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Microangiopatia trombotica dopo trapianto di 

cellule staminali ematopoietiche



 Potentially severe complication HSCT related

 Incidence 10-35%    

 More common after allogeneic HSCT

 Multi-system disease

 Kidney most commonly affected but also lung, bowel, heart

and brain

 Long-term morbidity

 Some common features with TTP and aHUS





Clinical features

 Microangiopathic hemolytic anemia

 Increased LDH

 Schistocytosis

 Hypertension

 DD: GVHD, infections, drug-induced hypertension



Risk factors

 Non modifiable: female, Afro-american race, older age

 High dose chemotherapy (busulfan, fludarabine, 

cisplatin)

 TBI

 Calcineurin inhibitors

 Infections (CMV, adenovirus, HHV-6, BK virus)

 GVHD



• “Final common pathway” of endothelial damage

Pathophysiology

 Conditioning chemotherapy
- busulfan, fludarabine, TBI

 Infection
- Aspergillus, CMV, adenovirus, BK 

 GVHD prophylaxis
- calcineurin inhibitors (CsA, FK506)

- rapamycin inhibitors (sirolimus)

 GVHD and Cytokines
- produced by donor T cells

- make endothelial cells susceptible

Bone Marrow Transplantation 2007;40:709-19.



Endothelial injury

 Normal ADAMTS13 activity

 Increased vWF and thrombomodulin levels

 Circulating endothelial cells

 Complement system dysregulation:

 CFH Abs

 C4d deposition in glomerular capillaries

 Haploinsufficiency of CFHR1

Laskin et al, Blood 2011; 118

Jodele et al. Blood Reviews 2015

Evi &Hillard MJHID 2010; 2





Kidney

Glomerular filtration rate reduction

Proteinuria

Hypertension

Renal biopsy: microtrombi in the glomeruli and C4d deposition in the renal arterioles



Lungs

Respiratory distress

Hypoxiemia

Pulmonary hypertension

Injured endothelium, microthrombosis and schistocyte extravasation into the 

lung interstitium



Gastrointestinal tract
Clinical signs:

Severe abdominal pain

GI bleeding

Ileus

Radiological signs:

Signs of ileus

Thick mucosal wall

GI endoscopy:

Mucosal erosions

Mucosal hemorrhages

Histologic signs:

Crypt loss/mucosal infarcts

Mucosal hemorrhages/red cell extravasation

Schistocytes and fibrinoid debris in the vessel lumen

Endothelial cells swelling

Total denudation of mucosa



• Intestinal tract is also a target organ for TMA.

Intestinal TMA  a clinical imitator of acute GVHD

 Allo-SCT

 Severe diarrhea (>1000mL/day)

 Abdominal pain

Colonscopic Bx

 TMA: 92% of the patients with severe 

diarrhea after allo-HSCT

 Coexistent with GVHD in 30%  



Central nervous system

Confusion

Headaches

Hallucination

Seizures

Most common TA-TMA-related CNS injury

Acute uncontrolledTMA-associated hypertension



Polysierositis

 Pericardial effusion: 45% incidence in TA-TMA (Lerner et al, 

2014)

 Pleural effusion

 Ascites

DD: cGVHD



Diagnostic criteria
BMT CTN Toxicity Committee Consensus Definition for TMA

RBC fragmentation and >2 schistocytes per high-power field on peripheral

smear

Concurrent increased serum LDH above institutional baseline

Concurrent renal* and/or neurologic dysfunction without other explanations

Negative direct and indirect Coombs test results

*Doubling of serum creatinine from baseline (baseline  creatinine before hydration and conditioning) or 50% decrease in creatinine clearance from baseline.



Diagnosis
Blood 2011;118:1452-62.

Causes of late diagnosis

 Anemia, thrombocytopenia is relatively common in SCT recipients.  

 Renal dysfunction, CNS symptoms were present in only 20%.

Transplantation 2006;82:638-44.

 <15% of patients with biopsy-proven TA-TMA fulfilled clinical criteria.

Bone marrow transplant 2009;44:43-9.



Jodele et al. Blood Reviews 2015



Treatment

• Withdrawal or minimization of potential triggering agents

(cyclosporine, tacrolimus, sirolimus) with caution

• Replacement with alternative immunosuppressive

medications (corticosteroids, mycophenolate mofetil,

azathioprine and methotrexate)

• Treatment of co-existing conditions (infections and GVHD)

that may promoteTA-TMA.

• Aggressive hypertension management



Manipulation of GVHD Prophylaxis

 The extent of TMA was proportional to the FK506 blood levels.

 Recovered from TMA after withdrawal of FK506 injection.

 Decreased VEGF, PGI2 or NO, direct cytotoxic damage could be possible mechanisms.

Bone marrow transplant 2007;39:367-72.

 Replacing calcineurin inhibitors with other immunosuppressive agents may be 

beneficial. (ex. Mycophenolate mofetil)



Therapeutic plasma exchange

Blood 2011;118:1452-62.

Median response rate 59% (27%-80%)

Worel et al Prospective study RR 64% in pts treated with immediate withdrawal of

Ciclosporine and initiation of TPE

Transfus Apher Sci 2007; 36: 297-304



Therapeutic plasma exchange

Jodele el al. Transfusion. 2013

Early initiation of plasma exchange might be beneficial even in patients with multiorgan

failure due to TA-TMA.

Apply early in TAM

Daily for extended period of time

In combination with other agents (rituximab, defibrotide)

Jodele et al. Blood Reviews 2015



Potential therapies 

Bone Marrow Transplantation 2007;40:709-19.



Rituximab

Br J Haematol. 2007;137:475-8

Alone or in association with defibrotide

Anticorpal depletion and immune regulation

5 pts treated unresponsive toTPE and PDN 

375mg/m2x4

4 CR



Defibrotide
 Profibrinolytic, antithrombotic, anti-inflammatory activity

 Inhibition of TNFa-mediated endothelial cells apoptosis in vitro, reducing PAI-1

activity

 CRR 30-60% inVOD

 Protective activity to the endothelium damage by cyclosporine, tacrolimus,

sirolimus

 Used in monotherapy or in combination

 Two Italian multicenter retrospective studies

 13.8%TMA incidence

 RR 55%

 Same dosage used inVOD

Uderzo et al, BMT 2000; 26: 1005-9

Corti et al, BMT 2002; 29: 542-3



Eculizumab

 Monoclonal antibody directed towards C5

 Prevents formation of C5b-9 membrane complex attack

 18 pts treated

 CRR>60%

 4-6 weeks of induction therapy

S. Jodele et al. Blood Reviews 2015





Prognosis

• TA-TMA is a life-threatening complication of SCT.

• Kidney injury both acute and chronic is a significant complication

• Risk of needing dialysis is 8% in retrospective pediatric studies

• Kidney function 40% of normal 2 years after transplantation

• NRM in pts withTA-TMA 43.6% vs 7.8% in pts without

Jodele S et al, Blood 2014;124: 645-653

Rajpal JS et al, BBMT 2013; 19:661-5

Glezerman IG et al, BBMT 2010; 16: 976-84



Conclusions

 TA-TMA is a multi-visceral disease related to a

microvascular endothelial injury.

 The kidney is most often affected but also pulmonary,

gastrointestinal and CNS involvement should be

considered.

 Complement dysregulation plays an important role.

 Clinical interventions should be considered early to

increase success.


