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Summary of Key Recommendations
Diagnosis
• It is recommended that the diagnosis of veno-occlusive
disease (sinusoidal obstruction syndrome) [VOD (SOS)]
be based primarily on established clinical criteria (modified Seattle or Baltimore criteria) (1A).
• Ultrasound imaging may be helpful in the exclusion of
other disorders in patients with suspected VOD (SOS)
(1C).
• It is recommended that liver biopsy be reserved for
patients in whom the diagnosis of VOD (SOS) is unclear
and there is a need to exclude other diagnoses (1C).
• It is recommended that liver biopsies are undertaken
using the transjugular approach in order to reduce the
risks associated with the procedure (1C).
• It is suggested that the role of plasminogen activator
inhibitor 1 levels remains an area for further research
but that these levels should not form part of the routine
diagnostic work-up for VOD (SOS) at present (2C).

Risk factors
• It is recommended that patients are assessed for risk factors for VOD (SOS) and that these risk factors are
addressed prior to haematopoietic stem cell transplantation (1A).
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Prophylaxis
• Defibrotide is recommended at a dose of 625 mg/kg
intravenously four times daily for the prevention of
VOD (SOS) in children undergoing allogeneic stem cell
transplantation with the following risk factors: pre-existing hepatic disease, second myeloablative transplant,
allogeneic transplant for leukaemia beyond second
relapse, conditioning with busulfan-containing regimens,
prior treatment with gemtuzumab ozogamicin, diagnosis
of primary haemophagocytic lymphohistiocytosis,
adrenoleucodystrophy or osteopetrosis (1A).
• Defibrotide is suggested at a dose of 625 mg/kg intravenously four times daily for the prevention of VOD
(SOS) in adults undergoing allogeneic stem cell transplantation with the following risk factors: pre-existing
hepatic disease, second myeloablative transplant, allogeneic transplant for leukaemia beyond second relapse,
conditioning with busulfan-containing regimens, prior
treatment with gemtuzumab ozogamicin, diagnosis of
primary haemophagocytic lymphohistiocytosis, adrenoleucodystrophy or osteopetrosis (2B).
• Prostaglandin E1 is not recommended in the prophylaxis of VOD (SOS) due to lack of efficacy and toxicity
(1B).
• Pentoxifylline is not recommended in the prophylaxis of
VOD (SOS) due to lack of efficacy (1A).
• Ursodeoxycholic acid is suggested for use in the prophylaxis of VOD (SOS) (2C).
• Heparin (unfractionated and low molecular weight) is
not suggested for use in the prophylaxis of VOD (SOS)
due to the risk of increased toxicity (2B).
• Antithrombin is not suggested for the prophylaxis of
VOD (SOS) due to lack of efficacy (2B).
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Treatment
• Defibrotide is recommended in the treatment of VOD
(SOS) in adults and children (1B).
• Tissue plasminogen activator is not recommended for
use in the treatment of VOD (SOS) due to the associated
risk of haemorrhage (1B).
• N-acetylcysteine is not routinely recommended for use
in the treatment of veno-occlusive disease due to lack of
efficacy (1A).
• Methylprednisolone may be considered for use in the
treatment of veno-occlusive disease with the appropriate
caveats of caution regarding infection (2C).
• Judicious clinical care, particularly in the management
of fluid balance, is recommended in the management of
VOD (SOS) (1C).
• Early discussion with critical care specialists and a specialist hepatology unit is recommended in the management of VOD (SOS) and other treatment options
including transjugular intrahepatic portosystemic shunt
or hepatic transplantation may be considered (1C).

ber of agents, including defibrotide, have recently been developed and investigated for use in both prophylaxis and
treatment of the condition. Despite these developments, there
is no uniform consensus on the optimal strategy for managing
VOD.
A joint working group established by the Haemato-oncology subgroup of the British Committee for Standards in
Haematology (BCSH) and the British Society for Blood and
Marrow Transplantation (BSBMT) has reviewed the available
literature and made recommendations for the diagnosis,
prevention and management of VOD in both adults and
children. This guideline will discuss VOD following autologous and allogeneic transplant but VOD following solidorgan transplantation or chemotherapy is beyond the scope
of this manuscript and will not be discussed. Children are
particularly at risk of VOD and any variation between recommendations for adult and paediatric patients will be highlighted in this guideline.
The key areas covered in this guideline are listed below:
● Diagnosis
● Prevention
● Treatment

Summary
A joint working group established by the Haemato-oncology
subgroup of the British Committee for Standards in Haematology (BCSH) and the British Society for Blood and Marrow
Transplantation (BSBMT) has reviewed the available literature and made recommendations for the diagnosis and
management of veno-occlusive disease of the liver following
haematopoietic stem cell transplantation (HSCT). This
guideline includes recommendations for both prophylaxis
and treatment of the condition and includes recommendations for children and adults undergoing HSCT.
Keywords: veno-occlusive disease, prophylaxis, transplant,
defibrotide, sinusoidal obstruction syndrome.

Introduction
Veno-occlusive disease of the liver (VOD) occurs as a result
of the conditioning treatment administered prior to haemopoietic stem cell transplantation (HSCT). The condition is
also known as sinusoidal obstruction syndrome (SOS) in
view of the associated characteristic histopathological findings (DeLeve et al, 1999). The terms veno-occlusive disease
and sinusoidal obstruction syndrome are used interchangeably in this document and the initials VOD are used as the
abbreviation for the condition, with the term VOD/SOS
preferred by some authors. The mean prevalence of VOD is
in the range of 14% (range 0–60%) depending upon the risk
factors present (Coppell et al, 2010). The condition causes
considerable morbidity and mortality and severe VOD is
associated with a mortality of over 90% by day +100 following
HSCT (McDonald et al, 1993; Carreras et al, 1998). A numª 2013 John Wiley & Sons Ltd
British Journal of Haematology, 2013, 163, 444–457

Methodology
The production of these guidelines involved the following
steps:
● Establishment of a working group comprising experts in
the field of allogeneic transplantation followed by literature review to 15 February 2013. Medline was searched
systematically for publications in English using the
following key words: veno-occlusive disease and sinusoidal
obstruction syndrome. The reports of major conferences
were also reviewed using the same keywords.
● Development of key recommendations based on randomized, controlled trial evidence. Due to the paucity of randomized studies some recommendations are based on
literature review and a consensus of expert opinion.
● The Grading of Recommendations Assessment, Development and Evaluation (GRADE) nomenclature was used to
evaluate levels of evidence and to assess the strength of
recommendations. The GRADE criteria are specified in
the BCSH guideline pack and the GRADE working group
website. See Appendix 1. Further information is available
from the following websites:
● http://www.bcshguidelines.com/BCSH_PROCESS/42
_EVIDENCE_LEVELS_AND_GRADES_OF_RECOM
MENDATION.html (accessed 28/6/2013)
● http://www.gradeworkinggroup.org/index.htm
(accessed 28/6/2013)
● Review by the BCSH committees, BSBMT executive committee, and the UK Paediatric Bone Marrow Transplant
Group.
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● Review by sounding board of the British Society for Haematology (BSH) and transplant centres in the UK.

