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Veno-occlusive disease / sinusoidal 
obstruction syndrome

• An endothelial injury leading to liver damage & multi organ failure

Carreras E, Diaz-Ricart M. Bone Marrow Transplant 2011;46:1495–502



• Clinically presents with:

• Weight gain

• Tender hepatomegaly & ascites

• Jaundice 



VOD/SOS
Differences between children and adults

S Corbacioglu et al. Bone Marrow Transplant 2018;53:138–145



VOD/SOS diagnosis
Newest EBMT criteria

S Corbacioglu et al. Bone Marrow Transplant 2018;53:138–145



VOD in pediatric HSCTs:
The Rambam experience

• Retrospective cohort of Pediatric HSCTs

• January 2005 – May 2019

• Definition of VOD based on:

• Review of computerized charts

• Discharge diagnosis of VOD

• New EBMT or Baltimore / Modified Seattle criteria 



VOD in pediatric HSCTs 2005-2019

• VOD diagnoses: 20
• Oncologic patients w/o HSCT: 2

• VOD & HSCT for analysis: 18
• Allo: 9 (50%)

• Auto: 9 

• Malignant: 14 (78%)

• Non-malignant: 4

• VOD day of diagnosis post HSCT:
• Median: 13.5 (range: 1-27)

• <day 21: 13 (72%)

• ≥day 21: 5 (28%)

• VOD incidence: 6%

• Total HSCTs: 312

• Less than expected

• m/p under- reporting

• Missing / partial data

• Mild VOD cases could be misdiagnosed as 
engraftment syndrome
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VOD risk factors

• Pre-transplant factors:
• Age (<2.5 y/o): 6

• Disease
• Neuroblastoma: 5

• HLH: 1

• Transplant related factors:
• Busulfan: 13 (72%)

• TBI: 3

• No identifiable risk factors: 2
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RT: 16/17 (94%)

Day of RT relative to VOD Dx, median: day -1 (range: -4 to 2)
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33%

50%

17%

Ascites grade 3Ascites grade 2Ascites grade 1

Ascites severity score
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Including 1 of the lethal MOF cases
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• Need for RRT: 3 (17%)

• Renal failure: 1 (6%)

• Encephalopathy: 2 (11%)
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VOD course:

• VOD treatment

• Steroids: 18 (100%)

• Defibrotide (DF): 14 (78%)

• Day of DF start, median: day 0 (range: 0-6)

• Length of DF Tx, median: 11 days (range: 5-21)

• One case of DF prophylaxis

• Paracentesis: 6 (33%)

• Dialysis: 3 (17%)

• ICU:

• ICU admissions: 7 (41%)

• ICU admission post VOD Dx: 1.5 days 
(range: 0-10)



Post VOD survival:
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Incidence Incidence Incidence Incidence 
• AKI is a common comorbidity in pediatric patients following HCT, incidence 

ranging from 11% to 84%.

• 5%-10% of patients may require RRT*

• Overall survival of children after HCT decreases significantly with increasing 
severity in AKI within the first 100 days post-HCT.

• SOS is a potentially life-threatening, early post-HCT complication.

• SOS associated with MOF has very high mortality rates, exceeding 80% despite 
aggressive supportive therapy**

*Pediatr Transplant. 2017 Jun;21(4). Hematopoietic stem cell transplantation and acute kidney injury in children: A comprehensive review. 
Raina R, et al.

**Pediatr Transplant. 2018 Mar;22(2). The role of continuous renal replacement therapy in the management of acute kidney injury associated with 
sinusoidal obstruction syndrome following hematopoietic cell transplantation. Raina R et al.



2017June.TransplantPediatral,et,RRaina. 

Hematopoietic stem cell transplantation and

acute kidney injury in children:

A comprehensive review..



Treatment of AKI in VOD/SOSTreatment of AKI in VOD/SOSTreatment of AKI in VOD/SOSTreatment of AKI in VOD/SOS

• Management of fluid balance is critical in the HCT patient. 

