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HUS - TMAs: classifications  
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State of the Art 
 Syndrome of Thrombotic Microangiopathy (TMA)  

=  
Micro-vasculature occlusive diseases 

= 
Microvascular endothelial injury and thrombosis. 

 

JL Moake, N Engl J Med 2002, 347:589-600. 
JN George, CM Nester, N Engl J Med 2014, 371: 654-666.   
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Mechanical hemolytic anemia + 
Peripheral thrombocytopenia + 

Organ failure due to microvasculature occlusion 

3 nosological entities 

A. Thrombotic thrombocytopenic purpuras (TTP) 
B. Hemolytic uremic syndromes (HUS) 
C.   « Secondary » Thrombotic Microangiopathies 

1. Classical classification # clinical presentation. 
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Mechanical hemolytic anemia + 
Peripheral thrombocytopenia+ 

Neurological symptoms. 
 

Congenital or acquired  ADAMTS13 deficit 
E Moschcowitz, Proc N Y Pathol Soc 1924. 
JL Moake, N Engl J Med 2002, 347:589-600. 
 

A. Thrombotic Thrombocytopenic Purpura (TTP) 
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Mechanical hemolytic anemia + 
Peripheral thrombocytopenia + 

Acute renal failure (AKI). 
 

Typical 
Shiga toxin 

Atypical 
Complement 

B. Hemolytic Uremic Syndrome (HUS) 

C Gasser, Schweiz Med Wochenschr 1955  
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Mechanical hemolytic anemia + 
Peripheral thrombocytopenia + 

Acute renal failure (AKI). 
 

Typical 
Shiga toxin 

Atypical 
Complement 

B. Atypical Hemolytic Uremic Syndromes (aHUS) 
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Congenital or acquired anomaly in  
alternate complement pathway 

• Mutation(s) in genes coding for complement 

regulation molecules +++ 

• Acquired antibodies directed against factor H, I 

• Mutation(s) in DGKE (diacylglycerol kinase ε)  

70% of cases of aHUS  
M Noris et al, N Engl J Med 2009, 361: 1676-1687.    
V Frémeaux-Bacchi et al, Clin J Am Soc Nephrol 2013, 24: 475-486. 
M Lemaire et al, Nat Genet 2013, 310: 45: 531-536. 

Atypical Hemolytic Uremic Syndromes 
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MH Rosove, Semin Arthritis Rheum 2013, 43:787-805. 

C. TMA with « underlying » conditions 
TTP 

HUS 

TMA 
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JN George, CM Nester, N Engl J Med 2014, 371: 654-666.  

aHUS 
TTP 

ST-HUS 

DGKE 

2. Towards a mechanism-related classification 
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JN George, CM Nester, N Engl J Med 2014, 371: 654-666.  

As yet unknown mechanism: 
syndrome of Thrombotic Microangiopathy (TMA). 
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2016 International HUS Group Classification 

C Loirat et al, Pediatr Nephrol 2016, 31: 15-39.  
F Fakhouri et al, Lancet 2017, 390: 681-696. 
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F Fakhouri et al, Lancet 2017, 390: 681-696. 

 

STEC HUS 
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F Fakhouri et al, Lancet 2017, 390: 681-696. 

 

S. Pneumoniae-HUS 
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F Fakhouri et al, Lancet 2017, 390: 681-696. 

 

DGKε-HUS 



   Nephro Update Europe 2017 
F Fakhouri et al, Lancet 2017, 390: 681-696. 

 

atypical-HUS 
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Common final phenotype of endothelial cell  

F Fakhouri et al, Lancet 2017, 390: 681-696. 
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Courtesy of Marion Rabant 

Courtesy of Marion Rabant 

Mucoid intimal thickening 
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Mucoid intimal thickening 
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Apoplectic glomerulus 
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Double contours 
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Take-Home Message #1 

Whatever their mechanisms, known or not yet 

known, all categories of HUS are due to various 

endothelial cell injuries and lead to acute 

kidney dysfunction. 
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aHUS - HUS:  
role of complement 
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T Sakari Jokiranta, Blood 2017, 129: 2847-2856. 
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T Sakari Jokiranta, Blood 2017, 129: 2847-2856. 
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Take-Home Message #2 

Whatever their specific mechanism, known or 

not yet known, most categories of HUS are 

characterized by a complex interplay between 

complement activation, endothelial cell injury 

and thrombosis. 
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TMA and Pregnancy 
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HUS - TMAs 

F Fakhouri et al, Lancet 2017, 390: 681-696. 
 

