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Abstract

Hepatic veno-occlusive disease is a clinical syndrome
characterized by hepatomegaly, ascites, weight gain
and jaundice, due to sinusoidal congestion which can
be caused by alkaloid ingestion, but the most frequent
cause is haematopoietic stem cell transplantation (STC)
and is also seen after solid organ transplantation. The
incidence of veno occlusive disease (VOD) after STC
ranges from 0 to 70%, but is decreasing. Survival is
good when VOD is a mild form, but when it is severe and
associated with an increase of hepatic venous pressure
gradient > 20 mmHg, and mortality is about 90%.
Prevention remains the best therapeutic strategy, by using
non-myeloablative conditioning regimens before STC.
Prophylactic administration of ursodeoxycholic acid, being
an antioxidant and antiapoptotic agent, can have some
benefit in reducing overall mortality. Defibrotide, which
has pro-fibrinolytic and antithrombotic properties, is the
most effective therapy; decompression of the sinusoids by
a transjugular intrahepatic portosystemic shunt (TIPS) can
be tried, especially to treat VOD after liver transplantation
and when multiorgan failure (MOF) is not present. Liver
transplantation can be the last option, but can not be
considered a standard rescue therapy, because usually the
concomitant presence of multiorgan failure contraindicates
this procedure.
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INTRODUCTION

Hepatic veno-occlusive disease is a clinical syndrome
characterized by hepatomegaly, ascites, weight gain and
jaundice!™”. Tt was first described in a patient who drank
an infusion made with pyrrolizidine alkaloids™”.

Early histological abnormalities include sinusoidal

congestion associated with centrilobular necrosis; later
fibrous obliterative lesions in the hepatic venules occur
with histological damage located to zone 3 of the acinus'.

Veno occlusive disease (VOD) is also associated with
other toxins such as alcohol, oral contraceptives, toxic oil,
terbinafine, or radiation injury™. The first case associated
with haematopoietic stem cell transplantation (STC) was
reported in 1979",

Since then SCT has become the most important and
frequent cause of VOD. In this setting diagnosis is made
by the same clinical signs as for other etiologies. Other
causes are infrequent but require exclusion. VOD after
SCT is a part of the spectrum of multi organ syndromes
which include idiopathic pneumonitis, diffuse alveolar
haemorrhage, thrombotic microangiopathy, and capillary
leak syndrome.

The incidence of VOD after STC ranges from 0 to
70%, dependent on the particular application of specific
diagnostic criteria, sample size and risk factors, which are
heterogenous among different cohorts™. Currently, the
incidence and severity of VOD after SCT is decreasing due
to earlier timing of SCT in patients with leukaemia, the use
of non myeloablative regimens and the decrease of HCV
infection amongst transplant candidates'"". However, the
incidence of VOD remains high in patients undergoing
aggressive chemotherapy regimens to eradicate cancer.

Veno occlusive disease is also reported after other solid
organ transplantation, particularly, kidney transplantation.
The largest series report an incidence of 2%-5% (5/200
kidney transplants), mainly related to azathioprine toxicity.
In liver transplant recipients the largest series reported an
incidence of 1.9% (19/1023 liver transplants) clinical VOD,
related to the number and severity of rejection episodes
and azathioprine use. In contrast, reversible hepatic venule
stenosis including case diagnosed histologically is reported
in 43% after liver transplantation and is mainly related to
azathioprinemj. A list of risk factors associated with the
development of VOD is shown in Table 1.

PATHOPHYSIOLOGY AND HISTOLOGY

After SCT the high dose cytoreductive therapy used in
patients who have a particular susceptibility, produces
endothelial injury in both sinusoids and small hepatic
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Table 1 Risk factors for the development of VOD

1 Pre existing liver disease (hepatitis C, previous fibrosis,
hypertransaminasemia)

Previous exposure to a myeloablative regimen

Past history of HSOS

Use of myeloablative regimen

High dose of total body irradiation

Use of cyclophosphamide containing regimes
Administration of cyclophosphamide after busulfan
Fixed dose of Busulfan

O 0 N O Ul B W

Use of oral rather than ev Busulfan

=
(=}

Late timing of SCT in patients with leukaemia
Carriers of haemocromathosis C282Y allele

Juny
=

Figure 1 Liver biopsy in a
patient with diagnosis of VOD
5 mo post liver transplantation.
There is centrilobular liver
cell loss, sinusoidal ectasia,
haemorrhage, and a stenotic
hepatic outflow venule (in
the centre of the picture).
The appearance is of venous
outflow obstruction. MSB
stain.

