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TMA 
 TMA is associated with poor patient & graft outcomes. 

Incidence of post TX TMA : 5.6/1000  renal transplant 
/year. 

Mortality rate   50%  three years after diagnosis 

 

TMA after TX :       De novo TMA 

 

                                 Recurrent  TMA 

 

 
                        Reynolds JC, Agodoa LY, Yuan CM, Abbott KC. 

 Thrombotic microangiopathy after renal    transplantation in the United States. Am J Kidney Dis 
2003 ;42  

 

 



Which is more prevalent , de novo or 
recurrent TMA? 

Reynolds et al , in a United States Renal Data System –based 
study , declared : 112 de novo TMA  , 12 recurrent TMA. 

TMA recurrence was 36.5 times higher in kidney Tx recipients  
due to HUS as compared to other etiologies (29.2% vs 0.8%) 

 

Langer et al reported the incidence of de novo TMA to be 
1.5% . 

The incidence of de novo TMA is as high as 3 – 14%. 

 

Graft loss rate of 40% is reported in de novo TMA within a 
couple of years of diagnosis. Abbas F et al . 

 

 
 TMA after renal transplantationWorld J Transplant 2018 September 10; 8(5): 1 

 



DE NOVO TMA 

A number of precipitating factors trigger the development of de novo 
TMA : 

  

AMR 

 

Immunosuppressive –associated TMA: CNIs , mTOR inhibitor 

Viral infections : HCV, CMV, BK, parvovirus 

 

Other medications ; e.g., anti VGFI 

Genetic abnormalities in the complement cascade  

 

Phenotypical shift of C3 glomerulopathy to an aHUS post TX 

Missed diagnosis of TMA in the native kidney.( i.e recurrent TMA) 



Calcineurin –induced TMA 

Three underlying mechanisms : 

  

Loss of normal balance between the vasodilator & 
vasoconstrictors. 

 

Platelet activation , pro-coagulant &  anti-fibrinolytic activity. 

  

Microparticle production from endothelial cells(activation of AP) 

 

 
• Garg N, . De novo thrombotic microangiopathy after kidney transplantation 

•              . Transplant Rev (Orlando) 2018; 32: 58-68  

 



Nava et al,  studied 396 KTR, 36 (7.3%) 

developedTMA and 17 of them were drug-related. 

 

Not only were the drug levels of CNI and mTORi 
higher in the TMA group, but the sum of both  

drug levels in the TMA group was also higher. 

 

 

 

 
• Nava F, et al. Everolimus, cyclosporine, and thrombotic microangiopathy:  

• clinical role and preventive tools inrenal transplantation. Transplant Proc 2014; 46 

 

 

 

 

 



Three points apposed the role of CNI: 

 

> 95% of kidney transplant recipients utilizing CNI & a small 
percentage can develop TMA. 

 

CNI withdrawal in de novo  TMA does not always gaurantee a 
favorable outcome. 

 

A USRDS based study demonstrates a significantly higher 
incidence of TMA  in KTR was not under CNI as compared to 
those on CNI (11.9 /1000/year vs  5/1000/year) 



m TOR inhibitor –associated TMA: 

m-TORi  has  antiangiogenic  properties  & can decrease renal expression of 
VEGF with death of endothelial progenitor cells. 

 

The VEGF inhibition is associated with reduced renal levels of CFH. 

 

Repair of endothelial injury could be hampered by mTORi use. 

 

The procoagulant & antifibrinolytic activity of mTORi  might play additional 
roles. 

   

 

 
•  Keller K, et al. . Nephrol Dial Transplant 2006; 21 

 

 

 



  

 

 Our study is a retrospective analysis using data from the United States 
Renal Data System from 2004 to 2012  







AMR associated de novo TMA: 

Endothelial cells are a well-known target of allo-immune 
response. 

 

The PTC C4d staining has been reported to 

  be present in 16.2% of recipients with TMA. 

 

 

• Satoskar et al reported an incidence of 55% of de 
novoTMA patients express diffuse PTC C4d positivity.  

 

• Satoskar AA, et al. De novo thrombotic microangiopathy in renal allograft  

• biopsies-role of antibody-mediated rejection. Am J Transplant 2010 

 

  

 



Viral infection : CMV infection 

                             BK  virus 

                             Parvovirus 

                             chronic  Hepatitis C 

Antiviral medications eg:   ribavirin 

                                               interferon 

Disseminated histoplasmosis 

Ischemia –reperfusion injury 

C3 glomerulopathy disease in a native kidney 
can undergo phenotypical shift.   



131 kidney TX biopsy were evaluated. 

Out of 12 cases of TMA ,5 were associated with CNI , 

3 with AMR,2 with recurrent HUS,1 with sirolimus , 1 with ganciclovir. 