Pregnancy?  
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Pregnancy-associated aHUS 

F Fakhouri et al, J Am Soc Nephrol 2010, 21: 859-867.  

Complement-dysregulation-TMA in the French aHUS cohort 

TTP due to ADAMTS13 deficiency 
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F Fakhouri et al, J Am Soc Nephrol 2010, 21: 859-867.  

Pregnancy-associated aHUS 
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TMA and pregnancy 

F Fakhouri et al, Lancet 2017, 390: 681-696. 
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F Fakhouri, Tranfus Apher Sci 2016, 54: 199-202.  
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A Bruel et al, Clin J Am Soc Nephrol 2017, 12: 1237-1247.   



   Nephro Update Europe 2017 
A Bruel et al, Clin J Am Soc Nephrol 2017, 12: 1237-1247.   
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A Bruel et al, Clin J Am Soc Nephrol 2017, 12: 1237-1247.   

24 28 32 36 Delivery 20 16 12 4 8 12 

Patient with HUS during the 1st pregnancy and complement genes variant detected (n=21) 

Patient with HUS during the 1st pregnancy and no complement genes variant detected (n=20) 

Time (weeks) 

Figure 1 

Patient with HUS during ≥ 2nd pregnancy and complement genes variant detected (n=22) 

Patient with HUS during ≥ 2nd pregnancy and no complement genes variant detected (n=9) 



   Nephro Update Europe 2017 
A Bruel et al, Clin J Am Soc Nephrol 2017, 12: 1237-1247.   
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Take-Home Message #3 

Currently, aHUS occurring during pregnancy or 

the post-partum period is considered to be 

similar to aHUS occurring in a non-pregnant 

woman. 
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aHUS - HUS:  
role of complement 
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HUS - TMAs 

F Fakhouri et al, Lancet 2017, 390: 681-696. 
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Hypertension-MOD 

A Cremer et al, J Hum Hypertens 2015, 8:463-466 
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TMA and malignant hypertension 

SAMEG Timmermans et al, Kidney Int 2017, 91: 1420-1425.  
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SAMEG Timmermans et al, Kidney Int 2017, 91: 1420-1425.  

TMA and malignant hypertension 
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SAMEG Timmermans et al, Kidney Int 2017, 91: 1420-1425.  

TMA and malignant hypertension 
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TMA              Malignant Hypertension 
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Take-Home Message #4 

There is some evidence, but not yet confirmed, 

that some patients developing malignant 

hypertension and TMA do have a genetic 

susceptibility. 
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TMA and Kidney 
Transplantation 
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HUS - TMAs 

F Fakhouri et al, Lancet 2017, 390: 681-696. 
 



   Nephro Update Europe 2017 
Precipitating factors 

Driving force 

J Zuber et al, Nat Rev Nephrol 2011, 7: 23-35.  
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R Boothpur et al, Am J Transplant 2008, 8: 862-865. 

Mechanical hemolytic anemia + 
Peripheral thrombocytopenia + 

Acute renal failure (AKI). 
  

• Post-transplant anemia 

• Elevated LDH post-transplantation: 
•Severe delayed graft function (acute tubular necrosis), 

•Post-transplant lymphoproliferative disease, 

•Pneumocystis jiroveci pneumonia, 

•Partial or patchy  infarction/cortical necrosis ( severe ABMR),  

•Drugs (CNI, mTOR inhibitors, IVIg etc…). 

 

 

Differential diagnosis of TMA post-KT 
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R Boothpur et al, Am J Transplant 2008, 8: 862-865. 

Mechanical hemolytic anemia + 
Peripheral thrombocytopenia + 

Acute renal failure (AKI). 
 

Differential diagnosis of TMA post-KT 

 

• Thrombocytopenia 

• Acute kidney injury: 
• Rejection with vascular lesions, 

• CNI nephrotoxicity 

• Drug nephrotoxicity 
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16 Unknown 

  
 3 C3GN 
 

 

Multiples and associated-etiologies! 

TMA etiology  
in 86 biopsies 

(28%) 

(19%) 

(14%) 

(8%) 

19 ABMR 

Typical 
HUS 

(22%) 

K Dessaix et al, Manuscript in preparation 
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Post-KTx 
TMA 

TMA 
localized to 

the graft  

Systemic 
TMA with 
cytopenia 

Respond to  CNI 
tapering 

More likely to be treated 
with plasma exchanges 

38% 
graft loss 

0% graft 
loss 

J Schwimmer et al,  Am J Kidney Dis 2003, 41: 471-479. 