Diagnosis
Clinical diagnostic criteria
The diagnosis of VOD is primarily based on achievement of
established clinical criteria including both the Seattle and the
Baltimore criteria (McDonald et al, 1984, 1993; Jones et al,
1987). The original Seattle criteria have been modified to
include bilirubin level and percentage of weight gained
(Shulman & Hinterberger, 1992). Some studies have also
modified these further to use a threshold of 5% weight gain
rather than 2% (Corbacioglu et al, 2012). These criteria are
outlined in Table I. VOD usually occurs within 3 weeks of
transplantation although the condition has been reported to
occur after this time period (Lee et al, 1999). Patients undergoing allogeneic transplant should have a weight measurement recorded daily, be examined daily for signs of fluid
overload, ascites and hepatomegaly and have accurate fluid
balance recorded. Liver function tests, including alkaline
phosphatase, alanine aminotransferase, bilirubin and gamma
glutamyl transpeptidase, should be measured daily. Patients
undergoing autologous transplantation should also have daily
assessment of fluid balance and liver function tests checked
several times per week.

Grading of severity
Clinical criteria are also used to define the severity of VOD
but these criteria can only be assigned retrospectively.
Patients who meet the criteria for VOD but do not require
treatment are considered to have had mild VOD. Patients
that die from VOD or have an illness that persists beyond
100 d post-transplant are considered to have had severe
VOD. Bearman related the risk of developing severe VOD to
the degree of weight gain and rise in bilirubin and to the day
of transplant when these changes occurred (Bearman et al,
1993a; Bearman, 1995). The details of this analysis might not
be relevant in the current era because there was no prophylaxis, only patients with defined preparative regimens were
included and some current specific and supportive therapies
of VOD were not available. However, the findings that the
likelihood of severe VOD is increased if weight gain and
jaundice occur early after transplant or if the degree of
weight gain or rise in bilirubin is marked are likely to be true
today.
Patients with VOD frequently develop dysfunction in one
or more organ systems. McDonald et al (1993) showed that
the majority of patients with severe VOD also developed
respiratory, cardiac or renal failure more frequently than
those with mild or moderate disease. Multi-organ failure can
therefore be used as a marker of the severity of the
condition.
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Table I. Clinical criteria for veno-occlusive disease.
Modified seattle criteria
(Shulman & Hinterberger,
1992)
Two of the following criteria
must be present within 20 d
of transplant:

Bilirubin >342 lmol/l (2 mg/dl)
Hepatomegaly or right upper
quadrant pain
Weight gain (>2% from
pre-transplant weight)

Baltimore criteria
(Jones et al, 1987)
Bilirubin must be >342 lmol/l
(2 mg/dl) within 21 d of
transplant and two of the
following criteria must be
present:
Hepatomegaly
Ascites
Weight gain (>5% from
pre-transplant weight)

Risk factors
Several risk factors have been identified for the development
of VOD. One of the main risk factors is pre-existing hepatic
disease. This hepatic dysfunction may result from previous
treatment including abdominal irradiation or use of gemtuzumab ozogamicin (Carreras et al, 1998; Wadleigh et al,
2003). Other causes of pre-existing hepatic disease, including
viral hepatitis or iron overload in patients with b thalassaemia major, may also contribute to hepatic toxicity (McDonald et al, 1993; Carreras et al, 1998).
Stem cell source and choice of conditioning regimen also
influence the risk of VOD. The risk of VOD is higher after
allogeneic transplantation than after autologous transplantation and is also higher in patients who are receiving a second
transplant (McDonald et al, 1993). The risk is reduced in
patients receiving reduced-intensity conditioning regimens
(Hogan et al, 2004). Busulfan, particularly in combination
with cyclophosphamide has been associated with a higher
incidence of VOD (Carreras et al, 1998; Cesaro et al, 2005).
Other drugs, including the use of norethisterone may also be
associated with an increased risk of VOD (H€agglund et al,
1998).
Underlying diagnosis and age also influence risk. Lower
age has been associated with an increased risk of the condition. Cesaro et al (2005) reported that, in a multivariate
analysis of paediatric patients, age <67 years was a significant risk factor for VOD. An increased risk of VOD has also
been associated with an underlying diagnosis of osteopetrosis, primary haemophagocytic lymphocytosis or adrenoleucodystrophy (Corbacioglu et al, 2006; Ouachee-Chardin et al,
2006).

