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Sinusoidal obstruction syndrome (SOS),

previously called veno-occlusive disease

(VOD) can be a difficult problem after

hematopoietic cell transplantation (HCT).

The overall incidence has changed since

the early days of allogeneic HCT. Pro-

phylaxis and treatment remain important

components of supportive care. As the

indication and the comorbidities for HCT

continue to change, especially with older

and more infirm patients, SOS remains

an important area for clinicians. I discuss

how SOS could be addressed, from pro-

phylaxis to diagnosis and potential ther-

apy. (Blood. 2014;123(26):4023-4026)

Introduction

Sinusoidal obstruction syndrome (SOS), previously called veno-
occlusive disease (VOD), can be a devastating complication after
hematopoietic cell transplantation (HCT). Although the overall
incidence and severity has fallen significantly, severe SOS remains
a formidable problem. As the name implies, the hepatic vascular
endothelial cells are damaged by the preparatory regimen, initiating
the clinical syndrome.1-4 The damaged endothelium can be seen in
the sinusoidal endothelial cells and in the hepatocytes, with de-
position of fibrinogen, factor VIII, and erythrocyte congestion re-
sulting in enlarged sinusoids. Sloughed sinusoidal endothelial cells,
red cells, and stellate cells embolize downstream, leading to venous
occlusion that can progress to disruption of the normal liver archi-
tecture and centrilobular necrosis.5,6 In the late phases of the disease,
fibrosis and occlusion of the terminal venules develop, leading to
hepatic failure and possibly death. Parallel to the physical damage,
there is a procoagulant state with low levels of antithrombin, protein
C (whichmaybe a usefulmarker) and factorVII, and increased levels
of plasminogen activator inhibitor 1.7-11 The severity of the syn-
drome is proportional to the extent of injury to the liver.

The old adage “an ounce of prevention is worth a pound of cure”
is appropriate to ascribe to this disease because therapeutic options
are limited. Yet the data on prevention is not very solid. The first
randomized studies used low-dose heparin and demonstrated that
this approach was effective in preventing SOS in adults and children,
although other larger prospective studies did not show an effect on
prevention of death from SOS.12-15 A meta-analysis demonstrated
that there was a significant decrease in the incidence of SOS using
ursodeoxycholic acid for prophylaxis, but 2 randomized studies
showed conflicting results.16-18 Other observational or historical
controlled studies suggest that use of defibrotide (discussed in detail
later), glutamine supplementation, peripheral blood progenitors, and
T-cell depletion as graft-versus-host disease (GVHD) prophylaxis
have been associated with a lower incidence of SOS.19-24 In one
pediatric study, the use of defibrotide for prevention of SOS was
also associated with a lower incidence of acute GVHD.22 A recent
publication by the British Committee for Standards inHaematology
and the British Society for Blood and Marrow Transplantation
nicely reviews the current data.25 The treatment of SOS can be
problematic and will be illustrated in the 2 cases that follow. This
study was conducted in accordance with the Declaration of Helsinki.

Clinical cases

Case 1

J.S. is a 49-year-oldwomanwith FLT3-ITD1 acutemyeloid leukemia
who achieved complete remission after induction chemotherapy with
daunorubicin and cytarabine. She subsequently underwent an allo-
geneic stem cell transplant using busulfan and cyclophosphamide as
the conditioning regimen and tacrolimus and methotrexate for GVHD
prophylaxis, as well as low-dose heparin for SOS prophylaxis. She
was noted to have an increase in her bilirubin on day 12, which
increased steadily over the next week to a level of 8 mg/dL. During
this time, she developed ascites and gained ;12 pounds. She had a
palpable liver edge on examination but no complaints of pain in the
right upper quadrant. She also excreted 1 to 1.5 L of diarrhea per day.
Endoscopy of the upper and lower gastrointestinal tracts demonstrated
erythema and edema, but the biopsy results were equivocal for
GVHD with no evidence for cytomegalovirus. Liver ultrasonog-
raphy did not show any abnormalities. Because of increased
bilirubin and ascites and a question of whether this was SOS or
GVHD, a transjugular liver biopsy was performed. The portal-
hepatic wedge pressure was 12 mm Hg. The biopsy demonstrated
changes consistent with SOS without any evidence of GVHD.
Because there were no medications available for the treatment of
SOS, she was treated with supportive care consisting of light diuresis
for fluid management, tapping and removing the ascitic fluid to
improve her respiratory status, and “watchful waiting.”Her bilirubin
level peaked at 11 mg/dL and gradually decreased to normal over
the ensuing 3 weeks. The ascites mobilized spontaneously and her
weight gain resolved.

