C virus infection and bone marrow transplantation: a cohort 
study with 10-year follow-up. Hepatology 1999; 29: 1893-1899 

91	 Reiss U, Cowan M, McMillan A, Horn B. Hepatic venooc-
clusive disease in blood and bone marrow transplantation in 
children and young adults: incidence, risk factors, and out-
come in a cohort of 241 patients. J Pediatr Hematol Oncol 2002; 
24: 746-750

92	 Wadleigh M, Richardson PG, Zahrieh D, Lee SJ, Cutler C, 
Ho V, Alyea EP, Antin JH, Stone RM, Soiffer RJ, DeAngelo 
DJ. Prior gemtuzumab ozogamicin exposure significantly 
increases the risk of veno-occlusive disease in patients who 
undergo myeloablative allogeneic stem cell transplantation. 
Blood 2003; 102: 1578-1582

93	 Hägglund H, Remberger M, Klaesson S, Lönnqvist B, Ljung-
man P, Ringdén O. Norethisterone treatment, a major risk-
factor for veno-occlusive disease in the liver after allogeneic 
bone marrow transplantation. Blood 1998; 92: 4568-4572 

94	 Iguchi A, Kobayashi R, Kaneda M, Kobayashi K. Plasma 
protein C is a useful clinical marker for hepatic veno-occlu-
sive disease (VOD) in stem cell transplantation. Pediatr Blood 
Cancer 2010; 54: 437-443

95	 Lapierre V, Mahé C, Aupérin A, Stambouli F, Oubouzar 
N, Tramalloni D, Benhamou E, Tiberghien P, Hartmann O. 
Platelet transfusion containing ABO-incompatible plasma 
and hepatic veno-occlusive disease after hematopoietic 
transplantation in young children. Transplantation 2005; 80: 
314-319

96	 Cutler C, Stevenson K, Kim HT, Richardson P, Ho VT, Lin-
den E, Revta C, Ebert R, Warren D, Choi S, Koreth J, Armand 
P, Alyea E, Carter S, Horowitz M, Antin JH, Soiffer R. Siroli-
mus is associated with veno-occlusive disease of the liver af-
ter myeloablative allogeneic stem cell transplantation. Blood 
2008; 112: 4425-4431

97	 Mori T, Aisa Y, Shimizu T, Yamazaki R, Mihara A, Yajima T, 
Hibi T, Ikeda Y, Okamoto S. Hepatic veno-occlusive disease 
after tranexamic acid administration in patients undergoing 
allogeneic hematopoietic stem cell transplantation. Am J He-
matol 2007; 82: 838-839

S- Editor  Cheng JX    L- Editor  A    E- Editor  Zheng XM

Cheuk DKL. Hepatic veno-occlusive disease: Prophylaxis and treatment