Diagnostic techniques
The differential diagnosis of deranged hepatic function tests
following HSCT is wide and includes graft-versus-host disease (GvHD), infection and drug toxicity. The main role of
diagnostic techniques including histopathology and imaging
ª 2013 John Wiley & Sons Ltd
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investigations is to exclude other diagnoses as the diagnosis
of VOD can primarily be based on clinical criteria.
Histopathology. Veno-occlusive disease was first described
following administration of Senecio tea containing pyrrolizidine alkaloid (Willmot & Robertson, 1920). This term was
used due to the associated occlusion of the small hepatic
veins. More recent work has suggested that the primary
change involves the hepatic sinusoids and the term sinusoidal
obstruction syndrome (SOS) has also been used to describe
this condition (DeLeve et al, 2002). A rat model has been
described using pyrrolizidine alkaloid (monocrotaline) to
demonstrate these histopathological changes. This model
showed that the earliest changes occurred in the hepatic
sinusoids with loss of endothelial cell fenestrations. Red cell
extravasation subsequently occurred through gaps in the
sinusoidal lining into the space of Disse. This process
resulted in extensive sinusoidal cell injury leading to denudation of the sinusoidal lining and later centrilobular coagulative necrosis, small hepatic vein injury and fibrosis (DeLeve
et al, 1999).
In an early study on liver tissue obtained at post mortem
examination of bone marrow transplant recipients who developed VOD, the early injury was characterized by endothelial
damage to sinusoidal and small hepatic vein endothelium, and
the identification of small hepatic vein periadventitial factor
VIII, and transmural, hepatocytic and sinusoidal fibrin, but no
thrombi. Haemorrhagic hepatocellular necrosis was also
described. Late injury consisted of fibrous obliteration of small
hepatic veins (Shulman et al, 1987). In a later study, the same
group showed that the severity of clinical VOD correlated with
the number of histological changes in the acinar zone 3. In
particular, eccentric luminal narrowing and phlebosclerosis of
small hepatic veins, sinusoidal fibrosis and hepatocyte necrosis
were associated with severe VOD (Shulman et al, 1994). Other
histological features include nodular regenerative hyperplasia
and cholestasis. The distribution of the histological changes
can be patchy and sampling error may be a limiting factor
(DeLeve et al, 2009). In particular, injury to the small hepatic
vein may not be represented in a biopsy specimen. Thrombosis
of the large hepatic vein or right cardiac failure can result in
secondary small hepatic vein and sinusoidal involvement that
is indistinguishable histologically from VOD. Liver histology
has a role in differentiating between VOD and other causes of
liver dysfunction in HSCT patients, including drug or sepsisinduced cholestasis, viral infections, and GvHD.
Hepatic biopsy can be challenging following allogeneic transplant due to high bleeding risk secondary to thrombocytopenia.
Some studies have used transjugular hepatic biopsies to try and
reduce this risk. Carreras et al (1993) undertook transjugular
hepatic biopsies on 82 patients and had reported no serious
complications. Shulman et al (1995) undertook a comparative
study of two different instruments for undertaking hepatic
biopsies in 60 patients. Both studies showed that a hepatic
venous pressure gradient of >10 mm Hg correlated with a
ª 2013 John Wiley & Sons Ltd
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histological diagnosis of VOD. Neither report showed a significant proportion of patients meeting histological criteria who
did not meet clinical criteria (Carreras et al, 1993; Shulman
et al, 1995). Hepatic biopsies using the transjugular approach
may be helpful where the diagnosis is not clear but are not
required in patients who meet the clinical criteria for VOD.
Imaging. Several studies have focused on the role of ultrasound in the diagnosis of VOD. Most of these studies have
used non-specific markers and it is suggested that the main
role of ultrasound is to exclude the presence of other diagnoses. Reported abnormalities have included thickening of the
gallbladder wall, reversal of portal vein blood flow, ascites,
hepatomegaly and splenomegaly (Brown et al, 1990;
Herbetko et al, 1992; Hommeyer et al, 1992; Benya et al,
1993; Teefey et al, 1995; Lassau et al, 1997; Hashiguchi et al,
2005). Although several prospective studies have been undertaken, these investigations have failed to show consistent
results (reviewed in Mahgerefteh et al, 2011).
Lassau et al (1997) undertook a prospective study of 100
patients. This study included pre-transplant ultrasound
scans and weekly ultrasound scans during the transplant
admission. Patients were given three scores: gray-scale score,
Doppler score and total score and these were found to correlate with the clinical diagnosis of VOD (Lassau et al,
1997). This study also identified a significant difference in
scores between patients with VOD and those with hepatic
GvHD. Herbetko et al (1992) undertook a prospective study
of 65 patients undergoing bone marrow transplantation
(BMT). Gray-scale and Doppler assessments were undertaken at baseline and in the third week after transplantation. No gray-scale abnormalities were identified in the
VOD group and only one patient had an abnormality in
portal vein velocity (Herbetko et al, 1992). A second prospective study of 21 patients from Seattle also failed to
show any gray-scale abnormalities to be associated with
VOD (Hommeyer et al, 1992). A more recent study
(McCarville et al, 2001) prospectively reviewed 202 serial
sonograms from 48 patients. Ultrasound parameters
included hepatic artery resistive index, direction and velocity
of portal venous flow and thickness of gall bladder wall,
but the study failed to show any benefit over clinical criteria
in the diagnosis of VOD (McCarville et al, 2001).
Fewer studies have been undertaken to investigate the role
of other imaging modalities. A small single-centre retrospective study of 18 patients reported that the presence of
periportal oedema, ascites and a narrow right hepatic vein
on computerized tomography scans may favour a diagnosis
of VOD over hepatic GvHD (Erturk et al, 2006). There are a
few case reports detailing the findings of magnetic resonance
imaging scans in patients with VOD (van den Bosch & van
Hoe, 2000; Mortele et al, 2002; Dumont et al, 2004). Features included patchy signal enhancement of the liver, hepatomegaly, ascites, hepatic vein narrowing, peri-portal cuffing
and gallbladder wall thickening or hyperintensity. A more
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recent study reported that gadotexic acid-enhanced magnetic
resonance imaging was highly specific in the diagnosis of
VOD in a series of patients with chemotherapy-treated colorectal liver metastases (Shin et al, 2012).
Plasminogen activator inhibitor-1 levels. Several studies have
investigated the role of plasma levels of plasminogen activator
inhibitor-1 (PAI-1) as a diagnostic marker in VOD. Salat et al
(1997) measured PAI-1 levels in 31 post-transplant patients
who developed hyperbilirubinaemia >513 lmol/l. PAI-1 was
significantly elevated in patients with VOD compared to those
patients with GvHD or other hepatic damage (Salat et al,
1997). Lee et al (2002) measured haemostatic parameters at
five time points post-transplant in 115 patients (50 of whom
developed VOD) and identified PAI-1 as a diagnostic marker
and a predictor of severity of VOD. Other studies have
reported similar results (Kaleelrahman et al, 2003; Pihusch
et al, 2005; Sartori et al, 2012). A decrease in PAI-1 levels has
also been shown to correlate with treatment outcome (Richardson et al, 2010). The measurement of PAI-1 levels is an area
of ongoing research but currently the practicalities of undertaking the test preclude its routine use in the UK.