venules. This leads to activation of the coagulation cascade,
and clot formation. Fibrin-related plugs, intracellular
fluid entrapment and cellular debris progressively occlude
sinusoids, causing intrahepatic post sinusoidal portal
hypertension, responsible for the clinical signs of fluid
retention (weight increase), hepatomegaly, ascites and
jaundice. Usually fibrosis occurs several weeks after the
onset of the disease. Post mortem studies have shown that
hepatic venules are partially or completely obliterated by
subendothelial collagen fibers (Figure 1). An eatly deposition
of matrix metalloproteinases-2 has also been reported in the
sinusoids. Several factors other than cytoreductive therapy
contribute to the damage in VOD. Release of cytokines,
such as TNF-q, IL1 and 2, due to the endothelial injury, but
also due to cyclosporine given to patients with GVHD, have
procoagulant activity. Immunological mechanisms have been
implicated based on the observation of a lower incidence of
VOD following T cell depleted and autologous SCT, and a
higher incidence amongst mismatched transplants.

Genetic and secondary susceptibility of the liver also
plays a major role. Patients with previous liver disease,
previous liver radiation or hepatitis are more prone to
develop VOD. All these injuries cause depletion of gluta-
thione from hepatocytes, resulting in increased sensitivity
to zone 3 damage due to other compounds such as
cyclophosphamide, busulfan and BCNU, which can further
deplete this antioxidant compound. In parallel with the
decline in hepatic venous flow, nitric oxide (NO) levels
decrease in the hepatic vein'"”, This change suggests that
vasoconstriction related to NO depletion occurs, further
incrementing the darnagem].

Table 2 Diagnostic criteria of veno occlusive disease after SCT

Seattle criteria

Seattle criteria
At least two of the three following criteria: within the first month after
stem cell transplantation (STC):

1 Jaundice

2 Hepatomegaly and right upper quadrant pain

3 Ascites and/or unexplained weight gain

Baltimore criteria
Elevated total serum bilirubin (= 2 mg/dL) before d 21 after SCT and
two of the following three criteria:

1 Tender hepatomegaly

2 Weight gain = 5% from baseline

3 Ascites

Modified Seattle criteria
Occurrence of two of the following events within 20 d of SCT:
1 Hyperbilirubinaemia (= 2 mg/dL)
2 Hepatomegaly or right upper quadrant pain of liver origin
3 Unexplained weight gain (> 2% of baseline bodyweight) because of
fluid accumulation

CLINICAL PRESENTATION AND
DIAGNOSIS

The classic presentation of VOD is characterized by the
triad of weight gain caused by fluid retention, tender
hepatomegaly and hyperbilirubinaemia without any
known cause"™'", Usually this occurs within 10-20 d
after SCT when regimens containing cyclophosphamide
have been used. With other regimens it occurs later". A
chronic picture occurs outside of the SCT setting is the
one associated with chronic assumption of pyrrolizidine
alkaloids. After liver transplantation VOD occurs over wide
intervals, with a mean of 9 wk after transplant. The presence
of persistent ascites 6 wk after liver transplantation can be
indicative of an outflow obstruction syndrome, therefore,
VOD should be excluded"”. Diagnosis is usually based on
signs and symptoms, having ruled out other conditions
which can mimic the disease, particulatly after STC, such
as viral infections and graft versus host disease, cholestatic
secondary sepsis, heart failure and tumoral infiltration of
the liver'”. After liver transplantation, fibrosing cholestatic
hepatitis due to HBV or HCV should be excluded.
Nowadays, clinical criteria have been formalized in the
Baltimore and Seattle criteria (Table 2). The Baltimore
criteria are more restrictive and usually patients fulfilling
these are diagnosed at a more severe stage of the disease'™”.
After SCT, raised serum bilitubin concentration is a
sensitive, but not a specific marker for diagnosis; an AST
greater than 750 U/L is one marker of poor prognosis”"*.
Endothelial injury can be suspected even before the
appearance of the clinical or other laboratory signs by
elevated serum levels of PAI-1, procollagen III, and it’s
precursor propeptide (P-TI-P)***Y. Moreover, elevated
serum levels of P-II-P and low levels of protein C before
the start of conditioning regimens can predict the patients
who will develop VOD™!. Serum hyaluronic acid, vWF-
cleaving protease ADAMTS13 and Ca-125 have also been
evaluated as early markers of VOD. In particular, serum
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Table 3 Classification of severity of veno occlusive disease after
bone marrow transplantation according to weight increase (%),

bilirubin concentration peak, presence of peripheral edema and
ascites'! (mean + SD)