Case 2

T.R. is a 58-year-old man with myelodysplastic syndrome. He
had become red cell transfusion–dependent and proceeded to a
matched unrelated donor peripheral blood transplant. He was
conditioned with busulfan and cyclophosphamide and received
tacrolimus and methotrexate for GVHD prophylaxis. He received
ursodeoxycholic acid for SOS prophylaxis. By day 6, there was an
increase in his bilirubin, which continued to increase to .20 mg/dL
by day 20. During this time, he had rapid weight gain and an
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increase in his abdominal girth from the development of ascites.
He also developed severe right upper quadrant pain requiring
narcotic analgesia. Abdominal ultrasonography done on day 14
demonstrated reversal of portal venous flow. He was started on
defibrotide through a compassionate-use program. His bilirubin
gradually decreased to a normal range within the next 2 weeks and
his ascites also resolved.

Evaluation

These 2 cases illustrate some of the complexities of SOS. As
mentioned before, the best treatment would be to try and prevent the
development of this disease; however, the prophylactic strategies are
suboptimal. Heightened awareness for SOS includes patients with
known liver injury such as prior irradiation to the liver, hepatitis, iron
overload, use of sirolimus for GVHD prophylaxis, busulfan in the
conditioning regimen, use of gemtuzumab ozogamicin, and a poor
performance status.24-43 Despite equivocal data, these patients
should have prophylaxis with ursodeoxycholic acid or low-dose
heparin. The triad of weight gain (usually from ascites), elevated
bilirubin, and right upper quadrant pain or hepatomegaly is common
in severe SOS but may be variable in less fulminant courses. The
“20 by 20” rule—that is, a bilirubin of 20 by day 20—predicts
a poor outcome.

What should be done for a patient with an elevated bilirubin
level? When a patient has a rapid rise in bilirubin level, ascites
causing weight gain, and right upper quadrant pain, the diagnosis of
SOS should be high on the list of differential diagnoses. Other
etiologies such as GVHD or an infectious process can present in
a similar manner. Moreover, most patients are receiving multiple
drugs that can cause cholestasis. Ultrasonography of the liver with
Doppler studies is usually performed to look specifically for ascites
and reversal of flow in the portal veins, hepatic artery resistance
index.0.75, or an abnormal portal vein waveform.44-47 This test is
not diagnostic, but these findings, especially reversal of flow, would
suggest the presence of SOS. If the patient has no other confounding
findings suggestive of other reasons for the triad of symptoms and
laboratory abnormalities, then treatment of SOS should begin
(discussed later). It is important to stress that the diagnosis of SOS
is an iterative process; therefore, if these diagnostic study results
are initially negative, they may need to be repeated because the
clinical scenario changes with time.

Themore difficult patient is onewho has amore insidious onset of
clinical findings. In some cases, the occurrence of SOSmay be late or
recognized at a later time.47 The bilirubin level rises more gradually,
usually staying under 10 mg/dL. This change occurs around the time
of methotrexate administration, which can cause a rise in the bil-
irubin, or at timewhen the calcineurin inhibitor levels are high,which
again are other potential reasons for an elevated bilirubin level.
Another confounder around this early time before engraftmentwould
be a new fever, suggesting an infection, which could also increase the
bilirubin. Because mild-to-moderate SOS has a good outcome, there
is less of an urgency to document SOS. However, if the suspicion is
high but there are clinical confounders that could explain the rise in
bilirubin,fluid retention, right upper quadrant pain, or hepatomegaly,
and liver ultrasonography is not helpful, then a transjugular liver
biopsy could be performed. In addition to obtaining a pathology
specimen, portal hepatic wedge pressure can be measured. This
wedge pressure partially reflects the sinusoidal pressure.48-50 A
pressure gradient of$10 mm Hg is highly sensitive and specific for

the presence of SOS.Most patients do not need a liver biopsy because
the morbidity of a percutaneous biopsy in immunosuppressed
thrombocytopenic patients is prohibitive. If a biopsy is needed, the
transjugular approach is preferable and should be done by an
experienced interventional radiologist. Although this approach is
safer, it is not without significant risk for complications. Because
the biopsy is done through fluoroscopy and the image is two-
dimensional, the guided catheter can lodge close to the capsule of
the liver, and the biopsy may cause a perforation through the
capsule, which would result in significant bleeding potentially
requiring surgical repair. Moreover, the biopsy specimens are
quite small and sometimes lack sufficient portal areas for a clear
diagnosis.