Prevention of VOD
VOD and the preparative regimen
For an individual patient, the likelihood of VOD will depend
on the interaction of their own risk factors and the transplant
preparative regimen. Recognition of this potential interaction
before the transplant will enable the risk of VOD in that
patient to be reduced before the question of pharmacological
prophylaxis is even considered. Reversible patient risk factors
should be addressed, e.g. reducing iron overload in thalassaemic patients. Patients with irreversible risk factors might be
better managed with a reduced intensity conditioning protocol. VOD is less common in patients receiving a treosulfan
rather than a busulfan conditioning regimen and use of this
drug has consequently increased significantly, particularly in
paediatric practice (Slatter et al, 2011). For those patients
receiving a busulfan protocol, busulfan pharmacokinetic monitoring will allow individualized targeting of busulfan to a
regimen-specific therapeutic window thereby ensuring both
transplant efficacy and reduced VOD toxicity. A recent prospective study reported recently in abstract form has shown
that the incidence of VOD is reasonably low at 5% following
IV busulfan (n = 1025) (Bredeson et al, 2013). The incidence
of VOD following total body irradiation (TBI)-based regimens
in the same study was 1% (n = 458) (Bredeson et al, 2013).
The busulfan target pharmacokinetic might be adjusted where
the conditioning regimen includes melphalan or other agents
that might add to VOD risk (Bartelink et al, 2012). The
addition of cyclophosphamide to busulfan has been associated
with a higher incidence of VOD (Carreras et al, 1998; Cesaro
et al, 2005), and many investigators have now replaced
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cyclophosphamide with fludarabine, particularly in children
undergoing HSCT for genetic diseases; further data is required
to determine if this combination significantly reduces the risk
of VOD in this patient population.

Defibrotide
Defibrotide is a single-stranded polydeoxyribonucleotide that
has anti-thrombotic, anti-inflammatory and anti-ischaemic
properties. This agent appears to have a protective effect
against endothelial cell injury and has not been associated
with an increased bleeding risk despite reducing procoagulant
activity, increasing fibrinolysis and modulating platelet activity (Berti et al, 1990; Ulutin, 1993; Coccheri et al, 1988;
Falanga et al, 2003; Echart et al, 2009). Following reports of
the success of defibrotide in the treatment of VOD, several
studies have focused on the role of this agent in prophylaxis.
Defibrotide is an unlicensed drug and clinicians using this
agent should be aware that its use does not have approval of
the regulatory authorities. The role of this agent is discussed
in these guidelines for prophylaxis and treatment of VOD as
there are no similar licensed agents available.
Several retrospective series have been published. Chalandon
et al (2004) reported on 52 patients (median age 365 years,
range 5–60) who received defibrotide at a dose of 10–25 mg/
kg/d from the day prior to conditioning until day +20 following transplant. In addition, patients received a continuous
infusion of intravenous heparin. The diagnosis of VOD was
based on the Baltimore criteria and results were compared
with an historical control group who received heparin alone
(Chalandon et al, 2004). There were no cases of VOD in the
treatment group compared to 10/52 in the control group
(P = 0001). All patients underwent allogeneic transplantation
and the majority (45/52) of the treatment group had undergone myeloablative conditioning. The event-free survival was
also higher in the treatment group (P = 002).
Dignan et al (2007) reported a retrospective series of 58
adult patients who received defibrotide at a dose of 5 mg/kg
intravenously twice daily from day +1 until day +21 following allogeneic transplantation without the concurrent use of
heparin. No patients met the Baltimore criteria for VOD
although it should be noted that 37/58 patients received
reduced-intensity conditioning regimens and may have been
at lower risk of developing the condition (Dignan et al,
2007). There were no significant haemorrhagic events.
Encouraging data also exist from small studies in high-risk
groups. Cappelli et al (2009) reported on a series of 63 allogeneic transplants undertaken in children with b-thalassaemia and additional risk factors for developing VOD
including liver fibrosis, iron overload, hepatitis C viral infections, busulfan-based conditioning regimens or receipt of
methotrexate and ciclosporin as GvHD prophylaxis. Defibrotide was administered orally (40 mg/kg/d) from median of
day 9 to median day +29. One patient met the Seattle
criteria for VOD but had actually stopped defibrotide
ª 2013 John Wiley & Sons Ltd
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prophylaxis 6 d prior to diagnosis due to a high risk of
haemorrhage (Cappelli et al, 2009). Corbacioglu et al (2006)
reported a series of 9 children with osteopetrosis who
received a median dose of 40 mg/kg/d intravenously of
defibrotide. Only one patient met the Seattle criteria for
VOD compared to 7/11 (636%) of patients in an historical
control group (Corbacioglu et al, 2006). Promising results
have also been reported in 5 patients who had received
gemtuzumab ozogamicin prior to transplant (Versluys et al,
2004).
The results of a phase 3 open-label randomized controlled
trial have recently been reported (Corbacioglu et al, 2012).
This multicentre study included 356 children who had
undergone autologous (108 children) or allogeneic transplantation with myeloablative conditioning. Patients had one or
more risk factors for VOD including pre-existing hepatic disease, second myeloablative transplant, allogeneic transplant
for leukaemia beyond second relapse, conditioning with
busulfan and melphalan, prior treatment with gemtuzumab
ozogamicin or a diagnosis of primary haemophagocytic lymphohistiocytosis, adrenoleucodystropy or osteopetrosis. The
primary endpoint was incidence of VOD by day +30 as
defined by the modified Seattle criteria. Patients in the treatment group received 625 mg/kg of defibrotide intravenously
four times daily from the start of conditioning until day +30
or discharge. Patients were permitted to receive ursodeoxycholic acid. Heparin was only permitted in patients with
central venous catheters to maintain patency of the catheter.
Twenty-two (12%) patients in the treatment arm developed
VOD compared to 35 (20%) in the control arm (Z test for
competing risk analysis P = 00488; log rank test
P = 00507). The cumulative incidence of non-relapse mortality at 180 d was 9% in both groups. This result might be
attributable to the fact that the study was not designed to
show differences in mortality and that the protocol permitted
patients in the control group to receive defibrotide treatment
if they developed VOD. There was a significant difference in
the proportion of patients with VOD- associated renal failure
(2/180 patients in the defibrotide group compared to 10/176
patients in the control group, P = 00169). In the allogeneic
transplant groups, the incidence of grade I-IV acute GvHD
was lower in treatment group at day 30 and day 100
(P = 00057 and P = 00046, respectively). There was no significant difference in the risk of haemorrhagic events between
the two groups.
There is no pharmacological or physiological reason why
defibrotide prophylaxis would not also reduce the risk of
VOD in adults undergoing HSCT. At present, we do not
know the optimal dose or duration of prophylaxis and
whether the intravenous route is superior to the oral route of
administration. In addition, we do not know that prophylaxis
with defibrotide is superior to early treatment but the mortality from established VOD is sufficiently high to justify prophylaxis in high-risk patients. In the absence of any data
regarding the duration of prophylaxis, it may be reasonable
ª 2013 John Wiley & Sons Ltd
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to continue defibrotide prophylaxis until day +14 or until
engraftment has occurred. The use of defibrotide in this setting would be at the discretion of the treating physician as it
is an unlicensed drug and, at present, the data available primarily relates to its use in children. Further work in this area
could reasonably include a dose-finding study and a trial of
prophylactic defibrotide in adults. The above data suggest that
defibrotide can be used safely without an increased risk of
haemorrhage and its use is therefore recommended at a dose
of 625 mg/kg intravenously four times daily in the prevention of VOD (SOS) in adults and children undergoing allogeneic stem cell transplantation with the following risk factors:
pre-existing hepatic disease, second myeloablative transplant,
allogeneic transplant for leukaemia beyond second relapse,
conditioning with busulfan containing regimens, prior treatment with gemtuzumab ozogamicin or diagnosis of primary
haemophagocytic lymphohistiocytosis, adrenoleucodystrophy
or osteopetrosis. The use of defibrotide would primarily be
used in patients undergoing myeloablative conditioning but
may be considered in high-risk patients receiving reduced
intensity regimens at the discretion of the treating physician.
Defibrotide may also be helpful in the prophylaxis of patients
undergoing autologous transplantation using high-risk conditioning regimens, e.g. busulfan and melphalan.