 

 

 Indian Journal of Nephrology, January 2014 / Vol 24 / Issue 1 

 

 

 







Complement gene mutation 

Chua et al  reported  C4d deposits in more than 88% 

and C4d with localized C5b-9 in about 60% of 42 biopsy 

samples from patients with histologically confirmed 

   diagnosis of TMA. 

 

Le Quintrec et al reported the presence of genetic 
mutations in CFH,CFI or both in 29% of de novo TMA. 

 

25% showed low CFB and/or low C3 . 

. 



Clinical manifestations 

. TMA could develop at any time 

. 

TMA mostly encountered in the first 3 – 6 mo post 
transplantation. 

The systemic form of TMA consists of the classic triad. 

TMA can  vary from a limited formed confined to the 
kidney. 

 

 











Once the diagnosis of TMA has been established, 

   a prompt revision of the etiology of the native kidney     
ESRD should be instituted. 

In a HUS who do not show systemic manifestations, the 
diagnosis could be obscure. 

 

In the absence of renal biopsy ,many cases can be 
misdiagnosed as hypertensive nephrosclerosis. 

 

A prompt testing for genetic mutations should be 
accomplished. 

 

 Since de novo TMA has limited therapeutic options, in  

    contrast to recurrent aHUS after transplantation, which 
has a better chance of C-5 blockade. 

. 

 

 

 



Prognosis of de novo TMA 
The prognosis of post Tx de novo TMA is quite poor. 

A bout ½ of the patients loses their graft within the 
first two years after diagnosis. 

 

Reynolds reported 50% mortality rate after 3 years of 
diagosis. 

Schwimmer et al reported 54% of systemic TMA 
dialysis – requiring AKI & 38% lost their grafts. 

 

None of the localized TMA developed TMA related 
early graft loss or required dialysis. 



Recurrent TMA After Renal 
Transplantation 

aHUS 

TTP 

Autoimmune diseases: scleroderma, SLE 

(with or without  antiphospholipid syndrome. 



        a HUS 

a HUS is the most common diagnosis in TMA 
associated with recurrence. 

 

CFH and CFI mutation have a robust impact in the 
evolution of a HUS recurrence. 

 

The reported recurrence rate  :70-90% . 

 

 









        a HUS 
 
MCP produced by kidney endothelial cells ,keeps a HUS 

recurrence lower. 
 
In a study by Bresin et al., 22.6% of patients with MCP 
 mutations carried additional mutations in other complement 
genes. 
One-third (4/12) of the allografts were lost to recurrence  
 in presence of other concomitant pathogenic mutations, as 
 opposed to only one of 13 with isolated MCP mutations. 
The global recurrence rate is as high as 60%. 
 
Untreated  patients ,ultimately develop graft loss at a rate 

of 90%. 
 



TTP 
Genetic or acquired lack of ADAMTS13 has been recognized.... 

 
 
 

 

In  a recent  analysis of 92 patients diagnosed with TTP based 
on low ADAMTS13 activity, acute kidney injury was present 

in more than half the patients , of which 50 % developed  
chronic kidney disease    (CKD) or ESRD. 
 
 
 

It is reasonable to expect TTP recurrence aslong as   
the underlying defect is present after Transplantation.. 

  
 

 
 
 
 
 

L. Zafrani , et al .Acute renal failure is prevalent in patients with thrombotic 
thrombocytopenic  purpura  associated with low plasma ADAMTS13 activity 
, J Thromb  Haemost , 13 (2015) 380-389. 
 





lupus nephritis (with or without documented anti-
phospholipid antibodies) is associated with TMA  

in 5-10% of the cases and has    been documented to recur 
in the allograft in case report and small case series.  

 

 

 

 T.D.Barbour,et al , Antiphospholipid syndrome in renal transplantation,  

Nephrology (Carlton), 19 (2014) 177-185. 

 

 

 

 



Pathophysiology Of TMA 
Recurrence 

The AP is constitutively active. 

The regulatory components exist either in the serum 

 (fluid phase) or attached onto cell membranes. 

CFH is the main inhibitor of the AP. 

CFH can act as a co-factor to CFI. 

“Membrane regulators” include the following: 

 Membrane cofactor protein (MCP/CD46) 

 Complement receptor 1 (CR1/CD35) 

 Decay accelerating factor (DAF/CD55) 

 Protectin (CD59), which prohibits MAC formation 

 

 

 



 Complement dysregulation is the fundamental etiology 
involved in TMA evolution. 

 

Both genetic aberrations as well as autoantibodies can be 
involved in this process.  

 

 Usually, there is (are) an inciting environmental trigger 

        factor. 

 

 

 



Current classification of TMA : 

  Primary hereditary TMA 

 

 Primary acquired TMA 

 

 Infection-associated TMA 











Noemie Jourde- Chiche,et al. Endothelium structure and function in kidney 
health and disease, Nature, volume 15 | FEBRUARY 2019 | 87 
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