Mild Moderate Severe
Weight gain (% increase) 70+£35 101+53 155+9.2
Maximum bilirubin (mg/dL) 47+29 79+£6.6 266+152
Percentage with peripheral edema 23 70 85
Percentage with ascites 5 16 48
Day 100 mortality (all causes) (%) 3 20 98

elevation of CA-125 appears to be an early and accurate
predictive marker in the pediatric population, but the
mechanism is unknown’,

Ultrasound of the liver and abdomen with doppler
examination is the first line imaging investigation. Findings
include the presence of ascites, hepatomegaly, attenuated
hepatic veins and/or biliary dilatation. Ultrasound can also
rule out the presence of malignant hepatic infiltration and
other biliary diseases. Interestingly, thickness of gallbladder
wall has been shown to correlate with HVPG in these
patients, (which has prognostic significance - see later).
However, none of these signs is specific for diagnosis and
must be interpreted within the clinical context™,

Pulsed Doppler ultrasound can suggest VOD on the
basis of a decreased or reversed portal venous flow™,
Significant elevation of the hepatic artery resistive index
in duplex sonography may be a sensitive index of liver
damage related to VOD. In infants, a segmental portal
flow reversal has also been shown to be strongly associated
with early VOD™. Magnetic resonance can confirm
the ultrasound findings and be suggestive of outflow
obstruction if it shows a patchy signal enhancement in the

. . . 30
absence of hepatic vein occlusion'™

HAEMODYNAMICS AND HEPATIC VEIN
CATETHERIZATION

The transjugular access is a safe route to perform mea-
surement of the hepatic venous pressure gradient (HVPG)
and liver biopsy” ™. HVPG is the difference between
occluded hepatic venous pressure and the non-occluded
(free) pressure on the hepatic veins. Normally, the non
occluded pressure in hepatic veins is the same as in the
IVC. The absence of a significant gradient (< 6 mmHg)
along the hepatic veins and in the IVC can exclude
anatomical causes of outflow obstruction. Measurement of
HVPG can help discriminate between GVHD and VOD
because HVPG is greater in the latter. In one study 82% of
patients with VOD had HVPG greater than 9 mmHg, but
this was found in none of those with GVHD. In another
study, an HVPG greater than 10 mmHg was significantly
correlated with VOD (91% specificity and 86% positive
predictive value)™,

HVPG can be also helpful to determine prognosis,
as patients who will survive with VOD have less severe
portal hypertension. A HVPG greater than 20 mmHg
is correlated with poor prognosis®. The transjugular

www.wjgnet.com

access allows liver biopsy to be performed safely even
if coagulation is impaired (without the need of blood
product transfusion) which is often the case. In most
series, confirmatory diagnosis of VOD has relied on post
mortem histology as transjugular liver biopsy has not
been used. Even with this, no single histological feature
is pathognomonic of the diagnosis. Another advantage
of TJLB is the possibility to perform multiple passes
in different sites of the liver which offers a theoretical
advantage in diagnosing diseases with patchy distribution
like VOD or hepatic venous obstruction syndromes’”.

PROGNOSIS AND OUTCOME

Bearman e a/”" have developed a model to estimate
survival in patients with VOD based on a large cohort
of SCT patients. Percentage of weight gained, bilirubin,
ascites and peripheral edema were associated with worse
survival. Severe VOD was associated with 98% mortality at
d 100 after SCT (Table 3). Motreover, HVPG greater than
20 mmHg was confirmed as an independent prognostic
marker of mortality.

Outcome of VOD after liver transplantation remains
unclear, but a poor outcome is reported by Sebagh ez al'”
with 63% mortality (12 of 19 patients) in the largest
series published. Because of the low incidence of this
complication after LT, no specific prognostic factors
have been evaluated, but clinical features derived from
SCT groups could be used to assess severity of VOD
after LT as well. Mortality after liver transplantation is
related mainly to liver failure and development of renal
insufficiency due to portal hypertensive complications.

THERAPY

Prevention

Treatment of VOD is primary supportive and spontaneous
recovery is reported in 70%-85% of mild forms after stem
cell transplantation. However, severe forms do not resolve
and given the paucity of effective therapies, prevention is a
priority. The use of non myeloablative regimens in patients
with risk factors for VOD is now possible™. Alternatively
monitoring blood concentrations of chemotherapeutic
agents, i.e. busulphan”” has been shown to be less
hepatotoxic when administered intravenously rather than
orally. The study of genetic polymorphisms of glutathione
S-transferase and TNF-q have been evaluated and allow
identification of the patients at risk, but further studies are
needed™”.