Prostaglandin E1
There are a few early reports of the use of prostaglandin E1 in
the prevention of VOD. Gluckman et al (1990) used prostaglandin E1 as a continuous infusion from day 8 until day 30
after allogeneic transplant at a dose of 03 lg/kg/h. A treatment group of 50 patients were compared to a control group
of 59 patients. The actuarial incidence of VOD was 122% in
the treatment group compared to 255% in the control group
(P = 005) (Gluckman et al, 1990). A phase I/II study used
prostaglandin E1 at 4 dose levels in 24 patients at high risk of
VOD (Bearman et al, 1993b). Prostaglandin E1 was stopped in
50% of the patients due to severe toxicities, including cutaneous erythema and desquamation, fluid retention and oedema,
severe pain in dependent extremities and hypotension (Bearman et al, 1993b). Severe side effects have also been reported
by other groups (Bordigoni et al, 1991). More recently, a retrospective study used prostaglandin E1 (40 patients) or lowdose heparin (10 patients) in 50 paediatric patients according
to physician preference. This group was compared to 35
patients who did not receive prophylaxis. There was no difference in the incidence of VOD although no patients in the
treatment group developed severe VOD (Song et al, 2006).

Pentoxifylline
Pentoxifylline, a xanthine derivative that has been shown to
downregulate tumour necrosis factor (TNF)-alpha production
in vitro, has been used in the prophylaxis of regimen-related
toxicities following stem cell transplant including VOD. Attal
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et al (1993) undertook a prospective randomized controlled
trial of 140 patients and failed to show a benefit in the treatment arm (Attal et al, 1993). These results were replicated in a
similar trial by the Seattle group (Clift et al, 1993). Ferra et al
(1997) used pentoxifylline, ciprofloxacin and prednisolone in
combination but did not show any reduction in VOD risk and
this combination was associated with a higher risk of infectious
complications.

Ursodeoxycholic acid
Ursodeoxycholic acid (UDCA) is a hydrophilic bile acid that
can result in the reduction of hydrophobic bile acids, which
can be toxic to hepatic parenchymal cells. A number of studies have attempted to evaluate the role of ursodeoxycholic
acid in the prophylaxis of VOD and of other hepatic complications of allogeneic transplantation including GvHD. Essell
et al (1998) undertook a randomized, double-blind, placebocontrolled single centre study using UDCA 300 mg twice
daily (or 300 mg in the morning and 600 mg in the evening
if the patients body weight was >90 kg). Sixty-seven patients
were included who had received bone marrow from a related
donor and a conditioning regimen including busulfan plus
cyclophosphamide. The study drug was started prior to
administration of conditioning and continued until 80 d
after transplantation. VOD was diagnosed if at least two of
the following conditions were present <30 d from transplant:
bilirubin level >5131 lmol/l, painful hepatomegaly and fluid
accumulation as defined by ascites or >5% weight gain. The
incidence of VOD was significantly less in the UDCA group
(15% compared to 40%, P = 003). The difference in the survival rates between the two groups at 100 d was not significant (77% in UDCA group compared to 59% in placebo
group, P = 019) (Essell et al, 1998).
Ohashi et al (2000) undertook a prospective, randomized,
open-label multicentre study to evaluate the role of UDCA
600 mg daily from day 21 to day +80 after transplantation
compared to placebo in 132 patients. VOD was diagnosed in
the presence of two of the following criteria: bilirubin
≥342 lmol/l, painful hepatomegaly and fluid accumulation
due to ascites or >2% increase in body weight. Patients
received a variety of conditioning regimens and this study
included a small number of patients undergoing autologous
transplantation. Fourteen (106%) of the 132 patients developed VOD. The incidence of VOD was significantly lower in
the UDCA arm (3% compared to 185%, P = 0004). The
incidence of GvHD and relapse were similar in both groups.
At 24 weeks after transplantation, there were 15 deaths in
the UDCA arm and 16 deaths in the control arm (Ohashi
et al, 2000). There were no adverse events attributable to
UDCA.
These results have not been confirmed by all studies.
Ruutu et al (2002) undertook a prospective randomized
open-label multicentre trial of 242 patients. The study group
(n = 123) were allocated to receive 12 mg/kg/d of UDCA
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from day 1 until day +90 following transplantation. This
study showed that there was no significant difference in the
incidence of VOD but that there was a significantly lower
incidence of grade III or IV acute hepatic GvHD (P = 001)
and that survival at 1 year was significantly better in the
UDCA group (71% vs. 55%, P = 002) (Ruutu et al, 2002).
Park et al (2002) undertook a randomized trial comparing
UDCA and heparin to heparin alone in patients undergoing
autologous or allogeneic transplantation. There was no
significant difference in the incidence of VOD (159% vs.
193%, P = 0348) or in survival at 100 d post transplant
(Park et al, 2002).
A systematic review pooled the results of the above three
randomized studies comparing UDCA to no treatment and
demonstrated a reduced risk of VOD in patients receiving
UDCA (relative risk, 034; 95% confidence interval 017–066)
(Tay et al, 2007). UDCA is suggested for prophylaxis of VOD.
The use of defibrotide in combination with UDCA in patients
at high risk of developing VOD may be considered at the
discretion of the treating physician.