• Sodium and fluid restriction 

• Diuretic use 

• CRRT



Criteria for CRRT initiationCriteria for CRRT initiationCriteria for CRRT initiationCriteria for CRRT initiation

• VOD/SOS with encephalopathy/hyperamonemia

• AKI- with fluid overload

• Diuretic-resistant

• Fluid overload >10% 



CRRT protocolCRRT protocolCRRT protocolCRRT protocol

• CRRT blood flow rates ranged from 4 to 5 mL/kg/min. 

• Fluid removal rates are determined by the PICU and Nephrology 
physicians and adjusted as tolerated, ranging from 1 to 4 mL/kg/h. 

• Heparin anticoagulation was used, dose range: 20-40units/kg/hr with 
ACT values of 180-220 sec. 

• Replacement fluid calculated as follows: (2000 mL/h × BSA)/(1.73 m2). 

• In patients receiving defibrotide, efforts were made to keep INR <1.5 
and platelets >30,000/mm3.



Case studyCase studyCase studyCase study
• A 15-year-old female with recurrent Pre-B ALL underwent HCT, and was diagnosed 

with VOD 8 days after transplantation.  

• Criteria for VOD: hyperbilirubinemia, enlarged liver, fluid overload - refractory to 
albumin and furosemide treatment. There was no neurologic compromise, blood 
ammonium was within normal range

• Abdominal sonography revealed ascites, enlargement of 3 hepatic veins with 
pulsatile flow, and enlargement of the spleen, all compatible with VOD

• Defibrotide and steroids were administered. 

• Patient’s course was complicated by stage IV AKI, and diuretic-resistant fluid 
overload. 

• She suffered from line sepsis due to resistant Klebsiella pneumonia, managed with 
meropenem.  Sepsis presented with hypotension and oliguria, further complicating 
the diagnosis and management of VOD. 



Case Case Case Case study (cont.)study (cont.)study (cont.)study (cont.)
• Patient was transferred to the PICU and started on CRRT when reaching 6.5% 

FO, as she was resistant to diuretic treatment and extremely oliguric. 

• 3 sessions of long (4 hours) intermittent hemodialysis were performed for 3 
consecutive days, with a net ultrafiltration of 4 liters (total UF for all 3 
sessions). She was hemodynamically stable with no need for catecholamine 
support. 

• Due to coagulopathy, hemodialysis was performed with absolutely no  
anticoagulation (FX8 filter with high volume tubing).

• Cyclosporine  treatment was converted to MMF due to its lower  
nephrotoxicity.

• Risk factors: Tumor lysis syndrome at presentation, necessitating a single 
hemodialysis session. Sepsis preceding VOD, nephrotoxins.



Case study (contCase study (contCase study (contCase study (cont.): Outcome.): Outcome.): Outcome.): Outcome

• On the third day of RRT, urinary output improved, and euvolemia was 
achieved. 

• There was no need for further diuretics or RRT treatment, since GFR and 
urinary output gradually improved.

• Currently, she is 1 year post VOD, suffering from CKD grade IV, reduced GFR, 
with no hypertension or proteinuria.



Conclusions Conclusions Conclusions Conclusions 

• Goldstein et al. reported that a higher degree of FO prior to  CRRT 

initiation is independently associated with greater mortality. 

Survivors had 16% FO at CRRT initiation, as compared with 34% in 

nonsurvivors.
Pediatr Nephrol 2004;19:91-95. . Fluid overload and acute renal failure in pediatric stem cell transplant patients. Goldstein et al. 

• Early initiation of diuretics in HCT (FO > 5%) and or CRRT (FO > 10%) prevents 
worsening of FO and may improve the survival (42%) of HCT patients with 
AKI. 



Additional important points during CRRT: Additional important points during CRRT: Additional important points during CRRT: Additional important points during CRRT: 

• Close monitoring of TPN, electrolytes and hydration fluids composition 
and rate.

• Appropriate adjustment of medication dosing.

• Daily protein intake of ~3 mg/kg/day.

• Prevention of hypothermia.



The Rambam experience 

• 17 VOD patients

• 3/17 needed RRT

• Indications for RRT: renal failure -1, encephalopathy - 2

• RRT mode CVVHDF in 1, HD in 2

• Outcome:

• 1/3 survived
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