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History

1628 
William Harvey
Discovers blood 
circulation

1665
Richard lower
Tx in Dogs

1667
Jean-Baptiste Denis in 
France; Richard Lower 
and Edmund King
Sheep to humans

1881
James Blundell
First successful 
human Tx

1901
Karl Landsteiner
ABO blood groups

1907
Reuben Ottenberg
First Tx using typing

1914
Sodium Citrate

1939-40
Rh groups
Lansteiner, Wiener 
et al

1940
National blood 
donation program ς
USA
Blood components 
ς albumin, plasma, 
Fibrinogen

1971 
Hep B 

1992 
HIV I & II

2002 
NAT



Name the physician 

ÅNobel Prize in Medicine

Å1930

ÅABO and Rh groups

ÅM,N,P 



Principles of clinical transfusion practice

Å¢ǊŀƴǎŦǳǎƛƻƴ ƛǎ ǇŀǊǘ ƻŦ ǇŀǘƛŜƴǘΩǎ ƳŀƴŀƎŜƳŜƴǘ

ÅNational guidelines and individual needs 

ÅMinimise blood loss

ÅHb value should not be a sole consideration for transfusion

ÅClinician takes sole responsibility

ÅRecord reason for transfusion

ÅTrained person to administer





Packed red cells

ÅEach unit raises haemoglobin up by 1 gm

ÅShelf life 35 days

ÅOnce the unit leaves the blood bank need to complete transfusion by 4 
hours

Å20 ml per kg



Leucodepletion

ÅRemoves white cells using a filter - < 5X 106 cells / unit of blood 
component

ÅFNHTR

ÅViral transmission ς CMV

ÅAlloimmunisation



Red cell and platelet filters



Pre-storage versus bedside filters



Immunology in organ transplantation



Donor specific antibodies



ÅAnti HLA antibodies 

ÅIncrease transfusion burden

ÅIncreases risk of rejection of graft, platelet refractoriness

ÅNeed for desensitisation pre HSCT

The impact of alloimmunisation 



Irradiation

ÅKills leucocytes

ÅReduces risk of transfusion 
associated graft versus host 
disease

Å25 Gy



Transfusion associated GVHD

ÅShared HLA ς donor lymphocytes evade recipient immune system 

ÅFever, rash, diarrhoea, liver injury, pancytopenia

ÅChimerism 

Å90% mortality 



Indications of irradiation

Kruimer et al. Nov 2024. Supportive care in cancer



Platelets

ÅShelf life of 4-5 days

ÅABO compatible if possible BUT no crossmatch

Å1 unit/10 kg body weight

ÅApheresis platelets are 6-10 times superior

ÅPAS product platelets

ÅNeed to complete transfusion in 30 minutes



Pre-procedure thresholds

Weak 
recommendation

Low quality 
of evidence 

The AABB / BSH suggests prophylactic 
platelet transfusion for patients having 
ÅElective central venous catheter with a 

platelet count <20000
ÅBMB and removal of central line can safely 

done at < 20,000
ÅDiagnostic lumbar puncture threshold 

>50,000
ÅCentral Nervous system procedures 

1,00,000 



PAS product

ÅPlatelet additive solution



Platelet refractoriness

ÅCheck at 1 hour and 24 hours ς 
platelet count

ÅSDP 3 times a day

ÅRecombinant FVIIa

ÅVitamin K

ÅHLA matched platelets



Fresh frozen plasma

ÅStored at ς25°C for up to 1 year

ÅNo compatibility testing required

ÅReplacement of multiple clotting factor deficiencies

ÅHypovolaemia alone is not an indication for use



Cryoprecipitate

ÅRich in fibrinogen and factor VIII

ÅLower volume

ÅIncreased donor exposure



Bridging the time to engraftment

Å Probable IFI 
Å On Amphotericin B 5mg/kg/day
Å Persistent tachycardia
Å Fever +
Å WBC 100



Granulocyte infusion 

Indications of Granulocyte transfusion

All the following criteria should be met (modified from Massey et al ):

Å 1) Severe neutropenia, defined as ANC <0.5 x 109 /L due to congenital 
or acquired bone marrow failure syndromes (or neutrophil 
dysfunction)

Å 2) Proven or highly probable fungal or bacterial infection that is 
unresponsive to appropriate antimicrobial therapy as demonstrated 
by visible spreading lesions on skin, mucosa or radiological 
examination and 