Therapy

Patients with mild SOS can simply be observed, whereas those with
moderate disease can be treated expectantlywithmild diureticswhile
carefully preserving renal blood blow so as not to induce prerenal
azotemia and possible hepatorenal syndrome. Some patients may
require paracentesis if the ascites is causing respiratory compromise
or pain. Again, the amount of ascites removed should be modest,
around one liter per day so as to not harm renal blood flow. Patients
with severe SOS should be treated. Unfortunately, the assignment of
these grades can only be done retrospectively because there are no
clinical criteria to do this prospectively. An attempt at a model was
developed in 1993 (primarily all ablative regimens), where the
course of SOS was predicted by the serum bilirubin and the weight
gain after cytoreductive therapy.51 This paper provided a logistic
regression model but was helpful only in a minority of patients who
ultimately developed severe SOS, and it was also dependent on
determining the probability of SOS.

My approach for deciding on therapy is based on the level of
bilirubin and liver function tests and their rate of change, the amount
and pace of weight gain, the presence of hepatomegaly, and overall
symptoms. Table 1 is a possible guide for what could be considered
mild, moderate, or severe. It is important to realize that the diagnosis
is an iterative process rather than one point in time. Thus a patient’s
condition may move quickly from moderate to severe or from
moderate to mild. For patients with severe SOS defined by a rapid
rise in the bilirubin level (eg, doubling or tripling over 24 hours)
and rapid weight gain, treatment should be instituted. Defibrotide
is probably the drug that has the most promise in SOS. It is a
polydeoxyribonucleotide derived from mammalian lung or mucosa
and has anticoagulant as well as antiinflammatory activity.52-56 It
also increases levels of prostaglandin I2, E2, and prostacyclin, and
increases levels of tissue plasminogen activator (tPA), thus in-
creasing fibrinolysis. It has modest anticoagulation effects, making
this drug relatively safe in the setting of thrombocytopenia. A
phase 2 trial demonstrated improved survival in patients receiving

Table 1. Grade of SOS

Mild Moderate Severe

Bilirubin, mg/dL ,5 5.1- 8 .8

Liver function ,33 normal 3-83 normal .83 normal

Weight above baseline ,2% 2-5% .5%

Renal function Normal ,23 normal .23 normal

Rate of change Slow Moderate Rapid
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defibrotide comparedwith historical controls.57-60 This drug has also
been shown to be effective in treating SOS in children.61 I begin the
drug dose at 6.25 mg/kg intravenously every 6 hours and continue
until the patient’s bilirubin levels have normalized. Health care
professionals in the United States may be able to obtain defi-
brotide for the treatment of patients with SOS through a Gentium-
sponsored “Expanded Access, Treatment IND Protocol, Protocol
2006-05” (www.gentium.com); the drug is marketed in the EU as
Defitelio.

Other drugs have also been tried in SOS but none can con-
fidently be recommended. These include alteplase and heparin, but
the bleeding risk was prohibitive. Steroids have also been used in
anecdotal reports, but it is my opinion that steroids are more likely to
cause significant other problems without a clear benefit. The use of
steroids appears to be more common in pediatrics and less common
in the adult populations. Antithrombin concentrate can also be used
for patients who are deficient, and it appears to be very effective in
these patients. PGE1 (alprostadil) has been used in children with
some success, although that number is very limited. Other, more
extreme approaches include a transjugular intrahepatic portosyste-
mic shunt, which can lead to improvement in hepatic and renal
function, although long-term survival is uncommon. Finally, in rare
cases, liver transplantation has also been reported but, not sur-
prisingly, these patients are quite fragile at this stage and are not
likely to survive such a procedure.

Summary

SOS can be a devastating development after HCT. The important
points are that mild SOS does not require any intervention. For
patients with moderate disease, efforts are centered around fluid
management, with attention to intravascular volume so that kidney
perfusion is maintained. Removal of the ascitic fluid can be done
judiciously to control pain or difficultywith breathing. It is important
to not precipitate renal insufficiency by too-aggressive diuresis
or rapid removal of ascitic fluid. Severe SOS should be treated
promptly, using the measures described here and with defibrotide.
Efforts to prevent SOS should be implemented, especially in patients
at higher risk. Although this complication can be devastating, the
majority of these patients are expected to improve.