= aHUS  
reccurrence 
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J Zuber et al, Nat Rev Nephrol 2011, 7: 23-35.  
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M Le Quintrec et al, Am J Transplant 2008, 8: 1694-1701. 

TMA after transplantation: really de novo? 
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2/3 of aHUS patients experienced post-transplant recurrence 
which significantly impaired graft outcome 
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No recurrence 
      (n=27) 

Recurrence 
     (n=44) 

68% 

30% 

Functioning graft  
at 5 years 

  Post-transplant recurrence occurred 
in 44/71 grafts (62%) 

 At 5 years, graft survival was 30% in 
patients with recurrence versus 68% in 
patients without  recurrence 

   RR 4.89 (1.30-13.81), p=0.001 

71 kidney grafts in 57 aHUS patients (>18 y at onset)  
transplanted in France between 1995 and 2009  

M Le Quintrec et al, Am J Transplant 2013, 13: 663-675.  France 
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No mutation and no at risk 
CFH  haplotypes, n=16,  
"Controls" 
 

No mutation but  
2 at risk CFH  haplotypes, 
n=7 CFI  mutation, n=11 

CFH mutation, n= 22 

C3/CFB  
gain of function mutation, n=7 

Post-renal transplantation follow-up (years) 
1 5 

100 

50 p=0.135 

p=0.07 

p=0.0004 

p vs "Controls" 

p=0.007 

Pre-transplant assessment of post-transplant  
recurrence risk relies on genetics 

p =0.036 
 

M Le Quintrec et al, Am J Transplant 2013, 13: 663-675.  France 
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ANZDATA registry data 

A Tang et al, BMC Nephrology 2012  

Australia/NZ 
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Prognosis of aHUS before eculizumab era 

 AM Durkan et al, Arch Dis Child 2016, 101: 387-391.  

Australia 
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“Multiple hit” hypothesis 

 M Riedl et al. Semin Thromb Hemost 2014, 40:413-415. 
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Take-Home Message #5 

TMA in the course of kidney transplantation is 

often related to acute humoral rejection 

and/or CNI nephrotoxicity but most severe 

cases are related to recurrence of aHUS. 
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aHUS: current treatment 
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F Fakhouri et al, Lancet 2017, 390: 681-696. 

 

Very simple! 



   Nephro Update Europe 2017 

After 5 daily PE : 
Platelet count  < 150 mm3 
Screat not decreased by ≥ 25% 
Hemolysis persists (LDH > 2N)  

The late 2000s: recommended schedule for PE/PI for 
aHUS at presentation and during the first month 

G Ariceta et al, Pediatr Nephrol 2009. 24:687-696; C Taylor et al, BJH Guideline 2009 
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KTR = 8 KTR = 7 KTR = 9 

F.  Fakhouri et al, AJKD 2016 
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Improvement in eGFR in the 3 prospective trials of 
eculizumab in adults  

Trial 1 (Progressing TMA) 

Trial 2 (Long disease duration/CKD) 

Ch Legendre et al, NEJM 2013; C Licht et al, KI 2015 

Fakhouri et al, JASN 2014,25:751A and AJKD 
2016  

*P≤0.05 
†P≤0.01  
‡P≤0.001 
§P≤0.0001 

Mean increase in eGFR (ml/min/1.73m2) 

Trial 1  Trial 2  Trial 4 

At 6 m 33±33 6±6 29±24 

At 1 yr 25±30 7±10 30±27 

At 2 yrs 37±30 8±17 

Shorter time from clinical manifestation predicted greater eGFR 
gain (p=0.009 and < 0.0001 in trial 1 and 2 respectively) 

Trial 4 (Early initiation) 
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Atypical Hemolytic Uremic Syndrome: renal function 

Ch Legendre et al, N Engl J Med 2013, 368: 2169-2181.  
F Fakhouri et al, AJKD 2016, 68:  84-93. 
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d0 d-7 d-21 m-9 
m-12 

d7 d14 d21 d28 d42 

PE 

Eculizumab dose according to weight 
Case  
 1 

 2 

        3 
     

13 
 
23 
 

 5 

   4 

 6 

 7 

 8 x 
Graft artery thrombosis 
Succesfully re-transplanted  
under prophylactic eculizumab 

 9 

10 

11 

12,14-22 

Prophylactic PE/PI switched to 
eculizumab, n=2 

Eculizumab initiated 1-3 weeks / 
9-12 months before 
transplantation, n=6 

Eculizumab initiated a few to <24 
hours before surgery + second 
injection within the next 24 h, 
followed by recommended 
schedule, n=15 