Heparin
Both unfractionated heparin (UFH) and low molecular weight
heparin (LMWH) have been studied in the prophylaxis of
VOD. Attal et al (1992) reported a prospective randomized
trial of low dose UFH (100 units/kg/d administered by continuous intravenous infusion from day 8 until day +30 or day of
discharge). VOD was diagnosed clinically with histological
confirmation if another identifiable cause of hepatic disease
was present. Patients underwent allogeneic and autologous
transplantation with a variety of conditioning regimens.
Overall, 2/81 (25%) in the heparin group developed VOD and
11/80 (137%) in the control group developed VOD
(P < 001). In the allogeneic transplant group, the incidence of
VOD was less in patients who had received heparin (0% vs.
7%, P < 001). There were three minor bleeding events in the
heparin arm. There was no significant difference in survival at
100 d following transplant between the two arms (Attal et al,
1992). A phase II study in 50 children used UFH at a dose of
100 units/kg/d by continuous infusion and showed a significant reduction in diagnoses of VOD (defined by modified
Seattle criteria) when compared to an historical control group
(10% vs. 257%, P < 005) (Rosenthal et al, 1996).
These results have not been replicated in all studies. An
earlier study of patients undergoing autologous transplantation (98 enrolled as part of a randomized controlled trial
and 136 enrolled as part of a cohort study) used 1 mg/kg
daily of intravenous heparin from day of transplant until
engraftment achieved (Marsa-Vila et al, 1991). This study
did not show a reduced incidence of VOD. In the randomized trial, 22% of patients in the control arm developed
VOD compared to 77% in the heparin arm (Marsa-Vila
et al, 1991). There was no increase in adverse events in the
heparin arm. Reiss et al (2002) also reported no benefit of
ª 2013 John Wiley & Sons Ltd
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UFH in a retrospective study of 241 of children and young
adults undergoing allogeneic or autologous transplantation.
LMWH has been investigated in several series including one
randomized controlled trial (Or et al, 1996). This study
included 61 patients undergoing transplantation (allogeneic = 24, autologous = 37) who were randomized to receive
40 mg of enoxaparin once daily or placebo prior to BMT conditioning until day +40 or discharge. The incidence of hepatomegaly and the duration of elevated bilirubin were less in the
treatment arm (P = 004 and P = 001, respectively). There
was no increase in haemorrhagic events in the treatment arm
(Or et al, 1996). A prospective phase II study investigated the
safety and feasibility of using dalteparin 2500 international
units once daily subcutaneously in 40 patients (Forrest et al,
2003). There were 3 clinically significant bleeding episodes and
24 patients developed minor bleeding that did not require
specific therapy. Simon et al (2001) undertook a retrospective
cohort study of 462 adult patients who had undergone autologous or allogeneic stem cell transplant. Patients who had
received heparin, heparin and prostaglandin E1 or LMWH
(enoxaparin 30 mg twice daily) were compared to an historical
control group who received no prophylaxis (Simon et al,
2001). VOD was diagnosed using Seattle criteria. VOD was
diagnosed in 22% of the no prophylaxis group, 11% of the
heparin group, 12% of the heparin and prostaglandin E1
group and 4% of the LMWH group (P = 00002). Fatal haemorrhages occurred in 4 patients in the control group, 1 in
LMWH group and 3 in the heparin group.
A systematic review and meta-analysis which included 12
studies using LMWH or UFH as prophylaxis for VOD (2782
patients) reported that anticoagulation did not significantly
reduce the risk of VOD (pooled relative risk, 090; 95%
confidence interval, 062–129) (Imran et al, 2006).

Anti-thrombin
Anti-thrombin has been investigated in a number of small
studies as levels of anti-thrombin are low in patients with
VOD and anti-thrombin has a protective effect on the vascular endothelium (Morris et al, 1997; Mertens et al, 1999).
Peres et al (2008) reported a retrospective review of 48
patients with VOD who received early treatment with antithrombin. The overall 100-d mortality was 17% (10% in the
mild/moderate group, 39% in the severe group). Haussmann
et al (2006) undertook a prospective study comparing the
use of pre-emptive anti-thrombin in 91 children compared
to a historical control group of 71 children who received no
prophylaxis. The modified Seattle criteria were used to diagnose VOD. Pre-emptive anti-thrombin was given at a dose
of 50–100 units/kg in HSCT patients with plasma antithrombin levels of ≤70%. There was no significant difference
in the incidence of VOD between the two groups. Fourteen
patients in the treatment arm developed VOD and were treated with a combination of defibrotide and anti-thrombin
therapy. All of these patients achieved complete remission of
ª 2013 John Wiley & Sons Ltd
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VOD as defined by complete resolution of VOD-and multiorgan failure-related symptoms and a bilirubin of <34 lmol/l.
Ninety-three percent (13/14) were alive at 100 d following
transplantation (Haussmann et al, 2006).

