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SECTION – 1 – TA-TMA



INTRODUCTION

• TA-TMA – life threatening acute complication post HSCT

• Variably reported incidence – 10 – 35%

• Multi system involvement

• High mortality - >90% in patients with severe forms of TMA

Jodale et al. Blood Reviews. 2015
Dvorak et al. Front Pediatr. 2019



PATHOGENESIS

Dvorak et al. Front Pediatr. 2019





DIAGNOSIS

• Lack of a uniform diagnostic criteria

• >25 proposed criteria

• Key reason behind variably reported incidence and risk factors for 
TMA



Definitions of TA-TMA

• Definitive TA-TMA – BMT – CTN criteria

• Probable TMA – Cho criteria

BMT – CTN Criteria Cho criteria

Schistocytes ≥ 2 / HPF Schistocytes ≥ 2 / HPF

Elevated LDH Elevated LDH

Renal compromise No coagulopathy

Unexplained neurological manifestations Drop in Hb and platelets

Negative Coomb’s test Negative Coomb’s test

Ho et al. BBMT. 2005
Cho et al. BMT. 2008







• Usually diagnosed at about 1-2 months post BMT

• Nearly 90% cases within day+100

• Classic “TMA Triad”
• Hypertension

• Thrombocytopenia

• Elevated LDH

• Present in >90% patients with TMA

Dvorak et al. Front Pediatr. 2019



Dey et al. BMT. 2018



RISK FACTORS

• Variable risk factors reported in different studies

• Acute GVHD

• Haplo-identical transplants

• Calcineurin inhibitors and other drugs

• Infections
Dey et al. BMT. 2018





PREDICTIVE AND PROGNOSTIC MARKERS

• Several predictive and prognostic markers evaluated in the last few 
years

• Radiological and blood-based markers



• Elevated RV pressure on day 7

• Elevated sC5b-9 (baseline, day 28)

• Thrombomodulin

• Calpain

• Haptoglobin degradation products



• 9 of 13 with elevated RV 
pressure developed TMA (69%)

• 26% in those who did not have 
elevated RV pressure

• P=0.004



TREATMENT

• Supportive therapies
• Aggressive control of hypertension

• Withdraw CNI

• Treatment of underlying infections or GVHD

• Managing fluid and electrolyte balance



• Specific therapies
• Defibrotide

• TPE +/- Rituximab

• Eculizumab

• Narsoplimab



PROPHYLACTIC STRATEGIES 

• Prevention is better (and cheaper) than cure





• Randomized placebo controlled trial

• EPA – 600 mg TDS from day-21 to day+180

• 7 patients in the EPA arm, 9 patients in the placebo group

• 0 TMA in EPA arm, vs 4 of 9 (45%) in the placebo group





• 25 patients at high risk for TMA enrolled

• High risk criteria – 
• Patients with high risk neuroblastoma, who were planned for tandem 

autologous HSCT with Cy/TT followed by CEM

• Allo HSCT undergoing transplant with MAC and at least 3 of the following
• Age > 10 years

• Race other than Caucasian

• Minor ABO incompatibility

• Haplo HSCT



• Defibrotide – 6.25 mg/kg Q6H starting 1 day prior to conditioning till 
day +21

• Of 25 enrolled patients – 14 neuroblastoma, 11 allo

• Median age – 3.45 and 15.7 years in auto and allo respectively



• Overall incidence of TA-TMA – Only 1 patient developed (4%)

• Severe TA-TMA – None

• 3 patients required premature discontinuation of defibrotide due to 
bleeding

• The patient who developed TA-TMA had premature discontinuation 
of defibrotide on day+6





PROGNOSIS

• Uniformly shown to be associated with poorer survival compared to 
those who do not develop TMA



Dey et al. BMT. 2018



CONCLUSIONS

• TMA is a potentially life threatening complication post HSCT

• Epidemiology, risk factors, prognosis and treatment are not very clear. 