Prophylactic administration of ursodeoxycholic acid,
being an antioxidant and antiapoptotic agent, has been
evaluated in 4 randomized trials'™"*. Two studies have
shown a significant benefit of UDCA 600 mg daily in
preventing VOD after SCT (VOD incidence 15% s
40% and 3% wvs 18.5%)[40’41], but in the most recent two
(one in combination with heparin) no benefit of UDCA
administration per se or when added to heparin was seen.
In the trial in which UDCA was given alone at the dose
of 12 mg ' kg daily, there was a decrease overall mortality
with a decreased incidence of GVHD"*,
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Table 4 Outcome of patients undergoing TIPS for veno occlusive disease

Author Patients Etiology Severity VOD Improvement Early mortality (< 1 m) Late mortality (> 1 m)
portal hypertension

Azoulay (2000) 10 BMT Severe 10/10 5/10 4/5

Fried (1996) 6 BMT Severe 6/6 4/6 1/2

Annarolo (2004) 1 BMT Severe yes Alive 3 yr f-up

Zenz (2001) 3 BMT Severe/modetate 3/3 3/3 -

Azoulay (1998) 1 KTx Severe yes Alive 36 mo f-up

Shen (1996) 1 Irradiation pelvis Moderate yes Alive 5 mo f-up

Leny (1996) 1 BMT Severe yes yes =

De la Rubia (1996) 1 BMT Moderate yes Alive 9 mo f-up

Smith (1996) 1 BMT Severe yes yes =

Meacher (1999) 1 BMT Severe - yes yes

Lerut (1999) 1 among series LT - yes - -

Sebagh (1999) 1 among series LT - - re-OLT

Prostaglandin E1 is a vasodilator with protective
properties for the endothelium and has antithrombotic
activity[w. One non-randomized trials in which PGE1 was
given in combination with heparin or heparin and tPA
showed a lower incidence of VOD in the PGE1 group
(12.2% vs 25.5%), a finding which was confirmed in a
randomised trial published as an abstract™. However,
the most recent prospective study enrolling 24 patients
using PGE1 alone failed to show any advantage and was
associated with severe toxicity in all*.

Supplementation of glutathione to restore hepatic
concentrations has been effective in experimental models.
In one RCT, 34 patients were randomized to oral supple-
mentation of glutamine aiming to maintain GHS levels, or
a mixture of amino acids. Glutamine supplementation was
able to maintain normal protein C levels after VOD, but
clinical outcome was not evaluated'*”.

Treatment

Treatment of the classical syndrome also includes supportive
measure. Ascites is treated with sodium restriction, diuretics
and paracentesis. Mechanical otgan support may be needed
when renal or respiratory failure develops. Correction of
coagulopathy and prevention of infections in severe forms
to avoid bacterial translocation from the gut by intestinal
disinfection are often used"™”.

Based on the histological presence of microthrombosis
and fibrin deposition in the hepatic venules of patients
with VOD, the principal specific therapy has been to
promote fibrinolysis with or without anticoagulation™™",
To date, about 130 patients have been treated with tPA -
the response rate is about 30% in the largest series with the
addition of concomitant heparin®”. However, no response
was seen amongst patients with MOLF, renal or respiratory
failure. Moteover, 24% developed severe bleeding. Thus,
administration of pro-fibrinolytics and anticoagulants
should be avoided in these patients, but conversely should
be given eatly in the course of VOD.

Administration of ATII and protein C or PGE1
has not been shown to be effective”. However, there
is some evidence for the use of defibrotide. This is a
polydeoxyribonucleic acid derived from potcine and
bovine mucosa that has pro-fibrinolytic and antithrombotic
properties; it also decreases leukocyte rolling and adherence

to the endothelium as well as decreasing thrombin genera-
tion and lowering circulating levels of PAI-1.

In the largest series published, treatment with 10 to
60 mg kg'1 d" infusion of defibrotide every 6 hours
achieved a response rate of 36% and overall survival rate
of 35% at 100 d after SCT without adverse events™.
Predictors of survival with therapy, included younger
age, autologous SCT and abnormal portal vein flow,
while regimens based on busulphan and the presence of
encephalopathy predicted worse outcome. Decrease in
mean serum creatinine and PAI-1 levels are associated with
response to treatment and better survival.

The high mortality rate of VOD after liver trans-
plantation leads to the need of specific therapy. In the only
two patients treated with defibrotide for VOD after LT,
only one survived™. No effective medical therapy has been
reported.