Treatment of Veno-occlusive Disease
Defibrotide
Several studies in both adults and children have reported on
the efficacy of defibrotide in the treatment of VOD. Richardson et al (1998) first reported on 19 patients who had
received defibrotide for the management of severe VOD in a
compassionate use study. Intravenous defibrotide was administered in doses ranging from 5 mg/kg/d to 60 mg/kg/d.
Patients were included if they had a clinical diagnosis of
VOD (bilirubin >342 lmol/l and two of the following:
hepatomegaly and/or right upper quadrant pain, ascites or
>5% weight gain above admission weight) or a positive
biopsy result. In addition, patients who presented within
16 d of transplant had a predicted risk score of 40% defined
by the Bearman model (Bearman et al, 1993a) or, if presenting after day +16, VOD constituted their main clinical problem. Eight patients (42%) had resolution of VOD as defined
by resolution of bilirubin to <342 lmol/l and improvement
of other symptoms and signs of VOD.
These encouraging data led to an additional 69 patients
receiving defibrotide on an emergency use basis. Patients
were enrolled prospectively from 8 transplantation centres
and received a dose ranging from 5 to 60 mg/kg/d. Patients
were included based on a clinical diagnosis (bilirubin
≥342 lmol/l, hepatomegaly and/or right upper quadrant
pain, and ≥5% weight gain from admission, with or without
ascites) or two clinical criteria and positive hepatic biopsy.
Patients had to have a predicted risk score of 30% as defined
by the Bearman model (Bearman et al, 1993a) or, if presenting after day +16, VOD was considered their main clinical
problem and organ failure was present in at least one organ
system. Complete response (CR) was defined as in the pilot
study. The CR rate in 88 patients (including the 19 patients
in the pilot study) was 36% and survival at day +100 was
35% (Richardson et al, 2002).
A randomized phase II dose-finding study was subsequently
conducted by the same group (Richardson et al, 2010). Adult
or paediatric patients were included if they had a clinical diagnosis of VOD by day +35 post-HSCT or biopsy proven VOD.
Patients were also included if they had portal vein flow reversal
on ultrasound, jaundice and one other clinical criterion.
Patient eligibility was also defined by the severity criteria from
the previous study, specifically multi-organ failure (Richardson
et al, 2002). Patients were randomized to receive lower dose
defibrotide (25 mg/kg/d, n = 75) or higher dose defibrotide
(40 mg/kg/d, n = 74) administered intravenously every 6 h
for ≥14 d or until CR, progression of VOD or unacceptable
toxicity was observed (Richardson et al, 2010). CR was defined
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as total serum bilirubin <342 lmol/l with resolution of VODrelated multi-organ failure. The overall CR rate was 46% and
there was no significant difference between the two arms. The
day +100 post-HSCT survival rates were 42% and again there
was no significant difference between the two arms. There was
a slightly higher rate of adverse events in the higher dose arm
(10% vs. 7%) but this difference did not achieve statistical
significance.
Given that there was no difference in efficacy or toxicity
in the phase II randomized study (Richardson et al, 2010),
the lower dose of defibrotide was subsequently selected for
phase III trials in VOD. The results of a phase III study comparing the use of defibrotide in the treatment of severe VOD
to an historical control group have been presented in abstract
form and updated recently (Richardson et al, 2009). Patients
were included if they met the Baltimore criteria for VOD
and CR was assessed as bilirubin <342 lmol/l and resolution
of multi-organ failure. One hundred and two patients
received defibrotide intravenously at a dose of 625 mg/kg
four times daily and were compared to 32 historical control
patients. The day +100 CR rate was 24% in the treatment
arm compared to 9% in the historical control group
(P = 0013). The day +100 mortality rate was 62% in the
treatment arm compared to 75% in the control group
(P = 003). Haemorrhagic adverse events were similar in the
two groups (Richardson et al, 2009).
Following completion of the above trial, a single arm
phase II study was pursued and patients were included if
they met the eligibility for the trial or if they had non-severe
VOD or had developed VOD after chemotherapy rather than
after HSCT. The results of this expanded access programme
have been reported in abstract form (Richardson et al, 2011,
2012). The latest interim analysis reported on 333 patients
(305 who had undergone HSCT with 274 undergoing an
allogeneic transplant). Two hundred and twenty patients had
severe disease at study entry. The overall CR rate was 30%
with a 50% survival rate at day +100 in HSCT patients. In
the patients with non-severe VOD the CR rate was 39% and
the day +100 survival rate was 65%. The 155 patients who
met the original trial criteria had a CR rate of 29% compared to 9% in the historical control group (P = 00019) and
superior survival at day +100 (49% vs. 25%, P = 00016).
The main toxicities were haemorrhage in 18% and hypotension in 4% of patients with 2% of patients experiencing lifethreatening haemorrhage. A low incidence (8%) of all grades
of acute GvHD was also noted (Richardson et al, 2012).
The role of defibrotide in the treatment of VOD has also
been investigated by other groups. Corbacioglu et al (2004)
reported a retrospective analysis of 45 patients aged between
02 and 20 years who received defibrotide intravenously at an
average dose of 40 mg/kg/d. VOD was diagnosed using the
Baltimore criteria. CR was defined as resolution of VOD and
multi-organ failure-related symptoms and a bilirubin of
<342 lmol/l. Twenty-two patients had severe disease and 23
had moderate or mild disease. The overall CR rate was 76%
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with a survival rate of 64% at day +100 (Corbacioglu et al,
2004). Bulley et al (2007) have also reported a retrospective
series of the use of defibrotide in paediatric patients. In this
series of 14 patients, 60% stopped defibrotide due to clinical
improvement and the survival rate to day +100 was 79%
(Bulley et al, 2007). The European compassionate-use study
(Chopra et al, 2000) included 40 patients who fulfilled either
the Baltimore or Seattle criteria for VOD and received intravenous defibrotide (10 to 40 mg/kg daily). Twenty-two patients
(55%) showed a CR as defined by bilirubin <342 lmol/l and
resolution of signs/symptoms of VOD and end-organ dysfunction. The survival rate at day +100 was 43%. The CR rate in
the 10 poor-risk patients was 36% (Chopra et al, 2000).
Further work is required to investigate the optimal dose of
defibrotide, the optimal route of administration and the
optimal dose to use in patients who have received defibrotide
as a prophylactic agent. Until future studies address these
questions, intravenous defibrotide is recommended in the
treatment of adults and children with VOD at a dose of
25 mg/kg/d.