Authorship

Contribution: N.C. wrote the manuscript.
Conflict-of-interest disclosure: The author declares no competing

financial interests.
Correspondence: Nelson Chao, MD, MBA, Duke University,

2400 Pratt St, Suite 9100, Box 3961, Durham, NC 27710; e-mail:
chao0002@mc.duke.edu.

References

1. McDonald GB, Sharma P, Matthews DE, Shulman
HM, Thomas ED. Venocclusive disease of the
liver after bone marrow transplantation: diagnosis,
incidence, and predisposing factors. Hepatology.
1984;4(1):116-122.

2. Zeniya M, Fukata H, Toda G. Thrombomodulin
expression of sinusoidal endothelial cells in
chronic viral hepatitis. J Gastroenterol Hepatol.
1995;10(Suppl 1):S77-S80.

3. Scoazec JY, Feldmann G. In situ
immunophenotyping study of endothelial cells of
the human hepatic sinusoid: results and functional
implications. Hepatology. 1991;14(5):789-797.

4. Volpes R, van den Oord JJ, Desmet VJ.
Distribution of the VLA family of integrins in
normal and pathological human liver tissue.
Gastroenterology. 1991;101(1):200-206.

5. Shulman HM, Gown AM, Nugent DJ. Hepatic
veno-occlusive disease after bone marrow
transplantation. Immunohistochemical
identification of the material within occluded
central venules. Am J Pathol. 1987;127(3):
549-558.

6. Shulman HM, Fisher LB, Schoch HG, Henne KW,
McDonald GB. Veno-occlusive disease of the
liver after marrow transplantation: histological
correlates of clinical signs and symptoms.
Hepatology. 1994;19(5):1171-1181.

7. Tabbara IA, Ghazal CD, Ghazal HH. Early drop in
protein C and antithrombin III is a predictor for
the development of venoocclusive disease in
patients undergoing hematopoietic stem cell
transplantation. J Hematother. 1996;5(1):79-84.

8. Salat C, Holler E, Kolb HJ, et al. Plasminogen
activator inhibitor-1 confirms the diagnosis
of hepatic veno-occlusive disease in patients
with hyperbilirubinemia after bone marrow
transplantation. Blood. 1997;89(6):2184-2188.

9. Faioni EM, Krachmalnicoff A, Bearman SI, et al.
Naturally occurring anticoagulants and bone
marrow transplantation: plasma protein C predicts
the development of venocclusive disease of the
liver. Blood. 1993;81(12):3458-3462.

10. Scrobohaci ML, Drouet L, Monem-Mansi A, et al.
Liver veno-occlusive disease after bone marrow
transplantation changes in coagulation
parameters and endothelial markers. Thromb
Res. 1991;63(5):509-519.

11. Iguchi A, Kobayashi R, Kaneda M, Kobayashi K.
Plasma protein C is a useful clinical marker for
hepatic veno-occlusive disease (VOD) in stem cell
transplantation. Pediatr Blood Cancer. 2010;
54(3):437-443.

12. Attal M, Huguet F, Rubie H, et al. Prevention
of hepatic veno-occlusive disease after bone
marrow transplantation by continuous infusion
of low-dose heparin: a prospective, randomized
trial. Blood. 1992;79(11):2834-2840.

13. Rosenthal J, Sender L, Secola R, et al. Phase II
trial of heparin prophylaxis for veno-occlusive
disease of the liver in children undergoing bone
marrow transplantation. Bone Marrow Transplant.
1996;18(1):185-191.

14. Marsa-Vila L, Gorin NC, Laporte JP, et al.
Prophylactic heparin does not prevent liver veno-
occlusive disease following autologous bone
marrow transplantation. Eur J Haematol. 1991;
47(5):346-354.

15. Or R, Nagler A, Shpilberg O, et al. Low molecular
weight heparin for the prevention of veno-
occlusive disease of the liver in bone marrow
transplantation patients. Transplantation. 1996;
61(7):1067-1071.

16. Tay J, Tinmouth A, Fergusson D, Huebsch L,
Allan DS. Systematic review of controlled clinical
trials on the use of ursodeoxycholic acid for the
prevention of hepatic veno-occlusive disease in
hematopoietic stem cell transplantation. Biol
Blood Marrow Transplant. 2007;13(2):206-217.