• Type of transplant, use of CNIs, GVHD and infections are established 
risk factors for TA-TMA, not much is known of other risk factors that 
affect TA-TMA and its outcome



• New predictive and prognostic biomarkers help to better risk stratify 
patients and assess their prognosis more accurately

• Some of these biomarkers even help to guide treatment

• There is a plethora of new therapeutic drugs and prophylactic 
approaches, however most of these need further validation

• TMA has a strong adverse effect on survival



SECTION 2 – VOD / SOS



Introduction

• Also known as sinusoidal obstruction syndrome (SOS)

• Clinical syndrome after 

 high-dose chemotherapy

 hematopoietic stem cell transplantation (HSCT)

 high doses of radiotherapy

 liver transplantation

• May be complicated by multiorgan disease (MOD) - ↑ mortality
Coppell JA. BBMT. 2010

Sakai M. BMT. 2009



Introduction

• Incidence of post-transplant VOD/SOS: 5.3% - 13.7% 

• Differs according to transplant settings and different studies

• Higher in pediatric high-risk population: 20 - 30%

• Early diagnosis and treatment correlated with ↑  survival 
Kernan. Br J Haematol. 2018

Carreras. Blood. 1999
Coppell JA. BBMT. 2010
Corbacioglu. BMT. 2018

Barker. BMT. 2003



Pathophysiology

Bonifazi. Frontiers in Immunology. 2020



Pathophysiology

• Blood flow obstruction:

 Embolization of detached endothelial cells

 proliferation of perisinusoidal stellate cells

 proliferation of subendothelial fibroblasts

 deposition of the extracellular matrix

 peri-venular fibrosis 

• Progressive obliteration --> hepatic congestion --> post-sinusoidal PH



Pathophysiology

• Centrilobular regions: ↓ GSH --> ↑ sensitive to toxic agents

• GSH S-transferase M1 null genotype --> ↓ detoxifying capacity

•↑ VOD/SOS in children: immature enzymatic system

• Nitric Oxide deficiency (post conditioning) → Endothelial detachment



Risk factors

• Pre-transplantation patient characteristics

• Transplantation-related



Pre-transplantation risk factors
Risk factors Odds Ratio
Age 5.2-9.5
Increased transaminase levels 2.4-4.6
Pre-existing liver disease 3.4

Viral hepatitis 2
CMV positivity 3

Underlying disease/advanced malignancy
Myelodysplasia 1.5
Inborn errors of metabolism 1.8
Leukemia 2.2
CML 3
Immunodeficiency 3.3
Thalassemia 4

Interval between diagnosis of malignancy and transplantation >12 
months 2.3
Deteriorated health status within 30 days before transplantation

Diarrhea 3.2
Fever 2.9

Dalle JH. BBMT. 2016



Pre-transplantation risk factors

Risk factors Odds Ratio
Parenteral nutrition before transplantation 3
Previous stem cell transplantation 1.9
Prior abdominal radiation 2.9
Prior treatment with gemtuzumab ozogamicin 19.8
Prior treatment with norethisterone 10.1
Poor Performance Status 3.1
GSTM1-null genotype 4.1
Impaired pulmonary function 2.4
Sepsis 4.1
Pretransplantation acyclovir 4.8
Ferritin levels >1000 ng/mL 3.1
Bilirubin >26 mmol/L before BMT 23.5

Dalle JH. BBMT. 2016



Transplantation-related risk factors

Dalle JH. BBMT. 2016

Risk factors Odds Ratio

Allogeneic versus autologous SCT 2.8
Sibling 2.8

Parental 4.6
Unrelated donor/HLA mismatch 1.4

Haploidentical 1.9
High-dose/myeloablative therapy 2.3-7.9

BU regimen versus others 2.6-4.5

BU + CY 3.9-5.1
Fludarabine 4

BCNU + CY + Etoposide 2.8
High-dose total body irradiation >12 Gy + CY 2.8
GVHD prophylaxis

Sirolimus + methotrexate + tacrolimus 3
Methotrexate + cyclosporine 3.3

Cyclosporine 4.2
Non-T cell depleted grafts 2.2
Peripheral blood SCT versus BMT 1.3

Acute hepatic/gut GVHD 2



Clinical presentation

• Rapid weight gain, unresponsive to diuretics

• Hyperbilirubinemia

• Tender hepatomegaly

• Ascites

• Occurs within 21 days after transplant

• Late-onset VOD/SOS ---> recent entity (EBMT)



Clinical presentation

• Onset of VOD/SOS – sudden or insidious

• Mild forms spontaneously resolving within few weeks

• Severe forms with organ damage and MOD (Lung/Kidney)

• MOD --> high mortality rate (>80%)



Timing

Dalle JH. BBMT. 2016



Differential diagnosis

• Fluid overload

• Drug-induced liver injury (DILI) or cholestasis

• Sepsis

• Infectious hepatitis

• Total parenteral nutrition

• Hepatic graft-versus-host disease (GvHD)