21/23 successful, no recurrence,   
median  Screatinine 68±33 µmol/L  
at median follow-up 17.5 ± 11 
months (2–39) 

Urgent status 

Non- related LD 

Non- related LD 

Related  LD 

Modified  from J Zuber  et al,  Am J Transplant  2012 

Prophylactic eculizumab therapy 

TIA / Carotid arteries 
stenoses 
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CFI 

Anti-CFH 
CFI 

Anti-CFH 

CFI 

C3 

CFH 

Unknown 

CFH 

CFH 

CFH 

CFH 

3 ABMR despite well conducted Eculizumab 
Pt 9 : preformed DSA and desensitizatio  
Pt 10 : de novo DSA at 3-months 
Pt 11 : no DSAs found 

Antibody mediated rejection 

De novo C3 glomerulonephritis 
Pt 3 : De novo C3 glomerulopathy 

Necker’s experience 

C Levi et al, Transplantation 2017 (Epub ahead of print)) 
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 Which eculizumab therapeutic monitoring? 

CH50 free EC 

C5b-9 deposition  weight 

R Peffault de latour et al. Blood 2015,125:775-783; M Noris et al. Blood 2014, 124:1715-1726; 
P Gatault et al. Mabs 2015,7:1205-1211. 
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Eculizumab discontinuation in aHUS 
 patients with native kidneys  

 
Literaturea 

N=40 

French retrospective 
experienceb 

N=37 

Mutations 
Patients who  
discontinued 

Patients who 
relapsed after 

discontinuation 

Patients who  
discontinued 

Patients who 
relapsed after 

discontinuation 

CFH 11 6 (54%) 11 8 (72%) 

MCP 6 1 (16%) 8 4 (50%) 

CFI 3 0 / / 

C3 
2 1 1 0 

No mutation 
identified 18  1 (5%) 17 0 

a. Cayci et al, 2012; Carr et al, 2013; Canigral et al, 2013; Pu 2013; Gulleroglu et al, 2013; Delmas et al, 2013; Fakhouri et al, 2014; Chaudhary et 
al, 2014; Sheerin et al, 2015; Wetzels et al, 2015; Ardissino et al, 2015; Habbig et al, 2015; De Sousa Amorin et al, 2015; Toyada et al, 2016; 
Sahutoglu et al, 2016 

                                 b. Fakhouri F, Fila M et al, 2016, CJASN 2016, in press 

Treatment was reinitiated in all patients who relapsed but one, and outcome was favourable in all re-treated patients  
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Risk of meningococcal meningitis (x5000;  
2/100 in trials (1/74 with native kidneys;1/26 transplanted)  

Infusion every 2 weeks 
Cost 

Risks in case of recurrence: 
Acute kidney graft injury 

Subsequent graft loss 
Extra-renal manifestations 

« Pros » « Cons » 

 Eculizumab discontinuation after kidney 
transplantation 
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• aHUS children, treated for at least 6 months (3 months in children with MCP mutations)  
• Hematological remission and normalisation of renal function (eGFR, proteinuria) and no or mild HT for > 3 months 

Patients with no 
identified complement 

genes mutations 

Patients with 
MCP mutation 

Patients with CFH 
mutation 

Decision to discontinue or not  
eculizumab should take into 

account the high risk of relapse 
after discontinuation 

Patients with anti-
CFH antibodies 

In which patients can eculizumab discontinuation be considered? 
 Proposals from the French Study Group for HUS and C3G 

Consider eculizumab  
discontinuation if  

anti-FH Ab titer < 1000 AU/ml 
following immunosuppressive trt* 

Consider eculizumab 
discontinuation 

F Fakhouri, et al, Clin J Am Soc Nephrol 2017, 12: 50-59.  

Patients who experience aHUS relapse after 
eculizumab discontinuation 

« On-demand » treatment ? 
Extended treatment ? 

• Close monitoring of renal function and hematological parameters, for early detection and treatment of relapse (twice 
weelkly urine dipstix, frequent blood samples (weekly for M1, every 2 wks for M2-M6…), intensified in case of infection, 
vaccination, surgery 
• Education of patient/family 
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C Duineveld, et al, Am J Kidney Dis 2017  (In press).  

No prevention with eculizumab? 
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Take-Home Message #6 

Eculizumab has revolutionized the treatment of 

aHUS both in native kidney diseases and in 

kidney transplants. Duration of treatment and 

safe discontinuation of this drug are still 

debated. 
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