Å3) Neutrophil recovery (to ANC > 0.5 x 109 /L) is anticipated

Evidence 



Granulocyte infusion

ÅRequire ABO matching

ÅIrradiation 

ÅCan cause TRALI 

ÅDaily until infection is controlled / defervescence / neutrophils > 500

ÅNo filter

ÅAmphotericin timings



ABO incompatibility

ÅMajor: Anti donor isohaemagglutinins
ÅIncreases risk of primary graft failure

ÅPart of algorithm of donor selection

ÅMinor: Anti recipient isohaemagglutinins
ÅCauses hemolysis

ÅPassenger lymphocyte syndrome

ÅBidirectional: Both 



ABO incompatibility

Adkins et al. 2024. clinical hematology



Antibody titre

ÅMajor incompatibility

ÅPlasma exchange



HSCT phases

ÅPhase 1 ς Before infusion of stem cells

ÅPhase 2 ς After infusion of stem cells to engraftment

ÅPhase 3 ς Changing blood group



Processing stem cells

ÅPlasma depletion

ÅRBC depletion

Å0.2ml/kg PRBC ς incompatible 
red cells





Immune mediated reaction
Acute haemolytic 

transfusion reaction

Delayed hemolytic 
transfusion reaction

Febrile 
nonhaemolytic 

transfusion reaction

Allergic reaction

Anaphylactic 
reaction

Graft vs host disease

Transfusion related 
acute lung injury

Post transfusion 
purpura

Alloimmunisation 



Quiz ς what went wrong?

ÅA 10 year old boy with AML on induction therapy 

ÅHb was 6gm/dl on D 6 of chemotherapy

ÅPacked cell transfusion 15ml/kg on flow

Å30 mins into the transfusion ς
ÅFlushing, chest tightness, hypotensive

ÅDark coloured urine

ÅBleeding from the venepuncture sites



Major transfusion reactions

ÅWrong blood to wrong patient

ÅBacterial contamination

ÅTRALI

ÅAnaphylaxis



Quiz ς Spotter X ray

Å18 year old male with febrile 
neutropenia and E coli sepsis  

ÅPlatelets ς 7,000 cells / cu. Mm

ÅReceived single donor apheresis 
platelets ς 10ml/kg

Å3 hours later ς tachypnoeic, nasal 
flaring, intercostal retractions

ÅX ray ς B/L interstitial infiltrates

ASH image bank



Transfusion related acute lung injury

Most common cause of transfusion related fatalities

The recipient develops symptoms of hypoxia

Signs of noncardiogenic pulmonary edema, including bilateral interstitial 
infiltrates on chest x-ray, either during or within 6hrs of transfusion

Treatment is supportive

The transfusion of plasma from male and nulliparous women donors 
reduces the risk of TRALI.



Blood group change ς Phase 3

ÅPure red cell aplasia

ÅIntravascular haemolysis

ÅSteroids, IVIG



Take home messages

ÅUse blood products judiciously

ÅUnderstand the underlying cause of bleeding before requesting blood 
products

ÅBe a life saver, a blood donor today!



Sinusoidal 

Obstruction 

Syndrome (SOS) / 

VOD

Dr. Ashish Dixit

Department of Haematology, Medical Oncology & BMT

Manipal Hospital

Bangalore 



SOS/ VOD

Ålife-threatening complication occurring after HCT
ÅClinical manifestation includes painful  hepatomegaly, 

fluid retention with ascites, weight gain, refractory 
thrombocytopenia (RT), and jaundice
Åusually resolves progressively within a few weeks
ÅIn severe form, the mortality rate is very high (>80%)
ÅThe overall incidence of SOS/VOD in adults around 5ς

15%, but it varies considerably depending on the 
presence of risk factors 



Pathophysiol
ogy of SOS

* Richardson PG, et al. Expert Opin Drug Saf. 
2013;12:123-136.



Pathophysiol
ogy of SOS

* Front. Immunol. Volume 11 - 2020



EASIX (endothelial 
activation and stress 
index)ÅάōƛƻƳŀǊƪŜǊ ǇŀƴŜƭέ ŦƻǊ ǘƘŜ ǎǳǎǇƛŎƛƻƴΣ ŘƛŀƎƴƻǎƛǎΣ ŀƴŘ 
prognosis of endothelial dysfunction
ÅLDH (U / L) × Creatinine (mg/mL) / Platelets (× 109/L)
ÅExcellent surrogate marker to quantify endothelial damage
ÅMeasured before HCT, it predicts TMA and TRM. 
ÅMeasured at day 0, it predicts SOS. 
ÅMeasured at the onset of aGVHD, it predicts TRM. 
ÅIn addition, before HCT and on day 0, it predicts early 
water retention and early hyperbilirubinemia (without 
the need for SOS).



SOS: Incidence

* Coppell JA, et al. Biol Blood Marrow Transplant. 2010;16:157-168. Carreras E, et al. Blood. 1998;92:3599-3604.

Group Studies, n Pts, N Pts With SOS, n Mean incidence, %

All pts 135 24,980 3425 13.7

Baltimore 33 5261 503 9.6

Seattle 78 14,798 2565 17.3

Auto-HSCT 19 3967 344 8.7*

Allo-HSCT 67 11,285 1453 12.9*

Pre-1994 50 10,943 1260 11.5À

Post-1994 74 12,234 1805 14.6À

Outcome %

Mild SOS 8.0

Moderate SOS 64.4

Severe SOS 27.6

Death due to SOS 18.4ÿ

Not resolved§ 9.2



SOS risk Factors : 
Unmodifiable & 
Modifiable

* Bone Marrow Transplant, 58, 749ï754 (2023)



* Bone Marrow Transplantation (2023) 58:749ï754



* Bone Marrow Transplantation (2023) 58:749ï754



* Bone Marrow Transplantation (2019) 54, 1361ï
1368



How to Treat?