Decompression of the engorged sinusoids by a tran-
sjugular intrahepatic portosystemic shunt can relieve portal
hypertension and prevent renal failure in patients with
VOD. The recent review on clinical practice guidelines for
transjugular intrahepatic portosystemic shunt (TIPS) did
not recommend TIPS for veno-occlusive disease (VOD)P.
This was because TIPS has not been shown to change
prognosis in patients with VOD after SCT. However, it
was implied that VOD is only seen after SCT, whereas it
can be seen in other settings, in which TIPS may offer a
potentially useful treatment.

To date 27 VOD patients treated with TIPS have
survived, 20% of the total (Table 4). All but three (2 with
previous liver and 1 with previous kidney transplantation)
had bone marrow transplantarjonlssj. The most common
causes of death usually occurring within 1 to 3 wk follow-
ing diagnosis were multi organ failure (MOF), sepsis and
haemorrhage, due to underlying haematological disease.
The remainder were due to portal hypertension and renal
insufficiency complicating VOD. An issue not touched
upon in the review is that the reported failure of TIPS to
change prognosis may be due to a misdiagnosis of VOD.
Sometimes it is difficult to distinguish it from cholangitis
lenta or acute GVHD, and so in some patients, specific
therapy for VOD may be delayed.

The interval between the onset of VOD and TIPS
placement is usually not mentioned and only a few reports
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Bilirubin > 2 mg/dL Timing
Ascites VOD suspected Afer SCT before d 20
hepatomegaly i After LT mean 9 wk

Diagnosis

— v T

Laboratory Imaging Confirm and assess prognosis
- AST -US and doppler - Transjugular liver biopsy

- Bilirubin -MRI - HVPG

- PAI-1, Procollagen I + - HV and IVC pressures if OLT
-Ca 125

Medical treatment /
\ - treatment of ascites

- tPA + heparin

- Defibrotide

LT, KTx, alkaloids «———— Faled ———» STC

¢ No malignancy
TIPS —» OLT <«———— NoMOF

Figure 2 Flow chart in diagnosis and management of veno-occlusive disease.
VOD: veno occlusive disease; SCT, stem cell transplantation; OLT: ortothopic liver
transplantation; HVPG: hepatic venous pressure gradient; HV hepatic vein; IVC:
inferior vena cava; KT: kidney transplantation; MOF: multi organ failure; TIPS:
transjugular intrahepatic portosystemic shunt.

specifically comment on this. The interval could influence
the success of TIPS. If MOF is already present, patients
are probably being treated too late. Conversely, in the
only patient who survived in one series, the TIPS was
placed 180 d after VOD diagnosis, probably recovery
would have occurred in any case. Earlier intervention
may be worthwhile, but it needs formal assessment. A
further issue is that when VOD is complicated by direct
parenchymal injury, e.g. due to cyclophosphamide, TIPS
may also be contraindicated, as liver dysfunction would not
be expected to improve with decompression of the hepatic
outflow.

Indeed, the causes of death in patients with VOD are
usually renal and cardiopulmonary failure and sepsis, rather
than liver failure per se. In liver transplantation 4 patients
with VOD have been treated with TIPS, one died, one
was retransplanted, but information in these two patients
about the course or the cause of liver failure or death was
not reported. We have recently described two patients
who developed severe veno-occlusive disease post liver
transplantation, failed defibrotide therapy and were treated
by TIPS. One has had a full recovery with histological
amelioration and one resolved the portal hypertension, but
without amelioration in histology at 16 mo"”. Similarly,
histological changes after TIPS were reported by Fried
et al" in 6 patients, 3 (50%) showing amelioration of
sinusoidal congestion and haemorrhagic necrosis.

Thus, although TIPS is not recommended for patients
with severe VOD, this may apply only to SCT patients in
whom MOF conditions the prognosis. If a severe VOD
is diagnosed in a liver transplanted patient and if medical
therapy fails, transjugular porto systemic shunt should be
considered.

Liver transplantation has been reported anedoctically
as a rescue therapy in patients with VOD after SCT
not responding to medical therapy. The presence of
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malignancies and multiple organ failure (if VOD is
advanced) contraindicates OLT. When VOD develops
after liver transplantation itself, retransplantation can be
performed as a rescue therapy as the liver is the only organ
damaged. Previous placement of TIPS allows more time
to the clinician to re-list the patients for OLT and it does
not jeopardize subsequent OLT.

A flow-chart for the suggested diagnosis and manage-
ment of VOD is reported in Figure 2.
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