Tissue plasminogen activator (TPA)
Tissue plasminogen activator (TPA) has been used in the
treatment of VOD in a number of studies. Many of these
reports only included small numbers of patients (Goldberg
et al, 1996; Hagglund et al, 1996). The largest study to date
retrospectively reviewed 42 patients who received total
doses of TPA ranging from 54–120 mg intravenously over
2–4 d with heparin at a bolus dose of 1000 units at the
start of recombinant human (rh)-TPA and 150 units/kg/d by
infusion for 10 d (Bearman et al, 1997). VOD was defined
clinically by the presence of two of the following features by
day 20 post-transplant: jaundice, painful hepatomegaly or
unexplained weight gain. Response was defined as a 50%
reduction in total serum bilirubin by 50% within 10 d of starting treatment. The response rate was 29% (12 patients). The
survival rate at day +100 was 24% (10 patients). Thirty-seven
patients (88%) bled following treatment and 24% had a severe
haemorrhage. Severe bleeding was the cause of death in 3
patients and may have contributed to the cause of death in a
further three patients.

N-acetylcysteine (NAC)
N-acetylcysteine (NAC) has been used in one retrospective
study of 3 patients with severe VOD as defined by the Bearman criteria (Ringden et al, 2000). NAC was administered at
a loading dose followed by 50–150 mg/kg/d for 12–31 d and
all 3 patients had a CR and were alive at 100 d after transplantation. A prospective randomized study of 160 patients
was subsequently undertaken by the same group (Barkholt
et al, 2008). Patients with a bilirubin >26 lmol/l and/or
elevated alanine aminotransferase (84 units/l) were randomized to receive 100 mg/kg/d of NAC or no treatment. Two
ª 2013 John Wiley & Sons Ltd
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patients in the NAC group developed VOD and three
patients in the control group developed VOD, showing no
significant benefit of NAC in reducing hepatic toxicity postHSCT (Barkholt et al, 2008).

Methylprednisolone
High dose methylprednisolone has also been used in the
treatment of VOD. A prospective study of 48 patients with
VOD as defined by the Seattle criteria assessed the role of
05 mg/kg of methylprednisolone IV bd for 14 doses (Al
Beihany et al, 2008). Multi-organ failure was present in
31% of patients. Response was defined as a reduction in the
total serum bilirubin by 50% or more within 10 d of initiation of corticosteroids. Sixty-three percent of patients
responded and 28/48 (58%) were alive at 100 d from transplant. A recent paediatric retrospective study described 9
patients who received methylprednisolone 500 mg/m2 IV
every 12 h for 6 doses (Myers et al, 2013). Eight of these
patients had multi-organ failure secondary to VOD.
Response was defined as a 50% reduction in bilirubin level
by 10 d after the commencement of therapy. Six patients
responded to treatment. Four patients also received treatment with defibrotide. Overall survival was 78% (Myers
et al, 2013). Methylprednisolone may be considered for the
use in the treatment of VOD with the appropriate caveats
of caution regarding infection.

Supportive care
The mainstay of supportive care in patients with VOD is
judicious clinical care, particularly in the management of
fluid balance. The total amount of fluids should be restricted
and diuretic therapy should be administered in severe fluid
overload. Renal replacement therapy may be required in
severe cases. Patients with multi-organ failure will require
management in a high-dependency or intensive care environment. Early discussion with a specialist hepatology unit is
advised regarding further therapeutic options.
There have been case reports of successful liver transplantation in occasional patients with VOD but this procedure
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Appendix 1
GRADE nomenclature for assessing levels of evidence and
providing recommendations in guidelines.
Strength of recommendations. Strong (grade 1): Strong recommendations (grade 1) are made when there is confidence
that the benefits do or do not outweigh harm and burden.
Grade 1 recommendations can be applied uniformly to most
patients. Regard as ‘recommend’.
Weak (grade 2): Where the magnitude of benefit or not is
less certain a weaker grade 2 recommendation is made.
Grade 2 recommendations require judicious application to
individual patients. Regard as ‘suggest’.
Quality of evidence. The quality of evidence is graded as
high (A), moderate (B) or low (C). To put this in context it
is useful to consider the uncertainty of knowledge and
whether further research could change what we know or our
certainty.

ª 2013 John Wiley & Sons Ltd
British Journal of Haematology, 2013, 163, 444–457

in stem cell transplantation after gemtuzumab
ozogamicin exposure. Blood, 103, 1968.
Wadleigh, M., Richardson, P.G., Zahrieh, D., Lee,
S.J., Cutler, C., Ho, V., Alyea, E.P., Antin, J.H.,
Stone, R.M., Soiffer, R.J. & DeAngelo, D.J.
(2003) Prior gemtuzumab ozogamicin exposure
significantly increases the risk of veno-occlusive
disease in patients who undergo myeloablative
allogeneic stem cell transplantation. Blood, 102,
1578–1582.
Willmot, F.C. & Robertson, G.W. (1920) Senecio
disease, or cirrhosis of the liver due to Senecio
poisoning. Lancet, 2, 848–849.
Zenz, T., R€
ossle, M., Bertz, H., Siegerstetter, V.,
Ochs, A. & Finke, J. (2001) Severe veno-occlusive disease after allogeneic bone marrow or
peripheral stem cell transplantation–role of
transjugular intrahepatic portosystemic shunt
(TIPS). Liver, 21, 31–36.

(A) High. Further research is very unlikely to change confidence in the estimate of effect. Current evidence derived from
randomized clinical trials without important limitations.
(B) Moderate. Further research may well have an important
impact on confidence in the estimate of effect and may
change the estimate. Current evidence derived from randomized clinical trials with important limitations (e.g. inconsistent results, imprecision – wide confidence intervals or
methodological flaws – e.g. lack of blinding, large losses to
follow up, failure to adhere to intention to treat analysis), or
very strong evidence from observational studies or case series
(e.g. large or very large and consistent estimates of the magnitude of a treatment effect or demonstration of a doseresponse gradient).
(C) Low. Further research is likely to have an important
impact on confidence in the estimate of effect and is likely to
change the estimate. Current evidence from observational
studies, case series or just opinion.
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