Diagnostic Criteria



Severity – EBMT (2023)

Mohty. EBMT. 2023



Imaging

• Ultrasonography + Doppler

 Assessment of both parenchymal and vascular changes

 Signs of portal hypertension

 However, operator dependent

• MR / CT: Logistical issues in critically ill patients



Other investigations

• Liver biopsy

 Potential complications in thrombocytopenic patients

 Cannot be considered routine practice

• Measurement of HVPG

 > 10mm Hg - Hallmark of portal hypertension

 Invasive procedure



Other investigations

• Transient Elastography

 Liver stiffness measurement (LSM)

 Non-invasive

 LSM ↑ before clinical VOD/SOS diagnosis

 Limitations: Operator training / Massive ascites / BMI > 30



Treatment

• Supportive and Intensive Care

• Defibrotide 



Supportive and Intensive Care

• Daily monitoring: 

 Jaundice

 Hepatomegaly

 Fluid overload and weight gain

 Ascites 



Supportive and Intensive Care

• Therapeutic measures to reduce the discomfort:

 Massive ascites - Paracentesis

 Pleural effusion - Thoracentesis

 Hypoxia  - Oxygen therapy

 Pain   - Analgesics

 Renal failure - Hemo-dialysis



Defibrotide

• Only registered drug for moderate to severe VOD/SOS

• Derived from porcine intestinal mucosa

• Mixture of polydeoxyribonucleotide (mainly single-stranded)

• Interact with fibroblast growth factors

• Exert fibrogenic and angiogenic effects

• Leading to endothelial stabilization



• Historically controlled multicenter open-label phase III study

• From 1995 to 2008

• Prospectively enrolled patients with established hepatic VOD/SOS

• Defibrotide 25 mg/kg/day (prospective) vs placebo cohort (retrospective)

Richardson. Blood. 2016



• Defibrotide doses ranged from 10mg to 80mg/kg (no specific protocol)

•  689 of 710 patients developed VOD/SOS after HSCT

• 499 after an allogeneic HSCT, and 112 after autologous HSCT

• 100-day survival was 54% (overall)

Corbacioglu. BBMT. 2016



Corbacioglu. BBMT. 2016



Kernan. Br J Haematol. 2018

• Prospective open-label, single-arm study in an expanded access program

•  Dose of 25 mg/kg for at least 21 days

• 1,000 patients with VOD/SOS after HSCT

• 85% allogeneic HSCT and 15% autologous HSCT



Kernan. Br J Haematol. 2018

• 100-day OS was 58.9% (overall)

   68.5% (VOD/SOS without MOD)

   49.5% (with MOD)

•  Earlier initiation of defibrotide treatment was significantly associated with 

higher day +100 survival (P < 0.001)



Kernan. Br J Haematol. 2018

• Most important TRAEs: 

 pulmonary hemorrhage (4.6%)

 gastrointestinal hemorrhage (3%)

 epistaxis (2.3%)

 hypotension (2%)



Other therapies – limited benefit / data

• N-Acetyl Cysteine

• Tissue Plasminogen Activator

Beihany. BMT. 2008



Prophylaxis for VOD 

• Urso-deoxy Cholic Acid (UDCA) 

• Heparin

• Antithrombin

• Prostaglandin E1

• Pentoxifylline

Little / No Efficacy



Tay. BBMT. 2006



Key Takeaways

• Diagnosis is based mainly on clinical criteria

• Biomarkers are not yet validated

• Most reliable imaging method is USG + Doppler

• Differential diagnosis is quite challenging 

• More than one complication can occur simultaneously in same patient



Key Takeaways

• Invasive diagnostic methods hard to be widely used in critically ill

• Elastometry deserves further validation by prospective studies

• Earlier mortality rates of VOD + MOD: > 80%

• Nowadays: 100-day mortality: 22% (5-year mortality: 35%)

• Decreased mortality attributed to better supportive care, MDT, risk 

stratification, and earlier treatment



Before we close

• Q1 – Which of the following is not a 3rd hit for development of TMA
• Cyclosporine

• Acute GVHD

• Conditioning therapy

• Sepsis



• Q2 – Which of the following statement about management of HVOD 
is correct
• Defibrotide dose below 25 mg/kg/day is not effective

• Gastrointestinal bleeding is an important complication of defibrotide

• Narsoplimab is the novel standard of care for HVOD

• In the absence of specific treatment, HVOD does not resolve



THANK YOU
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