ÅSteroids- Methylprednisolone 
Ålimited data
Åshould not be used as single agent
ÅDefibrotide- only agent with proven efficacy for 

the treatment of severe/very severe SOS/VOD.



Defibrotide as Treatment for SOS

ωDefibrotide is a mixture of oligonucleotides derived 
from porcine intestinal mucosa[1]

ωPrepared by controlled depolymerisation of DNA[1]

ωApproved by EMA and FDA for the treatment of severe 
hepatic SOS in pts undergoing HSCT

ωIndicated in adults and in adolescents, children, and 
infants older than 1 mo of age



Eligibility: Baltimore criteria by Day +21 and renal failure with or without 
pulmonary failure by Day +28

Defibrotide treatment duration
Minimum: 21 days
Median: 22 days (range: 1-60)

Historical control subjects selected by independent medical review 
committee (blinded to outcome) due to ethical issues in randomisation in 
this high risk group

Pts with severe 

SOS and MOF 

after HSCT

(N = 134)

Defibrotide

IV 25 mg/kg/day in 4 divided doses

(n = 102)

Historical Controls

(n = 32)

Blood. 2016;127(13):1656-1665

Phase III 2005-
01 Trial of 
Defibrotide in 
Severe SOS



Phase III 2005-01 
Trial of Defibrotide in 
Severe SOS: CR at 
Day +100

Adverse events: hemorrhagic events similar between 
treatment and control arms (65% vs 69%)

Å 18% of treated pts experienced a drug-related toxicity 
that led to discontinuation 
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Phase III 2005-01 
Trial of Defibrotide in 
Severe SOS: OS at 
Day +100

P = .0341
Log-rank test
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* Bone Marrow Transplantation (2020) 55, 485ï495



* Bone Marrow Transplantation (2020) 55, 485ï495

ωDose recommended by EMA & FDA- 25 mg/kg

ωThe indicationof DF treatment in patients with mild or moderate SOS/VOD is 

more questionable, however, several lines of evidence encourage this approach

ωEBMT recommends- preemptive DF- in severity grading moderate. In patients 

with mild SOS/VOD, supportive care and early initiation is worsening 

ωRecommended duration- at least 21 days and until resolution of all symptoms of 

VOD. 

ωRisk of recurrence after withdrawal

ωNo maintenance schedule

SOS: Pre-emotive 
DF



* Bone Marrow Transplantation (2020) 55, 485ï495

Drug Evidence for Efficacy

Sodium heparin 100 U/kg/day continuous infusion 2 studies have shown benefit, but others 

show a strong risk of adverse events with use

No role

Prostaglandin E1 Benefit when combined with heparin; no 

benefit when administered alone

Ursodeoxycholic acid 600ï900 mg/day 4 trials and 2 studies have shown a reduction 

in SOS incidence

90 days at least

N-acetylcysteine Limited evidence

Low-molecular-weight heparin Enoxaparin or fraxiparin are safe and may 

show benefit

Preemptive antithrombin III replacement therapy Ineffective

SOS: Prevention



Defibrotide for SOS 
Prophylaxis: Phase 
III EBMT Pediatric 
trial

Conditioning Day 30 post-HSCT

Pts younger than 

18 yrs of age at 

risk of SOS after 

HSCT (allo or 

auto)

(N = 356)

No SOSDefibrotide 25 mg/kg/day

Day 1 of conditioning Ÿ 

Day 30 post-HSCT

(n = 180)

No Prophylaxis

(n = 176)

Minimum 

14 days of 

treatment

SOS
Treat until 

resolution

SOS

No SOS

* Corbacioglu S, et al. Lancet. 2012;379:1301-1309.* Bone Marrow Transplantation (2020) 55, 485ï495



ǐProphylactic DF was associated with a significantly reduced incidence of SOS/VOD; 
specifically, 12 vs. 20% in the control arm (p = 0.048), 

ǐNo significant difference in SOS-associated mortality at 100 days after HSCT: 2% with 
defibrotide vs 6% in control group (P = .10)

ǐ However, mortality at 100 days was 4 times higher in pts with vs without SOS (25% vs 6%; 
P < .0001)

P = .0488 
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Bone Marrow Transplantation (2018) 53, 138ï145 



Bone Marrow Transplantation (2018) 53, 138ï145 

Bone Marrow Transplantation (2018) 53, 138ï145 



Bone Marrow Transplantation (2018) 53, 138ï145 



Conclusions

ωVOD/ SOS is a potential life threatening complication post 
transplant 

ωEarly diagnosis may help better monitoring and preventing severe 
Veno-occlusive disease

ωNewer diagnostic criteria has improved sensitivity and specificity 
for VOD/SOS diagnosis and monitoring 

ωDefibrotide is effective therapy for VOD/SOS for improving OS

ωNeed to focus on newer modalities of therapy

ωPrevention is better than cure