17. Essell JH, Thompson JM, Harman GS, et al. 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(4):367-372.

18. Essell JH, Schroeder MT, Harman GS, et al.
Ursodiol prophylaxis against hepatic
complications of allogeneic bone marrow

transplantation. A randomized, double-blind,
placebo-controlled trial. Ann Intern Med. 1998;
128(12 Pt 1):975-981.

19. Chalandon Y, Roosnek E, Mermillod B, et al.
Prevention of veno-occlusive disease with
defibrotide after allogeneic stem cell
transplantation. Biol Blood Marrow Transplant.
2004;10(5):347-354.

20. Dignan F, Gujral D, Ethell M, et al. Prophylactic
defibrotide in allogeneic stem cell transplantation:
minimal morbidity and zero mortality from veno-
occlusive disease. Bone Marrow Transplant.
2007;40(1):79-82.

21. Cappelli B, Chiesa R, Evangelio C, et al. Absence
of VOD in paediatric thalassaemic HSCT
recipients using defibrotide prophylaxis and
intravenous Busulphan. Br J Haematol. 2009;
147(4):554-560.

22. Corbacioglu S, Cesaro S, Faraci M, et al.
Defibrotide for prophylaxis of hepatic veno-
occlusive disease in paediatric haemopoietic
stem-cell transplantation: an open-label, phase 3,
randomised controlled trial. Lancet. 2012;
379(9823):1301-1309.

23. Fisher DC, Vredenburgh JJ, Petros WP, et al.
Reduced mortality following bone marrow
transplantation for breast cancer with the addition
of peripheral blood progenitor cells is due to
a marked reduction in veno-occlusive disease of
the liver. Bone Marrow Transplant. 1998;21(2):
117-122.

24. Brown SA, Goringe A, Fegan C, et al. Parenteral
glutamine protects hepatic function during bone
marrow transplantation. Bone Marrow Transplant.
1998;22(3):281-284.

25. Dignan FL, Wynn RF, Hadzic N, et al; Haemato-
oncology Task Force of British Committee for
Standards in Haematology; British Society for
Blood and Marrow Transplantation. BCSH/
BSBMT guideline: diagnosis and management of
veno-occlusive disease (sinusoidal obstruction
syndrome) following haematopoietic stem cell
transplantation. Br J Haematol. 2013;163(4):
444-457.

BLOOD, 26 JUNE 2014 x VOLUME 123, NUMBER 26 HOW I TREAT SOS 4025

For personal use only.on February 11, 2015. by guest  www.bloodjournal.orgFrom 

http://www.gentium.com
mailto:chao0002@mc.duke.edu
http://www.bloodjournal.org/
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml


26. Lee SH, Yoo KH, Sung KW, et al. Hepatic veno-
occlusive disease in children after hematopoietic
stem cell transplantation: incidence, risk factors,
and outcome. Bone Marrow Transplant. 2010;
45(8):1287-1293.

27. El-Sayed MH, El-Haddad A, Fahmy OA, Salama
II, Mahmoud HK. Liver disease is a major cause
of mortality following allogeneic bone-marrow
transplantation. Eur J Gastroenterol Hepatol.
2004;16(12):1347-1354.

28. Dix SP, Wingard JR, Mullins RE, et al. Association
of busulfan area under the curve with veno-
occlusive disease following BMT. Bone Marrow
Transplant. 1996;17(2):225-230.

29. Dulley FL, Kanfer EJ, Appelbaum FR, et al.
Venocclusive disease of the liver after
chemoradiotherapy and autologous bone marrow
transplantation. Transplantation. 1987;43(6):
870-873.

30. Reed EC, Myerson D, Corey L, Meyers JD.
Allogeneic marrow transplantation in patients
positive for hepatitis B surface antigen. Blood.
1991;77(1):195-200.

31. Lau GK, Lok AS, Liang RH, et al. Clearance of
hepatitis B surface antigen after bone marrow
transplantation: role of adoptive immunity transfer.
Hepatology. 1997;25(6):1497-1501.

32. Frickhofen N, Wiesneth M, Jainta C, et al.
Hepatitis C virus infection is a risk factor for liver
failure from veno-occlusive disease after bone
marrow transplantation. Blood. 1994;83(7):
1998-2004.

33. Strasser SI, Myerson D, Spurgeon CL, et al.
Hepatitis C virus infection and bone marrow
transplantation: a cohort study with 10-year
follow-up. Hepatology. 1999;29(6):1893-1899.
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